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Gynécologie-Obstétrique

We identified 27 episodes recovered from 8 different hospitals. Subjects were mostly men (59.2%), with a median age of 67 years, living or having stayed in tropical regions (81.4%). Central venous catheter, recent surgery and intensive care management were frequently observed. All cause mortality at 3 months was 41.7%. We observed high minimum inhibitory concentration (MIC) values for amphotericin B and fluconazole while other azoles had variable MIC values. Susceptibility to echinocandins was preserved. We found 201 cases in literature, among which 36 were individually described. As in our series, cases originated mainly from tropical regions. Median age was 9 years, because of the neonatal cases. Patients' characteristics were otherwise comparable. While previous antifungal exposure was more frequent, susceptibility profile was similar. Skin was the main source of infection which is consistent with a catheter mediated infection.

Candida haemulonii complex and related species fungemia mainly occur in tropical regions and seem associated with cutaneous effraction. Their reduced susceptibility to antifungal agents may impair their management. These results emphasize the importance of echinocandins as first line therapy in case of fungemia in these regions. 

RÉSUMÉ DU PREMIER ARTICLE

SECOND ARTICLE ABSTRACT

Candida haemulonii was first described in 1962, and is phylogenetically close to the more recently described Candida auris, responsible for outbreaks of nosocomial fungemia worldwide. The yeasts of the C. haemulonii complex are considered to be saprophytes of both terrestrial and aquatic tropical environments. They can cause fungemia, with the skin as the main source of infection.

However, there is no data on the possible human carriage of these yeasts, which might be an intermediate stage in the development of infections, and could question their purely exogenous nature. In this study, we report the clinical data of patients managed at the hospital of Martinique between 2014 and 2020, from whom a C. haemulonii complex yeast was isolated.

We collected relevant demographic and clinical data of adult patients managed at the University Hospital of Martinique between 2014 and 2020, from whom C. haemulonii complex yeasts were isolated from any type of sample. The pathogenic or non-pathogenic nature of the yeast was assessed according to the clinical context, type of sample and the conclusions of the medical record.

Two positive samples taken more than one month apart were treated as two separate events.

Of the 300 yeast isolations of the C. haemulonii complex recorded by the laboratory information system over this period, we finally considered 119 carriages concerning 116 patients, and 5 fungemia concerning 5 patients, corresponding to 2.1% of the fungemia in Martinique over this period. Among the population of patients presenting a carriage, there was no gender predominance, the average age was 59 years, and they almost exclusively originated from and lived in Martinique.

The clinical profiles were diverse, with a prevalence of diabetes mellitus of 25%. Of the five fungemia, four occurred in men, with an average age of 68 years. A central venous catheter was present in four cases. Of the 119 yeasts responsible for carriage, 87 were isolated in outpatients or within the 48 first hours of hospitalization. These were predominantly skin and nails samples taken at the laboratory's sampling center (2.1% of all samples collected at the laboratory sampling center during the study period). The other carriages and the 5 fungemia were identified in patients hospitalized for more than 48 hours. These carriages, possibly of nosocomial acquisition, were mainly respiratory and concerned patients in intensive care unit. Three patients presented a second positive sample more than one month after the first, suggesting chronic carriage.

There is a carriage of C. haemulonii complex yeasts, especially cutaneous, in the outpatient and inpatient population of Martinique. This carriage, whether transient or chronic, probably constitutes a pre-existing stage of fungemia. These results show the interest of systematically identifying all yeasts independently of the sample, particularly in patients at risk of fungemia in these regions, and support the interest of performing screening for carriage. 

RÉSUMÉ DU DEUXIÈME ARTICLE

Les différentes infections à levures du complexe C. haemulonii

Depuis le premier cas de péritonite, plusieurs cas de fongémies, d'infections osseuses ou des parties molles sur plaies chroniques, de péritonites ont été rapportés, les fongémies étant les infections les plus fréquemment identifiées. Since its first description in Japan in 2009 1 , Candida auris has spread throughout the world, and is now among the leading fungemic yeasts in some countries 2 . Unlike some of the Candida species of clinical interest which can present intrinsic resistance to one antifungal agent (for example Candida krusei and fluconazole), C. auris is often multi-drugs resistant 3 . Moreover, its ability to survive on inert media and to spread among patients make it a formidable healthcare-associated infectious agent 4 .

La situation actuelle en France

Yeasts belonging to the Candida haemulonii complex (C. haemulonii, C. duobushaemulonii, C.

haemulonii var. vulnera) as well as C. pseudohaemulonii and C. vulturna are phylogenetically closely related to C. auris and share some of its characteristics such as adhesion on inert media and multi-drugs resistance [5][6][7][8] . While the first case of C. haemulonii infection was reported in 1984 (peritoneal dialysis liquid infection) 9,10 and the first fungemia in 1986 (patient with oropharyngeal cancer and receiving corticosteroid therapy) 9,10 , cases remained marginal until the late 2000s. Since then, several cases have been reported in all continents, especially in tropical areas 6,[11][12][13] . These yeasts present an innate resistance to fluconazole 14 -which is the first line antifungal for treating fungemia in many emerging countries -and to amphotericin B, often used as a salvage treatment. Their susceptibility to other azoles depends on the strain whereas it appears to be constant for echinocandins.

In France, rare yeasts were responsible for nearly 10% of fungemia between 2002 and 2014, with C. haemulonii complex remaining a small minority 15 .

To this day, there are no major epidemiological studies on this complex, therefore risk factors and management of fungemia due to yeasts belonging or related to the Candida haemulonii complex remain unclear.

To overcome this limitation, we conducted a study of all candidemic episodes due to the C. haemulonii complex and related yeasts, prospectively reported in France over two decades, and compared them to other cases found in the literature. Our objectives were to identify associated factors and describe susceptibility profile of the strains.

Methods

Population studied :

Case series : We collected all clinically relevant data about fungemia caused by C. haemulonii We included all reported cases with positive blood cultures for our yeasts of interest. For each of them, demographics, underlying conditions, care in Intensive Care Unit (ICU), initial antifungal treatment and outcome up to 3 months were collected using a standardized questionnaire through a secure website.

The date of the fungemia corresponded to the date of the first positive blood culture. Surgery and antifungal drug prescription were taken into account within 30 days prior to fungemia.

Literature review : We also performed a literature review on Pubmed, from the 1 January 1962 (date of the first description of the yeast 16 ) to the 24 November 2021 with the following keywords : "Candida haemulonii", "Torulopsis haemulonii", "Candida duobushaemulonii", "Candida pseudohaemulonii", "Candida vulturna". We completed it with a review of the French grey literature.

We included reported cases of C. haemulonii sensu stricto, C. haemulonii var vulnera, C. duobushaemulonii, C. pseudohaemulonii and C. vulturna fongemic episodes, identified by sequencing, and for which clinical informations and/or susceptibility to antifungal drugs were reported.

Isolate characterization and phylogeny

According to the centers, identification was performed using carbon assimilation profiles (ID32C, BioMerieux, Marcy l'Etoile, France) or mass spectrometry using MALDI-TOF (MALDI Biotyper Bruker Daltonik, Billerica, MA, USA). Most of the yeasts identified by the partner centers as belonging to the C. haemulonii complex and related species were sent to the NRCMA for species identification confirmation. ITS1-5.8S-ITS2 and D1D2 regions of the ribosomal DNA were sequenced by using V9D/LS266 and NL1/NL4 primer sets as previously described 17 . For each isolate, ITS region sequences were trimmed with sequences of primers ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4

(5'-GCATATCAATAAGCGGAGGA-3') and compared to sequences of the type strain of each species, the 98% similarity threshold was used to confirm species.

Isolates were tested for in vitro susceptibility to caspofungin, micafungin, amphotericin B, flucytosine, fluconazole, voriconazole, posaconazole, and some for isavuconazole, following the EUCAST AFST broth microdilution method (EUCAST E.DEF 7.3.2 April 2020) with a modification as previously described 14 .

Statistical analysis

Analyses were performed on yeasts from single episodes of fungemia, with one isolate corresponding to one patient. Associated factors for C. haemulonii complex and related species fungemia were studied by univariate, bivariate and multidimensional analysis.

Data were analyzed using R software version 4.0.2 (https://www.R-project.org/.) and figures were produced using the package ggplot2 18 .

Ethics

The research described herein was carried out in compliance with French law and the declaration of Helsinki (as adopted in 2000), and was approved by the French Mycoses Study Group scientific council. The surveillance of the NRCMA was approved by the Institut Pasteur Institutional Review Board #1 (#2009-34/IRB) and the "Commission National de l'Informatique et des Libertés"

according to the French regulation. Although previous antifungal exposure was more frequent than in our series, susceptibility profile was similar, with high MIC values for amphotericin B and fluconazole (Figure 4). The median MIC values for all strains was 2 mg/l for amphotericin B and 16 mg/l, 0.25 mg/l, 0.12 mg/l for fluconazole, voriconazole, posaconazole respectively. They were 0.045 mg/l and 0.125 mg/l for micafungin and caspofungin, respectively.

Results

Case series

Mortality of any cause was comparable to our series, although the time to death was not specified in most articles.

Discussion

To our knowledge, this is the largest descriptive series of fungemia caused by either C. haemulonii complex, C. pseudohaemulonii or C. vulturna. We also report the first cases of C. vulturna fungemia in South America, and as far as we know the second worldwide, since its description in South East Asia in 2016 7 . In light of our series, these rare fungemia are particularly present in tropical regions. Of all the centers members of the RESSIF and/or the YEASTS program, only 8 reported these fungemia and among them, the 3 participating hospitals located in tropical regions. In Martinique, the first reporting centre, C. haemulonii complex was the 5th fungal pathogen, 3 times more represented than Candida krusei.

As with other candidemia, patients in our series usually presented intrinsic and iatrogenic risk factors (increased age, sepsis and severity of illness, broad-spectrum antibiotics, central venous catheter, diabetes mellitus, corticosteroids and other immunosuppressive treatments) 32 . In our series, 92.6% of patients had at least one of these risk factors, and 44.5% had at least three of them.

Pre-exposure to azoles was uncommon in our series (17.6%), although it is usually considered a major contributor to non-albicans candidemia 33,34 . The high rate of central venous catheters (68%) and the absence of digestive surgical site infections suggest a cutaneous source for these candidemia.

All-cause mortality was 41.7% in our series and 41.4% in the literature review. Although it is difficult to assess the mortality attributable to fungemia, these all-cause mortality are close to the one observed for C. albicans, and higher than for Candida parapsilosis complex 35 . As already shown for catheter-related candidemia, rapid control of the cutaneous source of infection may play a major role in the course of the disease 36,37 . However, all-cause mortality is lower than that observed for C. auris, which appears to be more virulent than other yeasts related to C. haemulonii complex [38][39][40] . There is an excess mortality among patients with history of solid cancer in our series (62.5% vs 14.2%), which is not observed in the literature review. This underlying condition has previously been described as associated with excess mortality in context of candidemia 41 .

The broad antifungal resistance of yeasts belonging or related to the C. haemulonii complex makes them potentially difficult to treat. Although there is no breakpoint MIC or ECOFF, the particularly high MIC values for amphotericin B, fluconazole and to a lesser extent other azoles, as well as cases of treatment failure reported by other authors, suggest real resistance to these antifungal agents, at least at the dosages used in practice. We observed higher MIC values for amphotericin B and lower MIC values for azoles in our C. duobushaemulonii strains compared to other species. This trend was not present in our literature review, but similar findings have already been reported 42 . Unlike some cases described in the literature 6,12,43 , no death appeared to be attributable to treatment failure in our series, even for the 3 patients treated with fluconazole or itraconazole. Nonetheless, we can note that the MIC values for fluconazole of these 3 strains were ≤16 mg/l, whereas the median value for our series was 32 mg/l.

In line with these statements, the presence of yeasts in a blood culture of a patient hospitalized or having stayed in a tropical region, and in addition presenting a skin effraction, should suggest the diagnosis, as for Candida parapsilosis complex. Such a situation requires management of the source of infection and justifies that, in the absence of risk factor for Basidiomycetes fungemia (advanced AIDS, deep and prolonged neutropenia), probabilistic treatment with echinocandins should be instituted. While we lack specific clinical trials, there are some in vitro and animal data 44 as well as case reports of treatment failures with azoles or amphotericin B that justify the choice of an echinocandin as first-line treatment. The use of fluconazole as first-line treatment, sometimes considered for skin-derived candidemia -due to potential high MIC values of echinocandins for C.

parapsilosis complex -could lead to treatment failure in case C. haemulonii complex yeasts. When rapid identification by MALDI-TOF MS is not available, the particular aspect of the cultures of these yeasts on chromogenic media -bright colonies with progressive pink staining from the center to the periphery on chromID ® Candida (BioMerieux, Marcy l'Etoile, France) -may be sufficient to support the diagnosis, like for C. auris 45 (Picture). This strategy will limit the delay before initiation of an adapted management, strongly correlated with the mortality of candidemia 36,46 .

Our study has multiple limitations. The rarity of these infections limits the statistical inferences. Missing data, especially on the oldest cases, also affect our results. We were also unable to retrieve the time taken for the blood cultures to grow, the confirmation of systematic catheter removal, and the time required for sterilization of blood cultures. No skin fungal mapping was reported, preventing us from confirming our skin carriage hypothesis. No secondary localization (endocarditis, ophthalmological impairment) was reported, although we do not have any feedback on the explorations performed.

Historically described as warm sea yeasts 16 , the yeasts related to the C. haemulonii complex were later identified as saprophytes of tropical aquatic and terrestrial environment [47][48][49][50][51] -for instance, C. vulturna has been isolated from a tropical flower in Philippines 7 -and potential pathogen for some animal species 5,52 . Some countries report cases in neonatology, suggesting the presence of these yeasts in artificial environments, or a cutaneous or even vaginal carriage of these pathogens. Although we have no evidence in our series for an epidemic event, other authors have reported a series of clustered cases 42 , with identification of the same clone of C. pseudohaemulonii, suggesting a nosocomial acquisition of this yeast. A scenario of an emerging epidemic clone within these yeast populations is therefore quite credible 42 , like the C. auris epidemics described since the 2010s. A study of this skin carriage would therefore be welcome, with a particular interest in its transient or perennial nature.

Conclusion

Cases of fungemia caused by yeasts of the C. haemulonii complex, C. pseudohaemulonii and C. vulturna increase in France, especially in tropical regions. These yeasts have frequently high MIC values for amphotericin B, fluconazole and other azoles. These infections occur mainly in vulnerable patients with central veinous catheters, which are often the source of the infection, and are associated with a 3-month mortality rate of about 42%.

Isolation of yeasts from the C. haemulonii complex in Martinique from 2014 to 2020

In the shadow of Candida auris, other yeasts belonging to the Metschnikowiaceae clade seem to be emerging as human pathogens, among which Candida haemulonii sensu stricto, Candida haemulonii var. vulnera, and Candida duobushaemulonii forming the C. haemulonii species complex 1 .

Historically, C. haemulonii was first described in 1962 as Torulopsis haemulonii 2 , a saprophytic yeast of warm seas, and since isolated in different environments, mostly tropical [3][4][5][6][7] . The first two cases of human infection, a peritoneal dialysis fluid infection and a candidemia, were reported in mainland France in 1984 8 and 1986 9 . Since, several cases of wound infections and catheter-mediated fungemia have been reported worldwide [10][11][12][13][14][15] .

These yeasts can survive on inert media, notably by producing a biofilm 16,17 . This characteristic seems congruent with the hypothesis of a cutaneous entry point for these fungemia.

Skin carriage is therefore possible, with a risk of horizontal transmission of these yeasts, as it has been described for C. auris 18 .

Up to now, no study has assessed the epidemiology of this carriage. The proportion of the population exposed to these yeasts is unknown, as is the profile of these carriers. Furthermore, whether this carriage is only transitory or can become chronic ought to be explored.

In an attempt to answer these questions, we studied the epidemiological data of patients whose samples grew to these yeasts at the university hospital of Martinique between 2014 and 2020.

We conducted this work in this island subsequently to a study on fungemia due to these yeasts in

France. This study has revealed a clear predominance in the French overseas territories, particularly in Martinique. We assume that this high rate is associated with a strong presence of these yeasts in the environment, and therefore possibly to a noticeable carriage.

Methods

Population studied :

We first identified the patients who presented a sample containing C. haemulonii complex yeasts at the university hospital of Martinique, between April 2014 and August 2020. We extracted these cases from the laboratory information management system, using the following keywords:

« Candida haemulonii », « Candida duobushaemulonii », « Candida haemulonii var. vulnera ». Then we excluded pediatric cases. Subsequently, we collected demographic data, underlying conditions, ICU care, initial antifungal treatment and 3-months survival status from the corresponding medical records. Candidemia was defined by the presence of a positive blood culture. For the other types of samples, the pathogenic nature was defined according to clinical context and how the result had been considered by the clinician.

Isolate characterization

From 2014 to 2017, yeasts were identified by culture on chromogenic media chromID ® Candida agar (BioMerieux, Marcy l'Etoile, France) coupled by carbon assimilation profiles (ID32C, BioMerieux, Marcy l'Etoile, France). As no identification of the complex was provided by the Some strains identified before 2017 were kept in the laboratory. We therefore carried out an identification check of these strains by MALDI-TOF MS when it was possible.

All the strains responsible for fungemia were sent to the NRCMA for species identification confirmation. ITS1-5.8S-ITS2 and D1D2 regions of the ribosomal DNA were sequenced by using V9D/LS266 and NL1/NL4 primer sets as previously described 19 . For each isolate, ITS region sequences were trimmed with sequences of primers ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4

(5'-GCATATCAATAAGCGGAGGA-3') and compared to sequences of the type strain of each species, the 98% similarity threshold was used to confirm species.

As carbon assimilation identification does not distinguish species within the complex, yeasts identified exclusively by this method (carriages between 2014-2017) were considered here as C.

haemulonii complex. Assuming that MALDI-TOF MS allows a good distinction between C. haemulonii sensu lato and C. duobushaemulonii species, yeasts identified by MALDI-TOF MS (carriage between 2017-2020 and re-identification of stored historical strains) were considered here as C. haemulonii sensu lato or C. duobushaemulonii. However, the distinction between C. haemulonii sensu stricto and C. haemulonii var. vulnera was only possible by sequencing (fungemia) 20,21 .

Statistical analysis

Analyzes were performed for each carriage or infection. For each patient, any positive sample in the month following the first positive sample was considered to be the same episode. A positive sample after this period was considered as a new episode. Associated factors for isolation of yeast belonging to the C. haemulonii complex were studied by univariate, bivariate and multidimensional analysis. Data were analyzed using R software version 4.0.2 (https://www.R-project.org/.) and figures were produced using the package ggplot2 22 .

Between 1 February 2014 and 31 August 2020, 300 samples were positive for yeasts belonging to C. haemulonii complex. The selection method for the episodes of carriage or candidemia is presented in Figure 1. Due to the unsanitary conditions of the hospital's archives, a part of the medical records could not be consulted. In total, we retained 119 carriages and 5 candidemic episodes, concerning 116 and 5 patients respectively. Besides the fungemia, no other site of infection was reported. Typical carbon assimilation profiles and identification confirmation of the conserved strains by MALDI-TOF MS are presented in the Table S2 of the supplementary appendix. All strains re-identified by this method belonged to the C. haemulonii complex.

The incidence of episodes seemed stable over the years, with a median date in August 2017.

We did not find a clear disparity between the wet and dry seasons. Among the episodes, 70.2 concerned outpatients or occurred within the first 48 hours of hospitalization. Table 1 presents patients' characteristics according to the community or putative hospital-acquired nature of the episode. In the community-acquired group, patients were mostly women (60.9%), with a median age of 58.5 years, living almost exclusively in Martinique. The main comorbidities were diabetes mellitus, solid cancer and immunosuppression. In the putative hospital-acquired group, subjects were mostly men (78.4%), with a median age of 66.2 years, living exclusively in West Indies. The main comorbidities were diabetes mellitus, surgery in the previous month and exposure to antifungals. The median length of hospitalization was 12 days.

There was no significant difference in age depending on the site of carriage, except for ophthalmological samples (34.6 years). There was no significant difference in age depending on species (means ranging from 57.8 to 64.6 years old). The various identification techniques and their level of accuracy limits the analysis by species within the complex. Nonetheless, we can note at least 8% of multiple species carriages (7 from skin or nail samples, 1 from a respiratory sample).

The incidence of fungemia in Martinique over the study period is represented in Figure 2.

Yeasts of the C. haemulonii complex are the 5 th most common pathogen, accounting for 2.1% of cases. Four of the five patients with C. haemulonii complex fungemia had a central venous catheter.

Figure 3 shows the different sampling sites and the hospital departments where they were collected, according to the community or putative hospital-acquired nature of the episode. Of the 2203 patients sampled at the mycology laboratory's sampling center over the study period, 47 (2.1%)

were positive for C. haemulonii complex yeasts. All ophthalmology patients had keratitis or corneal abscess, which was almost systematically documented with a pathogen considered to be responsible for the infection (mainly Pseudomonas aeruginosa and Fusarium solanii complex). The patients presenting positive catheter or blood culture had a median hospital stay of 6 days and 18 days, respectively. It should be noted that no patient with candidemia had a mycological analysis of the catheter. The 2 pus samples were swabs from a jejunostomy orifice and a venous catheter insertion point, from two different patients. The patient with a positive urine sample was a 58 years old male hospitalized in intensive care unit following an obstructive pyelonephritis drainage with nephrostomy tube. The sample taken from this tube was therefore considered to be a colonization of the nephrostomy material with C. duobushaemulonii. The bone sample was a fragment of a toe tip from a patient with septic necrosis of the forefoot in the context of uncontrolled diabetes mellitus, and grew to many germs, including C. haemulonii sensu lato. The samples performed in the healthy area after trans-metatarsal amputation did not reveal any yeasts.

We identified 3 patients from whom yeasts of the C. haemulonii complex were isolated on 2 occasions more than a month apart. In these three cases, the second sample was collected more than a year after the first one. In all cases, the first identification was done by carbon assimilation method, and the strains were not conserved. It was therefore not possible to determine if these strains were identical. -The increase in the number of reported cases on all continents, although there may be identification and publication biases 13, .

-The identification of these yeasts can be complicated, especially in the absence of advanced methods 15,20,27,50 .

-These yeasts can present a potential multi-drugs resistance, in particular fluconazole, which is still widely used as a first-line treatment for fungemia in many emerging countries 1,26,51,52 .

-Mortality appears to be similar to that of candidemia of non-rare species -These yeasts can form a biofilm and survive on inert surfaces 16,17 .

Here, we observed that skin carriage is possible, especially outside the hospital setting. In contrast to C. auris -which is often presented as a pure nosocomial germ, transmitted horizontally within the hospital -the majority of patients of our series are likely to have encountered C.

haemulonii complex yeasts outside the hospital, and fungemia to these yeasts are potentially only facilitated by hospital care. Horizontal transmission capacity, especially in hospitals, is not excluded in yeasts from the C. haemulonii complex. Indeed, it is already suggested by reports of outbreaks in various countries. The emergence of these yeasts is also supported on the genomic level. The genomic characteristics shared by C. auris, C. haemulonii sensu lato, C. duobushaemulonii and C. pseudohaemulonii (synteny, similar gene family expansions), suggest similarities in the ecology and physiology of these species and suggest the possibility that they may also start to emerge as pathogens [START_REF] Muñoz | Genomic insights into multidrug-resistance, mating and virulence in Candida auris and related emerging species[END_REF] .

In our study, we report that C. haemulonii complex is the 5 th most frequent pathogen responsible for candidemia in Martinique, before C. krusei. We can assume that this complex is a common non-albicans Candida of clinical interest in this region.

Conclusion

Candida haemulonii complex yeasts are carried by both outpatients and inpatients in Martinique. It is mainly a cutaneous carriage. Between 2014 and 2020, C. haemulonii complex yeasts were responsible for 2,1% of fungemia in Martinique. Therefore, it seems legitimate to identify the species in case of a positive yeast sample, even if superficial, and to search for these yeasts by skin mapping in a patient at risk of fungemia hospitalized in a tropical region.

  Première difficulté posée par les infections à levures du complexe C. haemulonii : l'identification Lors de la prise en charge d'une infection à levures du complexe C. haemulonii, la première difficulté rencontrée par les équipes médicales à travers le monde est d'identifier formellement la souche. En effet, les méthodes d'identification fongique de routine sont peu performantes pour ces levures. Sur milieux chromogènes, l'aspect des colonies est décrit comme rosé avec apparition secondaire d'une coloration violacée au centre, ce qui est remarquable mais non spécifique. La croissance de ces levures semble être interrompue en milieu hypertherme (>39°C). Certaines méthodes de culture simple à mettre en place semblent pertinentes pour différencier une levure du complexe C. haemulonii d'une souche proche, notamment C. auris 7 . Les méthodes VITEK1 TM ,API20 TM et API32C TM (BioMérieux, Marcy-L'Etoile, France) sont peu sensibles. Les méthodes VITEK MS TM IVD, VITEK MS TM RUO (BioMérieux, Marcy-L'Etoile, France) et Biotyper TM en revanche donnent de bons résultats pour identifier le complexe d'espèces, avec cependant quelques réserves sur l'identification des espèces/variétés. Suite à l'implementation des bases de données spectrales, l'identification par Matrix-Assisted Laser Desorption Ionization Time-Of-Flight Mass Spectrometry (MALDI-TOF MS) semble être la méthode la plus performante pour un laboratoire de routine équipé 8 . L'efficacité de ces méthodes d'identifications est évaluée en comparaison au séquençage de l'internal transcribed spacer (ITS) de l'ADN ribosomique (ADNr), plus particulièrement le fragment ITS1-5.8S-ITS2 de l'ADN fongique. Son l'étude ainsi que celle du domaine D1/D2 de la sous unité 26s ont permis d'établir la dernière classification taxonomique en date, faisant donc office de méthode standard d'identification, sans pour autant être une méthode facilement accessible. Deuxième difficulté posée par les infections à levures du complexe C. haemulonii : le profil de sensibilité aux antifongiques Les levures du complexe C. haemulonii présentent très fréquemment des valeurs de Concentration Minimale Inhibitrice (CMI) élevées pour plusieurs antifongiques. Les molécules principalement concernées sont l'amphotéricine B et le fluconazole. Des CMI jusqu'à 32 μg/ml pour l'amphotéricine B, et 128 μg/ml pour le fluconazole ont été rapportées. Les autres azolés peuvent également être concernés, de manière variable selon les souches identifiées, sans qu'il n'y ait de lien établi avec une espèce ou une variété particulière. Les levures du complexe C. haemulonii possèdent des pompes d'efflux de type ABC, à l'instar de C. glabrata, pouvant expliquer une résistance aux azolés. La sensibilité aux échinocandines est généralement conservée. Des souches considérées comme résistantes ont cependant été décrites, avec des CMI ≥ 4 μg/ml. Troisième difficulté posée par les infections à levures du complexe C. haemulonii : les mécanismes de virulence Plusieurs mécanismes de virulence ont déjà été identifiés. Les levures du complexe C. haemulonii ont la capacité de former un biofilm, notamment sur des milieux hydrophobes. Cette capacité serait dépendante de la concentration en glucose in vitro. Ce mécanisme pourrait favoriser l'infection de matériel endovasculaire, notamment en cas d'alimentation parentérale. Ces levures ont également la capacité de produire de nombreuses enzymes hydrolytiques. À l'heure actuelle, il n'existe pas d'étude sur la colonisation de l'environnement hospitalier par des levures du complexe C. haemulonii, comme pour C. auris. Mais ces levures, décrites initialement dans l'environnement, ont un mode de vie saprophyte, et les données de survie in vitro permettent d'envisager une telle colonisation.

À

  ce jour, il existe un seul article français sur le sujet référencé dans la bibliothèque MedLine, rapportant un cas d'ostéite à C. haemulonii survenu en 2011 9 . Cependant, la majorité des auteurs des articles sur le sujet citent comme premier cas d'infection chez l'homme un article de Lavarde V. et al. publié en 1984 dans le bulletin de la société mycologie médicale 5 , correspondant à l'actuel Journal of Medical Mycology (Société Française de Mycologie Médicale). Cet article relate un épisode de péritonite à C. haemulonii chez un patient bénéficiant de séances de dialyses péritonéales. La première fongémie est rapportée par Marjolet M. dans le bulletin de 1986 10 , survenue chez un patient présentant un cancer de l'oesophage et traité par corticoïdes. Au début des années 2000, le Dr Desbois-Nogard isola plusieurs levures sur différents prélèvements (cutanés, respiratoires et hémocultures notamment), non identifiables avec les méthodes de routine. L'envoi des souches au CONTRIBUTION DES AUTEURS DU TRAVAIL Contribution de l'étudiant : -Conception des deux études -Démarches éthiques réglementaires -Recueil des données -Réalisation des contrôles d'identification par MALDI-TOF (deuxième étude) -Revue de la littérature -Analyses statistiques -Rédaction des articles Contribution du Pr LORTHOLARY : -Directeur adjoint du CNRMA -Conception des deux études -Démarches éthiques réglementaires (première étude) -Relecture Contribution du Dr DESBOIS-NOGARD : -Responsable du laboratoire de parasitologie-mycologie du CHU de la Martinique -Conception des deux études -Démarches éthiques réglementaires -Relecture Contribution du Dr DESNOS-OLLIVIER : -Ingénieur de recherche au CNRMA -Conception des deux études -Démarches éthiques réglementaires (première étude) -Réalisation des séquençage moléculaires et des profils de sensibilité des souches (première étude) -Recueil des données (première étude) -Relecture Contribution du Dr SITBON : -Médecin de recherche clinique en charge de la base de donnée RESSIF au CNRMA -Recueil des données (première étude) Contribution du Dr DEMAR : -Responsable du laboratoire de parasitologie-mycologie du CH de Cayenne STATUT DES ARTICLES Premier article : -Présentation des résultats à l'European congress of Clinical Microbiology and Infectious diseases 2022 le 25 avril 2022 Premier et Deuxième article : -Fusion des 2 articles et réalisation d'une étude cas-témoin avec comme population témoins les fongémies à C. parapsilosis déclarées au réseau RESSIF. MANUSCRITS Fungemia caused by C. haemulonii complex and related yeasts: a series of cases in France from 2002 to 2021

  complex, C. pseudohaemulonii and C. vulturna from 2 French databases, The YEASTS program and the French Surveillance Network of Invasive Fungal Infections (RESSIF), from their creation until July 2021. The active YEASTS surveillance program was launched by the French National Reference Centre for Invasive Mycoses & Antifungals (NRCMA) in 2002 with the participation of 27 short-stay university hospitals or cancer hospitals in Paris area. The RESSIF surveillance program was launched by NRCMA in 2012 with the participation of 29 hospitals from mainland and overseas France.

  

  

  

  

  

  For the last decade, Candida auris fungemia have emerged over the world, and their management remains a challenge. Besides C. auris, phylogenetically close species like Candida haemulonii complex (C. haemulonii sensu stricto, C. duobushaemulonii, C. haemulonii var. vulnera), Candida pseudohaemulonii and Candida vulturna fungemia have already been reported. These yeasts are still poorly known and their management is unclear. Here, we describe clinical data of a series of C. haemulonii complex and related yeasts fungemia prospectively recorded in France, which we compare with data from literature review.We collected all clinically relevant data about fungemia caused by C. haemulonii complex, C.
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pseudohaemulonii and C. vulturna from 2 French databases, The YEASTS program and the French Surveillance Network of Invasive Fungal Infections. Cases were prospectively reported since the databases' creations, in 2002 and 2012 respectively, until July 2021. We compared these fungemia with C. haemulonii complex, C. pseudohaemulonii and C. vulturna fungemia reported in the literature.

  Au cours de la dernière décennie, Candida auris émergé dans le monde entier, et la prise en charge d'une fongémie à cette levure peut être complexe. Outre C. auris, des espèces phylogénétiquement proches comme celles du complexe C. haemulonii (C. haemulonii sensu stricto, C. duobushaemulonii, C. haemulonii var. vulnera), Candida pseudohaemulonii et Candida vulturna peuvent également être responsables de fongémies. Ces levures sont encore mal connues et leur prise en charge n'est pas codifiée. Dans cette étude, nous rapportons les données cliniques d'une série de fongémies à levures du complexe C. haemulonii et apparentées en France, que nous avons comparées aux cas rapportés dans la littérature.

	Les fongémies à levures du complexe C. haemulonii ou apparentées surviennent
	principalement dans les régions tropicales et semblent être associées à une effraction
	cutanée. La sensibilité réduite aux antifongiques peut être à l'origine d'échecs
	thérapeutiques. Ces résultats soulignent l'importance de l'utilisation des échinocandines
	comme traitement de première intention en cas de fongémies dans ces régions.

Nous avons inclus les cas de fongémies à C. haemulonii, C. haemulonii var. vulnera, C. duobushaemulonii, C. pseudohaemulonii et C. vulturna à partir de 2 bases de données françaises, l'Observatoire Des Levures (ODL) et le Réseau de Surveillance des Infections Fongiques (RESSIF), depuis leurs créations, respectivement en 2002 et 2012, jusqu'en juillet 2021. Nous avons recueilli les données cliniques pertinentes concernant ces épisodes, déclarés de manière prospective. Nous avons également analysé les profils de sensibilité aux antifongiques de ces levures. Nous avons comparé ces fongémies avec celles rapportées dans la littérature. Nous avons identifié 27 épisodes issus de 8 hôpitaux différents. Les sujets étaient majoritairement des hommes (59,3 %), avec un âge médian de 67 ans, vivant ou ayant séjourné dans des régions tropicales (81,4 %). Les facteurs associés les plus fréquemment retrouvés étaient la présence d'un cathéter veineux central, une chirurgie dans le mois précédent, et une prise en charge en réanimation. La mortalité toutes causes à 3 mois était de 41,7 %. Nous avons observé des valeurs de Concentration Minimale Inhibitrice (CMI) élevées pour l'amphotéricine B et le fluconazole, et des valeurs très variables pour les autres azolés. Les valeurs de CMI pour les échinocandines étaient basses. Nous avons trouvé 201 cas dans la littérature, parmi lesquels 36 ont été décrits individuellement. Comme dans notre série, ces fongémies provenaient principalement de régions tropicales. L'âge médian était de 9 ans, en raison de cas chez des nouveau-nés. Les caractéristiques des patients étaient par ailleurs comparables. Alors que l'exposition antérieure aux antifongiques était plus fréquente, le profil de sensibilité était similaire. La porte d'entrée était le plus souvent cutanée, ce qui est concordant avec le taux élevé de patients porteurs de cathéters veineux centraux de notre série.

Table S1 of the supplementary appendix).

  Between 1 October 2002 and 31 July 2021, 12 032 candidemia were reported, among them 27 (0,22%) caused by either C. haemulonii complex, C. pseudohaemulonii or C. vulturna. (The incidence appears to increase over time, with 14 (51,8%) of the cases reported between 2017 and 2021. Cumulative cases from the French West Indies (FWI) and French Guiana accounted for 74% of all cases. Two of the 7 metropolitan cases had traveled to Africa in the previous year, while this data is missing for the others. In the FWI and French Guiana, occurrence of these infections was not affected by the season (alternating wet and dry seasons). The to voriconazole in the previous month, and 2 had undergone recent surgery. The only C. pseudohaemulonii candidemia occurred in a 46 year old woman from Brazil who was hospitalized in French Guiana for digestive symptoms revealing gastric linitis. She had no bacterial co-infection and had not undergone surgery.

	Characteristics		Number
	Total		27
	Hospital (%)	Martinique university hospital (FWI)	10 (37.0)
		Cayenne hospital (French Guiana)	9 (33.3)
		Guadeloupe university hospital (FWI)	1 (3.7)
		Saint-Louis university hospital (Paris)	3 (11.1)
		Bichat-Claude-Bernard university hospital (Paris)	1 (3.7)
		Cochin university hospital (Paris)	1 (3.7)
		Amiens university hospital	1 (3.7)
		Angers university hospital	1 (3.7)
	Birth continent (%)	Africa	1/20 (5.0)
		Latin America	18/20 (90.0)
		Europe	1/20 (5.0)
	Travels during the previous year (%)	Africa	2/21 (9.5)
		Latin America	2/21 (9.5)
		West Indies	4/21 (19.0)
		None	13/21 (61.9)
	Mean age in years (Sd)		59.7 (18.9)
	Male (%)		16 (59.3)
	Solid cancer (%)		8/23 (34.8)
	Hemopathy (%)		4/25 (16.0)
	Chronic kidney failure (%)		3/23 (13.0)
	Liver cirrhosis (%)		1/23 (4.3)
	Diabetes mellitus (%)		2/23 (8.7)
	HIV (%)		2/22 (9.1)
	Corticosteroids* (%)		2 (7.4)
	Other immunosuppressive treatment		4 (14.8)
	Surgery during the previous month (%)		10/25 (40.0)
	Exposure to antifungal agent in the previous month (%)	Amphotericin B	1/23 (4.3)
		Fluconazole	1/23 (4.3)
		Voriconazole	2/23 (8.7)
		None	19/23 (82.6)
	Central veinous catheter (%)		14/22 (68.2)
	Concurrent bacterial infection (%)		10/21 (47.6)
	Intensive Care Unit (%)		10/25 (40.0)
	Shock (%)		3/23 (13.0)
	Species (%)	C. haemulonii sensu stricto	15 (55.6)
		C. duobushaemulonii	8 (29.6)
		C. vulturna	3 (11.1)
		C. pseudohaemulonii	1 (3.7)
	Antifungal treatment (%)	Echinocandin	15/25 (60.0)
		Fluconazole	3/25 (0.12)
		Itraconazole	1/25 (4.0)
		None	6/25 (24.0)
	Death of any cause at 3 months (%)		10/24 (41.7)
	Mean time to death in days (Sd)		24.7 (19.8)
	stricto (n=15) and C. duobushaemulonii (n=8) were not associated with the same comorbidities.
	Associated bacterial infection was found in 6 (75%) of C. duobushaemulonii candidemia and in 3
	(20%) of C. haemulonii sensu stricto candidemia. A recent surgical procedure was performed in 2

incidence of fungemia in Martinique (the center having declared most fungemia) over the study period is shown in Figure

1

. C. haemulonii complex was the 5 th most common pathogen, accounting for 2.7% of cases. Subjects were mostly men (59.2%), with a median age of 67 years, and 81.4% of them living or having stayed in tropical regions (Table

1

). No pediatric cases have been reported. The main comorbidities were concomitant bacterial infection, surgical procedure in the 30 days preceding the fungemia, cancer and hematological malignancy. Two patients had diabetes mellitus. Forty percent were in ICU, and two-thirds had a central venous catheter. All patients exposed to antifungals before the episode were in ICU.

C. haemulonii sensu stricto was the dominant species (55.6%). No C. haemulonii var. vulnera fungemia was identified in our series. There was only one case of mixed fungemia, with C. parapsilosis. The distribution of species varied according to age, with a mean age of 64.4 and 61.8 years for C. haemulonii sensu stricto and C. duobushaemulonii, respectively, compared with 46 and 41.7 years for C. pseudohaemulonii and C. vulturna, respectively. Hospitalization in ICU and presence of central veinous catheter did not differ between species. Candidemia due to C. haemulonii sensu (25%) cases for C. duobushaemulonii and 6 (40%) cases for C. haemulonii sensu stricto. Among the 3 patients which presented fungemia due to C. vulturna, 2 had a history of cancer and were pre-exposed

Table 1 .

 1 Characteristics of patients with fungemia due to C. haemulonii complex and related species in France between 2002 and 2021 (Yeast program and the French Surveillance Network of Invasive Fungal Infections) FWI : French West Indies, Sd : Standard deviation, * ≥ 0.3 mg/kg for ≥ 1 month fluconazole, voriconazole, posaconazole and isavuconazole respectively. Median MIC values were of 0.06 mg/l and 0.03 mg/l for micafungin and caspofungin.The all-cause mortality at 3 months after diagnosis was 41.7% of which 70% occurred in the first 30 days and 50% in the first 15 days. This overall mortality increased with age, from 16.7% in the 25-45 age group to 53.3% in the over 60 age group. Patients characteristics according to their survival status at 3 months are presented in

Table 2 .

 2 The two patients who survived despite the absence of antifungal treatment were 24 and 25 years old and had no underlying disease. The first one, hospitalized in intensive care unit following a road accident, benefited from a catheter replacement.The second one, hospitalized for Plasmodium vivax malaria, also had her peripheral venous line removed.

	Characteristics

Table 2 .

 2 Characteristics of patients with fungemia due to C. haemulonii complex and related species in France between 2002 and 2021 (Yeast program and the French Surveillance Network of Invasive Fungal Infections) according to their survival at three months of diagnosis.

	FWI : French West Indies, Sd : Standard deviation, * ≥ 0.3 mg/kg for ≥ 1 month

Table 3 .

 3 Characteristics of patients and strains regarding the fungemia found in literature review.

Sd : Standard deviation, * ≥ 0.3 mg/kg for ≥ 1 month

  Api codes, the identification of C. haemulonii by ID32C was done by matching profiles with those of the internal database of strains isolated between 2006 and 2009, and identified by sequencing performed by the National Reference Center for Invasive Mycoses & Antifungals (CNRMA). This database is presented in the TableS1of the supplementary appendix. Since 2017, the identification of strains could be performed by MALDI-TOF (MALDI Biotyper Bruker Daltonik, Billerica, MA, USA).

Table 1 .

 1 Characteristics of patients with positive sample to C. haemulonii complex in University hospital of Martinique between 2014 and 2020. Community acquired : samples taken in outpatient care or within the first 48 hours of hospitalization Putative nosocomial acquired : Sampling after 48 hours of hospitalization Sd : Standard deviation. ENT : Ear, Nose, and Throat

	Characteristics

Nous avons recueilli les données cliniques pertinentes des patients adultes pris en charge au CHU de la Martinique entre 2014 et 2020, et chez qui une levure du complexe Candida haemulonii a été isolée sur un prélèvement, quel qu'il soit. Le caractère pathogène ou non était évalué selon le contexte clinique, le type de prélèvement et les conclusions du dossier médical. Deux prélèvements positifs à plus d'un mois d'intervalle étaient considérés comme deux événements distincts. Sur les 300 isolements de levures du complexe C. haemulonii répertoriés par le système d'information du laboratoire sur cette période, nous avons finalement considéré 119 portages concernant 116 patients, et 5 fongémies concernant 5 patients, correspondant à 2,1 % des fongémies en Martinique sur cette période. Dans la population de patients présentant un portage, il n'y avait pas de prédominance de genre et l'âge moyen était de 59 ans. Ces patients étaient presque tous originaires de la Martinique. Les profils cliniques étaient très variés, avec une prévalence du diabète de 25 %. Parmi les fongémies identifiées, quatre sont survenues chez des hommes, avec un âge moyen de 68 ans. Quatre d'entre eux avaient un cathéter veineux central. Sur les 119 levures responsables de portages, 87 ont été isolées en ambulatoire ou dans les 48 premières heures d'hospitalisation, principalement par le centre de prélèvement du laboratoire sur la peau et les phanères (2,1 % des prélèvements cutanés réalisés au centre de prélèvement du laboratoire durant la période d'étude). Les autres portages ainsi que les 5 fongémies ont été identifiés chez des patients hospitalisés depuis plus de 48 heures. Ces portages, d'acquisition possiblement nosocomiale, étaient principalement respiratoires et concernaient des patients pris en charge en réanimation. Trois patients présentaient un deuxième prélèvement positif à plus d'un mois du premier, évoquant un portage chronique.
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Antifungal susceptibility testing was performed on 22 of the 27 strains. The MIC values for the different antifungals according to each species are described in Figure 2. The median MIC value for all strains was 1 mg/l for amphotericin B. They were of 32 mg/l, 8 mg/l, 2 mg/l and 0.5 mg/l for
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Results

Discussion

To our knowledge, this is the first study attempting to describe the epidemiology of the interactions between the yeasts of the C. haemulonii complex with humankind. We can therefore see that, apart from the fungemia caused by these yeasts, which have already been reported, these yeasts can be isolated from different types of samples. In our series, none of these isolations were considered pathogenic, leading to the diagnosis of carriage.

The population with a community-acquired carriage is extremely diverse. However, there is a significant proportion of diabetes mellitus and cancer, but with age as a confounding factor. In fact, the most frequent carriage concerned the skin and nails, accounting for 70.1% of this population.

Main age of this subgroup was about 60 years. The prevalence of diabetes mellitus in this population is therefore similar to that found in the general population in Martinique 23 . Among this population, some patients were of advanced age, with limited autonomy and no activity outside the home environment. Hence, the common factor of all these patients was that they lived in Martinique. All skin and nails samples were carried out to identify a cutaneous pathogen (C. albicans, Trichophyton rubrum, Scytalidium hyalinum, etc…), and the presence of C. haemulonii was considered fortuitous. Indeed, the presence of a true pathogen and/or the absence of a positive direct examination led to the conclusion that patients were simply carriers of C. haemulonii complex yeasts. Among the positive ophthalmological samples (13.7%), all patients wore contact lens, suggesting a colonization of the material.

In the putative hospital-acquired carriage population, respiratory isolates represented 51.4% of cases, followed by blood cultures (13.5%). Of these respiratory samples, 80% were taken in the intensive care unit, without precision on the number of intubated patients. The low number of positive skin or nail samples among hospitalized patients (8.1%) is strongly biased by the low overall number of skin samples taken from hospitalized patients.

We can also note the absence of isolation of these yeasts in the stools. The only positive stool sample was a pediatric sample, so we were not able to consult the medical file. Similarly, apart from fungemia, no deep-seated infections were identified, particularly of digestive surgical sites. This information supports the hypothesis of a mainly cutaneous, and certainly non-digestive tropism of these yeasts. --------------------------------------Introduction -------------------------------------