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The Nationwide Austrian Registry: a prospective data collection on epidemiology; therapy and outcome of invasive mould infections in immunocompromised and/or immunosuppressed patients

A c c e p t e d M a n u s c r i p t 3 ABSTRACT A prospective, observational, multicentre study was performed to assess the incidence, diagnosis, epidemiology and outcome of invasive mould infections (IMIs) reported to the Nationwide Austrian Aspergillus Registry. In total, 186 cases were recorded, corresponding to an annual incidence of 42 cases/1000 patients at risk or 2.36 cases/100 000 inhabitants. Patients with acute myelogenous leukaemia (34%) and lung transplant recipients (17%) are currently at highest risk for IMI, followed by a mixed population with impaired immunity (14%). In total, 34%, 30% and 36% were proven, probable and possible cases of IMI. Predominant pathogens were Aspergillus spp. (67%), followed by the zygomycetes (28%). Voriconazole was the most frequently administered agent (38%), followed by caspofungin (20%) and posaconazole (19%). Eighty patients (43%) received antifungal prophylaxis for 7 days, 30% of whom (24 patients) suffered from a breakthrough infection. The overall crude 12-week mortality was 34%. Multivariate analysis showed that outcome and survival did not correlate with the status of fungal disease, breakthrough infection, fungal species or age (P > 0.05). Aspergillosis remains the most commonly identified IMI among immunocompromised and/or immunosuppressed patients, but other moulds constitute a significant problem. Survival from IMIs appears to have improved and the main challenge is to overcome breakthrough fungal infections.

A c c e p t e d M a n u s c r i p t

Introduction

Immunocompromised and immunosuppressed patients have a high risk of acquiring invasive fungal infections (IFIs) owing to cytopenia, B-and T-cell deficiencies specific to neoplastic diseases, as well as receipt of therapies to prevent and treat organ rejection in solid organ transplant recipients and for suppression of graft-versus-host disease in allogeneic stem cell or bone marrow recipients [START_REF] Neofytos | Epidemiology and outcome of invasive fungal infection in adult hematopoietic stem cell transplant recipients: analysis of Multicenter Prospective Antifungal Therapy (PATH) Alliance registry[END_REF][START_REF] Singh | Aspergillus infections in transplant recipients[END_REF][START_REF] Singh | Trends in the epidemiology of opportunistic fungal infections: predisposing factors and the impact of antimicrobial use practices[END_REF][4][START_REF] Malani | Changing epidemiology of rare mould infections: implications for therapy[END_REF]. During the past two decades, the epidemiology of IFIs has changed: fluconazole prophylaxis has been successfully used to prevent Candida albicans infection [START_REF] Marr | Itraconazole versus fluconazole for prevention of fungal infections in patients receiving allogeneic stem cell transplants[END_REF], and mould infections have become more common [START_REF] Marr | Epidemiology and outcome of mould infections in hematopoietic stem cell transplant recipients[END_REF]. This may be due to the fact that treatment of neoplastic diseases has changed substantially, including more aggressive therapies in patients with haematopoietic malignancies, the extension of the age range treated, e.g. with myelosuppressive or myeloablative therapies in acute leukaemia and myelodysplastic syndromes, and a higher number of subsequent lines of treatment for relapse, e.g. in many types of leukaemias and lymphomas [START_REF] Malani | Changing epidemiology of rare mould infections: implications for therapy[END_REF][START_REF] Marr | Epidemiology and outcome of mould infections in hematopoietic stem cell transplant recipients[END_REF][START_REF] Upton | Emergence of opportunistic mould infections in the hematopoietic stem cell transplant patient[END_REF][START_REF] Patterson | Advances and challenges in management of invasive mycoses[END_REF]. These medical developments also apply to patients suffering from solid tumours. The trends and facts apparently lead to a prolongation of life in many of these neoplastic conditions, but simultaneously the time and severity of immunosuppression may also increase, thereby predisposing to the acquisition of IFI. In addition, changes in transplantation practices, including the sources used for stem cells, conditioning regimens and strategies to diagnose and treat IFI, have likely impacted the epidemiology and outcomes of infections [START_REF] Upton | Emergence of opportunistic mould infections in the hematopoietic stem cell transplant patient[END_REF][START_REF] Patterson | Advances and challenges in management of invasive mycoses[END_REF]. Most recent data are limited to single-centre studies usually with a high patient volume and experience as well as a focus on allogeneic transplantation [10,[START_REF] Pappas | Amphotericin B lipid complex in the treatment of invasive fungal infections: results of the Collaborative Exchange of Antifungal Research (CLEAR), an industry supported patient registry: introduction[END_REF]. Few data are available on the incidence, prophylaxis and A c c e p t e d M a n u s c r i p t 5 treatment of IFI in countries with a homogeneous health system and registries covering many centres with a different medical focus and specialisation.

The Nationwide Austrian Aspergillus Registry (NAAR) is such a prospective, multicentre, observational study group that collects data and monitors trends in the epidemiology, diagnosis, treatment and outcomes of invasive mould infections (IMIs) in Austria. This long-term initiative was undertaken with the overarching goal of shaping improvement of care for patients with IMIs and to assess the epidemiology and outcomes of IMIs in Austria.

Material and methods

Case identification and data collection

The NAAR includes 12 major medical centres in Austria that have been chosen for participation based on the number of patients treated for IMI per year and the diversity of patients. Participating centres include care providers such as general oncology and/or haemato-oncology departments as well as stem cell and solid organ transplantation units. The registry collects data from routine clinical practice to address endpoints in four broad research areas of IMI, namely epidemiology, diagnosis, treatment and outcome. This study was performed by reviewing data from centres that reported at least four adults (age 19 years) with an IMI during a 1-year period (2007)(2008). The project is strictly observational, focusing on data collection.

Patient data are kept anonymous and are entered prospectively into electronic case Mycoses Study Group (EORTC/MSG) Consensus Group [START_REF] De Pauw | Revised definitions of invasive fungal disease from the European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) Consensus Group[END_REF]. Variables collected included demographic characteristics, underlying diseases, relevant and specific characteristics in case of transplantation, as well as type of IMI, treatment and outcome. Underlying diseases and characteristics included data on the type and state of haematological malignancy or other underlying disease as well as use of corticosteroids (within 30 days before the diagnosis) and other immunosuppressive agents. Furthermore, receipt of prior antifungal therapy (within 30 days before the diagnosis of infection), the fungal genus and species, diagnostic modalities, site of infection, history of antifungal therapy and therapeutic procedures were required to be reported. IMIs were defined in accordance with published guidelines [START_REF] De Pauw | Revised definitions of invasive fungal disease from the European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) Consensus Group[END_REF]. The therapeutic protocols used by the centres were similar and reflected current Infectious Diseases Society of America (IDSA) and/or European Conference on Infections in Leukemia (ECIL) guidelines [START_REF] Walsh | Treatment of aspergillosis: clinical practice guidelines of the Infectious Diseases Society of America[END_REF][START_REF] Maertens | Primary antifungal prophylaxis in leukaemia patients[END_REF]. The outcome of IMI therapy was recorded (i.e. 3-4 weeks after diagnosis) as complete or partial response, stable condition or worsening condition as assessed by investigators and as described elsewhere [START_REF] Pappas | Amphotericin B lipid complex in the treatment of invasive fungal infections: results of the Collaborative Exchange of Antifungal Research (CLEAR), an industry supported patient registry: introduction[END_REF][START_REF] Post | Invasive fungal infections in allogeneic and autologous stem cell transplant recipients: a single-center study of 166 transplanted patients[END_REF]. Breakthrough infection was defined as occurrence of proven fungal infection while on antifungal prophylaxis for at least 7 days. Survival was evaluated at 12 weeks. Each participating centre also contributed data on all newly months for patients whose records had been completed.

Statistical analyses

Comparison between categorical variables was performed by Fisher's exact test or  2 test. Regression analysis with analysis of variance (ANOVA) was used to determine trends in incidence. A P-value of <0.05 was considered statistically significant.

Results

A total of 217 patients were prospectively enrolled and records for 186 patients were completed by January 2008. Baseline demographic characteristics and patient categories are described in Table 1. The vast majority of infected patients suffered from haematological malignancies (68%), with a smaller number of patients who had undergone allogeneic stem cell (20%) or lung transplantation (17%). The third most important group consisted of mixed individuals with and without known risk factors Infecting fungal pathogens are shown in Table 2, with Aspergillus fumigatus being the most frequently isolated species (59%). Culture and microscopy was the most common diagnostic tool in identifying IMI in this series (64%), followed by computed tomography (CT) (58%). The diagnosis was proven in 63 cases (34%) and was considered probable in 56 cases (30%) (Table 3). The galactomannan assay [in serum and/or bronchoalveolar lavage fluid (BAL) specimens] was applied in 26% of cases, polymerase chain reaction (PCR) in 16% and the -D-glucan assay in 3%.

Azoles, echinocandins and polyenes were used as single agents either sequentially or in combination. Voriconazole was the most commonly used antifungal agent (38%), followed by caspofungin (20%) and posaconazole (19%). A minority of patients received itraconazole (1%) or amphotericin B deoxycholate (4%). Lipid formulations of amphotericin B plus posaconazole in combination were most frequently administered in the case of zygomycetes. Combination treatment, defined as more than one antifungal agent used sequentially or/and concomitantly, was administered in 67 patients (36%). Treatment with voriconazole plus caspofungin was the most frequently used combination regimen (47 patients; 70%). Eighty patients received antifungal prophylaxis for 7 days (range 7-56 days, mean 21 days), of whom 30% (24 patients) had a breakthrough fungal infection. An adjunct procedure (e.g. surgical intervention) was performed in 6 patients (3%).

Overall, 93 patients (50%) improved, 54 (29%) were stable and 39 (21%) deteriorated; the 12-week assessment estimated a mortality rate of 34% (see Table 3). In total, 186 cases of IMI were recorded, which corresponds to an annual incidence of 42 cases/1000 patients at risk or to 2.36 cases/100 000 inhabitants.

Multivariate analysis showed that outcome and survival did not correlate with the status of fungal disease, breakthrough infection, fungal species or age (P > 0.05).

Combination treatment, applied as first line in 19% of cases, was not superior compared with monotherapy. Survival and outcome were superior with voriconazole compared with the other drugs (P < 0.01) (see Fig. 2). In this analysis, invasive aspergillosis was the most commonly encountered IMI, presenting predominantly as pneumonia in patients with haematological malignancies and as tracheobronchitis in organ transplant recipients. The second most important fungi were the zygomycetes, followed by a small number of uncommon moulds. Occurrence of infections due to zygomycetes was not focused on a single centre, but rather was reported from several institutions. This trend, first described in patients who received transplants after 1995, probably reflects the inclusion of higher risk patients in modern tumour therapies, the increasing number of subsequent lines of antineoplastic treatment applied, and the better tolerability of treatment by young olds and older olds with an increasing number of patients at risk, as well as by the increased use of higher rates of chemoimmunotherapies. In addition, higher risk patients are undergoing stem cell transplantation with incompletely matches donors leading to a more immunosuppressed patient population in this group. Moreover, extensive use of prophylactic treatment with agents that have activity against Aspergillus spp. [START_REF] Upton | Emergence of opportunistic mould infections in the hematopoietic stem cell transplant patient[END_REF][START_REF] Maertens | Primary antifungal prophylaxis in leukaemia patients[END_REF][START_REF] Almyroudis | Zygomycosis in solid organ transplant recipients in a tertiary transplant center and review of the literature[END_REF][START_REF] Kontoyiannis | Zygomycosis in a tertiary-care cancer center in the era of Aspergillus-active antifungal therapy: a case-control observational study of 27 recent cases[END_REF] may have favoured a Within the setting of organ transplantation recipients, this epidemiological trend was strongest, displaying the highest incidence (8%) with rare mould infections. Overall, incidences of IMI are comparable with other studies, showing patients with acute myeloid leukaemia being at highest risk for IMI [START_REF] Chamilos | Invasive fungal infections in patients with hematologic malignancies in a tertiary care cancer center: an autopsy study over a 15-year period (1989-2003)[END_REF][START_REF] Pagano | The epidemiology of fungal infections in patients with hematologic malignancies: the SEIFEM-2004 study[END_REF]. The third most important group at risk consists of mixed individuals with various types of underlying immunodeficiency. Patients with prolonged ICU stay and use of steroids, neutrophil deficiencies or dysfunctions, and chronic granulomatous diseases are an emerging group for IMI and are definitively on the rise. In this patient population, most of the group had no underlying haematological malignancies and suffered from a primary mould infection.

Discussion

Culture and microscopy was the most common diagnostic tool in identifying IMIs in this series (64%). In several Austrian centres, we attempt to perform CT-guided percutaneous lung biopsies to confirm the diagnosis [START_REF] Lass-Flörl | The value of computed tomography-guided percutaneous lung biopsy for diagnosis of invasive fungal infection in immunocompromised patients[END_REF]. This intervention appears to be mandatory in our patient population, as we record a high rate of infections due to Aspergillus terreus and zygomycetes [START_REF] Lass-Flörl | Epidemiology and outcome of infections due to Aspergillus terreus: 10-year single centre experience[END_REF]. Aspergillus terreus is amphotericin Bresistant yet this drug is mandatory for zygomycoses. A similar diagnostic approach is widely used in other Austrian institutions. The diagnosis was proven in 63 cases (34%) and probable in 56 cases (30%). However, there is a need to improve diagnostic approaches, as only a limited number of other diagnostic tests were used to establish early diagnosis. The galactomannan assay (in serum and/or BAL specimens) was applied in 26% of cases, PCR in 16% and the -D-glucan assay in A c c e p t e d M a n u s c r i p t prophylaxis, this approach might be helpful for timely and sensitive diagnosis.

The outcome of current treatment regimens (3-4 weeks after diagnosis) was satisfactory compared with other studies [START_REF] Aisner | Treatment of invasive aspergillosis: relation of early diagnosis and treatment to response[END_REF][START_REF] Bodey | Fungal infections in cancer patients: an international autopsy study[END_REF][START_REF] Herbrecht | Voriconazole versus amphotericin B for primary therapy of invasive aspergillosis[END_REF]. Overall, 50% of patients improved, 29% were stable and 21% deteriorated. Of note, conventional amphotericin B was minimally used in this study. As this reflects practice observed in 12 different medical centres, it appears that conventional amphotericin B has largely been replaced by lipid formulations of amphotericin B and the new third-generation azoles.

Combination therapy, either sequential or concomitant, was frequently observed in 36% of patients. This reflects the real-life situation and possibly reflects the high rate of breakthrough infections observed. However, combination treatment was not superior for outcome and/or survival compared with single drug use. Voriconazole appears to be associated with improved outcome and survival (P < 0.01); a similar trend for outcome was for posaconazole.

Here we report a 12-week mortality rate of 34% among patients with IMI, which is markedly improved compared with rates from prior reports of outcomes during the 1990s [START_REF] Anaissie | Opportunistic mycoses in the immunocompromised host: experience at a cancer center and review[END_REF][START_REF] Denning | Epidemiology and pathogenesis of systemic fungal infections in the immunocompromised host[END_REF][START_REF] Pfaller | Epidemiological typing methods for mycosis[END_REF]. These data on aspergillosis are consistent with recently reported data [START_REF] Neofytos | Epidemiology and outcome of invasive fungal infection in adult hematopoietic stem cell transplant recipients: analysis of Multicenter Prospective Antifungal Therapy (PATH) Alliance registry[END_REF][START_REF] Horn | Presentation of the PATH Alliance registry for prospective data collection and analysis of the epidemiology, therapy, and outcomes of invasive fungal infections[END_REF][START_REF] Auberger | Significant alterations in the epidemiology and treatment outcome of invasive fungal infections in patients with hematological malignancies[END_REF]. Improved outcomes likely reflect improved diagnostic and therapeutic modalities compared with older patient series. However, in these studies mortality was highest in patients with zygomycoses [START_REF] Neofytos | Epidemiology and outcome of invasive fungal infection in adult hematopoietic stem cell transplant recipients: analysis of Multicenter Prospective Antifungal Therapy (PATH) Alliance registry[END_REF]. This is in contrast to the present report where IMI-related deaths occurred to the same extent for infections due to Aspergillus and zygomycetes.

A c c e p t e d M a n u s c r i p t 13 Outcome and survival did not correlate with the underlying fungal disease status, yet it was significantly better in patients receiving voriconazole. The reason might lay in the fact that most of the infections were due to A. fumigatus and that this azole has excellent anti-Aspergillus activity [START_REF] Herbrecht | Voriconazole versus amphotericin B for primary therapy of invasive aspergillosis[END_REF]. Moreover, voriconazole was primarily used as first-line treatment and other drugs as rescue.

However, in this registry, with all the limitations of its nature, it has been shown that breakthrough IMIs occurred frequently in patients receiving antifungal prophylaxis.

Aspergillus and zygomycetes were the main organisms, however the reason for this high rate (30%) of breakthrough infection is not clear yet and several causes might be responsible. First, the distinction between baseline infections (those present on or immediately before starting treatment) and breakthrough infections (those with an onset while on treatment) may be difficult to ascertain [START_REF] Martino | Empirical antifungal therapy in patients with neutropenia and persistent or recurrent fever of unknown origin[END_REF]. Second, serum drug concentrations may be insufficient to prevent infections [START_REF] Müller | HPLC analysis of the antifungal agent posaconazole in patients with haematological diseases[END_REF] as patients do not follow the strict guidelines for oral drug uptake. Third, diagnosis has improved to such an extent and allows for more sensitive and timely diagnosis and more tailored therapy [START_REF] Lass-Flörl | The changing face of epidemiology of invasive fungal diseases in Europe[END_REF]. In an earlier study, it was shown that >50% of infections were identified at autopsy [START_REF] Groll | Trends in the postmortem epidemiology of invasive fungal infections at a university hospital[END_REF]. So far, breakthrough aspergillosis in patients receiving empirical or prophylactic antifungal treatment using an agent with anti-Aspergillus activity is well known. For example, breakthrough aspergillosis was observed in 1.0-18% of patients receiving conventional amphotericin B, lipid-based amphotericin B, voriconazole or itraconazole and caspofungin [START_REF] Martino | Empirical antifungal therapy in patients with neutropenia and persistent or recurrent fever of unknown origin[END_REF][START_REF] Trifilio | Breakthrough zygomycosis after voriconazole administration among patients with hematologic malignancies who receive hematopoietic stem-cell transplants or intensive chemotherapy[END_REF][START_REF] Lafaurie | High rate of breakthrough invasive aspergillosis among patients receiving caspofungin for persistent fever and neutropenia[END_REF][START_REF] Walsh | Voriconazole compared with liposomal amphotericin B for empirical antifungal therapy in patients with neutropenia and persistent fever[END_REF][START_REF] Vehreschild | A double-blind trial on prophylactic voriconazole (VRC) or placebo during induction chemotherapy for acute myelogenous leukaemia (AML)[END_REF][START_REF] Cornely | Posaconazole vs. fluconazole or itraconazole prophylaxis in patients with neutropenia[END_REF][39]. Recently, a rate of breakthrough invasive aspergillosis among patients receiving caspofungin for persistent fever and neutropenia was recorded as 13% [START_REF] Lafaurie | High rate of breakthrough invasive aspergillosis among patients receiving caspofungin for persistent fever and neutropenia[END_REF]. However, statements are somewhat limited on this topic as we have no access to the overall data on how Other registries or studies have also gathered information on IMIs but have been hindered by a of observations limited in terms of patient type, therapies used or geographic areas [START_REF] Marr | Epidemiology and outcome of mould infections in hematopoietic stem cell transplant recipients[END_REF]10,[START_REF] Pappas | Amphotericin B lipid complex in the treatment of invasive fungal infections: results of the Collaborative Exchange of Antifungal Research (CLEAR), an industry supported patient registry: introduction[END_REF]. In contrast, the NAAR is a registry that allows the collection and analysis of high-quality data obtained from targeted centres with substantial clinical experience and is facilitated by the use of electronic data capture and reporting software. The wide distribution of investigating centres across Austria, the variety of patient categories and the enrolment of more than 150 patients with IMI per year make this registry a significant tool for the study of common, rare and emerging IMIs. This registry has some limitations. Because this is a strictly observational project, the generated results might have limited clinical significance. It is likely that patients with possible infections are underrepresented in the database because of the challenges in ascertainment. Despite its limitations, the NAAR is a network of medical institutions collecting significant information regarding IMIs in Austria. As enrolment continues, additional data will be analysed and published, which will provide valuable information regarding the epidemiology, therapy and outcomes of IMIs.

In conclusion, this study shows that aspergillosis remains the most commonly identified IMI among immunocompromised and/or immunosuppressed patients, but 

  The registry has been approved by the Ethics Committee of Innsbruck Medical University, one of several lead ethics committees in Austria. All patients with a diagnosis of proven, probable or possible IMI were eligible for enrolment according to the definitions of invasive fungal disease from the European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and Infectious Diseases

  during the survey period to gain an insight into the current incidence of IMI in the centres deemed representative of Austria. After completion of an individual patient record, the record was locked and was available for inclusion in the clinical reports. For a complete patient record, the following requirements were defined in advance: (i) completion of follow-up for 12 weeks or until death or discharge; (ii) no outstanding data queries by the central coordinator(s) (C.L.-F. and J.A.); and (iii) a patient record sign-off by the site investigator. Participating sites also had the option to enter follow-up data at 12

  A c c e p t e d M a n u s c r i p t 8 (14%) (see Fig. 1). Underlying factors for this pooled group are prolonged Intensive Care Unit (ICU) stay associated with a high number of antibiotic drugs and/or need for ventilation, parenteral nutrition or central line access, neutrophil deficiencies or dysfunctions, and chronic granulomatous diseases. Overall, 89 patients (48%) received treatment targeting T-cells and 56 patients (30%) were treated with corticosteroids. Most of the culture-positive IMIs (proven and probable) were caused by Aspergillus spp. (60 patients; 67%), followed by zygomycetes (25 patients; 28%).

  and itraconazole were the drugs (preferably orally) administered, and zygomycetes and A. fumigatus were the predominant pathogens.

  This prospective, observational, multicentre study was performed to evaluate the contemporary incidences, epidemiological characteristics, clinical presentations and outcomes of IMIs in 186 adults during the period 2007-2008. Restriction to proven and probable infections recorded an annual incidence of 19 cases/1000 patients at risk and 1.08 cases/100 000 inhabitants for Austria. Patients with haematological malignancies and organ transplant recipients were at highest risk. The third most important group consisted of a mixed population with various underlying risk factors, including mainly ICU patients. Important findings also included an improvement in IMI-associated mortality, although there was a considerable rate of breakthrough fungal infections.

  a network of medical institutions gathering and sharing information to increase understanding of the incidence, epidemiology, therapy and outcomes of IMIs in Austria.The ability to capture and display information on demographics, epidemiology, treatment and outcomes of patients from multiple clinical centres greatly enhances the timely dissemination of accurate and detailed clinical information and current approaches to therapy.

  zygomycoses. So far, zygomycoses were observed mainly in tertiary care centres, showing obvious differences in patients at risk or in clinical approaches.
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  c c e p t e d M a n u s c r i p t 14 many patients received successful prophylaxis. None the less, our Austrian-wide rate of breakthrough infection needs to be investigated in more detail. So far, breakthrough infections while on an azole (e.g. posaconazole) did not exclude beneficial treatment with another azole (e.g. voriconazole).
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  c c e p t e d M a n u s c r i p t 15 other moulds constitute a significant problem. Survival from IMIs appears to have improved compared with previous reported data. Overall, the main challenge is to overcome breakthrough fungal infections. A mixed patient population with various underlying host defects comprise an emerging and important group for IMIs. Funding C-LF has received research funding from Gilead, AESCA Pharma and Pfizer. SP has received research funding from Pfizer. Competing interests C-LF has served as a consultant or advisor to Gilead and Pfizer and has been on the speakers' bureau for Pfizer, Gilead and Merck Sharp & Dohme. All other authors declare no competing interests.Ethical approvalResearch Ethics Committee of Innsbruck Medical University, Innsbruck, Austria (Judgement's reference no. UN2891).

  Ullmann AJ, Lipton JH, Vesole DH, Chandrasekar P, Langston A, Tarantolo SR, et al. Posaconazole or fluconazole for prophylaxis in severe graft-versus-host disease. N Engl J Med 2007;25:335-47.
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 221 Fig. 1. Overview of underlying diseases in 186 patients with invasive mould

Fig. 2 .

 2 Fig. 2. Distribution of antifungal agents used in 186 patients with invasive fungal

  ., standard error; HEPA, high-efficiency particulate air.a Data are number (%) of patients, unless otherwise indicated.b Underlying diseases and immunological risk factors were not mutually exclusively (i.e. patients could have more than one factor).
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 13 Table chain reaction; BAL, bronchoalveolar lavage fluid.a Administration of an antifungal drug for at least 1 week before clinical signs and symptoms of fungal infection.
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Aspergillus fumigatus 59

Aspergillus flavus 4

Aspergillus terreus 3

Aspergillus niger 1

Zygomycetes 28

Absidia spp. 10

Mucor spp. 9

Rhizopus spp. 9

Other moulds 4
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