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A B S T R A C T

Objective: Aspergillus spp. are ubiquitous fungi that cause invasive pulmonary aspergillosis (IPA), chronic pul
monary aspergillosis (CPA), allergic bronchopulmonary aspergillosis (ABPA), and some other less common forms 
depending on the immune status of the host. This study aimed to evaluate the epidemiology and clinical diag
nosis of Aspergillus-related diseases at the University Hospital of Marseille (AP-HM).
Methods: We performed a retrospective cohort study of patients treated at the AP-HM between January 2022 and 
December 2023. Aspergillus-specific serologic tests (IgG, IgE) and galactomannan antigen (GM) tests were inte
grated with clinical, imaging data from patients’ medical records. Diagnostic frameworks were established based 
on the standard diagnostic criteria to identify IPA, CPA, and ABPA.
Results: Of 2412 patients with GM testing, 46 (1.9 %) had IPA. Of 2889 patients with Aspergillus-specific IgG 
testing, 16 (0.6 %) were diagnosed with CPA. Of 1779 patients with Aspergillus-specific IgE testing, 46 (2.6 %) 
were diagnosed with ABPA. We noted biotherapy (tocilizumab and oblinutuzumab) as potential emerging risk 
factors for IPA. Strikingly, only 10 of 46 patients with ABPA were treated by physicians, highlighting potential 
gaps in clinical practice and current diagnostic guidelines. The 3-month case fatality rate was 46.7 % for IPA, 
13.3 % for CPA and 0 for APBA. Despite treatment, 13 % of patients with ABPA experienced an exacerbation.
Conclusions: This study highlights the prevalence of Aspergillus-related lung disease and the high 3-month mor
tality rate in IPA and CPA in AP-HM. Discrepancies in ABPA diagnosis highlight the need for improved diagnostic 
algorithms that better reflect real-world clinical practice and address these challenges.

1. Introduction

Aspergillus species are ubiquitous saprophytic fungi found in the 
environment that can cause a variety of human pulmonary diseases. Due 
to the small size of their conidia, Aspergillus spores are easily inhaled, 
making the lung the primary target organ for infection [1,2]. The clinical 
presentation of Aspergillus-related lung diseases (ARLD) is highly vari
able, depending on the severity of the infection and the immune status of 
the host, and is therefore classified into three main forms: invasive 
pulmonary aspergillosis (IPA), chronic pulmonary aspergillosis (CPA), 
and allergic bronchopulmonary aspergillosis (ABPA), as well as some 
other less common forms [3]. IPA primarily affects severely 

immunocompromised individuals and has recently been increasingly 
observed in critically ill patients with severe COVID-19 or influenza 
pneumonia complicated by acute respiratory distress syndrome (ARDS) 
[4–6]. CPA is a spectrum of locally invasive disease that typically occurs 
in patients with mild immunodeficiency, chronic lung disease, or 
pre-existing lung cavities such as those seen after tuberculosis, 
sarcoidosis, emphysema, or lung surgery [4,7]. In contrast, ABPA, 
known as an immune-mediated inflammatory response caused by hy
persensitivity to Aspergillus, is most commonly seen in patients with 
asthma or cystic fibrosis (CF) [4,8].

Worldwide, it is estimated that there are approximately 250,000 new 
cases of IPA annually, 3 million cases of CPA, and 4.8 million cases of 
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ABPA per year in asthmatic populations [9]. However, data on the 
epidemiology of ARLD in France remain scarce and often focus on spe
cific disease presentations [10–12]. The evolution of diagnostic criteria 
in recent years has made the diagnosis of pulmonary aspergillosis 
challenging [5,6], especially since the ABPA diagnostic criteria have 
been revised three times in four years [8,13,14]. The emergence of new 
risk factors, such as COVID-19, has led to further updates in guidelines 
for the diagnosis of IPA [5]. In addition, the ecological diversity and 
regional climate variations in France, which influence the prevalence 
and distribution of Aspergillus species, highlight the need for localized 
epidemiological data [10,15,16]. In France, we are faced with a climatic 
diversity within the territory that could influence the diversity of ARLD. 
For example, the climate of Marseille is characterised by dry conditions 
and strong winds, which is very different from the temperate climate of 
northern France [17]. Despite this, to the best of our knowledge, no 
studies have investigated the prevalence of all three forms of ARLD, 
including IPA, CPA, and ABPA, in Marseille. Therefore, this study aims 
to evaluate the epidemiology of pulmonary aspergillosis in the Univer
sity Hospital of Marseille.

2. Methods

2.1. Study design

This retrospective cohort study was conducted at AP-HM, comprising 
four tertiary hospitals in Marseille with a total of 3300 beds: North 
Hospital, La Timone Hospital, La Conception Hospital, and South Hos
pital. The study took place between January 2022 and December 2023. 
[18]. The study protocol and ethical criteria were approved by the 
Scientific Ethics Committee of the Assistance Publique-Hôpitaux de 
Marseille (PADS 24-39-dgr). Reporting adhered to the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) state
ment to ensure methodological rigor and transparency (Supplementary 
Material 1).

2.2. Serological test screening procedure

The following serologic data were collected: A. fumigatus-specific IgG 
(Gm3) and IgE concentrations measured by the commercial Immuno
CAP system (Phadia, Thermo Fisher Scientific, USA), and gal
actomannan antigen (GM) detected by ELISA using the Bio-Rad Platelia 
Aspergillus Antigen (Bio-Rad, Marnes-la-Coquette, France).

2.3. Selection criteria

To identify IPA patients, we selected patients with a positive GM test 
index (i.e. ≥ 0.5 in serum and ≥1.0 in broncho-alveolar lavage (BAL)). 
To identify CPA patients and ABPA patients, we selected patients with a 
positive Aspergillus-specific IgG test (i.e. > 27 mgA/L), and a positive 
Aspergillus-specific IgE test (i.e. ≥ 0.35 kUA/L), respectively. Seroposi
tivity cut-off values were determined according to the recommended 
diagnostic criteria for each form of pulmonary aspergillosis [5,7,8,13,
19].

2.4. Patients’ data

2.4.1. Medical reports
All medical reports of selected patients recorded in Axigate DPI 

(version 5.11.3P10.8.3) were analysed and the following data were 
obtained when available. Data entry and processing was performed 
using MS Excel 2013 software.

2.4.2. Socio-demographic characteristics, potential risk factors, and clinical 
features

Age, sex, body mass index and potential risk factors were recorded 
for all participants (Supplementary Material 2). Clinical characteristics 

of patients included: fever refractory to broad-spectrum antibiotics, 
cough, haemoptysis, pleuritic chest pain, and dyspnea.

2.4.3. Mycological features
We collected data on Aspergillus Western Blot IgG kit (LDBio, Lyon, 

France), Aspergillus PCR, positive Aspergillus culture on Sabouraud 
dextrose agar supplemented with gentamicin and chloramphenicol (Bio- 
Rad, Marnes-la-Coquette, France) and eosinophil cell counts.

2.4.4. Imaging features
Imaging findings were extracted from the Centricity™ software 

(version 6.0 SP11.2.3, GE Healthcare, USA) and included all details of 
the techniques used (chest X-ray or high-resolution computed tomog
raphy) in patients with pulmonary aspergillosis and the imaging fea
tures: condensation, ground-glass opacities, reticular opacity, pleural 
effusion, nodules, micronodules, halo sign, reverse halo sign, cavities, 
fibrosis, emphysema, bronchiectasis, cavities, fungus ball, mucoid 
impaction and high-attenuating mucus.

Central bronchiectasis is defined as the dilatation of the proximal 
(central) bronchi near the lung hilum. The peripheral airways tend to be 
relatively unaffected on HRCT [20].

2.4.5. Clinicians’ diagnosis
Diagnoses of ARLD were made independently and based on estab

lished criteria. We also noted whether the treating clinicians had 
initially considered ARLD, in order to assess the consistency between 
clinical suspicion and standardised diagnosis.

2.4.6. Outcome
Data on survival or death were collected at 1-month and 3-month. 

ABPA patient outcomes, including stability or exacerbations, were 
collected at 12-month.

2.5. Classification

Patients in this study were classified according to the latest recom
mendations (Fig. 1) as follows: 

• IPA was defined according to the EORTC/MSG 2019 diagnostic 
criteria [19].

• CAPA (COVID-associated pulmonary aspergillosis) was defined ac
cording to the ECMM/ISHAM 2020 criteria for COVID-associated 
IPA [5].

• IAPA (Influenza-associated pulmonary aspergillosis) was defined 
according to the expert case definitions for influenza-associated IPA 
[6].

• CPA was defined according to the ESMID 2016 criteria [7].
• ABPA was defined according to the modified ISHAM 2020, ASANO 

2021 diagnostic criteria [8,13].
• ABPA exacerbation was defined as a worsening of respiratory clinical 

(e.g., increased cough, dyspnea, expectoration of mucus plugs) and/ 
or radiological worsening. These episodes were often associated with 
a rise in total serum IgE levels, radiographic changes (such as new 
infiltrates or mucus impaction), or both [21].

• Aspergillus sensitisation (AS) was defined by the presence of elevated 
levels of Aspergillus-specific IgE antibodies (≥0.35 kAU/l) in a patient 
typically well controlled with appropriate asthma treatment [22].

• SAFS (Severe asthma with fungal sensitisation) was defined by AS in an 
uncontrolled asthmatic patient with total IgE <1000 IU/ml who 
doesn’t meet the criteria for ABPA [22].

• Aspergillus colonisation (AC) was defined by the presence of two 
positive Aspergillus cultures from lower respiratory tract samples on 
two separate occasions within 6 months in a patient who is asymp
tomatic and who doesn’t require antifungal treatment [23].
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• Aspergillus bronchitis (AB) is a superficial fungal infection of the 
lower respiratory tract that doesn’t meet the diagnostic criteria for 
other forms of ARLD and may respond to antifungal treatment [24].

2.6. Statistical analysis

2.6.1. Grouping and analysis Steps

Step 1: Patients were categorised into two groups: the invasive group 
(IPA and CPA) and the allergic group (ABPA). This classification 
assessed differences in risk factors, clinical symptoms, and disease 
severity between the invasive and allergic groups.
Step 2: Within the invasive characteristic group, patients were 
divided into acute invasive pulmonary aspergillosis and chronic 
pulmonary aspergillosis subgroups. Comparative analyses were 
performed to identify detailed differences in risk factors, clinical 
presentation, and outcome between the acute and chronic 
subgroups.

2.6.2. Analysis methods
Bivariate analyses were performed to assess differences between the 

invasive group “IPA + CPA” and the allergic group “ABPA”, as well as 
between the acute presentation “IPA” and the chronic presentation 
“CPA”. Fisher’s exact test was used to compare qualitative variables, 
while Mann-Whitney U test was used for quantitative variables. Prin
cipal component analysis (PCA) was also performed. Missing values 
were imputed with the PCA model (Supplemnetary Material 3).

All statistical analyses were performed using SAS 9.4 software (SAS 
Institute, Cary, NC), except for PCA, which was performed using R 
(FactoMineR package). Statistical significance was defined as p < 0.05 

(Supplementary Material 3).

3. Results

During the 2-year study period, we diagnosed 46 cases of IPA, 16 
cases of CPA, and 46 cases of ABPA at the AP-HM according to the 
recommended criteria (Fig. 2, Table 1).

3.1. ARLD epidemiological picture

Of the 2412 patients who underwent galactomannan antigen testing, 
141 tested positive in serum and/or BAL. Using the EORTC/MSG 2019 
criteria for IPA, the ECMM/ISHAM 2020 criteria for CAPA identifica
tion, and IAPA expert criteria [5,6,19], we identified 46 (1.9 %) IPA 
patients, including 5 CAPA patients and 1 IAPA patient. Among these 
IPA patients, 12 underwent biopsy procedures following physician 
consideration and one case was histologically confirmed. In total, we 
identified one (2.2 %) histologically proven IPA, 28 (60.9 %) probable 
IPA, and 17 (37.0 %) possible IPA.

Of the 2889 patients who underwent Aspergillus-specific IgG M3 
testing, 1023 were positive. Using the 2016 ESMID/ERS criteria [7], we 
identified 16 (0.6 %) patients with CPA.

Of the 1779 patients who underwent Aspergillus-specific IgE testing, 
332 were positive. Using the modified 2020 ISHAM and 2021 ASANO 
diagnostic criteria [8,13], we identified 46 (2.6 %) patients with ABPA.

This methodological approach identified other ARLD, including 17 
patients with SAFS, 11 with AS, 6 with AB, 19 with AC and 3 simple 
aspergillomas within 2 years.

Fig. 1. Classification scheme for pulmonary aspergillosis (A: ABPA patients, B: CPA patients, C: IPA patients). 
Abbreviations: AP-HM = Assistance Publique–Hôpitaux de Marseille, CT = computed tomography, AS = Aspergillus sensitisation, SAFS = Severe asthma with fungal 
sensitivity, ABPA = Allergic bronchopulmonary aspergillosis, ISHAM = International Society of Human and Animal Mycology, CPA = chronic pulmonary asper
gillosis, SAIA = Subacute invasive aspergillosis, CCPA = Chronic cavitary pulmonary aspergillosis, CFPA = Chronic fibrosis pulmonary aspergillosis, ESCMID =
European Society for Clinical Microbiology and Infectious Disease, BAL = Bronchoalveolar lavage, IPA = Invasive pulmonary aspergillosis, EORTC = European 
Organization for Research and Treatment of Cancer, ECMM = European Confederation of Medical Mycology, CAPA = COVID-associated pulmonary aspergillosis, 
IAPA = Influenza-associated pulmonary aspergillosis, ATF = antifungal.
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3.2. Patient sociodemographics and comorbidities

Regarding demographic characteristics, the mean age was signifi
cantly lower in the patients with allergic ARLD (34.4 ± 20.6 years) than 
in those with invasive ARLD (53.24 ± 18.9 years; p < 0.001), while 
gender distribution and BMI showed no statistically significant differ
ences. Among comorbidities, CF was the most prominent comorbidity in 
the allergic ARLD patients, affecting 63.0 % of patients compared to 8.1 
% in the invasive group (p < 0.001). Asthma was also strongly associ
ated with the allergic ARLD, affecting 28.3 % of patients compared to 
3.2 % in the invasive ARLD patients (p = 0.001). In contrast, immuno
suppressive comorbidities such as solid organ transplant, stem cell 
transplant, haematological malignancy, chronic obstructive pulmonary 
disease, biotherapy, chemotherapy and cardiovascular disease were 
significantly more common in the invasive ARLD patients than in the 
allergic ARLD patients (p < 0.01). Using immunomodulating mono
clonal antibodies (tocilizumab, obinutuzumab, and rituximab), a po
tential risk factorwas observed exclusively in IPA patients. In fact, 15.2 
% of IPA patients were receiving biotherapy including 71.4 % receiving 
rituximab, 14.3 % receiving obinutuzumab, and 14.3 % receiving toci
lizumab. These treatments were not found in CPA or ABPA cases.

When comparing the invasive ARLD patients subgroups, a signifi
cantly higher prevalence of solid organ transplantation (i.e. lung, heart, 
kidney and liver) and stem cell transplantation (54.4 %) was observed in 
IPA compared to CPA (12.5 %; p < 0.01). Haematological malignancies 
(14.5 %) and biotherapy (11.3 %) were seen exclusively in the IPA 
group. The prevalence of bronchiectasis was significantly higher in the 
CPA group than in the IPA group (50.0 %, p = 0.001). A history of 
tuberculosis, lung surgery and pulmonary aspergillosis showed a sig
nificant association with CPA (p < 0.05).

3.3. Clinic and imaging features

In terms of common clinical symptoms, cough and dyspnoea were 
predominant in all three groups of ARLD patients, with no statistically 
significant difference observed between the groups. In contrast, fever 
had a significantly higher prevalence in invasive (37.7 %) compared to 
allergic ARLD patients (2.2 %; p = 0.001). This disparity was emphas
ised by the subgroup analysis of invasive ARLD patients, which showed a 
prevalence of 45.7 % in IPA compared to 13.3 % in CPA (p < 0.05). 
Similarly, weight loss was reported more frequently in the invasive 
group (22.6 %) compared to allergic ARLD patients (6.5 %; p < 0.05). 
When comparing IPA and CPA patients, haemoptysis was significantly 
more common in CPA (37.5 %) compared to IPA (2.2 %; p = 0.001).

On imaging, ground-glass opacities and consolidations were the 
predominant findings in invasive compared to allergic ARLD patients (p 
< 0.001). Interestingly, pleural effusion (23.9 %), halo sign (13 %), and 
reversed halo sign (6.5 %) were observed exclusively in IPA, whereas 
fungal balls were observed exclusively in CPA (56.3 %) and mucoid 
impaction in ABPA patients (26.1 %) (Supplementary Material 3). 
Central bronchiectasis was significantly more common in allergic pa
tients (69.6 %) than in invasive ARLD patients (17.7 %; p < 0.001) 
(Supplementary Material 3). Among ABPA patients, 69.6 % (32/46) met 
the radiological criteria for central bronchiectasis. Additionally, 65.6 % 
(21/32) of those with central bronchiectasis showed upper- or mid-lung 
predominant involvement (e.g., upper only, upper and middle lobes). 
Among invasive ARLD patients, bronchiectasis was significantly more 
common in CPA than in IPA (p = 0.004).

3.4. Aspergillus culture

Culture results showed that Aspergillus species were the most 
commonly detected in all three ARLD patient groups (IPA, CPA and 
ABPA), with positive rates of 54.8 %, 68.8 % and 52.0 %, respectively. 

Fig. 2. Synthetic graph showing the number of patients diagnosed with Aspergillus-related lung disease at the AP-HM in 2022–2023 and their corresponding hosts 
and risk factors. 
Abbreviations: AS = Aspergillus sensitisation; SAFS = severe asthma with fungal sensitivity; COPD = Chronic Obstructive Pulmonary Disease; ILD = Interstitial lung 
disease; CCPA= Chronic cavitary pulmonary aspergillosis; CFPA = Chronic fibrosis pulmonary aspergillosis; SAIA = Subacute invasive aspergillosis; IAPA =
Influenza-associated pulmonary aspergillosis; CAPA = COVID-associated pulmonary aspergillosis; SOT = Single organ transplantation; 1 Acute myeloid leukemia; 
acute lymphoblastic leukemia, myelodysplasia syndrome, bone marrow aplasia; 2 non-Hodgkin B lymphoma, diffuse large cell B lymphoma; 3 lung, heart, kidney, 
liver; SCT = Stem cell transplantation.
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Table 1 
Characteristics of patients with Aspergillus-related lung diseases (ARLD) in a 2-year retrospective study.

ARLD Subgroup invasive ARLD

Invasive Allergy p- 
value*

Acute Chronic p- 
value*

IPA þ CPA ABPA IPA CPA

(n¼62) (n¼46) (n¼46) (n¼16)

n % n % n % n %

Demographic
Age (mean ± SD, min-max) 53.24 ±

18.9
4–81 34.6 ±

20.6
5–76 <0.001 ​ 53.5 ±

19.0
4–81 52.5 ±

19.1
15–75 0.785

Sex (% males) 39 62.9 22 47.8 0.169 ​ 27 58.7 12 75 0.369
BMI (mean ± SD, min-max) 23.0 ± 5.9 13–42 20.7 ±

4.9
11–35 0.061 ​ 23.8 ±

6.2
13–42 20.5 ±

4.0
16–29 0.049

Comorbidity
Solid organ transplantation & Stem-cell 
transplantation

27 43.5 8 17.4 0.006 ​ 25 54.4 2 12.5 0.004

Autoimmune disease 14 22.6 16 34.8 0.195 ​ 10 21.7 4 25 0.743
Diabetes mellitus 10 16.1 9 19.6 0.799 ​ 10 21.7 0 0 0.052
Hematologic malignancy 9 14.5 0 0 0.010 ​ 9 19.6 0 0 0.096
Chronic obstructive pulmonary disease 12 19.4 2 4.4 0.023 ​ 8 17.4 4 25 0.488
Interstitial lung disease 11 17.7 0 0 0.002 ​ 8 17.4 3 18.8 1.000
Solid cancer 9 14.5 2 4.4 0.112 ​ 6 13 3 18.8 0.683
Biotherapy risk factor (immunomodulating 
monoclonal antibodies)

7 11.3 0 0 0.020 ​ 7 15.2 0 0 0.175

(anti-CD20) Rituximab 5 71.4 – – ​ ​ 5 71.4 – – ​
(anti-IL6) Tocilizumab 1 14.3 – – ​ ​ 1 14.3 – – ​
(anti - CD20) Obinutuzumab 1 14.3 – – ​ ​ 1 14.3 – – ​

Chemotherapy 10 16.1 0 0 0.005 ​ 8 17.4 2 12.5 1.000
Hepatitis, chronic alcoholism 4 6.5 2 4.4 1.000 ​ 4 8.7 0 0 0.565
Bronchiectasis 12 19.4 12 26.1 0.485 ​ 4 8.7 8 50 0.001
Cystic fibrosis 5 8.1 29 63 <0.001 ​ 3 6.5 2 12.5 0.597
Neutropenia 2 3.2 0 0 0.506 ​ 2 4.4 0 0 1.000
Severe COVID 19 5 8.1 0 0 0.070 ​ 5 10.9 0 0 0.315
Severe Influenza A 1 1.6 0 0 1.000 ​ 1 2.2 0 0 1.000
Asthma 2 3.2 13 28.3 <0.001 ​ 1 2.2 1 6.3 0.453
Cardiovascular disease 28 45.2 9 19.6 0.007 ​ 21 45.7 7 43.8 1.000
Chronic kidney disease 7 11.3 4 8.7 0.756 ​ 6 13.0 1 6.3 0.666

History
Pulmonary aspergillosis history 10 16.1 9 19.6 0.799 ​ 4 8.7 6 37.5 0.014
Lung surgery 6 9.7 9 19.6 0.167 ​ 2 4.4 4 25 0.034
Tuberculosis history 3 4.8 1 2.2 0.635 ​ 0 0 3 18.8 0.015
Allergic history 13 21.0 14 30.4 0.272 ​ 8 17.4 5 31.3 0.291

Clinical characteristic
Cough 59 95.2 39 84.8 0.094 ​ 43 93.5 16 100 0.562
Dyspnea 48 77.4 31 67.4 0.277 ​ 37 80.4 11 68.8 0.488
Fever (nmiss = 1) 23 37.7 1 2.2 <0.001 ​ 21 45.7 2 13.3 0.033
Weight loss 14 22.6 3 6.5 0.032 ​ 7 15.2 7 43.8 0.034
Haemoptysi 7 11.3 2 4.4 0.296 ​ 1 2.2 6 37.5 0.001
Chest pain 0 0.0 1 2.2 0.426 ​ 0 0 0 0 –

Imaging characteristic
Ground glass opacity, reticular opacity 42 67.7 7 15.2 <0.001 ​ 33 71.7 9 56.3 0.353
Consolidation 43 69.4 15 32.6 <0.001 ​ 33 71.7 10 62.5 0.538
Pleural effusion 11 17.7 0 0 0.002 ​ 11 23.9 0 0 0.052
Nodules 9 14.5 3 6.5 0.230 ​ 7 15.2 2 12.5 1.000
Fibrosis 12 19.4 0 0 0.001 ​ 7 15.2 5 31.3 0.268
Halo sign 6 9.7 0 0 0.037 ​ 6 13 0 0 0.325
Cavity 21 33.9 0 0 <0.001 ​ 6 13 15 93.8 <0.001
Emphysema 10 16.1 0 0 0.005 ​ 6 13 4 25 0.266
Micronodule 5 8.1 5 10.9 0.741 ​ 5 10.9 0 0 0.315
Central bronchiectasis 11 17.7 32 69.6 <0.001 ​ 4 8.7 7 43.8 0.004
Reverse halo sign 3 4.8 0 0 0.260 ​ 3 6.5 0 0 0.562
Fungal ball 9 14.5 0 0 0.010 ​ 0 0 9 56.3 <0.001
Pleural lesion 6 9.7 0 0 0.037 ​ 1 2.2 5 31.3 0.003
Mucoid impaction 0 0.0 12 26.1 <0.001 ​ 0 0 0 0 –

Biological results
Aspergillus culture (n) 47 ​ 25 ​ ​ ​ 31 ​ 16 ​ ​

Aspergillus culture Positive 28 59.6 13 52 0.620 ​ 17 54.8 11 68.8 0.532
A. fumigatus 19 67.9 10 76.9 0.719 ​ 12 70.6 7 63.6 1.000

Other** 9 32.1 3 23.1 ​ 5 29.4 4 36.4
Hospitalization

Clinicians consideration 62 100.0 10*** 21.74 <0.001 ​ 46 100.0 16 100.0 –
Patients hospitalized (nmiss = 1) 62 100.0 12 26.7 <0.001 ​ 46 100.0 16 100.0 –

Hospitalization (days) (mean ± SD, min-max) 32.5 ±
31.3

2–119 31.5 ±
29.9

1–78 0.743 ​ 33.3 ±
32.9

2–119 27.0 ±
15.4

12–53 <0.001

Department hospitalization

(continued on next page)
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Among these, A. fumigatus was the predominant species in all ARLD 
patient groups. Other Aspergillus species were less frequently isolated in 
CPA patients, including A. tubingensis, A. flavus and A. lentulus. In ABPA 
patients, 10 (76.9 %) were positive for A. fumigatus, while less common 
species included A. westerdijkiae, A. delacroxii, A. flavus and A. oryzae.

3.5. Diagnostic and treatment

In the patients with invasive ARLD we observed complete (100 %) 
concordance between the official diagnostic criteria and the clinician’s 
assessment. Consequently, 45 (97.8 %) IPA patients and 15 (93.8 %) 
CPA patients received treatment. In contrast, only 10 (21.7 %) of the 
patients with allergic ARLD were considered by the physician to have 
ABPA (p < 0.001). Of the 36 patients with discrepancies between clin
ical diagnosis and treatment recommendations, 10 (27.8 %) were clin
ically stable, 11 (30.6 %) had CF treated with elexacaftor/tezacaftor/ 
ivacaftor (ETI) therapy and 8 (22.2 %) were treated with corticosteroids 
or biological therapies. The remaining 7 cases were patients with un
controlled asthma due to other factors such as intolerance, poor 
adherence, presence of risk factors (e.g. smoking) or lack of maintenance 
therapy.

3.6. Outcome

The hospitalization rate for patients with IPA was 46 (100 %), with 
26 (56.5 %) requiring admission to intensive care. One patient had 
incomplete treatment data and one patient died before a definitive 
diagnosis could be made. In total, 21 patients died within 3 months, 
giving a case-fatality rate of 47.7 %. Among CPA patients, 31.3 % were 
admitted to intensive care at the time of diagnosis and two patients 
(14.3 %) died within three months. None of the 46 ABPA patients died, 
but 6 (13 %) experienced an exacerbation within 12 months.

4. Discussion

We performed a retrospective analysis at the University Hospital of 
Marseille, France, over a two-year period to estimate the prevalence of 
the three main clinical presentations of ARLD: invasive pulmonary 

aspergillosis (IPA), chronic pulmonary aspergillosis (CPA) and allergic 
bronchopulmonary aspergillosis (ABPA). We diagnosed 46 cases of IPA, 
16 cases of CPA and 46 cases of ABPA according to recommended 
criteria [8,13,14]. To our knowledge, this is the first comprehensive 
epidemiological study of all three forms of pulmonary aspergillosis 
conducted worldwide. Previous studies have typically focused on one or 
two forms of the disease [9–12].

We combined IPA and CPA patients into a single ‘invasive’ ARLD 
group due to the invasive nature, mortality and severity of these two 
diseases [25]. Similarly, ABPA was classified as ‘allergic’ ARLD due to its 
allergic characteristics. The mean age of patients with allergic ARLD was 
significantly younger (34.4 ± 20.6 years) than that of patients with 
invasive ARLD (53.24 ± 18.9 years). This may be explained by the de
mographic characteristics of ABPA patients [26]. A significant propor
tion (63.0 %) of the ABPA group consisted of patients with cystic fibrosis 
(CF-ABPA) - a disease caused by a genetic mutation in the CFTR gene 
that predominantly affects younger individuals [27,28]. Patients with 
invasive ARLD were significantly more likely to have cardiovascular 
disease than those with allergic ARLD (p = 0.007). These findings may 
be explained by the significantly younger age of patients with allergic 
ARLD compared to those with invasive ARLD and are consistent with 
previous reports in the literature [7,19,29,30].

Interestingly, our study showed that 15.2 % of IPA patients were 
receiving biotherapy (including 71.4 % receiving rituximab, 14.3 % 
receiving binutuzumab and 14.3 % receiving tocilizumab). Biotherapy 
may be a potential risk factor for invasive ARLD. These therapies have 
mainly been used to prevent graft rejection in lung transplant recipients 
or to treat cytokine storms in severe COVID-19 patients. Rituximab has 
been retained in the 2019 EORTC/MSG diagnostic criteria [19,31], 
while tocilizumab is an emerging potential risk factor that has been 
described in a limited number of case reports in patients with invasive 
ARLD [32,33]. Obinutuzumab, however, has no documented evidence 
of an association with IPA in the current literature. This highlights how 
the emergence of biotherapeutic molecules post-2020 is likely to impact 
on the management of IPA.

The diagnosis of ARLD in clinical practice remains challenging 
despite current diagnostic standards [5,7,14]. In our study, the rate of 
clinician diagnosis of invasive ARLD (both IPA and CPA) is largely 

Table 1 (continued )

ARLD  Subgroup invasive ARLD

Invasive Allergy p- 
value*  

Acute Chronic p- 
value*

IPA þ CPA ABPA  IPA CPA

(n¼62) (n¼46)  (n¼46) (n¼16)

n % n %  n % n %

Intensive Care Unit 31 50.0 0 0 <0.001 ​ 26 56.5 5 31.3 0.146
Emergency 1 1.6 2 4.4 0.574 ​ 0 0 1 6.3 0.258
Respiratory 17 27.4 10 21.7 0.654 ​ 8 17.4 9 56.3 0.007
Haematology 5 8.1 0 0 0.070 ​ 5 10.9 0 0 0.315
Transplantation 3 4.8 0 0 0.260 ​ 3 6.5 0 0 0.562
IHU Méditerranée Infection 3 4.8 0 0 0.260 ​ 2 4.4 1 6.3 1.000
Internal medicine 2 3.2 0 0 0.506 ​ 2 4.4 0 0 1.000
Respiratory consultation 0 0.0 34 73.9 <0.001 ​ 0 0 0 0 –

Treatment
Treated patients (nmiss = 1) 60 96.8 10 21.7 <0.001 ​ 45 97.8 15 93.8 0.453
2nd line antifungal treatment (n) 23 ​ 43 ​ ​ ​ 17 ​ 6 ​ ​

Yes 19 82.6 2 4.7 <0.001 ​ 13 76.5 6 100 0.539
Systemic corticosteroid 0 0.0 7 15.2 0.002 ​ 0 0 0 0 –

Outcome
1 month fatality**** 19 30.6 0 0 <0.001 ​ 19 42.2 0 0 0.001
3 months fatality (nmiss = 6) 23 39.0 0 0 <0.001 ​ 21 47.7 2 14.3 0.049
ABPA exacerbation in 12 months NA NA 6 13.0 ​ ​ – – – – ​

*Note: we used the Fisher’s exact test for qualitative variables and the Mann-Whitney U test for quantitative variables; ** CPA (A. tubingensis, A. flavus, and A. lentulus), 
ABPA (A. westerdijkiae, A. delacroxii, A. flavus, and A. oryzae); ***10/46 patients with stable clinical conditions, 11/46 cystic fibrosis treated ETI, 8 patients treated CTC 
and biotherapy before diagnosis, 7/46 Uncontrolled asthma patients due to other factors; 18/29 cystic fibrosis patients not treated by ETI; ****1 IPA patient died 
before diagnosis.
NA: Not applicable. Significant results are in bold.
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consistent with established diagnostic criteria, which may be explained 
by its invasive and life-threatening nature. Indeed, the high severity and 
mortality associated with IPA, often exceeding 40 %, require high 
clinician vigilance, especially in patients with known risk factors [12]. 
Similarly, in patients with CPA, early diagnosis and prompt treatment 
are important to prevent life-threatening haemoptysis [7]. Our study 
highlights the potential seriousness of CPA: 37.5 % of patients had 
haemoptysis, with one case of recurrent mild haemoptysis requiring 
hospital admission and two cases of massive haemoptysis leading to 
death despite medical intervention such as bronchial artery emboliza
tion or lung resection.

Conversely, we observed a discrepancy between ABPA cases diag
nosed according to current diagnostic criteria [8,13] and those diag
nosed and treated by clinicians. Indeed, of the 46 ABPA patients in our 
study, only 10 (21.7 %) were considered and treated by clinicians. This 
highlights the unique challenge of diagnosing ABPA. The evolving 
diagnostic criteria for ABPA, which have been updated three times in the 
last four years, and the late inclusion of specific clinical criteria, only 
since the 2024 ABPA guidelines, may lead to confusion among clinicians 
[8,13,14].

Of 36 patients with discrepancies between clinical diagnosis and 
treatment recommendations, 10 (27.8 %) were clinically stable. Clini
cians must carefully weigh the potential benefits of long-term antifungal 
or corticosteroid therapy against the associated side effects, as imme
diate intervention is not always necessary [34,35]. Therefore, clinical 
criteria have been included in the recent ISHAM 2024 recommendations 
to guide treatment in clinical practice [14]. However, despite these 
advances, treatment guidelines remain inadequate, especially for CF 
patients treated with ETI therapy [26,34,35].

In fact, 11 (30.6 %) of the 36 ABPA patients not considered by cli
nicians were CF patients treated with ETI therapy. ETI therapy, which 
combines CFTR channel opening and channel correction, is an FDA- 
approved treatment for CF patients from two years of age [28,34]. 
CFTR modulators have been proposed to reduce ABPA exacerbations 
due to their disease-modifying effects on acquired CFTR dysfunction 
[35]. A recent 2025 study reported that during ETI treatment, pulmo
nary outcomes improved, A. fumigatus colonisation and sensitisation 
decreased, and no ABPA episodes were observed in people with CF with 
a clinical history of A. fumigatus colonisation [28,35]. In fact, luma
caftor/ivacaftor treatment has been shown to promote repair of 
damaged airway epithelial cells in CF by supporting epithelial function 
through surface hydration and pH regulation - key factors in maintain
ing epithelial barrier integrity and innate immune defence, particularly 
in the airways [36,37]. In addition, CFTR modulators alter cellular 
metabolism to help reduce the hyperinflammatory response character
istic of CF-ABPA [28,38], which may explain why these patients were 
not considered by clinicians in our study. In practice, it is not practical to 
combine ETI therapy and azoles due to drug interactions, with the azole 
reducing the clearance of the CFTR modulator ivacaftor [39].

A recent development in the treatment of acute ABPA and for 
maintenance therapy is the use of inhaled antifungals, which have fewer 
side effects than systemic medications and appear to be more suitable for 
children with CF or CF-ABPA patients on ETI therapy [14,28,39]. 
However, none of the patients in our study received inhaled antifungals 
and further studies are needed to prove their efficacy. The remaining 7 
ABPA patients who were not considered by clinicians were from 
different clinical settings. Treatment decisions for patients with ABPA 
remain a significant challenge and require individualised management 
[40,41]. Key factors influencing treatment decisions include clinical 
severity, confounders of poorly controlled asthma, intolerance, adher
ence, long-term side effects of corticosteroids or antifungals, and 
drug-drug interactions [40,41]. For example, ABPA patients with 
asthma may not require specific treatment if current asthma treatments 
are adequate to control the disease [39]. Finally, our mortality data are 
similar to other French data with a 47.7 % IPA [9,12] and 14.3 % CPA 
three-month fatality rate, which is in line with global data [42]. The 

high ICU admission and mortality rates in our IPA patients likely reflect 
advanced disease and comorbidities typical of tertiary referral centres. 
Causes of death included ARDS (n = 23), septic shock, cardiac arrest, 
metastatic cancer, severe CAPA/IAPA, and graft rejection. Similarly, the 
high ICU admission rate (31.3 %) in our CPA patients is driven by the 
presence of severe underlying conditions and complications, such as 
haemoptysis, post-surgical air leaks, or malignancy, rather than CPA 
alone. Interestingly, despite this finding, the CPA-related mortality, 
14.3 % (2/16) at both 3 and 12 months, falls within the range reported 
in previous studies (7–32 %) at 1 year [43]. Both deaths were due to 
severe haemoptysis that did not respond to therapeutic interventions.

Fortunately, no ABPA patient died during the two-year study, 
although 6 (13.0 %) patients had an exacerbation within 12 months of 
diagnosis. According to the literature, death is rare in ABPA patients, but 
exacerbations are common [4].

Aspergillus-related lung disease represents a complex clinical spec
trum. As shown in Fig. 2, within 2 years we identified 17 patients with 
SAFS, 11 with AS, 6 with Aspergillus bronchitis, 19 with Aspergillus 
colonisation, and three simple aspergillomas. A few cases of overlap 
between ABPA and CPA have been reported in the literature worldwide 
[44,45]. ABPA-CPA overlap remains a rare entity, which is now included 
in the revised ISHAM-ABPA 2024 guidelines although its definition re
mains unclear [14]. It combines clinical, radiological, and immunolog
ical features posing diagnostic and therapeutic challenges. However, we 
observed no such cases during the limited study period (2022–2023).

4.1. Limitation

Our study was limited by the retrospective nature of the data 
collection, particularly the data on patient treatment (drugs and correct 
duration). In addition, the monocentric study design inherently limits 
the generalizability of our results, which cannot be extrapolated to other 
patient populations. Patient selection in our study was based on the 
presence of specific serological markers: galactomannan antigen, 
Aspergillus-specific IgG and Aspergillus-specific IgE, which were reques
ted at the discretion of the treating physicians. Testing was not stan
dardized and depended on clinical suspicion, so we were unable to 
document the specific clinical contexts that led to testing, particularly in 
patients without available data. Additionally, we did not collect infor
mation on patients with negative results or on those who were not 
tested, which may limit the generalizability of our findings. However, 
these serologies allowed us to identify 11 cases of Aspergillus sensitisa
tion and 17 cases of severe asthma with fungal sensitisation. However, it 
is important to note that the true prevalence of Aspergillus colonisation in 
our study population may have been underestimated due to our study 
design, which did not rely on respiratory culture screening.

5. Conclusions

Our two-year study shows the true prevalence and significant 3- 
month fatality rates associated with IPA and CPA at the University 
Hospitals of Marseille. We would like to highlight two notable points: 
the observation that biotherapies are a potential new risk factor for 
invasive ARLD, and the inconsistencies in the diagnosis of ABPA. The 
first requires further studies to confirm and quantify the effect of bio
therapies on invasive ARLD. The second highlights the urgent need to 
improve diagnostic algorithms to better reflect actual clinical practice.
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