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Abstract
Background  Influenza-associated pulmonary aspergillosis (IAPA) can develop in critically ill patients with influenza 
in the intensive care unit (ICU), even in absence of classical risk factors. Thus far, most studies have been retrospective 
and the reported incidence has varied. Therefore, we set out to prospectively investigate IAPA incidence, potential risk 
factors and impact on patient outcomes.

Methods  A prospective, multicentre observational cohort study was performed in the Netherlands and Belgium 
during three influenza seasons (2017–2020). Adult patients with PCR confirmed influenza or non-influenza 
community-acquired pneumonia (niCAP; control group) admitted to ICU with respiratory distress were included. 
Diagnosis of niCAP and mycological diagnostic work-up was at the treating physicians’ discretion. IAPA was defined 
according to the 2020 expert opinion case definition.

Results  Invasive aspergillosis occurred in 24% (34/140) of patients with influenza, compared to 13% (10/76) of 
patients with niCAP (p = 0.054) undergoing mycological diagnostic work-up and radiological imaging. IAPA was 
diagnosed at a median of 4 days after ICU admission. Patients with IAPA did not differ from those with influenza alone 
regarding presence of European Organization for Research and Treatment of Cancer/Mycosis Study Group Education 
and Research Consortium (EORTC/MSGERC) host factors (9/32 [28%] versus 22/85 [26%], respectively; p = 0.82). They 
more frequently required invasive ventilatory support (26/29 [90%] versus 50/88 [57%], respectively; p = 0.001) and 
renal replacement therapy (15/33 [45%] versus 13/103 [13%], respectively; p < 0.001) in ICU.

Influenza-associated invasive aspergillosis 
in the ICU: a prospective, multicentre cohort 
study
Nico A. F. Janssen1,2,3†, Lore Vanderbeke4,5,6†, Cato Jacobs4, Simon Feys4,5, Karin van Dijk7, Johan I. van der Spoel8, 
Birkitt L. ten Tusscher8, Nicole P. Juffermans9,10, Heleen Aardema11,12, Charlotte H. S. B. van den Berg11, 
Marc Bourgeois13, Piet Lormans14, Pieter Depuydt15, Peter Messiaen16,17, Katrien Lagrou5,18, Eva Kolwijck19,20,  
Jeroen A. Schouten21, Bart J. A. Rijnders22, Oscar Hoiting23, Dennis C. J. J. Bergmans24, Roger J. M. Brüggemann1,25, 
Paul E. Verweij1,19, Joost Wauters4,5† and Frank L. van de Veerdonk1,2*†

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s13054-025-05771-3
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-025-05771-3&domain=pdf&date_stamp=2026-4-9


Page 2 of 14Janssen et al. Critical Care          (2026) 30:183 

Background
Invasive pulmonary aspergillosis (IPA) characteristi-
cally develops in immunocompromised patients. How-
ever, IPA can also develop in critically ill patients with 
influenza, admitted to the intensive care unit (ICU), 
then called influenza-associated pulmonary aspergil-
losis (IAPA), which can occur in the absence of classi-
cal risk factors [1]. Although IAPA has been described 
occasionally during past decades, in recent years increas-
ing numbers of cases and studies have been published. 
Reported IAPA incidence in ICU cohort studies varies 
widely from 0 to 45%, with substantial variability in study 
designs, study populations, and IPA diagnostic criteria 
[1–20]. Variation between influenza seasons and lack 
thereof have both been reported [12]. Furthermore, for 
many studies it is uncertain how many patients under-
went mycological testing to diagnose IAPA, complicating 
interpretation of reported incidence. To date, nearly all 
studies investigating IAPA have been retrospective. Six 
studies have reported prospective data on IAPA occur-
rence; three were not specifically aimed at aspergillosis, 
but at co-infections in influenza in general, and one had a 
study population of 17 patients [2, 3, 7].

IPA diagnosis is commonly based on the European 
Organization for Research and Treatment of Cancer 
and the Mycoses Study Group Education and Research 
Consortium (EORTC/MSGERC) definitions of inva-
sive fungal disease [21, 22]. Based on histopathological 
findings, predisposing host factors, clinical features and 
mycological evidence, categories of proven, probable and 
possible IPA are distinguished. However, patients admit-
ted to ICU lacking host factors can develop IPA as well, 
frequently without developing characteristic radiologi-
cal abnormalities, rendering application of the EORTC/
MSGERC criteria problematic [23, 24]. An alternative 
algorithm (the AspICU criteria) to establish the likeli-
hood of IPA in ICU patients with lower respiratory tract 
specimen cultures positive for Aspergillus was developed, 
but does not incorporate broncho-alveolar lavage (BAL) 
fluid and serum galactomannan (GM), potentially affect-
ing its performance [25].

In 2020, an expert opinion-based case definition for 
IAPA was published to overcome diagnostic criteria vari-
ability used in studies [26]. It constitutes classification 
criteria specifically aimed at patients with influenza in 
ICU and includes BAL fluid and serum GM as mycologi-
cal evidence of IAPA.

We performed a prospective cohort study over three 
consecutive influenza seasons between 2017–2020 in 
patients admitted to ICU with severe influenza, com-
pared with non-influenza community-acquired pneu-
monia (niCAP), to determine IAPA/IPA incidence, risk 
factors and IAPA’s impact on outcome, using this case 
definition. Notably, our prospective study ended when 
the COVID-19 pandemic arrived. Although we had 
planned to continue, there were no patients admitted to 
ICU with influenza and this only started to recur signifi-
cantly in 2022–2023. Therefore, our prospective cohort 
is unique in the pre-COVID era and has the advantage 
to demonstrate the true effect of influenza only on the 
development of aspergillosis in the ICU.

Methods
Study design and participants
We performed a prospective, multicentre, observational 
cohort study during three consecutive influenza seasons 
(2017–2020). During 2017/2018, one Dutch and three 
Belgian centres participated in the study. The subsequent 
year, this was expanded to four Dutch and four Belgian 
sites (with one site substitution). In addition, we included 
patients from the POSA-FLU trial (ClinicalTrials.gov 
identifier NCT03378479) from centres participating in 
both studies [27]. In this randomised, open-label, proof-
of-concept trial to assess the efficacy of posaconazole 
prophylaxis in preventing occurrence of IAPA, adult 
patients with influenza and respiratory distress were 
randomised to either posaconazole prophylaxis or stan-
dard-of-care (SOC) and underwent a standardised diag-
nostic mycological work-up at study inclusion. For the 
current study, we only included patients from the SOC 
arm of the POSA-FLU trial. For each included patient 
with influenza, we attempted to include one randomly 
selected patient with niCAP admitted to ICU in the same 

IAPA ICU mortality was significantly higher with 44% (15/34) compared to 14% (15/106) for influenza without 
aspergillosis (p < 0.001) and 17% (13/76) for niCAP. Non-survivors with IAPA were predominantly male (13/15 [87%] 
versus 9/19 [47%] survivors; p = 0.030) and more frequently received systemic corticosteroids in ICU (14/15 [93%] 
versus 10/19 [53%] survivors; p = 0.020). IAPA was an independent predictor of ICU mortality in patients with influenza 
(adjusted hazard ratio 1.99 [95% confidence interval 1.05 – 3.76]; p = 0.035).

Conclusions  We demonstrate prospectively that IAPA is a frequent complication in critically ill patients with influenza 
and that it is associated with high mortality and an adverse clinical course, rendering increased awareness among 
treating physicians imperative.
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participating centre during the same influenza season (if 
possible).

All patients aged > 18  years with either polymerase 
chain reaction (PCR) confirmed influenza or severe com-
munity-acquired pneumonia with confirmed absence of 
influenza (niCAP; control group) admitted to participat-
ing ICUs because of respiratory distress were eligible for 
inclusion. Diagnosis of niCAP and performance of myco-
logical diagnostic work-up (including bronchoscopy and 
BAL) was at the discretion of the treating physician. We 
retrospectively excluded patients if influenza was diag-
nosed > 7 days after ICU admission.

No standardised diagnostic protocol for IAPA/IPA was 
imposed across the participating centres, in line with the 
observational nature of this study.

Patients from the POSA-FLU trial underwent BAL for 
culture and GM (if considered safe) as well as serum GM 
testing on day one of ICU admission and thereafter at the 
discretion of the treating physician in case of respiratory 
deterioration, according to study protocol.

Follow-up continued until 90 days after ICU admission 
or ICU discharge, whichever occurred last.

Ethical statement
For participating Dutch centres, the study protocol 
(CMO 2016–3037) was reviewed and approved by the 
ethics board region Arnhem-Nijmegen before study ini-
tiation. Based on the study’s observational nature, written 
informed consent was waived. Patients were not included 
if they (or their legal representatives) actively objected to 
participation.

For participating Belgian centres, the study protocol 
was reviewed and approved by their individual ethical 
committees (S60757). Written informed consent was 
obtained for all Belgian participants.

Participants in the POSA-FLU trial all provided writ-
ten informed consent. This study’s protocol was reviewed 
and approved by the ethics board region Arnhem-Nijme-
gen for all Dutch participating sites (CMO 2018–4041) 
and by the ethical committees of all participating centres 
in Belgium (S60744).

This study was performed in accordance with the lat-
est version of the declaration of Helsinki and local 
legislation/regulations.

Data collection
Local investigators collected pseudonymised patient 
data from participants’ medical files in an electronic case 
report form (Castor electronic data capture, Amster-
dam, the Netherlands) and Microsoft Excel. We collected 
data on up to over 800 variables per patient, including 
information on demographics, past medical history, lab-
oratory and microbiological diagnostic findings, treat-
ment at the time of ICU admission and during ICU stay 

(including antifungal and corticosteroid treatment), clini-
cal outcome and follow-up at days 30 and 90 after ICU 
admission and at ICU discharge.

Definitions
IAPA diagnosis was based on the expert opinion case 
definition published in 2020 and was applied to both the 
influenza and niCAP cohort (excluding presence of influ-
enza as a criterion in the latter) in retrospect (based on 
the prospectively collected data). [26].

We defined the following populations (see Supplemen-
tary Methods, Additional Files):

1.	 Total influenza and niCAP cohorts: All included 
patients with influenza and niCAP.

2.	 Classifiable influenza and niCAP cohorts: Patients 
who underwent any of the mycological tests 
and radiological imaging as specified in the case 
definition; if one or both criteria (radiological and/or 
mycological) were negative, patients were classified 
as “No IAPA/IPA” (and therefore had influenza 
without IAPA and niCAP without IPA, respectively).

3.	 Patients with IAPA/IPA: Classifiable patients 
fulfilling criteria for proven or probable IAPA/IPA.

Incidence of IAPA/IPA was calculated in the classifiable 
influenza and niCAP cohorts, respectively.

The number of days of illness before hospital and 
ICU admission refer to the number of days patients 
had experienced symptoms attributed to their disease 
episode leading to hospitalization and ICU admission, 
respectively.

For clinical/laboratory parameters at the time of ICU 
admission, the worst values at or during the first 24 h of 
ICU admission were used.

EORTC/MSGERC host factors were defined accord-
ing to the 2008 guidelines, including a recent history of 
neutropenia, receipt of an allogeneic stem cell transplant, 
recent prolonged use of corticosteroids, treatment with 
other recognized T cell immunosuppressants and inher-
ited severe immunodeficiency, but also receipt of a solid 
organ transplant and treatment with other recognized B 
cell immunosuppressants [21].

Primary and secondary outcomes
The primary outcomes were IAPA/IPA incidence in the 
influenza and niCAP patient group and ICU mortality, 
age, sex and presence of EORTC/MSGERC host factors 
in patients who developed IAPA/IPA as compared to 
those who did not.

Secondary outcomes were defined in patients who 
developed IAPA/IPA and include rate of disease progres-
sion, diagnostic test performance, radiological findings 
and presence of azole resistance in cultured Aspergillus 
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species. Ultimately, only performance of diagnostic test-
ing could be analysed. Other analyses concern explor-
atory, descriptive statistics.

Statistical analysis
Data are expressed as n (%) or medians with interquar-
tile range (IQR). Categorical variables were compared 
by Fisher’s or Fisher-Freeman-Halton exact test, con-
tinuous variables by Mann–Whitney U test. For survival 
analyses, the Kaplan–Meier method and log-rank test 
were used. Cox regression and binary logistic regression 
analysis was performed to assess independent risk factors 
for IAPA occurrence and ICU mortality. Variables for 
regression analysis were selected based upon our primary 
research questions (e.g., influenza and EORTC/MSGERC 
host factors for occurrence of IAPA/IPA and occurrence 
of IAPA for ICU mortality), previously described results 
(e.g., male sex for occurrence of IAPA/IPA) and associa-
tions found in descriptive statistics of our study results. 
Variables with significant numbers of missing data were 
not included in the models (e.g., APACHE II scores). P 
values < 0.05 were considered statistically significant.

Statistical analyses were performed using IBM SPSS 
Statistics for Windows version 27 (IBM Corp., Armonk, 
NY, USA) or GraphPad Prism 9 for Windows (GraphPad 
Software, La Jolla, CA, USA).

Results
Between 28 October 2017 and 7 December 2020, 185 
patients with severe influenza and 128 patients with 
severe niCAP admitted to ICU were screened (Fig.  1). 
Eleven patients with influenza were excluded: one with 
a false positive influenza PCR result, eight without 
informed consent and two testing positive for influ-
enza > 7  days after ICU admission. Ten patients with 
CAP were excluded for lack of exclusion of influenza. 
Ultimately, 292 patients were included: 174 patients with 
severe influenza and 118 patients with severe niCAP 
(Supplementary Table 1, Additional Files). These included 
37 patients from the POSA-FLU trial who received SOC.

Patients with severe influenza or niCAP underwent 
bronchoscopy in 88/156 (56%) and 43/105 (41%), BAL 
fluid GM testing in 88/160 (55%) and 44/105 (42%), BAL 
fluid fungal culture in 80/156 (51%) and 40/105 (38%) and 
tracheobronchial aspirate fungal culture in 60/147 (41%) 
and 5/104 (4.8%), respectively.

Influenza versus niCAP
A total of 140 patients with influenza and 76 patients 
with niCAP underwent mycological investigations and 
radiological imaging and were therefore classifiable 
(Fig. 1) [26]. Classifiable patients’ characteristics are pro-
vided in Table 1 and Supplementary Table 1, Additional 
Files. Compared to those with niCAP, patients with 
influenza were younger (65 [IQR 54–72] versus 70 [IQR 

Fig. 1  Study flowchart. IAPA = Influenza-associated pulmonary aspergillosis. IPA = Invasive pulmonary aspergillosis. ICU = Intensive care unit. niCAP = Non-
influenza community-acquired pneumonia. PCR = Polymerase chain reaction
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Baseline Characteristics Total population
(n = 216)

Influenza
(n = 140)

Severe niCAP
(n = 76)

p value 
(influ-
enza vs. 
niCAP)

Median age (years) 66 (55–74) 65 (54–72) 70 (60–76) 0.015
Male sex 139/216 (64.4%) 82/140 (58.6%) 57/76 (75.0%) 0.018
Caucasian ethnicity 138/151 (91.4%) 96/106 (90.6%) 42/45 (93.3%) 0.76

BMI (kg/m2) 25.0 (22.0–29.9)
(n = 207)

25.5 (22.7–30.4)
(n = 131)

24.5 (20.6–29.2) 0.07

Influenza vaccination (season of ICU admission) 54/107 (50.5%) 23/53 (43.4%) 31/54 (57.4%) 0.18

Smoking history 64/175 (36.6%) 48/109 (44.0%) 16/66 (24.2%) 0.010
Days between hospital admission and ICU admission 1 (0–1) (n = 215) 1 (0–2) (n = 139) 1 (0–1) 0.037
Days of illness before ICU admission 5 (3–8) (n = 200) 6 (3–9) (n = 127) 4 (2–8) (n = 73) 0.30

Any past medical history 198/214 (92.5%) 125/138 (90.6%) 73/76 (96.1%) 0.18

SCT > 90 days before admission 5/214 (2.3%) 2/139 (1.4%) 3/75 (4.0%) 0.35

Other haematological malignancy 14/216 (6.5%) 7/140 (5.0%) 7/76 (9.2%) 0.25

Diabetes mellitus 41/216 (19.0%) 26/140 (18.6%) 15/76 (19.7%) 0.86

COPD 57/216 (26.4%) 41/140 (29.3%) 16/76 (21.1%) 0.20

Solid organ malignancy 39/215 (18.1%) 14/140 (10.0%) 25/75 (33.3%)  < 0.0001
CKD requiring RRT 2/216 (0.9%) 1/140 (0.7%) 1/76 (1.3%) 1.00

CKD not requiring RRT 12/216 (5.6%) 5/140 (3.6%) 7/76 (9.2%) 0.12

APACHE II score 18 (14–26) (n = 96) 17 (14–26) 
(n = 48)

19 (14–27) 
(n = 48)

0.47

EORTC/MSGERC host factors
Any EORTC host factor 55/187 (29.4%) 31/117 (26.5%) 24/70 (34.3%) 0.32

Recent neutropenia 1/186 (0.5%) 1/115 (0.9%) 0/71 (0%) 1.00

Allogeneic stem cell transplant recipient 7/216 (3.2%) 3/140 (2.1%) 4/76 (5.3%) 0.24

Solid organ transplant recipient 13/216 (6.0%) 8/140 (5.7%) 5/76 (6.6%) 0.77

Recent prolonged corticosteroid use 22/204 (10.8%) 17/131 (13.0%) 5/73 (6.8%) 0.24

T or B cell immunosuppressants during 90 days prior to ICU admission 34/214 (15.9%) 14/139 (10.1%) 20/75 (26.7%) 0.003
Inherited severe immunodeficiency 1/215 (0.5%) 1/139 (0.7%) 0/76 (0%) 1.00

Microbiology before ICU admission
Aspergillus cultured from respiratory samples during 6 months before ICU 
admission

3/168 (1.8%) 2/104 (1.9%) 1/64 (1.6%) 1.00

Viruses isolated from respiratory samples during 30 days/4 weeks before ICU 
admission

28/175 (16.0%) 23/110 (20.9%) 5/65 (7.7%) 0.031

Laboratory results at ICU admission
CRP (mg/L) 170 (68–263)

(n = 204)
122 (42–228)
(n = 128)

228 (131–287)  < 0.0001

WBC (× 109/L) 10.36 (5.90–15.14) 
(n = 210)

8.40 (4.75–14.06) 
(n = 134)

12.25 
(8.14–18.23)

 < 0.001

Lymphocyte count (× 109/L)a 0.52 (0.32–1.10)
(n = 86)

0.49 (0.32–1.10)
(n = 48)

0.63 (0.30–1.25)
(n = 38)

0.44

Creatinine (µmol/L) 104 (65–158)
(n = 207)

98 (64–142)
(n = 133)

128 (69–188)
(n = 74)

0.025

ALAT (IU/L) 28 (20–58)
(n = 143)

28 (20–68) 
(n = 98)

28 (17–54) 
(n = 45)

0.51

Microbiology at ICU admission
Bacterial lung pathogens cultured/PCR positive from respiratory sample < 7 days 
after influenza or niCAP diagnosis

72/186 (38.7%) 40/113 (35.4%) 32/73 (43.8%) 0.28

Aspergillus cultured from respiratory sample at time of influenza or niCAP 
diagnosisb

8/143 (5.6%) 8/83 (9.6%) 0/60 (0%) 0.021

Other viral testing positive on respiratory sample < 7 days after influenza or 
niCAP diagnosis

68/174 (39.1%) 29/106 (27.4%) 39/68 (57.4%)  < 0.001

Diagnostic testing performed in ICU
BAL performed 133/215 (61.9%) 85/140 (60.7%) 48/75 (64.0%) 0.66

Table 1  Patient characteristics of the classifiable influenza and severe non-influenza community-acquired pneumonia (niCAP) cohorts
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60–76] years), more frequently female (58/140 [41%] ver-
sus 19/76 [25%]), more frequently had a smoking history 
(48/109 [44%] versus 16/66 [24%]), and had a longer hos-
pital stay before ICU admission (1 [IQR 0–2] versus 0.5 
[IQR 0–1] days). Past medical history was comparable, 
except for solid organ malignancies (more frequent in the 
niCAP cohort: 25/75 [33%] versus 14/140 [10%]). Pres-
ence of any EORTC/MSGERC host factor did not dif-
fer significantly (31/117 [26%] in influenza versus 24/70 
[34%] in niCAP), although immunosuppressant use was 
more prevalent in niCAP (20/75 [27%] versus 14/139 
[10%] in influenza). Presence of Aspergillus in respira-
tory samples before ICU admission was infrequent and 
did not differ between the classifiable influenza (2/104 
[1.9%]) and niCAP (1/64 [1.6%]) cohorts.

Compared to the niCAP cohort, the classifiable influ-
enza cohort had a lower FiO2 (70 [IQR 46–80]% versus 
75 [IQR 58–100]%), higher peripheral SpO2 (92 [IQR 
88–95]% versus 89 [IQR 84–92]%), higher PaO2 (9.27 
[IQR 7.82–11.84] versus 8.10 [IQR 7.26–9.73] kPa) and 
less need for ventilatory support (70/102 [69%] versus 
39/45 [87%]) at the time of ICU admission. Classifiable 
influenza patients demonstrated a lower CRP (122 [IQR 

42–228] mg/L) and WBC (8.40 [IQR 4.75–14.06] × 109/L) 
than patients with niCAP (228 [IQR 131–287] mg/L and 
12.25 [IQR 8.14–18.23] × 109/L, respectively), as well as 
lower creatinine levels (98 [IQR 64–142] versus 128 [IQR 
69–188] µmol/L). Influenza A was the most frequent 
influenza type found (124/140 [89%]). Although need 
for invasive ventilatory support during ICU stay over-
all was similar between cohorts, patients with influenza 
required prone ventilation more frequently (35/136 [26%] 
versus 7/75 [9.3%]). ICU mortality was 30/140 (21%) for 
classifiable influenza patients and 13/76 (17%) for classi-
fiable niCAP patients (p = 0.48). Length of stay (LOS) in 
hospital and ICU was not significantly different between 
cohorts (p = 0.13 and p = 0.39, respectively). Of investiga-
tions performed to assess for IAPA/IPA, only tracheo-
bronchial aspirate fungal cultures differed in frequency 
between cohorts: 52/130 (40%) in influenza versus 2/74 
(2.7%) in niCAP (Supplementary Table  1, Additional 
Files).

IAPA/IPA in the classifiable influenza and niCAP cohorts
Invasive aspergillosis developed in 34/140 (24%) patients 
in the classifiable influenza cohort and in 10/76 (13%) in 

Baseline Characteristics Total population
(n = 216)

Influenza
(n = 140)

Severe niCAP
(n = 76)

p value 
(influ-
enza vs. 
niCAP)

BALF GM performed 128/215 (59.5%) 84/140 (60.0%) 44/75 (58.7%) 0.88

BALF culture performed 116/211 (55.0%) 76/136 (55.9%) 40/75 (53.3%) 0.77

Serum GM performed 159/214 (74.3%) 100/140 (71.4%) 59/74 (79.7%) 0.25

ICU treatment data
Ventilatory support during ICU admission 194/211 (91.9%) 125/136 (91.9%) 69/75 (92.0%) 1.00

Invasive ventilatory support during ICU admission 102/168 (60.7%) 76/117 (65.0%) 26/51 (51.0%) 0.12

Prone ventilation during ICU admission 42/211 (19.9%) 35/136 (25.7%) 7/75 (9.3%) 0.004
Inhaled NO ventilation 12/155 (7.7%) 6/106 (5.7%) 6/49 (12.2%) 0.20

ECMO/ECCO2R 20/211 (9.5%) 17/136 (12.5%) 3/75 (4.0%) 0.050

Vasopressors/inotropes during ICU admission 126/181 (69.6%) 86/120 (71.7%) 40/61 (65.6%) 0.40

RRT during ICU admission 36/211 (17.1%) 28/136 (20.6%) 8/75 (10.7%) 0.09

Systemic corticosteroids during ICU admission 141/216 (65.3%) 91/140 (65.0%) 50/76 (65.8%) 1.00

Any systemic antifungal treatment during ICU admission 60/216 (27.8%) 49/140 (35.0%) 11/76 (14.5%) 0.001
Outcome data
IAPA/IPA 44/216 (20.4%) 34/140 (24.3%) 10/76 (13.2%) 0.054

ICU Mortality 43/216 (19.9%) 30/140 (21.4%) 13/76 (17.1%) 0.48

LOS ICU (days) 9 (4–20) (n = 206) 9 (4–22) (n = 131) 8 (4–15) (n = 75) 0.39

LOS Hospital (days) 17 (10–34)
(n = 183)

20 (10–37)
(n = 118)

14 (11–26) 
(n = 65)

0.13

Data are presented as median (IQR) or as proportions (percentages)

a = Data not available for the 2017/2018 cohort

b = Data not available for patients in the POSA FLU database (n = 26)

AID = Auto-immune disease. ALAT = Alanine aminotransferase. APACHE = Acute physiology and chronic health evaluation. BAL = Bronchoalveolar lavage. 
BALF = Bronchoalveolar lavage fluid. BMI = Body mass index. CKD = Chronic kidney disease. COPD = Chronic obstructive pulmonary disease. CRP = C reactive 
protein. ECCO2R = Extracorporeal carbon dioxide removal. ECMO = Extracorporeal membrane oxygenation. EORTC/MSGERC = European Organization for Research 
and Treatment of Cancer/Mycoses Study Group Education and Research Consortium. GM = Galactomannan. ICU = Intensive care unit. IAPA = Influenza-associated 
pulmonary aspergillosis. IPA = Invasive pulmonary aspergillosis. LOS = Length of stay. niCAP = Non-influenza community-acquired pneumonia. NO = Nitric oxide. 
PCR = Polymerase chain reaction. RRT = Renal replacement therapy. SCT = Stem cell transplantation. WBC = White blood cell count

Table 1  (continued) 
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the classifiable niCAP cohort (p = 0.054, Table 1; Supple-
mentary Table 1, Additional Files; Fig. 1). In the influenza 
cohort, two patients had proven IAPA and 32 had proba-
ble IAPA; in the niCAP cohort, all had probable IPA. Five 
patients with influenza fulfilled criteria for both probable 
invasive tracheobronchial aspergillosis (ITBA) and IAPA 
and one fulfilled criteria for probable ITBA, but was not 
classifiable for (pulmonary) IAPA. Of the patients with 
IAPA, 17/31 (54.8%) had a positive BALF culture, 27/34 
(79.4%) had a positive BALF GM, 5/29 (17.2%) had a pos-
itive serum GM, 8/32 (25.0%) had a positive TBA culture 
and 4/16 (25.0%) had a positive sputum culture. Within 
the patient cohort with niCAP who developed IPA, BALF 
culture was positive in 0/8 (0%), BALF GM was positive 
in 8/10 (80.0%), serum GM was positive in 4/10 (40.0%), 
TBA culture was positive in 0/1 (0%) and sputum culture 
was positive for fungal growth in 0/5 (0%).

Supplementary Table  2, Additional Files, provides 
detailed information on patients with IAPA/IPA. At the 
time of influenza or niCAP diagnosis, Aspergillus was 
cultured from respiratory samples in 8/83 [10%] in the 
influenza cohort versus 0/60 [0%] in the niCAP cohort 
(p = 0.021; Table  1; Supplementary Table  1, Additional 
Files). However, IAPA in influenza was diagnosed later 
than IPA in niCAP (4 [IQR 1–10] days versus 1 [IQR 
0–3] day after ICU admission; Supplementary Table  3, 
Additional Files). Classifiable patients with at least 
one EORTC/MSGERC host factor (EORTC +) did not 
develop IAPA/IPA more frequently than those without 
(influenza: EORTC + : 9/31 [29%]; EORTC–: 23/86 [27%]; 
p = 0.82; niCAP: EORTC + : 4/24 [17%]; EORTC–: 6/46 
[13%]; p = 0.73). Although patients in the niCAP cohort 
who received corticosteroids during ICU admission 
developed IPA more frequently (10/50 [20%]) than those 
who did not (0/26 [0%]; p = 0.013), this was not observed 
in patients with influenza (24/91 [26%] versus 10/49 
[20%]; p = 0.54).

IAPA versus no IAPA
We further analysed data in the classifiable influenza 
cohort for assessment of factors specific for devel-
opment of IAPA. Overall, demographic characteris-
tics were comparable between patients with influenza 
who developed IAPA and those with influenza alone/
no IAPA (Table  2; Supplementary Table  1, Additional 
Files). However, patients with IAPA were less frequently 
vaccinated against influenza during the season of ICU 
admission compared to those with influenza only (3/15 
[20%] versus 20/38 [53%]). Additionally, they were more 
frequently (former) smokers (18/26 [69%] versus 30/83 
[36%]), had been admitted to hospital (1 [IQR 0–4] ver-
sus 0 [IQR 0–2] days) and had been ill (9 [IQR 6–14] 
versus 4 [IQR 2–7] days) before ICU admission longer. 
Past medical history and EORTC/MSGERC host factors 

were comparable between both groups, with EORTC/
MSGERC host factors present in 9/32 [28%] of clas-
sifiable patients developing IAPA versus 22/85 [26%] of 
patients who did not. Patients who developed IAPA had 
higher CRP values at ICU admission (186 [IQR 100–244] 
versus 89 [IQR 34–223] mg/L) than those who did not. At 
the time of influenza diagnosis, respiratory sample Asper-
gillus cultures were positive in 6/21 [29%] in patients who 
developed IAPA versus 2/62 [3.2%] in those with influ-
enza only (p = 0.003; Supplementary Table  1, Additional 
Files). Aspergillus fumigatus was the species most fre-
quently demonstrated (50/58 [86%] of reported isolates 
in 33 patients).

Clinical impact and predictors of IAPA
ICU mortality was significantly higher in patients with 
IAPA (15/34 [44%]) than in those without (15/106 [14%]) 
(Table  2; Supplementary Table  1, Additional Files). 
Kaplan–Meier survival analysis demonstrated reduced 
survival in the IAPA group when compared to the no 
IAPA group (Fig. 2). ICU LOS was significantly longer for 
IAPA (21 [IQR 9–45] days versus 7 [IQR 3–18] days), also 
when corrected for ICU mortality (IAPA: 29 [IQR 5–51] 
days versus no IAPA: 6 [IQR 3–13] days).

A significantly higher ICU mortality was observed 
in all classifiable patients (influenza and niCAP com-
bined) who received corticosteroid treatment during 
ICU stay (37/141, 26%, versus 6/75, 8.0%; p = 0.001). This 
seemed to be entirely driven by the increased mortality in 
patients with IAPA who received corticosteroids in ICU. 
Patients with IAPA who did not survive ICU stay had 
received systemic corticosteroids in ICU more frequently 
(14/15 [93%]) compared to survivors (10/19 [53%]; Sup-
plementary Table 4, Additional Files).

Furthermore, similar to earlier retrospective data, time 
between influenza diagnosis and initiation of mould-
active antifungal treatment was longer in non-survivors 
(6 [IQR 4–16] days) compared to survivors (3 [IQR 
2–6] days; Supplementary Table 4, Additional Files) [1]. 
Patients with IAPA more frequently required invasive 
ventilatory support (26/29 [90%] versus 50/88 [57%]) and 
renal replacement therapy (15/33 [45%] versus 13/103 
[13%]) during ICU stay (Table 2; Supplementary Table 1, 
Additional Files).

In Cox regression analysis, EORTC host factors were 
not found to be independent predictors for IAPA occur-
rence in the classifiable influenza population, but IAPA 
was found to be an independent predictor for ICU 
mortality in influenza when correcting for age and sex 
(adjusted hazard ratio [aHR] 1.99, 95% confidence inter-
val [95%CI] 1.05–3.76, p = 0.035; Supplementary Table 5, 
Additional Files; Fig. 3a–3b).
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Baseline characteristics Total classifi-
able influenza 
population
(n = 140)

IAPA
(n = 34)

No IAPA
(n = 106)

p value 
(IAPA 
versus 
no IAPA)

Median age (years) 65 (54–72) 65 (56–68) 65 (53–74) 0.43

Male sex 82/140 (58.6%) 22/34 (64.7%) 60/106 (56.6%) 0.43

Caucasian ethnicity 96/106 (90.6%) 24/24 (100%) 72/82 (87.8%) 0.11

BMI (kg/m2) 25.5 (22.7–30.4) 
(n = 131)

25.7 (22.7–29.4) 25.0 (22.6–30.7) 
(n = 97)

0.92

Influenza vaccination (season of ICU admission) 23/53 (43.4%) 3/15 (20.0%) 20/38 (52.6%) 0.037
Smoking history 48/109 (44.0%) 18/26 (69.2%) 30/83 (36.1%) 0.006
Days between hospital admission and ICU admission 1 (0–2) (n = 139) 1 (0–4) 0 (0–2) (n = 105) 0.008
Days of illness before ICU admission 6 (3–9) (n = 127) 9 (6–14) (n = 32) 4 (2–7) (n = 95)  < 0.001
Any medical history 125/138 (90.6%) 29/34 (85.3%) 96/104 (92.3%) 0.31

SCT > 90 days before admission 2/139 (1.4%) 1/33 (3.0%) 1/106 (0.9%) 0.42

Other haematological malignancy 7/140 (5.0%) 4/34 (11.8%) 3/106 (2.8%) 0.06

Diabetes mellitus 26/140 (18.6%) 5/34 (14.7%) 21/106 (19.8%) 0.62

COPD 41/140 (29.3%) 9/34 (26.5%) 32/106 (30.2%) 0.83

Solid organ malignancy 14/140 (10.0%) 3/34 (8.8%) 11/106 (10.4%) 1.00

CKD requiring RRT 1/140 (0.7%) 1/34 (2.9%) 0/106 (0%) 0.24

CKD not requiring RRT 5/140 (3.6%) 1/34 (2.9%) 4/106 (3.8%) 1.00

APACHE II score 17 (14–26) (n = 48) 21 (15–29) 
(n = 17)

16 (13–23) 
(n = 31)

0.14

EORTC/MSGERC host factors
Any EORTC host factor 31/117 (26.5%) 9/32 (28.1%) 22/85 (25.9%) 0.82

Recent neutropenia 1/115 (0.9%) 0/31 (0%) 1/84 (1.2%) 1.00

Allogeneic stem cell transplant recipient 3/140 (2.1%) 2/34 (5.9%) 1/106 (0.9%) 0.15

Solid organ transplant recipient 8/140 (5.7%) 2/34 (5.9%) 6/106 (5.7%) 1.00

Recent prolonged corticosteroid use 17/131 (13.0%) 4/34 (11.8%) 13/97 (13.4%) 1.00

T or B cell immunosuppressants during 90 days prior to ICU admission 14/139 (10.1%) 4/34 (11.8%) 10/105 (9.5%) 0.75

Inherited severe immunodeficiency 1/139 (0.7%) 1/34 (2.9%) 0/105 (0%) 0.24

Microbiology before ICU admission
Aspergillus cultured from respiratory samples during 6 months before ICU 
admission

2/104 (1.9%) 1/28 (3.6%) 1/76 (1.3%) 0.47

Viruses isolated from respiratory samples during 30 days/4 weeks before ICU 
admission

23/110 (20.9%) 6/28 (21.4%) 17/82 (20.7%) 1.00

Laboratory results at ICU admission
CRP (mg/L) 122 (42–228)

(n = 128)
186 (100–244)
(n = 33)

89 (34–223)
(n = 95)

0.027

WBC (× 109/L) 8.40 (4.75–14.06) 
(n = 134)

6.42 (3.88–12.02) 10.26 (5.43–
14.58) (n = 100)

0.09

Lymphocyte count
(× 109/L)a

0.49 (0.32–1.10) 
(n = 48)

0.40 (0.26–0.60) 
(n = 13)

0.56 (0.35–1.18) 
(n = 35)

0.10

Creatinine (µmol/L) 98 (64–142)
(n = 133)

89 (64–133)
(n = 33)

102 (64–146)
(n = 100)

0.72

ALAT (IU/L) 28 (20–68) (n = 98) 28 (21–67) 
(n = 22)

29 (20–68) 
(n = 76)

0.57

Microbiology at ICU admission
Influenza A 124/140 (88.6%) 32/34 (94.1%) 92/106 (86.8%) 0.36

Influenza B 16/140 (11.4%) 2/34 (5.9%) 14/106 (13.2%) 0.36

Bacterial lung pathogens cultured/PCR positive from respiratory sam-
ple < 7 days after influenza diagnosis

40/113 (35.4%) 12/30 (40.0%) 28/83 (33.7%) 0.66

Other viral testing positive on respiratory sample < 7 days after influenza 
diagnosis

29/106 (27.4%) 15/28 (53.6%) 14/78 (17.9%)  < 0.001

Treatment at time of ICU admission
Oseltamivir 124/140 (88.6%) 29/34 (85.3%) 95/106 (89.6%) 0.54

Table 2  Patient characteristics of the influenza cohort with and without IAPA
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Discussion
In this prospective observational cohort study, we found 
a high incidence of IAPA in critically ill patients admit-
ted to ICU with influenza. Patients with IAPA demon-
strated higher ICU mortality, higher frequency of organ 
supportive therapies and longer ICU and hospital LOS. 
The incidence of IPA in our classifiable influenza cohort 
(24%) is in agreement with previous retro- and prospec-
tive studies and confirms IAPA as a frequent complica-
tion of severe influenza in a prospective study design [1, 
5, 6, 9, 11]. However, several studies have found mark-
edly lower incidence rates (ranging from 0.9% to 11%) 
[2–4, 7, 12, 13, 15, 16, 18–20]. Differences might be due 
to variation in patient populations, genetic background, 
IPA case definitions, and/or geographic and environmen-
tal differences in exposure to Aspergillus [28]. Here, we 
applied a strict case definition and only performed analy-
ses in patients who had undergone mycological and/or 
radiological testing. For many studies, it is unclear what 
proportion of patients underwent mycological investiga-
tions, making interpretation of reported IAPA incidence 
numbers challenging. In our study, we observed that IPA 
occurred almost twice as frequent in classifiable patients 

with influenza (24%) than in classifiable patients with 
niCAP (13%). Although this difference did not reach sta-
tistical significance, we emphasize its clinical relevance. 
Furthermore, IPA occurred more frequently in the clas-
sifiable influenza cohort despite this group’s younger age 
and less frequent T or B cell immunosuppressant use 
compared with the classifiable niCAP cohort. Notably, 
presence of any EORTC/MSGERC host factors did not 
seem to contribute to development of IPA in critically ill 
patients. Over 70% of classifiable patients with influenza 
who developed IAPA did not have any EORTC/MSGERC 
host factors, in line with the findings of Schauwvlieghe et 
al. [9]. This is in keeping with influenza as an indepen-
dent risk factor for the occurrence of invasive aspergil-
losis. However, we were not able to demonstrate this in 
multivariate Cox regression analysis, most likely due to 
relatively low patient numbers (Fig.  3a; Supplementary 
Table 5, Additional Files). Within the total classifiable and 
classifiable influenza population, only invasive ventilatory 
support (which might be viewed as a marker of disease 
severity) was an independent predictor of development 
of IAPA in multivariate Cox regression analysis.

Baseline characteristics Total classifi-
able influenza 
population
(n = 140)

IAPA
(n = 34)

No IAPA
(n = 106)

p value 
(IAPA 
versus 
no IAPA)

Aspergillus-active antifungal treatment continued at the time of ICU 
admission

3/139 (2.2%) 2/34 (5.9%) 1/105 (1.0%) 0.15

ICU treatment data
Ventilatory support during ICU admission 125/136 (91.9%) 34/34 (100%) 91/102 (89.2%) 0.06

Invasive ventilatory support during ICU admission 76/117 (65.0%) 26/29 (89.7%) 50/88 (56.8%) 0.001
Prone ventilation during ICU admission 35/136 (25.7%) 15/34 (44.1%) 20/102 (19.6%) 0.007
Inhaled NO ventilation 6/106 (5.7%) 3/24 (12.5%) 3/82 (3.7%) 0.13

ECMO/ECCO2R 17/136 (12.5%) 8/34 (23.5%) 9/102 (8.8%) 0.036
Vasopressors/inotropes during ICU admission 86/120 (71.7%) 25/29 (86.2%) 61/91 (67.0%) 0.06

RRT during ICU admission 28/136 (20.6%) 15/33 (45.5%) 13/103 (12.6%)  < 0.001
Systemic corticosteroids during ICU admission 91/140 (65.0%) 24/34 (70.6%) 67/106 (63.2%) 0.54

Any systemic antifungal treatment during ICU admission 49/140 (35.0%) 29/34 (85.3%) 20/106 (18.9%)  < 0.0001
Outcome data
ICU Mortality 30/140 (21.4%) 15/34 (44.1%) 15/106 (14.2%)  < 0.001
LOS ICU (days) 9 (4–22) (n = 131) 21 (9–45) (n = 33) 7 (3–18) (n = 98)  < 0.0001
LOS Hospital (days) 20 (10–37)

(n = 118)
27 (16–48) 
(n = 29)

16 (10–35) 
(n = 89)

0.012

LOS ICU (days) – Alive at ICU discharge 6 (3–19) (n = 101) 29 (5–51) (n = 18) 6 (3–13) (n = 83) 0.002
LOS Hospital (days) – Alive at ICU discharge 18 (10–37) (n = 89) 39 (14–69) 

(n = 14)
15 (8–34) (n = 75) 0.014

Data are presented as median (IQR) or as proportions (percentages)

a = Data not available for the 2017/2018 cohort

AID = Auto-immune disease. ALAT = Alanine aminotransferase. APACHE = Acute physiology and chronic health evaluation. BAL = Bronchoalveolar lavage. BMI = Body 
mass index. CKD = Chronic kidney disease. COPD = Chronic obstructive pulmonary disease. CRP = C reactive protein. ECCO2R = Extracorporeal carbon dioxide 
removal. ECMO = Extracorporeal membrane oxygenation. EORTC/MSGERC = European Organization for Research and Treatment of Cancer/Mycoses Study Group 
Education and Research Consortium. GM = Galactomannan. ICU = Intensive care unit. IAPA = Influenza-associated pulmonary aspergillosis. IPA = Invasive pulmonary 
aspergillosis. LOS = Length of stay. NO = Nitric oxide. PCR = Polymerase chain reaction. RRT = Renal replacement therapy. SCT = Stem cell transplantation. WBC = White 
blood cell count

Table 2  (continued) 
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Importantly, our classifiable niCAP cohort’s IPA inci-
dence was 13%, higher than that reported for patients 
admitted to ICU for CAP and acute respiratory distress 
syndrome due to any cause [9, 29]. Whether this was 
due to selection bias, low numbers of included patients, 
IPA being the primary problem on presentation in some 
patients (the majority of participating centres being uni-
versity hospitals with potentially complex patient popula-
tions) or whether IPA incidence in niCAP is truly higher 
in the Netherlands and Belgium, remains to be inves-
tigated. The finding that the median time between ICU 
admission and the first positive mycological criterion 
in our classifiable niCAP population was one day, could 
suggest that IPA might have been the primary diagno-
sis leading to hospital admission (and had been present 
before ICU admission).

The observed IAPA ICU mortality of 44% is in line with 
other studies reporting ICU mortality rates of 30–67%, 
and was more than three times higher than in patients 
with influenza alone [1, 3, 5, 8, 9, 11, 13–16, 18–20]. This 
increased mortality in patients with mycological find-
ings consistent with aspergillosis supports the concept 
that Aspergillus is not merely colonising the respiratory 
tract in these patients. Therefore, presence of Aspergillus 

in respiratory samples of patients with influenza in the 
ICU should not be ignored. Furthermore, IAPA was an 
independent predictor of ICU mortality in the classifi-
able influenza population (aHR 1.99; Fig.  3b; Supple-
mentary Table  5, Additional Files). Patients with IAPA 
were characterised by an adverse clinical course, requir-
ing invasive ventilation and renal replacement therapy 
more frequently than those with influenza alone, as well 
as a longer ICU and hospital LOS. Patients with IAPA 
who died in ICU were more likely to be male and to have 
received corticosteroids during ICU admission. However, 
no significant differences in time to positive mycological 
testing were found between survivors and non-survivors 
with IAPA, nor an effect of administration of mould-
active antifungal treatment in ICU. In line with previous 
findings, antifungal treatment in survivors was initiated 
significantly earlier after influenza diagnosis than in non-
survivors, highlighting the need for timely clinical suspi-
cion, diagnosis and start of antifungal therapy [1].

The median time between ICU admission and a first 
positive mycological criterion was 4 days in IAPA, in line 
with the 3–7  days reported by previous retrospective 
studies [5, 9, 11, 13–16]. IAPA was diagnosed in 36% of 
patients within 48 h of ICU admission. In contrast, in our 

Fig. 2  Kaplan–Meier curve of survival over time in influenza-associated pulmonary aspergillosis versus influenza alone. Survival over time is significantly 
different for classifiable patients with influenza who developed IAPA versus those who did not. Mean estimated survival for the IAPA group is 82 (95% 
confidence interval [95%CI] 63–100) days; for the no IAPA group it is 136 (95%CI 123–149) days. Survival analysis by log-rank test (Mantel-Cox), for the 
combined cohorts with study cohort as stratum and with analysis pooled over strata. Data were censored at 90 days after ICU admission for the Figure
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recent randomized trial of posaconazole prophylaxis for 
prevention of IAPA in ICU (POSA-FLU), 71% of IAPA 
cases were diagnosed within this time period [27]. In 
addition, a recent Swedish prospective study diagnosed 
IAPA after 1  day in ICU in 3/5 patients [20]. This dif-
ference might be explained by the observational nature 
of our current study and differences in local diagnostic 
strategies, whereas all patients underwent early diag-
nostic work-up in the POSA-FLU study and the Swed-
ish study. Diagnostic work-up early after ICU admission 
might therefore reduce the time to IAPA diagnosis in 
high incidence regions. In lower incidence regions, CRP 
and respiratory sample culture of Aspergillus (at the time 
of influenza diagnosis) might serve as supporting mark-
ers for early identification of patients with influenza at 
risk for IAPA. Similarly, knowledge of vaccination status 
might be useful since influenza vaccination appeared to 
be associated with lower IAPA incidence in this study; 
however, this requires further investigation. Although 
corticosteroid use before or during ICU admission did 
not appear to be a risk factor for IAPA development in 
influenza in our study, corticosteroids during ICU stay 
could increase the risk of ICU mortality, once IAPA has 
developed. In this context, use of corticosteroids could 

potentially have contributed to progressive invasive 
aspergillosis, thus leading to increased ICU mortality.

Our study has several limitations. First, most patients 
did not undergo standardised diagnostic work-up for 
IPA due to the observational nature of our study. There-
fore, there is heterogeneity amongst participating centres 
regarding timing and modality of mycological investiga-
tions performed. Results regarding time to positive test-
ing and diagnosis of IPA need to be interpreted with 
this in mind. In addition, this highlights the need for 
routine and standardised mycological diagnostic work-
up in patients admitted to ICU with influenza; not only 
will this be essential to optimize patient care, but it 
will also provide more robust epidemiological data on 
IAPA (by providing a reliable denominator in calculat-
ing IAPA incidence). Subsequent prospective studies 
assessing whether routine or targeted (based on risk fac-
tors) diagnostic testing for IAPA would be most effective 
could then be considered. Second, the expert opinion 
IAPA case definition used has not been validated. Our 
strict application of these criteria might have led to 
underestimation of IAPA incidence (the FUNDICU cri-
teria were not applied as this case definition was pub-
lished after study completion) [30]. Third, patients who 
required invasive ventilatory support at any time during 
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Systemic corticosteroids

Invasive ventilatory support

Male sex

Any EORTC host factor

Multivariate analysis of IAPA
in classifiable influenza population

a

aHR (95%CI) p value

1.44 (0.55 – 3.75) 0.46

1.93 (0.83 – 4.47) 0.13

7.03 (2.03 – 24.27) 0.002

0.66 (0.27 – 1.60) 0.35

0.1 1 10

IAPA

Male sex

Per 1 year increase in age

Multivariate analysis of ICU mortality
in classifiable influenza population

b

aHR (95%CI) p value

1.01 (0.99 – 1.04) 0.25

1.72 (0.88 – 3.38) 0.11

1.99 (1.05 – 3.76) 0.035

Fig. 3  Forest plots of risk factors for IAPA and ICU mortality in classifiable influenza. Risk factors for the development of IAPA (a) and for ICU mortality 
(b) in the classifiable influenza population as analysed by Cox regression analysis. All factors shown were used in univariate analysis and subsequently 
included in a multivariate Cox regression analysis model (see Supplementary Table 5, Additional Files). Invasive ventilatory support refers to any form of 
invasive ventilation at any time during ICU admission. Systemic corticosteroids refers to any systemic corticosteroids administered at any time during ICU 
admission. 95%CI = 95% Confidence interval. aHR = Adjusted hazard ratio. EORTC = European Organization for Research and Treatment of Cancer/Mycoses 
Study Group Education and Research Consortium. IAPA = Influenza-associated pulmonary aspergillosis
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ICU admission were more likely to undergo bronchos-
copy, BAL and tracheobronchial aspirate sampling; this 
potential diagnostic bias needs to be taken into account 
when interpreting our results. In addition, calculat-
ing IAPA/IPA incidence within the classifiable patient 
population might have resulted in an overestimation of 
incidence, as it is possible that patients with low clini-
cal suspicion of IAPA/IPA did not undergo the required 
diagnostic work-up for classification. On the other hand, 
incidence has now been calculated in a clearly defined 
patient population for whom mycological diagnostic 
results were available. Furthermore, most participat-
ing centres are university hospitals with many included 
patients having co-morbidities, requiring caution when 
extrapolating our findings to the general population. This 
holds true for both the influenza and niCAP popula-
tion, as evidenced by the fact that 70/242 (29%) patients 
in the total included population in our study had at least 
one EORTC/MSGERC host factor present. Finally, the 
COVID-19 pandemic stopped our inclusion. Since then, 
COVID-19 has been clearly associated with IPA as well, 
in the form of COVID-19-associated pulmonary asper-
gillosis (CAPA) [31, 32]. In the near future, the impact of 
influenza and SARS-CoV-2 co-infection on development 
of IPA remains to be seen.

Conclusions
In our study population, IAPA affects approximately one 
in four patients admitted to ICU with influenza in the 
pre-COVID-19 era. IAPA is characterised by a high ICU 
mortality of 44%, as well as by a longer ICU and hospi-
tal stay and more frequent need for invasive ventilatory 
support and renal replacement therapy than influenza 
uncomplicated by IAPA. IAPA was demonstrated to be 
an independent predictor of ICU mortality within the 
classifiable influenza population. Our study highlights 
the need for increased awareness of this serious compli-
cation among treating physicians and for implementation 
of routine and standardised mycological diagnostic work-
up early in the course of ICU admission of patients with 
influenza. Further prospective studies with standardised 
diagnostic strategies for aspergillosis to elucidate addi-
tional risk factors for IAPA and the impact of antifungal 
treatment or prophylaxis on outcomes are warranted, as 
well as clinical trials assessing efficacy of antifungal pro-
phylaxis in preventing IAPA, possibly already initiated 
before ICU admission.
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