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Abstract 

Purpose: Invasive pulmonary aspergillosis (IPA) is increasingly reported in patients with severe coronavirus disease 2019 

(COVID-19) admitted to the intensive care unit (ICU). Diagnosis and management of COVID-19 associated pulmonary 

aspergillosis (CAPA) are challenging and our aim was to develop practical guidance.

Methods: A group of 28 international experts reviewed current insights in the epidemiology, diagnosis and manage-

ment of CAPA and developed recommendations using GRADE methodology.

Results: The prevalence of CAPA varied between 0 and 33%, which may be partly due to variable case definitions, but 

likely represents true variation. Bronchoscopy and bronchoalveolar lavage (BAL) remain the cornerstone of CAPA diag-

nosis, allowing for diagnosis of invasive Aspergillus tracheobronchitis and collection of the best validated specimen for 

Aspergillus diagnostics. Most patients diagnosed with CAPA lack traditional host factors, but pre-existing structural lung 

disease and immunomodulating therapy may predispose to CAPA risk. Computed tomography seems to be of limited 

value to rule CAPA in or out, and serum biomarkers are negative in 85% of patients. As the mortality of CAPA is around 

50%, antifungal therapy is recommended for BAL positive patients, but the decision to treat depends on the patients’ 

clinical condition and the institutional incidence of CAPA. We recommend against routinely stopping concomitant corti-

costeroid or IL-6 blocking therapy in CAPA patients.

Conclusion: CAPA is a complex disease involving a continuum of respiratory colonization, tissue invasion and angioin-

vasive disease. Knowledge gaps including true epidemiology, optimal diagnostic work-up, management strategies and 

role of host-directed therapy require further study.
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Introduction

Soon after the start of the coronavirus disease 2019 

(COVID-19) pandemic, reports of suspected invasive 

pulmonary aspergillosis (IPA) complicating COVID-19 

appeared both from clinical and post-mortem findings [1, 

2]. Over the past years, IPA secondary to seasonal influ-

enza was recognized as an emerging clinical entity in 

patients admitted to the intensive care unit (ICU) with 

respiratory failure [3]. Cases of influenza associated pul-

monary aspergillosis (IAPA) were reported in up to 19% of 

influenza patients in the ICU [3]. �e mortality rate was 

51% compared to 28% in influenza patients without IAPA 

[3]. COVID-19 associated pulmonary aspergillosis (CAPA) 

has been reported to have a similar mortality rate of 52% 

[4]. However, there are clear differences between IAPA and 

CAPA, including different patients’ typology and comor-

bidities, viral lytic effects and tissue tropism, host immune 

response as well as performance of Aspergillus diagnostic 

tests. Furthermore, the frequent detection of Aspergillus 

species or galactomannan (GM) in airway samples from 

critically ill COVID-19 patients, limited evidence of histo-

pathological confirmation of CAPA at autopsy and reports 

of patients with CAPA who survived without receiving 

antifungal therapy, has challenged existing thoughts on 

the best diagnostic and therapeutic strategies. A group of 

experts set out to write practical and evidence-based guid-

ance based on seven key questions (Table 1).

Methods
�e taskforce consisted of 28 participants from eight Euro-

pean countries, the United States and Taiwan. Participants 

were selected based on internationally recognized experi-

ence, academic leadership, and field of expertise, includ-

ing medical microbiology/infection control (PEV, KL, JBB, 

CL-F, TRR), infectious diseases (BJAR, MB, TCa, CJC, 

OAC, OL, MH-N, TFP, FLvdV), intensive care medicine 

(EA, SB, PD, DdL, PK, PW-LL, AR, JAS, LV, JW, IM-L), 

clinical pharmacology (RJMB, RL), public health (TCh) 

and hematology (OAC, PK, JM). Selected participants 

furthermore had specific expertise in epidemiology, diag-

nosis and management of invasive fungal diseases or fun-

gal disease guideline development, and most participants 

had previously contributed to the IAPA case definition 

[5]. �e key questions were discussed and regarded well-

focused and relevant by all panel members. As the litera-

ture regarding CAPA is very limited, the PICo framework 

for qualitative research questions was followed, involving 

population characteristics, disease of interest, and context 

[6]. For each key question we developed short evidence 

summaries after searching PubMed, Embase and when 

available, the medRxiv pre-print server and pre-print 

publications. �e search strategy included the following 

MESH terms (coronavirus or COVID-19 or SARS-CoV-2) 

and (Aspergillus* or aspergillosis* or CAPA). �e evidence 

was subsequently discussed during an online group meet-

ing and quality of evidence for clinically relevant outcomes 

was graded from high to very low following the Grading of 

Recommendations Assessment, Development, and Evalu-

ation (GRADE) methodology [7], involving categories 

of outcome, summary of evidence using evidence tables, 

and assessment of quality of evidence. �e panel formu-

lated recommendations after structured discussions based 

on the collected evidence. When evidence could not be 

obtained, recommendations were provided on the basis 

of opinions and experiences (good practice statements, 

GPS). Based on this process, we formulated 13 recom-

mendations on the management of patients with a proven 

COVID-19 and Aspergillus colonization or possible, prob-

able or proven CAPA.

Take-home message 

COVID-19 associated pulmonary aspergillosis (CAPA) is associated 
with excess mortality and requires bronchoscopy and BAL to diag-
nose. Antifungal therapy is recommended in CAPA, while discon-
tinuation or tapering of concomitant corticosteroid therapy could 
be considered in patients who do not respond.

Table 1 Key questions

1. What is the case definition of COVID-19 associated pulmonary aspergillosis?

2. What is the optimal approach towards diagnosing or refuting CAPA in patients with COVID-19?

3. What is the reported prevalence of Aspergillus pneumonia in patients with COVID-19?

4. What are the host-/risk factors that are associated with COVID-19 associated pulmonary aspergillosis (CAPA)?

5. Is antifungal therapy indicated in patients suspected of CAPA?

6. How should invasive Aspergillus tracheobronchitis be managed in CAPA patients?

7. What is the role of immunomodulating agents in the management of CAPA in ICU patients?
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Key questions

What is the case de�nition of COVID-19 associated 

pulmonary aspergillosis?

Evidence summary

A rapidly increasing number of papers on CAPA (125 pub-

lications by April 1st) are being reported in the literature. 

One problem is the lack of a consensus CAPA operational 

case definition, as various definitions have been used to 

classify CAPA. �e invasive fungal disease case definition 

of the European Organization for Research and Treatment 

of Cancer (EORTC)/Mycosis Study Group Education 

and Research Consortium (MSGERC) is rarely applicable 

because it only applies to patients with specific host fac-

tors, which are typically absent in patients suspected of 

having CAPA [8]. Several studies have used the algorithm 

that was proposed by Blot et  al. to distinguish between 

putative IPA and Aspergillus colonization in the ICU [9]. 

As this classification is based on a positive culture, some-

times revised definitions were used, which also include the 

biomarker GM in serum or BAL [10]. Other studies have 

used the criteria which were used by Schauwvlieghe et al. 

[3] to classify patients with IAPA or the IAPA case defi-

nition proposed by an expert panel [5]. �e expert panel 

indicated that the IAPA case definition may also be applied 

to classify CAPA cases, but at that time there was limited 

scientific evidence and clinical experience [5]. In Decem-

ber 2020 a consensus CAPA case definition was published 

by the European Confederation for Medical Mycology 

(ECMM) and the International Society for Human and 

Animal Mycology (ISHAM) [11], categorizing patients 

as proven, probable, and possible CAPA. �e abovemen-

tioned case definitions do not vary regarding proven IPA, 

as this requires demonstration of invasive growth of Asper-

gillus species in tissue or sterile sites. Case definitions vary 

regarding probable, possible or putative categories, mainly 

regarding the presence of host factors, characteristic 

lesions on imaging, diagnostic specimens and mycologi-

cal tests [3, 5, 8, 9, 11]. Inability to classify CAPA patients 

is mainly due to the absence of host factors, non-typical 

lesions on computed tomography (CT) and reliance on 

respiratory specimens other than bronchoalveolar lavage 

(BAL) obtained through bronchoscopy. �e 2020 ISHAM/

ECMM consensus definitions permit classification of most 

CAPA patients, including those who have undergone non-

bronchoscopic procedures, such as non-bronchoscopic 

bronchial lavage (NBL) to obtain mycological evidence 

[11]. CAPA patients diagnosed through NBL are classified 

as possible cases, reflecting the uncertainty regarding the 

diagnostic performance of this (blind) procedure to diag-

nose IPA, and the lack of validation of Aspergillus tests on 

this sample type. It is important to note that the possible 

category in the CAPA definitions differs fundamentally 

from that used in the EORTC/MSGERC definitions as the 

latter lacks mycological evidence for IPA, but is defined by 

“typical” radiological lesions [8, 11].

What is the optimal approach towards diagnosing or 

refuting CAPA in patients with COVID-19?

Recommendations Strength of  
recommenda-
tion

Quality of  
evidence

A CAPA diagnostic work-up is 
recommended in mechani-
cally ventilated COVID-19 
patients with unexplained 
respiratory deterioration or 
a positive Aspergillus culture 
from the respiratory tract

Strong Low

Standard CT imaging is not 
recommended to refute or 
diagnose CAPA

Weak Very low

Screening of critically ill 
COVID-19 patients for serum 
GM or BDG is not recom-
mended

Strong Low

Detection of Aspergillus in 
sputum and tracheal aspirate 
is considered insu�cient 
evidence to support CAPA 
diagnosis, but warrants 
further diagnostics through 
bronchoscopy and BAL

Strong Low

We recommend maximum 
efforts to perform a bron-
choscopy for inspection 
of the airways and bron-
choalveolar lavage (BAL) 
to diagnose CAPA in patients 
with proven or high likelihood 
of COVID-19 in the ICU

Strong Low

There is no recommendation 
against or in favor of using 
lateral �ow devices-based 
assays for diagnosing CAPA

Weak Very low

Evidence summary

Mycology 

Bronchoscopy with BAL has become the most important 

tool to diagnose IPA. BAL samples have been validated 

for microscopy (using optical brighteners such as Blanko-

phor P or calcofluor white), which provides rapid results 

and helps to interpret culture results. Furthermore, 

Aspergillus culture, detection of GM and Aspergillus 

DNA PCR tests for species identification and detection 

of azole resistance markers have been reasonably well 

validated on BAL fluid. Detection of Aspergillus antigen 

may take place through ELISA test or with use of a lat-

eral flow device (LFD) point-of-care tests that allows the 

rapid detection of Aspergillus antigen. Alternatively, GM 
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and beta--glucan (BDG), the latter being a panfungal 

marker and therefore not specific for Aspergillus, may be 

detected in serum of patients with IPA.

Although bronchoscopy was generally discouraged 

in COVID-19 patients during the first wave, evaluation 

for co-infection is considered an indication to perform 

this procedure [12], provided that adequate preventive 

measures are taken to protect health care workers [13]. 

Recent studies report that bronchoscopy can be safely 

performed in COVID-19 patients [14]. In addition, exclu-

sion of co-infection is considered relevant before starting 

corticosteroid treatment in COVID-19 patients with sec-

ondary clinical (respiratory) worsening that is attributed 

to pulmonary fibrosis or to organizing (non-infectious) 

pneumonia (cryptogenic organizing pneumonia, COP). 

Due to restricted availability of bronchoscopy, alterna-

tive specimens and procedures have been used, including 

testing of sputum, bronchial aspirates (BA) and tracheal 

aspirates (TA), and NBL [11]. Important drawbacks of 

these specimens include sampling of the upper respira-

tory tract (BA/TA) rather than lower respiratory tract, 

lack of validation of Aspergillus biomarkers for these 

specimens, and inability to visualize the airways, which is 

critical to diagnose invasive Aspergillus tracheobronchitis 

(IATB). An overview of the performance of Aspergillus 

diagnostics in reported case series is shown in Table 2.

According to a recent case series involving 186 CAPA 

cases, GM levels were positive (i.e., GM index ≥ 1.0) in 

respiratory samples from 113 (60.8%) patients, includ-

ing BAL samples from 63 (33.9%) patients and NBL from 

22 (11.8%) [4]. Furthermore, GM was detected in serum 

or plasma from 29 (15.6%) CAPA patients. �e perfor-

mance of LFD tests has been studied in ICU patients 

[30], showing a good overall test performance (sensitivity 

0.88–0.94, specificity 0.81, and the area under the ROC 

curve 0.90–0.94) [30]. AspLFD (OLM Diagnostics) was 

used in 8 CAPA cases using one TA and seven BAL sam-

ples [27]. �e AspLFD was positive in six patients but 

did not correspond with GM detection in four. Another 

study compared the performance of the Sona Aspergil-

lus Galactomannan Lateral Flow Assay (IMMY) with that 

of the Platelia Aspergillus in TA obtained from CAPA 

patients [31]. However, as bronchoscopy was not per-

formed in this study, a reliable classification of CAPA 

patients was not possible.

Serum biomarkers show a low sensitivity ranging from 

0 to 40% for GM and 0–50% for BDG (Table  2). Over-

all, serum BDG shows a higher sensitivity than serum 

GM, but is a panfungal marker and thus not specific for 

CAPA. Furthermore, some studies indicate only a mod-

est contribution of BDG to the diagnosis of invasive fun-

gal disease in critically ill patients due to low sensitivity 

and positive predictive value [32]. Circulating GM is 

associated with angioinvasion, and the low number of 

CAPA patients with positive serum GM may be due to 

absence of angioinvasion in most patients. Nevertheless, 

one recent autopsy series reported Aspergillus angioin-

vasion in lung tissue in three patients, but the results of 

circulating biomarker detection in these patients was not 

reported [2].

Imaging 

CT has been the most important imaging tool in COVID-

19 patients. Typical appearance of COVID-19 includes 

peripheral, bilateral, ground-glass opacities with or with-

out consolidation or visible intralobular lines (i.e. crazy 

paving) in early stages; multifocal ground-glass opacities 

of rounded morphology with or without consolidation 

or crazy paving at peak stage; reverse halo sign as well as 

other findings of organizing pneumonia at late stages are 

observed as well [33]. Many signs of COVID-19 pneu-

monia can mimic CAPA, and vice versa, and lesions sug-

gestive of CAPA may be hidden. Radiological findings 

that were previously shown to be sufficiently specific to 

diagnose IPA in immunocompromised patients are the 

halo sign, air-crescent sign, cavitating lung lesions and 

well-defined intrapulmonary nodule(s). In ICU patients 

with influenza, cavitating lung lesions and well-described 

nodule(s) are also considered a useful diagnostic sign. In 

a recent case series of 20 patients with probable CAPA 

from North-America, nine (45%) presented with cavi-

tary lung lesions [29]. Whether or not, any of these cri-

teria can help in distinguishing Aspergillus colonization 

from infection in COVID-19 patients is as yet uncertain. 

Indeed, an intrinsic part of severe COVID-19 is intra-

vascular thrombosis due to endotheliopathy, which can 

result in infarction and cavitating lesions as well as the 

halo sign [5, 11]. �erefore, even though CT can reli-

ably ascribe intravascular lesions to venous thrombosis, 

the role of imaging as a reliable criterion for diagnosing 

CAPA is probably limited. Importantly, CT may contrib-

ute to identifying other reasons for respiratory deteriora-

tion. Nevertheless, for critically ill COVID-19 patients, 

new nodules with cavitation or halo sign, or consolida-

tions have been recommended to trigger a diagnostic 

work-up for CAPA [34]. Histopathological data of a suf-

ficient number of patients with these radiological find-

ings present in the days preceding death are needed to 

improve our understanding of the radiology of CAPA.

What is the reported prevalence of Aspergillus pneumonia 

in patients with COVID-19?

Evidence summary

With the limitations described above regarding the published 

definitions of CAPA in mind, the reported frequencies of 
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CAPA can be found in Table 3. Overall, 15 CAPA case series 

in the ICU reported 158 CAPA cases among 1702 COVID-

19 patients (9.3%, range between 0 and 33%). Only in four 

cases CAPA was proven, while the majority had a probable 

or putative diagnosis. Cohort studies report that most ICU 

patients who were diagnosed with CAPA were mechani-

cally ventilated, although this may be explained by the fact 

that diagnostic procedures like BAL are rarely performed in 

non-ventilated patients with COVID-19. Furthermore, most 

patients developed CAPA on average between day 4 and 11 

after ICU admission. However, as many studies relied on a 

diagnostic work-up in deteriorating patients or in those with 

positive upper respiratory cultures, the true prevalence and 

timing of CAPA remains undefined. �e study of Bartoletti 

is the only study that involved routine bronchoscopy on day 

0 and 7 of ICU admission indicated that a high number of 

Table 2 Overview of performance of diagnostic tests in CAPA

BAL: bronchoalveolar lavage; GM: galactomannan; BDG: beta-D-glucan; PCR: polymerase chain reaction

a BAL and BA were not distinguished

Country # 
of CAPA 
cases

BAL 
(#positive/#performed)

Aspergillus species TA/BA 
(#positive/#performed)

Serum 
(#positive/#performed)

References

France 9 Culture 5/7
GM 2/7
PCR 3/7

A. fumigatus (7) Culture 2/2
GM –
PCR 2/ 2

GM 1/9
BDG 4/8

[15]

Germany 5 Culture 1/3
GM 3/3
PCR 3/3

A. fumigatus (4) Culture 2/3
GM ND
PCR 1/2

GM 2/5
BDG –

[16]

Netherlands 6 Culture 2/3
GM 3/3
PCR –

A. fumigatus (5) Culture 3/3
GM– PCR –

GM 0/3
BDG –

[17]

Belgium 6 Culture 5/6
GM 5/6
PCR –

A. fumigatus (5), A. flavus 
(1)

Culture –
GM– PCR –

GM 1/5
BDG –

[18]

Italy 30 Culture 19/30
GM 30/30
PCR 20 /30

A. fumigatus (16), A. niger 
(3), A. flavus (1)

Culture –
GM—PCR –

GM 1/30
BDG –

[19]

UK 19 Only NBL performed; 
Denominator not

reported

A. fumigatus (9), A. versi-
color (1)

Denominator not 
reported

Denominator not 
reported

[20]

Belgium 4 Culture 4/4a

GM 4/4
PCR 2/2

Not specified GM –
BDG -

[21]

Switzerland 3 Culture –
GM– PCR –

A. fumigatus (3) Culture 3/3
GM –
PCR 1/?

GM 1/?
BDG 1/?

[22]

France 19 Culture 7/9
GM 7/9
PCR –

A. fumigatus (14), A. 
calidoustus (1), A. niger 
(1)

Culture 9/10
GM– PCR –

GM 1/12
BDG –

[23]

Pakistan 5 Not specified A. fumigatus (1), A. flavus 
(4), A. niger (1)

Not specified GM 0/5
BDG 1/5

[24]

USA 4 Not specified A. fumigatus (4) Not specified GM 1/3
BDG –

[25]

France 7 Culture not specified/5
GM 3/5
PCR 2/5

A. fumigatus (5) Not specified GM 1/7
BDG 2/7

[26]

Netherlands 8 Culture 7/7
GM 2/6
PCR 4/5

A. fumigatus (7) Culture 1/1
GM 1/1
PCR 1/1

GM 0/1 [27]

Netherlands 11 Culture 5/40
GM 11/37
PCR 11/40

A. fumigatus (3) Culture 3/47
GM not performed
PCR 23/30

GM 0/11 [28]

USA 20 Culture 2/20
GM 2/20
PCR not specified

Not specified Not specified GM 8/20
BDG 6/20

[29]
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patients (14 of 108) was BAL GM positive (GM index > 1) at 

ICU admission [19].

What are the host-/risk factors that are associated 

with COVID-19 associated pulmonary aspergillosis (CAPA)?

Evidence summary

Case series published to date show that only a minority of 

patients have traditional EORTC/MSGERC host factors 

(Table S1). Five patients (3%) were reported with a hema-

tological malignancy, two (1.3%) with other malignancies 

and five (3%) with solid organ transplantation. One study 

identified the presence of an EORTC/MSGERC host fac-

tor as significant risk for invasive fungal infection [26]. Four 

cohort studies have identified risk factors for CAPA. Long-

term steroid treatment (at dosages higher than or equiva-

lent to prednisone 16 mg/day for at least 15 days) was found 

to be significantly more frequent in patients with CAPA 

compared to those without CAPA [19]. �e use of high-

dose corticosteroids (dose not defined) and the presence of 

chronic lung disease were associated with multiple positive 

Aspergillus tests in another study [19]. A third cohort found 

that corticosteroids administered at any dose for > 3 weeks 

was a risk factor for invasive fungal infection, and a fourth 

study showed a significantly higher proportion of patients 

receiving hydrocortisone during admission in the patients 

with CAPA compared to patients without CAPA (50% ver-

sus 12.8%; p < 0.001) [26, 29]. Finally, a fifth study did not 

find a statistically significant association of high-dose cor-

ticosteroid therapy with CAPA risk (11.5% versus 28.6%; 

p = 0.08), but observed cumulative dose ≥ 100  mg to be 

higher among CAPA patients [35].

All but a few of the reports on CAPA come from a set-

ting where corticosteroid therapy was not yet the standard 

of care but rather the exception. Since the publication of 

Table 3 Reported characteristics of cohort studies of CAPA in ICU patients that utilized bronchoscopy

a Time to positivity: Antinori et al. culture sample taken at day 4 positive [37]. Ghelfenstein-Ferreira et al. culture positive with A. fumigatus of sample taken at day 

6 after ICU admission [38]. Meijer et al. recovered A. fumigatus from a tracheal aspirate culture at ICU admission [39]. Mitaka et al. found that the 6 patients were 

mechanically ventilated for a mean of 6.8 days (range 1–14 days) before Aspergillus isolation [25]. The two patients described by Helleberg had growth of A. fumigatus 

in respiratory samples 1 and 5 days after starting mechanical ventilation [40]

b Includes cohort of Alanio et al. [15]

c 80 mechanical ventilated patients of a total of 118 patients admitted to the ICU

d Of 16 patients with multiple Aspergillus cultures positive

e 19 possible CAPA cases according to their own classi�cation [29]

Country Case de�nition CAPA preva-
lence

Time to �rst Asp. positive 
sample after ICU admis-
sion in days (range)a

Ventilated Proven/
probable/
putative

References

France EORTC/MSGERC (if immunocompromised) 
[7] and IAPA [5]

9/27 (33%) Not specified 27/27 0/1/8 [15]

Franceb Modified IAPA [3] and
EORTC/MSGERC [7]

21/366 (5.7%) 6 (1 -15) 246/366 0/21/0 [33]

Germany Modified AspICU [8, 9] 5/19 (26%) Not specified 5/5 0/–/5 [16]

Netherlands Modified IAPA [3] 6/31 (19%) 10 (3 – 28) 6/6 0/3/3 [17]

Belgium AspICU [8] 6/34 (21%) 8 (2 – 16) 6/6 4/–/2 [18]

Italy Modified IAPA [3] 30/108 (28%) 4 (2 – 8)  daysc (study used 
screening protocol)

30/30 0/30/– [19]

AspICU [8] 19/108 (18%) 8 (0 – 35)d 19/19 0/–/19

UK AspICU [8] 8/135 (6%) 7/8 0/–/8 [20]

IAPA [5] 20/135 (15%) 15/20 0/–/20

Own definition 19/135 (14%) 14/19 0/–/19

Belgium Modified AspICU [8, 9] 4/131 (3%) 4 4/4 0/–/4 [21]

Switzerland Modified IAPA [3] 3/80 (4%)¥ 6 (3–8) 3/3 0/1/2 [22]

France Modified AspICU [8, 9] 19/106 (18%) 11 (2–23) 18/19 0/–/19 [23]

France EORTC/MSGERC (if immunocompromised) 
[7] and IAPA [5]

7/145 (5%) 10 (median) 27/27 0/0/7 [24]

Ireland Not stated 0/55 – Not stated 0/0/0 [36]

Netherlands 2020 ECMM/ISHAM consensus definitions 
[10]

7/33 (21%) Not specified Not specified 0/7/– [27]

Netherlands 2020 ECMM/ISHAM consensus definitions 
[10]

11/63 (17%) 21 (13–27) 10/11 0/11/– [28]

USA 2020 ECMM/ISHAM consensus definitions 
[10]

20/396 (5%) 13 (8.5–28) 20/20 0/20/19e [29]
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the RECOVERY trial, corticosteroid therapy has become 

the standard of care for all patients admitted with severe 

COVID-19 [41]. �erefore, the data regarding the impact 

as well as the magnitude of the impact of corticosteroid 

use on the incidence of CAPA should be considered pre-

liminary. �e question remains if a certain cumulative 

dose and if a 10-day regimen of dexamethasone, as was 

used in the RECOVERY trial and has become the standard 

of care, poses the patient at increased risk for CAPA.

Is antifungal therapy indicated in patients suspected of CAPA?

Recommendations Strength 
of recommen-
dation

Quality of  
evidence

Antifungal therapy is indi-
cated in patients with CAPA

Strong Low

We recommend to follow 
national or international 
guidelines on antifungal 
therapy of invasive aspergil-
losis

Strong Low

We recommend to consider 
empirical therapy for CAPA 
in patients in who(m) a BAL 
has been performed and 
BAL GM/PCR results are 
pending

Weak Very low

In patients with a negative 
BAL GM, discontinuation of 
empirical antifungal therapy 
is recommended

Weak Very low

Therapeutic drug monitor-
ing (TDM) is recommended 
in critically ill CAPA patients 
receiving triazole therapy

Strong Low

Evidence summary

Despite the difficulty in distinguishing between Aspergillus 

colonization and invasive disease, studies have shown excess 

mortality in Aspergillus positive COVID-19 patients in the 

ICU, but the difference was not always statistically significant 

(Table  4). In the study of Bartoletti et  al., of the 30 CAPA 

patients, 16 received antifungal therapy of whom 13 received 

voriconazole [19]. Fourteen patients did not receive antifun-

gal therapy due to post-mortem diagnosis (7 patients) or due 

to clinical decision (7 patients). Survival of patients treated 

with voriconazole was 54% (7 of 13), and for those not receiv-

ing voriconazole 41% (7 of 17) (p = 0.39) [19]. A relationship 

between initial BAL GM index and 30-day survival was noted. 

�e odds of death within 30 days of ICU admission increased 

1.41-fold (1.10–1.81; p = 0.007) for each point increase in the 

initial BAL GM index [19]. In the study of White et al., all-

cause mortality rates ranged from 46.7% (95% CI 24.8–69.9) 

in CAPA patients receiving appropriate antifungal therapy to 

100% (95% CI 51.1–100) in patients not receiving appropri-

ate antifungal therapy [20]. Van Biesen et al. found a mortal-

ity of 22.2% in patients with CAPA based on NBL and 15.1% 

in patients without CAPA [42]. In the study of Dupont, 3 of 

9 (33%) of antifungal-treated patients compared to 5 of 10 

(50%) untreated patients died at day 42 [23].

Patients diagnosed with CAPA have been reported to 

survive without receiving antifungal therapy. As indicated 

above, 7 of 17 (41%) CAPA patients who were not treated 

with voriconazole survived in the case series reported by 

Bartoletti et  al. [19] Alanio and colleagues described 7 

patients with putative (6) or probable (1) CAPA who did 

not receive antifungal therapy, of whom 5 survived [15]. 

Survival may be due to various factors, including absence 

of invasive disease (i.e. colonization). Indeed, in one study 

tissue biopsies showed no evidence for CAPA, despite 

most patients being classified as probable cases [43]. 

�ese observations might imply that in some critically ill 

COVID-19 patients positive Aspergillus tests reflect colo-

nization rather than invasive disease. Importantly, the 

prognostic impact of Aspergillus colonization in severe 

COVID-19 pneumonia is yet to be established. Further-

more, baseline mortality of severe COVID-19 may vary 

between studies as new treatment modalities continue 

Table 4 All-cause mortality in COVID-19 patients with CAPA compared with controls

a Includes cohort of Alanio et al. [15]

b Diagnosis of CAPA was associated with 30-day mortality from ICU admission (OR 3.53; 95% CI 1.29–9.67; p = 0.014), even after adjustment for age (OR 0.99; 95% CI 

0.94–1.06; p = 0.99), need for renal replacement therapy (OR 3.02; 95% CI 1.11–8.19; p = 0.015), and SOFA score at ICU admission (OR 1.38; 95% CI 1.07–1.73; p = 0.004) 

with a logistic regression model [19]

Country Case de�nition # of CAPA 
patients

Mortality in CAPA Mortality in controls References

France EORTC/MSGERC (if immunocompromised) [7] 
and IAPA [5]

9 44% 39% (p = 0.99) [15]

Francea Modified IAPA [8, 9] and EORTC/MSGERC [7] 21 71.4% 36.8% (p < 0.01) [35]

Italy IAPA [5] 30 44% (day 30) 19% (day 30) (p = 0.002)b [19]

AspICU [8] 19 74% 26% ( p < 0.001)

United Kingdom 19 58% (day 77?) 38% [20]

Netherlands 2020 ECMM/ISHAM [10] 19 63.6% 23.1% ( p = 0.013) [28]

USA 2020 ECMM/ISHAM [10] 20 50% 41.5% [29]
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to evolve. �e United States Food and Drug Administra-

tion (FDA) recently approved remdesivir and baricitibinib 

for treatment of COVID-19, but their role in critically ill 

patients remains unclear. Further discussions of treatment 

of COVID-19 were beyond the scope of the taskforce.

Azole resistance 

Five cases of azole-resistant CAPA have been reported 

[27, 38, 39, 44]. In four cases the  TR34/L98H resistance 

mutation was detected and in one case a  TR46/Y121F/

T289A mutation, which are associated with environ-

mental resistance selection. �ere are currently no indi-

cations that the risk for azole-resistant infection differs 

from that in other ICU patients. In regions with levels of 

azole resistance exceeding 10%, it was recommended to 

cover resistance in initial antifungal therapy by adding 

an echinocandin to voriconazole or isavuconazole or by 

treating with liposomal amphotericin B [45]. When azole 

resistance is detected liposomal amphotericin B is recom-

mended [11, 45], while the use of deoxycholate-ampho-

tericin B in the ICU-setting is discouraged [45].

�ere are no studies that investigate the optimal choice 

and duration of antifungal therapy of CAPA. We there-

fore refer to international or national invasive mycoses 

guidelines for primary treatment choices [45, 46]. Most 

guidelines recommend voriconazole or isavuconazole as 

a first line treatment option. Recently, posaconazole was 

shown to be non-inferior to voriconazole for the treat-

ment of IPA [47]. �e experience with isavuconazole and 

posaconazole in ICU patients with IPA is still limited.

Pharmacologic considerations 

Monitoring of exposure to ensure adequate exposure by 

means of therapeutic drug monitoring (TDM) and is an 

important component in triazole treatment of patients 

with CAPA. Critical illness with (multi) organ failure pre-

disposes patients to a high degree of variability in drug 

exposure. �is is further complicated by factors such as 

drug-drug interactions, alterations in protein binding, 

use of vasopressor agents impacting organ perfusion and 

the frequent use of renal replacement techniques as well 

as extracorporeal membrane oxygenation (ECMO).

Pharmacokinetic interactions are most likely the big-

gest source of pharmacokinetic variability in exposure. 

Clinicians should make a thorough assessment of these 

interactions and consult a pharmacologist where needed 

to aid in this matter. A useful resource to recommend is 

the website on COVID drug interactions that includes 

reference to the antifungal drugs. (available at https:// 

www. covid 19- drugi ntera ctions. org/).

In addition to pharmacokinetic interactions, pharmaco-

dynamic interactions may be relevant. Pharmacodynamic 

interactions occur when the pharmacological effect of the 

victim drug is altered by coadministration of the antifungal 

drug. Clinically relevant side effects are often off-target 

effects. Examples are interactions between (lipid) formula-

tions of amphotericin B and nephrotoxic drugs resulting in 

loss of kidney function, potassium wasting agents and lipo-

somal amphotericin B as well as posaconazole, and many 

others. Patients with pre-existing QT-prolongation as well 

as those with severe electrolyte disturbances may be more 

prone to ventricular arrhythmias when treated with tria-

zoles. Isavuconazole might be the preferred triazole, as this 

drug is not associated with further disturbances of electro-

lytes and shortens rather than prolongs the QT interval.

For many antifungal drugs there are reports of low expo-

sure in patients receiving ECMO. However, ECMO-associ-

ated pharmacokinetic changes are generally superimposed 

with extreme physiological derangements associated with 

critical illness, making empiric dosage adjustments with-

out TDM difficult [48, 49]. It is furthermore unclear if vol-

umes of distribution are impacted due to adhesion to the 

circuitry system or that clearance is increased. Recently, 

ECMO did not appear to influence posaconazole exposure 

[50]. An overview of triazole pharmacokinetic considera-

tions in ICU patients is shown in Table 5.

How should invasive Aspergillus tracheobronchitis be 

managed in CAPA patients?

Recommendation Strength of recom-
mendation

Quality of evidence

Patients with visible 
plaques in trachea 
and bronchi should 
undergo mucosal 
biopsy or brush to 
diagnose IATB

Strong Low

Evidence summary

IATB was found to be a frequent and highly lethal mani-

festation of IAPA [60]. Autopsy studies indicate that focal 

white patches may be present in the trachea and large bron-

chi of 92% of COVID-19 patients [61]. �is is likely to be 

due to viral tropism as the epithelium of the conducting air-

ways was shown to support the replication of SARS-CoV-2 

and to express ACE-2 receptor [62]. Local epithelial damage 

may provide a portal of entry for Aspergillus to cause inva-

sive airway disease. Pseudomembranous plaques or ulcers 

were visible in 6 of 30 (20%) patients with CAPA [19], and 

bronchial ulcers reported in two of 8 Aspergillus positive 

COVID-19 patients, but the patients in the latter study were 

not classified according to published definitions [63]. �ese 

data indicate that the frequency of IATB in CAPA is proba-

bly lower than observed in IAPA [5]. However, the diagnosis 

of IATB is made through visualization of plaques in the air-

ways, and since the use of bronchoscopy has been restricted, 

tracheobronchitis cases may be underreported.

https://www.covid19-druginteractions.org/
https://www.covid19-druginteractions.org/
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�e mortality associated with IATB is unknown in 

CAPA but was reported to be as high as 90% in IAPA 

patients [60]. Systemic antifungal therapy alone might not 

be sufficient to effectively treat this disease manifestation 

due to intraluminal growth of the fungus. Inhaled (liposo-

mal) amphotericin B has been recommended by the IDSA 

as adjunctive therapy in these cases [46]. To date only one 

IAPA patient with IATB was reported to be treated with 

nebulized liposomal amphotericin B in addition to sys-

temic antifungal therapy [64].

What is the role of immunomodulating agents in the 

management of CAPA in ICU patients?

Recommendations Strength of recom-
mendation

Quality of  
evidence

We recommend not 
to stop concomitant 
dexamethasone 
or corticosteroid 
therapy in CAPA 
patients

Weak Very low

Evidence summary

Corticosteroids in influenza and other coronavirus respira-

tory syndromes have shown no benefit or possible harm [65, 

66]. Early consensus was against corticosteroids in COVID-

19 [67]. During the pandemic the RECOVERY trial, a meta-

analysis of steroid trials by the WHO, and the REMAP-CAP 

trial have changed practice by showing benefit of corticoster-

oids in COVID-19 patients in the ICU [41, 68, 69]. RECOV-

ERY reported that in over 6000 patients the administration 

of 6 mg dexamethasone for ten days was associated with sig-

nificantly reduced 28-day mortality [41]. �is result was most 

pronounced among patients requiring mechanical ventilation 

(rate ratio 0.65, 95% CI 0.48–0.88, p = 0.0003) and immedi-

ately changed clinical practice. �e question arose whether 

there would be additive effects of other immunomodulatory 

drugs in addition of corticosteroids. Recently, REMAP-CAP 

showed that in an ICU population blocking the IL-6 pathway 

with tocilizumab or sarilumab could further reduce mortality 

and organ free support days in the ICU when started within 

24 h of admission to the ICU [70]. Median organ support-free 

days were 10 (interquartile range [IQR] − 1, 16), 11 (IQR 0, 

16) and 0 (IQR − 1, 15) for tocilizumab, sarilumab and con-

trol, respectively. Hospital mortality was 28% (98/350) for 

tocilizumab, 22.2% (10/45) for sarilumab and 35.8% (142/397) 

for control. More recently, an improved overall survival in 

patients receiving tocilizumab in addition of dexamethasone 

was confirmed in the RECOVERY trial as well [71]. Again, 

similar to corticosteroids there were no reports of increased 

adverse events, including secondary infections during treat-

ment [41, 65, 68, 70]. However, no CAPA-related diagnostic 

strategy were implemented in these trials and at 0.1%, the T
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extremely low incidence of infection as the cause of death in 

the tocilizumab arm of the RECOVERY trial suggests that the 

registration of this adverse event may have been suboptimal.

Immune-modulation has thus become a cornerstone of 

treatment of COVID-19 in the ICU, and current practice 

will include combinations of corticosteroids and blocking 

IL-6 in some critically ill patients. Although there is no 

evidence for increased frequency of IPA among patients 

receiving immunotherapy compared to no immunother-

apy, the difficulty of diagnosing CAPA and the fact that 

registrations of fungal infection complications are not 

optimal do not allow us to fully understand the impact of 

immune-modulating agents on CAPA rates. Future ran-

domized clinical trials should include specific registra-

tion of secondary infections such as CAPA to assess the 

impact of immunomodulation on this patient population. 

�e risk factors identified for CAPA thus far do include 

corticosteroids and the population with the highest 

CAPA incidence was a study where over 70% of patients 

had received tocilizumab [19]. �e cytokine IL-6 which 

signals via STAT3 is crucial for T helper (�)17 develop-

ment and �17 responses are important for protective 

anti-Aspergillus host responses [72–74]. Clinicians should 

be aware that CAPA as a complication of COVID-19 in 

ICU might increase with these new immunosuppres-

sive strategies since they also suppress crucial antifungal 

host defense pathways. However, dampening the immune 

response has been shown to benefit critically ill COVID-

19 and may subsequently reduce the risk for IPA by limit-

ing damage to the epithelium, endothelium and the tissue. 

�erefore, when CAPA is diagnosed we do not have data 

which support stopping or continuing dexamethasone or 

other immune modulatory agents in the context of risk for 

CAPA, however these immunomodulatory treatments do 

reduce the overall mortality in the population at risk for 

CAPA.

Pathophysiology of CAPA
It is becoming apparent that CAPA is a complex disease, 

which involves a continuum of Aspergillus respiratory tract 

colonization, tissue invasion and angioinvasion. �e lim-

ited histopathological data on CAPA available so far show 

both tissue invasion and angioinvasion [3, 75], but the 

low number of patients with circulating GM may indicate 

that angioinvasion is less frequent than observed in IAPA 

[75]. Angioinvasion is the hallmark pathologic feature of 

IPA and is associated with circulating GM. Recently, an 

angioinvasion threshold model was presented in which a 

combination of determinants was suggested to contrib-

ute to Aspergillus reaching the angioinvasion threshold. 

�ese determinants involve predisposing factors, such as 

EORTC/MSGERC host factors and comorbidities, lytic 

effects on host cells caused by SARS-CoV-2, immune 

dysregulation, including both hyperinflammation and 

immune paralysis, and concomitant therapy, such as cor-

ticosteroids. �ese factors together determine if and when 

Aspergillus infection progresses to cause angioinvasive 

growth. While this threshold is reached early on in patients 

with IAPA (corresponding with serum GM positivity in 

65–90% of IAPA patients) [4, 60], infrequent serum GM 

positivity in CAPA patients (between 0 and 50%) indicates 

that angioinvasion is less frequent. One study showed that 

mortality in serum GM positive CAPA patients was > 80% 

compared to 37% in GM negative CAPA patients, which 

suggests that this marker can be used to stage CAPA infec-

tion personal communication, paper submitted for peer-

reviewing. �ere is, however, a need for a marker that is 

specific for tissue invasion and can discriminate from 

Aspergillus respiratory tract colonization.

Discussion
Bronchoscopy with BAL remains the cornerstone of 

CAPA diagnosis. Bronchoscopy allows visual inspection 

of the airways and thus enables the diagnosis of IATB. In 

addition to diagnosing CAPA and other respiratory infec-

tions, BAL may also be useful to exclude CAPA in patients 

that require corticosteroid therapy, for instance for the 

treatment of COP or the prevention of pulmonary fibrosis. 

In comparison with previous recommendations [11, 34], 

the use of bronchoscopy has been shown to be a safe pro-

cedure in critically ill COVID-19 patients [76]], and thus 

simplifies the management algorithm.

Positive BA/TA Aspergillus culture or any unexplained 

respiratory deterioration in critically ill COVID-19 

patients are considered triggers to perform a bronchos-

copy and BAL (management algorithm). �e implications 

of positive Aspergillus test results for starting antifun-

gal therapy will depend on the institutional incidence of 

CAPA and the clinical condition of the patient.

�e need to administer corticosteroids for the treatment 

of COVID-19 and the associated risk for CAPA, present 

a dilemma in the management of critically ill COVID-19 

patients. Although the decision to continue corticoster-

oids in critically ill patients who develop CAPA needs to 

be assessed on an individual patient basis, we believe that 

dexamethasone therapy should be continued for the rec-

ommended time frame, if possible. Stopping dexametha-

sone could be considered, e.g. when there is no clear 

hyperinflammation anymore, when it has been given for 

10  days, and/or when there is angioinvasive CAPA or 

secondary bacterial infections such as S. aureus pneu-

monia. �is also applies to patients who are treated with 

high-dose corticosteroid therapy for pulmonary fibropro-

liferation during ICU stay and develop CAPA. Discontinu-

ation or tapering of corticosteroids could be considered in 

patients who do not respond to antifungal therapy or with 
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underlying EORTC/MSGERC host factors, although this is 

not supported by clinical data.

Although excess mortality in critically ill COVID-

19 patients with CAPA justifies pro-active diagnostic 

assessment and antifungal therapy, many questions 

remained unanswered (Table 6). �ese questions need to 

be addressed in future trials to further fine-tune integrated 

and targeted CAPA management.

Table 6 Research agenda in CAPA

Epidemiology Determine the true epidemiology of CAPA
Frequency of IATB in CAPA
Identification of host/risk factors

Diagnosis Markers that discriminate between Aspergillus respiratory tract colonization and tissue invasion
Validation of Aspergillus biomarkers in NBL and BA/TA
Determine the immune status of the host (e.g. FACS)

Strategy Role for antifungal prophylaxis
Management of COVID-19 patients with positive upper respiratory tract culture

Antifungal agents Benefit of nebulized antifungals in IATB
Role of liposomal amphotericin B in the ICU-setting
Effect of sequestration and drug interactions of antifungals on exposure (i.e. ECMO; CRRT)

Therapy Implications of antiviral and host-directed therapy for CAPA risk and outcome
Host directed therapy: dampening or boosting immune response or both, dependent on host 

immune status
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