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Abstract

Invasive aspergillosis (IA) is an increasingly recognised phenomenon in critically ill patients in 

the intensive care unit, including in patients with severe influenza and severe coronavirus disease 

2019 (COVID-19) infection. To date, there are no consensus criteria on how to define IA in 

the ICU population, although several criteria are used, including the AspICU criteria and new 

consensus criteria to categorise COVID-19-associated pulmonary aspergillosis (CAPA). In this 

review, we describe the epidemiology of IA in critically ill patients, most common definitions used 

to define IA in this population, and most common clinical specimens obtained for establishing a 

mycological diagnosis of IA in the critically ill. We also review the most common diagnostic tests 

used to diagnose IA in this population, and lastly discuss the most common clinical presentation 

and imaging findings of IA in the critically ill and discuss areas of further needed investigation.
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1 | INTRODUCTION

Worldwide estimates indicate that over 1.8 million cases of invasive fungal infections 

occurred in 2017, including around 250,000 cases of invasive aspergillosis (IA).1 Mould-

active prophylaxis has shown some success in reducing IA in patients with traditional risk 

factors for IA, such as those with underlying haematological malignancy and prolonged 

neutropenia, although breakthrough infections may occur.2–7 In contrast, the prevalence 

of IA continues to increase in non-neutropenic patients with severe underlying diseases, 

including those in intensive care units,8–12 those with severe viral infections caused by 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) or influenza virus,12–16 

solid organ transplant recipients,17 those receiving systemic glucocorticoids,18 those with 

solid cancers,8,19 those with chronic obstructive pulmonary disorder (COPD) and other 

chronic respiratory disorders, and those who have received ibrutinib.8,20–22 The immune 

status, and particularly neutrophil count of the host, determines the pathogenesis of 

Aspergillus disease, which represents a spectrum ranging from allergic and chronic forms 

to airway-invasive and angio-invasive disease. In contrast with the neutropenic host, where 

Aspergillus grows angio-invasive within hours, there is an extended bronchial phase in 

the non-neutropenic host, where Aspergillus invades in an airway-invasive manner, often 

over the period of many days, prior to the disease become angio-invasive.23,24 In line 

immunological mechanisms differ between the angio-invasive and the primarily airway-

invasive type of Aspergillus disease,25 as do radiological findings (often atypical findings in 

the non-neutropenic host),14,26,27 and mycological findings (diagnostics in non-neutropenic 

host primarily from lung, versus blood testing such as with the Aspergillus galactomannan 

test in neutropenic host).15,28

We will here review the clinical definitions of invasive aspergillosis in the critically ill 

patient and focus specifically on mycological (which samples, which test) and clinical 

diagnosis of IA in the ICU setting. The authors confirm that the ethical policies of the 

journal, as noted on the journal’s author guidelines page, have been adhered to. No ethical 

approval was required.

2 | EPIDEMIOLOGY

How often does IA occur in the ICU? Aspergillus spp. are isolated from lower respiratory 

tract samples in 0.7%–7% of critically ill patients, with findings suggesting invasive 

pulmonary aspergillosis in around half of these patients based no criteria including 

EORTC/MSG criteria and autopsy studies.29–32 In one retrospective study between 2000 

and 2003, of 1,850 admissions to the ICU, 127 patients (6.9%) were diagnosed with 

invasive aspergillosis, of which 89 patients (70%) of these patients lacked haematological 

malignancy.31 A large international, multicentre observational study (AspICU study) 

examined the incidence of Aspergillus colonisation and IA in 30 ICUs in eight countries, 

including seven European countries and in India, from January 2000 to January 2011. 

Over this time period, 563 patients were diagnosed with either Aspergillus colonisation 
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(47%), proven IA (17%) or putative IA (36%) based on the AspICU criteria.33 Of these 

patients, 70% were medical admissions for respiratory diseases (39%) including COPD 

(31%), cardiovascular disease (26%) and diabetes (16%), and from this total cohort, 11% 

received immunosuppressive therapy and 45% corticosteroids.33

IA is also an increasingly recognised superinfection complicating patients with severe 

influenza and SARS-CoV-2 infection in the ICU. Influenza-associated aspergillosis is well 

documented, occurring in 16%–23% of patients with influenza admitted to the ICU, and 

is associated with a morality rate over 50%.12,34,35 Recently, IA has been recognised as a 

severe complication of COVID-19 infection in patients in the ICU, occurring in 18%–39% 

of patients, and is associated with a mortality rate of up to 50%.36–47

Thus, IA occurring in critically ill patients lacking traditional risk factors is an increasingly 

recognised phenomenon, with non-traditional risk factors including systemic corticosteroid 

use, underlying respiratory diseases, cardiovascular disease, and diabetes mellitus, as well as 

severe influenza and severe COVID-19 infection.

3 | IPA DEFINITION IN THE ICU

In the absence of proven infection, which requires histologic evidence or fungal detection 

from normally sterile body fluids or materials, the diagnosis of IA is based on compatible 

signs and symptoms of infection in an appropriate host with supportive radiological 

and mycological findings.12,15,26,27,48 The newly revised European Organization for 

Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and 

National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/

MSG) definitions focus primarily on neutropenic patients with underlying haematological 

malignancies and a ‘typical’ presentation of IA, and are not applicable to non-neutropenic 

patients where IA pathogenesis differs,26 particularly those in the ICU who do not fulfil 

EORTC/MSG host factors and thereby cannot fulfil criteria of probable disease.49 Therefore, 

the newly revised EORTC/MSG criteria are only applicable to the subset of ICU patients 

with underlying haematological malignancies, solid organ transplant recipients or severe 

immuno-suppression (as defined by host factors of those criteria, Table 1), but not to the 

ICU population as a whole. Furthermore, even those non-neutropenic ICU patients who 

fulfil EORTC/MSG criteria based on host factors and develop IA may present with an 

atypical clinical presentation or radiological findings, and equivocal diagnostic test results, 

particularly due to the low sensitivity of galactomannan (GM) and other tests performed 

in blood.23,24,26,50–54 Therefore, the newly revised EORTC/MSG criteria have only very 

limited applicability in the ICU setting.

Based on their findings that ‘typical’ signs of IA on computed tomography (CT) in 

neutropenic patients, such as the ‘halo sign’ or ‘air-crescent sign’, are only found in 

a subset of non-neutropenic patients with proven disease, where atypical infiltrates and 

consolidations are most common, Blot and colleagues have created an alternative clinical 

algorithm for diagnosing IA in the ICU setting, the AspICU algorithm (Table 1), with 

the aim of overcoming some of limitations of the EORTC/MSG criteria.27 Originally, 

this algorithm defined the growth of Aspergillus spp. from lower respiratory specimens 
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on culture as an entry criterion27 and tried to distinguish colonisation from true infection/

disease, relying on clinical signs that typically occur during later stages of invasive 

pulmonary aspergillosis (IPA) in non-neutropenic patients.8 However, large studies have 

shown that sensitivity of culture from lower respiratory tract specimens is imperfect (65% 

or lower),22,52,55,56 while bronchoalveolar lavage fluid (BALF) GM testing has significantly 

higher sensitivity than culture, with both sensitivity and specificity close to 90%.22,52,55,56 

Therefore, the AspICU criteria have been modified in some studies10,23,50,57 to include 

positive BALF GM as entry criterion, which is essential to make them applicable to 

broader cohorts of ICU patients, such as going beyond the subset with cultural detection 

of Aspergillus spp. In addition, the inclusion of newer diagnostic tests such as BALF 

Aspergillus real-time polymerase chain reaction (PCR), the Aspergillus-specific lateral flow 

device (LFD) and Aspergillus galactomannan lateral flow assay (LFA) point-of-care (POC) 

tests have been recommended.57,58 International work on improved definitions of IA in the 

ICU is currently in progress.50,59

Specifically for patients with COPD, Bulpa and colleagues have developed criteria 

that include acute COPD exacerbation with dyspnoea requiring treatment with systemic 

corticosteroids as a requirement and classify disease, compatible radiological findings, and 

Aspergilllus spp. growth from BAL culture and serum GM as diagnostic criteria60 (Table 2). 

These criteria have not been updated and are rarely used.

IA is emerging as an important complication in patients with severe viral infections 

who develop acute respiratory distress syndrome (ARDS), including cytomegalovirus, 

influenza virus and most recently SARS-CoV-2, where IA is associated with high mortality 

rates.14–16,40,41,43,45,61 Specific criteria have been developed for patients with severe 

influenza who develop IA,12,62 which differentiate between Aspergillus tracheobronchitis 

and IA in patients without tracheobronchitis. These criteria eliminate traditional host factors 

and use influenza-like-illness, positive influenza PCR or antigen and temporal relationship 

as entry criterion and use modified mycological and clinical criteria (summarised in Table 

2).62 Very recently, Koehler and other experts from around the world developed the 

European Confederation of Medical Mycology (ECMM)/International Society for Human 

and Animal Mycology (ISHAM) consensus criteria for defining Aspergillus disease in 

patients with COVID-19, which were endorsed by medical mycology societies from 

around the world.15 These criteria differentiate between the pulmonary form and the 

tracheobronchial form of COVID-19-associated aspergillosis (CAPA), and use confirmed 

SARS-CoV-2 infection with ARDS requiring ICU admission as entry criterion.15 They also 

use modified clinical, radiological ad mycological criteria that are summarised in Table 2.

For those patients who develop IA while receiving systemic antifungal(s), defining whether 

or not this infection presents a breakthrough infection and warrants a change of antifungal 

treatment is important.4,5 ECMM/MSG consensus criteria for defining breakthrough 

infections for research have been developed and also cover the ICU setting.6 However, 

validation of these criteria for clinical use is currently pending.
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4 | MYCOLOGICAL DIAGNOSIS OF IA IN THE ICU

4.1 | Mode of Obtaining clinical specimen for diagnosis

4.1.1 | Biopsy—Biopsy for tissue remains the most definitive way to diagnose 

IA, particularly when invasive pulmonary aspergillosis is suspected.63,64 Lung tissue 

can be obtained through bronchoscopy with trans-bronchial biopsy, surgical biopsy (eg 

wedge biopsy), or trans-thoracic needle biopsy and sent for fungal stain, culture, and 

histopathology. Unfortunately, most critically ill patients in the ICU are too unstable to 

undergo these procedures.

4.1.2 | Blood—Blood is another readily available clinical specimen in patients in the 

ICU and is often used for the screening of IA in high-risk populations such as those with 

underlying haematological malignancy and SOT recipients, primarily with GM testing from 

serum. In non-neutropenic patients such as those in the ICU, the sensitivity of serum GM 

is around 30%, reflecting the fact that these patients typically develop tissue invasive rather 

than angio-invasive disease early on in the disease course. In a review of patients with 

CAPA, the pooled sensitivity of GM from serum was only 21% at an optical density index 

of 0.5.14 Neither the Aspergillus-specific LFD nor Aspergillus galactomannan LFA has been 

extensively evaluated from blood in the ICU population.

4.1.3 | Sputum—Although sputum is a readily available clinical specimen, the finding 

of Aspergillus spp. in a sputum sample does not necessarily indicate infection and may 

simply represent colonisation of Aspergillus. Culture of Aspergillus from sputum has a 

low sensitivity of around 35% in patients with active infection.65 Thus, positive testing 

from sputum should be interpreted based on the entire clinical context including compatible 

imaging findings or other diagnostic tests that support IA. In one study non-haematology 

patients admitted to the hospital or ICU, GM from sputum had a sensitivity and specificity 

of 100% and 62%, respectively, at an optical density index of 1.2.66 The role of GM testing 

from sputum in ICU patients is less clear.

4.1.4 | Tracheal aspirate—Tracheal aspirate (TA) is the collection of endotracheal 

secretions in intubated patients and can be used to diagnose IA using PCR, GM, or from 

culture.14,67–69 A positive diagnostic test needs to be interpreted in the context of other 

clinical signs and symptoms of IA as a positive test can also reflect Aspergillus tracheitis or 

colonisation. Still, TA may be a good option as a screening modality in high-risk patients 

in the ICU or in patients too clinically unstable to undergo bronchoscopy. For the diagnosis 

of CAPA, a positive GM or Aspergillus culture from TA alone can be used to make a 

diagnosis of ‘possible’ IA,15 or a positive test may prompt more extensive testing such as 

bronchoscopy or further imaging to make a more definitive diagnosis.

4.1.5 | Bronchoalveolar Lavage—Bronchoscopy for BALF involves the insertion of a 

bronchoscope with a light and small camera through the nose or mouth and down the trachea 

into the bronchi and bronchioles where secretions can be sampled. This procedure should 

be considered in a patient stable enough to tolerate this procedure when there is high index 

of suspicion for IA. Diagnostic tests on BALF fluid should include fungal stain and culture, 
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GM, and possibly PCR where this assay is available. The overall sensitivity of culture 

from BALF is between 30% and 60% and specificity 50% in intubated patients.70 As with 

testing of other clinical specimens, results need to be interpreted in the clinical context given 

possible background colonisation with Aspergillus spp. Similarly, a positive Aspergillus 
PCR from BALF may represent colonisation, especially in patients with structural or 

functional lung disease, or may represent contamination.

4.2 | Diagnostic tests

4.2.1 | Histology and culture—Histopathological diagnosis of IA relies on the 

identification of hyphae forms in tissue biopsied from a normally sterile site. On direct 

microscopic examination, Aspergillus is narrow (3–12 μm wide) with septated, hyaline, 

acute angle branching hyphae with 45-degree branching.71 Although rare, the presence 

of conidial heads is pathognomonic for the diagnosis of aspergillosis.72 On microscopy, 

Aspergillus can be confused with several other filamentous fungi including Scedosporium 
spp. and Fusarium spp. so definitive identification of the pathogen by culture is desirable.73 

When recovered Aspergillus begins to develop within 24–48 h on fungal media and sheep 

blood agar, with colonies appearing as velutinous, grey-blue-green colonies.73

Although microscopy and culture have traditionally been the cornerstone for the diagnosis 

of IA, the diagnostic yield varies based on host factors and is typically rather low. Even in 

patients with ‘classic’ risk factors for IA such as patients with underlying haematological 

malignancy or SOT recipients, the majority of patients are diagnosed with IA by other 

means than microscopy or culture. The yield can be even lower in ICU patients who may 

lack traditional clinical signs and symptoms of infection and have atypical radiological 

findings of IA.20 Furthermore, microscopy and culture alone cannot distinguish between 

colonisation and infection and lung biopsies are often difficult to perform in critically ill 

patients who may have other comorbid conditions, may be hemodynamically unstable or 

have respiratory distress, or coagulation disorders making biopsy challenging.74 Thus, more 

non-invasive strategies are often preferred in this population.

Lastly, the susceptibility profiles of Aspergillus fumigatus are changing with increased 

resistance against triazole antifungals, including voriconazole and isavuconazole,75–77 

which are commonly used to treat these infections. Culture-based methods can determine 

antifungal resistance but is time-consuming, and delayed diagnosis of resistance Aspergillus 
infections can lead to poor patient outcomes. Increasingly, new molecular-based approaches 

for detecting triazole resistance to Aspergillus, including PCR to detect mutations to the 

Cyp51A protein, have been developed to overcome some of the limitations of culture.78

4.2.2 | Galactomannan—Antigen-based testing, such as with the conventional GM test, 

has now become the ‘gold-standard’ test for the diagnosis of IA, particularly in critically ill 

patients. GM is a polysaccharide found in the cell wall of Aspergillus spp. and is released 

by growing hyphae and germinating spores or conidia. In immunocompromised patients 

with angio-invasive growth, GM can be detectable in serum, although GM is often not 

present in the serum of non-neutropenic patients, in which airway-invasive growth is more 

typical.11,26,79 Thus, GM testing from BALF is preferred in this setting. For conventional 

Jenks et al. Page 6

Mycoses. Author manuscript; available in PMC 2022 December 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



GM testing, a positive result is based on an optical density (OD) cut-off GM index of ≥0.5 

from serum and >1.0 from BALF. Still, GM testing has some limitations including the 

potential for false-positive results, such as in the setting of concurrent medications. False-

positive serum and BALF results have been found in patients who received amoxicillin–

clavulanate, piperacillin–tazobactam, and cefepime, as well as false-positive BALF results in 

patients receiving carbapenems and ceftriaxone.80–82 False-negative results are particularly 

common in patients on mould-active prophylaxis53,83 and can be found in settings with 

delayed turnaround times.

4.2.3 | Polymerase chain reaction—Molecular methods such as PCR and polymerase 

chain reaction–enzyme-linked immunosorbent assay (PCR-ELISA) have been available for 

over two decades. Overall, the pooled sensitivity and specificity of PCR from blood are 79% 

and 80% for a single positive test result and 60% and 95% for two consecutive positive 

test results.84 Still, PCR has several limitations. First, PCR testing varies in methodology, 

standardisation and performance across settings. In addition, like the GM test from blood, 

PCR from blood has decreased utility in patients on mould-active prophylaxis.85 Lastly 

and perhaps most importantly, PCR from serum has a sensitivity as low as 11% in ICU 

patients,86 although the sensitivity improved to 56% in BALF specimens.86

4.2.4 | Lateral flow assay and lateral flow device—Both the LFA and LFD assays 

are POC diagnostic tests for the diagnosis of IA. These assays are simple to use, do not 

require advanced laboratory equipment, with results available in under an hour. Thus, they 

obviate the need for complex laboratory equipment required by PCR and avoid varying 

turnaround times that sometimes limit conventional GM testing. In the ICU setting, the 

LFD from BALF has a pooled sensitivity of 64% and specificity of 85%, which is slightly 

inferior to its performance in patients with haematological malignancies, where its pooled 

sensitivity and specificity are 70% and 88%, respectively.51 In a recent multicentre study, 

the LFA from BALF had a sensitivity and specificity of 74% and 83%, respectively, at an 

optical density index cut-off of 1.5, with comparable performance to the conventional GM 

assay.10 In another recent study, the LFA from BALF had a sensitivity that ranged from 88% 

to 94%, depending on whether the EORTC/MSG, AspICU or modified AspICU definitions 

for IPA were used, and a specificity of 81%.87 The performance of neither the LFA nor LFD 

assays has specifically been evaluated from blood in ICU patients, so more investigation is 

necessary to determine the role of testing blood in ICU patients.

4.2.5 | Role of beta-D-glucan testing—(1–3)-beta-D-glucan (BDG) is a fungal cell 

wall component that is currently used as a serum marker for the presumptive diagnosis and 

treatment monitoring of invasive fungal infections (IFI) ICU and has been proposed as a 

marker of IA.36,86,88–90 In contrast, BALF BDG levels are non-specific and often represent 

Candida colonisation of the respiratory tract, although they have prognostic potential in the 

ICU.91,92 However, in the absence of IFI, blood levels of BDG also emerged as candidate 

biomarker of gut fungal translocation.93–99 Fungal translocation is the passage of fungal 

components through a compromised intestinal epithelial barrier due to immune dysfunction, 

gut damage or altered gut microbiota composition. Translocation may include only fungal 

components or—much more rarely—fungal pathogens that may cause infection and sepsis, 
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as recently outlined in a report of two patients with severe COVID-19 developing fungemia 

due to Saccharomyces cerevisiae after receiving probiotics containing the same strains.100 

Elevated serum BDG levels have been frequently reported in patients with diseases and 

conditions associated with a leaky gut who do not have other evidence of systemic fungal 

infection.101–105 In fact, it has been shown that serum BDG levels correlate strongly 

with sequential organ failure assessment (SOFA) scores in patients with sepsis.101 While 

the value of serum BDG for diagnosis and treatment stratification of systemic Candida 
infections in the ICU has shown some promise,89,106 the role of BDG for diagnosis IA 

remains unclear, as elevated levels may simply represent fungal translocation of Candida 
components form the gut and not necessarily pulmonary Aspergillus infection with airway 

invasion.

5 | CLINICAL AND R ADIOLOGICAL PRESENTATION OF IA IN THE ICU

5.1 | Clinical presentation

Clinical presentation of IA differs between non-neutropenic and neutropenic patients. 

These differences are explained by different immunological mechanism. In murine models 

of IA, immunopathology of non-neutropenic mice on glucocorticoids shows extensive 

inflammation with minimal angio-invasion and low fungal burden, in contrast with extensive 

angio-invasion and necrosis with minimal inflammation in neutropenic mice.18 These 

findings are supported by autopsy studies in humans.107 In non-neutropenic patients with 

more airway-invasive IA, fever is present in around 70% of patients compared to over 95% 

of neutropenic patients. Cough and chest pain are also less frequent among non-neutropenic 

patients (28% and 11%, respectively, versus 67% and 33% in neutropenic patients).8 

Interestingly, despite angio-invasion occurring more frequently in neutropenic patients, 

hemoptysis may not occur more frequently in neutropenic compared to non-neutropenic 

patients.8 Clinical findings of IA (ie fever, shortness of breath, cough) strongly overlap with 

those observed in severe influenza and COVID-19.14 IA of the paranasal sinuses that may 

progress rapidly to cause CNS IA is seen rarely in non-neutropenic patients, except those 

with profound immuno-suppression or uncontrolled diabetes.

5.2 | Imaging findings

Radiological findings of IA are variable and differ significantly depending on host factors. 

Chest X-ray can rarely differentiate between IA and other aetiologies of disease; therefore, 

early computed tomography (CT) of the chest is the imaging modality of choice to 

diagnose IA. Classically, in neutropenic patients IA presents as pulmonary nodules with 

surrounding ground-glass infiltrates (termed the ‘halo sign’), which reflect angio-invasion 

and haemorrhage into the area surrounding the fungal infection. These nodules may cavitate 

and produce the ‘air-crescent sign’. These two typical signs of neutropenic IA on imaging 

are rarely observed in non-neutropenic patients,8,27 with other typical radiological signs of 

IPA such as solitary nodules near the pleura only occurring in about 30% of non-neutropenic 

patients, where unspecific infiltrates and consolidations are the most frequently observed 

finding.24,27 Radiological findings of IA such as unspecific infiltrates and halo sign may also 

overlap with those of severe COVID-19.14,15
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6 | CONCLUSION

IA affecting critically ill patients in the ICU is an increasingly recognised phenomenon, 

particularly in patients receiving systemic corticosteroids, with underlying respiratory or 

cardiovascular disease, as well as in patients with severe influenza and severe COVID-19 

infection. The diagnosis of IA can be challenging given the lack of consensus on how to 

define IA in this population, the non-specific symptoms of IA in critically ill patients, and 

the non-specific signs of IA on imaging. Furthermore, diagnostic assays such as PCR and 

GM— particularly from blood—suffer from low sensitivity, and bronchoscopy and biopsy 

are often difficulty in these patients as they are often too clinically unstable to perform these 

procedures.

Studies evaluating the LFA and LFD POC tests have shown good sensitivity and specificity 

from BALF, and these may be good options in settings where GM is unavailable or 

long turnaround times may make GM less useful. Further evaluation of these tests from 

blood is needed in the critically ill population. Non-CT-based imaging modalities such 

as antibody-guided PET/MR imaging (immunoPET/MRI) have shown promise in murine 

models but need further investigation, particularly in immunocompetent patients in the ICU. 

Lastly, further consensus on how best to define IA in the ICU, including in patients with 

breakthrough invasive fungal infections, is important so clear definitions are being used 

across different settings.
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