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Abstract
Purpose of Review Invasive aspergillosis is a frequent opportunistic infection in the intensive care unit. Diagnostic strategies
within this setting are not well-defined.
Recent Findings In the absence of histopathological proof, estimation of likelihood of disease is required, based on a combination
of host factors with clinical, microbiological and radiologic findings. Importantly, the at-risk critically ill population has expanded
beyond the classical immunosuppressed patients. Clinical features are non-specific, yet overt organ failure is associated with an
increased risk and should raise the suspicion of invasive fungal disease. Validation of serological and molecular diagnostics is
complicated by the lack of universal definitions in critically ill patients.
Summary Improved awareness of novel risk groups can promote early diagnosis. Development of novel, host immune response
driven biomarkers and universal definitions of invasive fungal disease in intensive care units is urgently needed.
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Introduction

Invasive aspergillosis (IA) is a life-threatening infection
caused by the ubiquitous fungus Aspergillus, which typically
occurs in immunocompromised patients. After inhalation of
spores (conidia), the fungus can disseminate hematogenously
from the respiratory tract (as the entry point) towards different
organs. Classic host factors defined by the European

Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National
Institute of Allergy and Infectious Diseases Mycoses Study
Group (EORTC/MSG) include stem cell and solid organ
transplantation, prolonged neutropenia and use of corticoste-
roid or other immunosuppressive therapy [1, 2••]. In the last
two decades, however, IA has been recognized as an emerging
disease in intensive care unit (ICU) patients without these
classic host factors [3–6]. Diagnosing IA in these critically
ill patients remains challenging, for a multitude of reasons
(Table 1). First, gold standard diagnosis of Aspergillus disease
relies on culture from a normally sterile site or pathologic
evidence of fungal hyphal growth within inflamed or necrotic
tissue. To obtain this requires an invasive procedure that is
rarely employed in critically ill patients due to coagulation
abnormalities or respiratory instability (in case of lung biopsy)
[1, 4]. Second and similar to other immunocompromised pa-
tients, clinical and radiological signs of fungal disease are non-
specific in an ICU population. Third, data on the diagnostic
performance and validity of laboratory tests within the ICU
setting are limited by differences in study protocols for the
evaluation of diagnostic tests and the reference standard
employed in such studies. Although the EORTC/MSG con-
sensus group has developed a reference standard for research
purposes, many ICU patients fall outside the scope of these
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definitions due to the lack of a proper host factor [7–11].
Moreover, highly sensitive and specific diagnostic tests with
rapid turnaround time are limited. Finally, the heterogeneity of
the ICU population with respect to comorbidities and techni-
cal support measures required further increases the diagnostic
challenge [1, 6, 9, 12]. A difficult/problematic diagnosis of IA
impairs patient care by increasing the risk of missed diagnosis
and late initiation of appropriate antifungal therapy, resulting
in an associated highmortality rate. Indeed, IA still ranks as an
important missed diagnosis in the ICU, based on a recent
autopsy study [13•]. On the other hand, broad-spectrum em-
pirical therapy without clear diagnosis leads to over-treatment
with the associated risk of increased side-effects and costs, and
the emergence of azole resistance.

In this review, we focus on recent work that has been pub-
lished regarding clinical risk factors, laboratory and imaging
modalities in the ICU setting and highlight gaps in the current
literature that require urgent attention.

Clinical Disease Spectrum and Risk Factors

IA typical ly manifes ts as pulmonary disease or
tracheobronchitis in critically ill patients. Fever, dyspnoea,
cough, pleural rub and worsening respiratory function are part
of the AspICU algorithm for diagnosing IA, yet these clinical
signs/symptoms are neither sensitive nor specific [4, 9, 14,
15]. Disease severity, as expressed by APACHE II or
Sequential Organ Failure Assessment (SOFA) score, and need
for organ support (renal replacement therapy, mechanical

ventilation or extra-corporeal membrane oxygenation
(ECMO)), are associated with an increased risk of IA [4, 5,
9, 16••, 17••].

Well-established risk factors for IA include neutropenia, hae-
matological malignancies, allogeneic stem cell transplantation,
solid organ transplantation, solid organ cancer and AIDS [18].
However, epidemiological studies in ICU have identified addi-
tional risk categories for IA, such as chronic obstructive pulmo-
nary disease (COPD GOLD III or IV), Child C liver cirrhosis,
renal dysfunction, malnutrition and diabetes mellitus [6, 19–23].
Adjunct use of corticosteroid therapy forms a major risk factor,
even at lower doses than stated in the EORTC definitions or
when used for a more limited period of time [7]. In a recent
autopsy series of ICU patients with IA, 56% received systemic
steroid therapy prior to or during their ICU stay [13•].
Additionally, recent work argues for the inclusion of severe in-
fluenza infection in the ever-expanding list of risk factors [24,
25]. Thoughmany critically ill influenza patients received steroid
therapy, the viral infection itself has been identified as an inde-
pendent risk factor for pulmonary IA in a retrospective cohort
study [26•]. Whether this predisposition to IA is specific to in-
fluenza or can be found with other respiratory viral infections in
ICU patients is currently not clear. Lastly, novel immunomodu-
lators are increasingly used for treatment of cancer and autoim-
mune diseases. Many opportunistic infections have been associ-
ated with these therapies, both directly- or indirectly-linked by
need for steroid treatment of side-effects [27–29]. In brief, a
broad range of factors can predispose critically ill patients to
the development of IA. Absence of well-known underlying con-
ditions associated with IA should thus not rule-out IA. High

Table 1 Challenges in
diagnosing IA in an ICU setting Diagnostic criteria Challenges in an ICU setting

Host factors Heterogeneity of ICU population

Ever-evolving list of risk factors for IA
Clinical disease

expression
Non-specific disease manifestations

Need for organ support is universal in ICU
Microbiological testing Limited data on diagnostic performances within ICU population

Need for invasive sampling

Risk of bleeding (coagulation abnormalities)

Risk of worsening respiratory failure (post-procedure

hypoxemia/pneumothorax)

Difficult differentiation between colonization and invasive disease (culture, BALGM, PCR)

Long turnaround time for the results of diagnostic tests
Imaging results Non-specific findings on chest X-ray

Logistical difficulties of performing CT or MRI in unstable patients

Large differential diagnosis of ARDS-associated findings on CT thorax

ARDS: acute respiratory distress syndrome; BAL: bronchoalveolar lavage; CT: computed tomography; GM:
Galactomannan; IA: invasive aspergillosis; ICU: intensive care unit; MRI: magnetic resonance imaging; PCR:
polymerase chain reaction.
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diagnostic awareness for IA is thus warranted in critically ill
patients, especially in tertiary care settings that manage a high
number of immunocompromised patients.

Microbiological Diagnosis

Awide panel of direct and biomarker tests can be performed.
Procurement of appropriate clinical samples is needed (e.g.
bronchoalveolar lavage (BAL) fluid in case of suspicion of
pulmonary aspergillosis, cerebrospinal fluid (CSF) if suspi-
cion of cerebral aspergillosis). Although the risks of invasive
procedures in a patient population characterized by coagulop-
athy, hypoxemia and high levels of organ support needs to be
evaluated against the diagnostic merits on a case-by-case ba-
sis, performing bronchoscopy for BAL is generally safe in
critically ill patients. In a study of 100 mechanically ventilated
patients (APACHE II of 22, fiO2 up to 90%) only 2% of
patients needed increased PEEP and fiO2 due to hypoxemia
after bronchoscopy with an average amount of lavage fluid
instilled of 188 ml [30]. Reducing the volume of fluid instilled
to about 50 ml will probably reduce complication rate even
more. All tests are corroborated by a bulk of evidence in high-
risk, haematological patient groups, yet data on ICU patients
are scarce. Providing a complete overview of the diagnostic
performances of fungal assays in critically ill patients is thus
complicated, a fact that is made worse by the heterogeneity of
study populations and definitions of IA used as reference stan-
dard. Moreover, most studies focus on pulmonary IA with
limited reports on other forms of IA. Given these limitations,
a brief outline of different microbiological assays for diagno-
sis of IA in critically ill patients is given.

A positive fungal culture allows for species identification
and antifungal susceptibility testing, yet its use as a diagnostic
tool is hampered by low yield (sensitivity of 30–50%), re-
quired turnaround time and difficulty of differentiation be-
tween colonization and invasive fungal disease (IFD) [6, 8,
31–33]. Since COPD patients are frequently colonized with
Aspergillus, diagnosing invasive disease is particularly chal-
lenging in this patient group [7, 34]. Use of appropriate (i.e.
lower respiratory tract) sampling and interpretation within the
individual patient context, as addressed by the AspICU clini-
cal algorithm, can circumvent the latter limitation [9].

The most extensively used biomarker test for IA is the
detection of galactomannan (GM), a polysaccharide compo-
nent of the Aspergillus cell wall which is released during
growth of the fungus. The test is validated for use in serum
and BAL samples, and has been moderately evaluated for
detection of cerebral aspergillosis based on CSF analysis
[35]. Although GM detection with an optical index (OD) of
0.5 in serum is associated with very good sensitivity in neu-
tropenic patients, diagnostic validity is markedly reduced in
critically ill patients. This is explained by the ability of circu-
lating neutrophils to clear the antigen and type of disease

(airway-invasive versus angio-invasive in neutropenic set-
ting). Based on a vast amount of additional evidence, the
novel EORTC guidelines have increased the OD threshold
of a positive GM detection in serum to 1.0 for IA diagnosis
[2, 36]. Despite its limitations, GM evaluation in serum re-
mains valuable, especially since it does not require invasive
sampling and can be used to evaluate therapeutic responses in
any positive case [37]. GM detection of BAL fluid is another
valuable test for early diagnosis of IA in ICU patients, with
higher sensitivity (up to 100%) compared to serum analysis.
Cut-off values of 1.0 for a single measurement on BAL sam-
ple and 0.8 for BAL sample if in conjunction with a serum
GM index of at least 0.7 have recently been proposed [11, 32,
33, 38–41]. False-positivity of GM detection in serum and
BAL has been linked to different causes [38, 42, 43].
Recently, Candida in the respiratory tract was associated with
GM positivity in 29% of tested BAL fluids, using a cut-off of
0.5. However, by using a cut-off of > 1.0, this association
disappeared, providing further argument for the use of a cut-
off of 1.0 [44]. Repeated analysis of the same sample (to detect
false-positivity by technical issues) and simultaneous evalua-
tion of serum and BAL can reduce the number of false-
positive results. Very recently, the American Thoracic
Society (ATS) has published their new guidelines on microbi-
ological testing in the diagnosis of fungal infections in critical
care, however, the majority of evidence regarding IA
reviewed included immunosuppressed patients, limiting the
applicability of the recommendations to this patient setting
[45•].

1,3-β-D-glucan (BDG) is an abundant fungal cell wall
component of most pathogenic fungi, except for Mucorales
spp. and Cryptococcus spp. During invasive fungal disease, it
can be detected in serum with one of several commercially
available tests. Only limited data on the overall performance
of the BDG assay in serum is available in a population of
critically ill patients, but it shows a relatively good sensitivity
and a broad-ranged specificity for the diagnosis of IA [41,
46–49]. BDG testing in BAL fluid is not recommended due
to poor specificity, which can be explained by Candida colo-
nization of the respiratory tract [31, 47•, 50, 51]. Moreover, in
the ICU setting, many confounders leading to false positive
BDG results can be found, such as haemodialysis with cellu-
lose membranes, exposure to wound gauze, administration of
intravenous albumin, immunoglobulins or antibiotic therapy
and presence of bacteraemia [52, 53]. As a result, the useful-
ness of the BDG analysis as a diagnostic test for IA in the ICU
mainly relies on its negative predictive value to exclude inva-
sive fungal disease.

Aspergillus nucleic acid detection by PCR can be per-
formed on serum, BAL samples and CSF samples [10, 33,
54, 55]. Advantages include high specificity and the capacity
to detect mutations associated with antifungal resistance.
Methods for optimization and standardization of Aspergillus
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PCRs have been published by the European Aspergillus PCR
initiative (EAPCRI), which paved the way for inclusion of
PCR in the updated EORTC/MSG diagnostic definitions
[56, 57]. Current data in non-neutropenic, critically ill patients
suggest a moderate benefit of PCR analysis, specifically in
BAL samples, in combination with other biomarkers such as
GM in the diagnostic evaluation of IA. Difficulties in differ-
entiation between colonization and IFD remain a limitation
[47•, 58–60].

Two lateral flow assays are currently CE-marked and com-
mercialized for diagnosing IA on BAL samples. The technolo-
gy is particularly attractive because of its potential of ease of use
and short turnaround time, making it suitable as a point-of-care
test within the ICU. The first assay, the lateral flow device
(LFD) by OLM Diagnostics (Newcastle Upon Tyne, United
Kingdom), detects an extracellular glycoprotein released by
Aspergillus during active growth via a mouse monoclonal an-
tibody (JF5) [61]. Both the prototype of this assay as well as the
current, newly formatted, LFD were evaluated mainly in im-
munocompromised patients, though some data on ICU patients
exist [31, 50, 62, 63]. The second CE-marked device, a lateral
flow assay (LFA) commercialized by IMMY (Norman, OK,
USA) is based on detection of GM. In a retrospective analysis
of haematology patients, the two assays have shown compara-
ble specificity for detection of proven and probable IA, yet the
LFD showed lower sensitivity [64•]. Data on ICU patients are
scarce, yet might indicate a similar problem of sensitivity [63,
65]. Another possible limitation for use as a point-of-care diag-
nostic test in ICU setting is the need for a pre-treatment in case
of viscous or haemorrhagic sampling. Further evaluation of test
performances and ease of use of lateral flow technology in
critically ill patients is warranted.

In conclusion, diagnosis of IA in the ICU is currently not
possible based on a single microbiological test. An optimal
diagnostic strategy consists of simultaneous execution of sev-
eral mycological tests and evaluation of test results in combi-
nation with clinical and radiological assessment [17••].
Indeed, combining multiple fungal readouts has been shown
to improve diagnostic performance in critically ill patients
[47•]. A multidisciplinary evaluation of microbiological test
results along with host factors and imaging results can further
improve diagnosis by providing a weighted estimate of like-
lihood of disease. Repeated positive testing can enhance diag-
nostic certainty as well, yet the benefit of this strategy should
be evaluated against the risks associated with a time delay in
initiation of antifungal therapy whereas repeated testing after
therapy initiation may yield negative results [36]. Finally,
there is a clear need for new, highly sensitive, diagnostic tests
on non-invasively obtained clinical samples with rapid turn-
around time for IA detection.Most importantly, differentiation
of colonization and invasive disease remains a limitation for
all currently available tests. Novel biomarkers, evaluating host
immune response, might aid in this evaluation. In a cohort of

lung transplant recipients, detection of the pro-inflammatory
marker pentraxin 3 in conjunction with GM or fungal culture
on BAL has been shown to increase the likelihood of IPA [66,
67]. Additionally cytokine studies, performed predominantly
in high-risk cohorts of patients, have shown significant asso-
ciations between IA and IL-6 and IL-8 elevations in serum and
BAL fluid [68, 69]. Combination of cytokine analyses with
fungal biomarker testing improved diagnostic performance of
IA in a single-center cohort study of adult patients with hae-
matological malignancy and suspected pulmonary infection
[70]. Moreover, studies indicate diagnostic value of mould-
reactive T cell evaluation from peripheral blood in high-risk
populations [71, 72]. Further evaluation of these immunolog-
ical test approaches in different patient populations is warrant-
ed, yet combined analysis of fungal biomarkers and host im-
munological signals is likely to help unravel the current diag-
nostic puzzle [73•].

Radiological Diagnosis

Imaging findings of IA on lung CT can vary between the most
typical signs, such as halo sign and air crescent sign, which are
rarely encountered in non-neutropenic critically ill patients [4,
19, 74, 75], to non-specific abnormalities such as ground-glass
opacity, multiple nodules along broncho-vascular bundles or
located subpleurally [76]. The overlap of non-specific radiolog-
ical findings in ICU patients with ARDS is large, further com-
plicating diagnosis. Moreover, in cases of tracheobronchial as-
pergillosis, radiological manifestations can be subtle or even
absent, although bronchoscopy can show typical macroscopic
images (ulceration, nodule, pseudomembrane, plaque or es-
char) [77]. Recently, antibody-guided immunoPET/MR based
on mAb mJF5 has shown promising results in small animal
models and is fundamentally translatable to human IA diagno-
sis in the near future, since the same antibody has already been
validated for diagnostic LFD tests on BAL fluids [78].
Importantly, performing these imaging procedures in unstable
critically ill patients may not be feasible. Despite these limita-
tions, imaging can aid in diagnosis and prognostic evaluation of
non-neutropenic patients. In a retrospective evaluation of 61
critically ill COPD patients, a larger size of lung consolidation
implicated poor prognosis of IA [76]. Airway-invasive disease
manifestations were associated with higher mortality in non-
neutropenic heart transplant patients with IA [79] and recently,
the vessel occlusion sign (VOS) on contrast-enhanced pulmo-
nary angiography (CTPA) has shown promising results in non-
haematological immunocompromised patients with a sensitivi-
ty of 73% and a specificity of 93% for IA [80].

Diagnostic Approaches in Critically Ill Patients

In the absence of histopathological proof, diagnosis of IA in
critically ill patients requires a high-level of suspicion, based
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on judgement of clinical presentation and risk factors (both the
classical host factors and recently identified risk factors) com-
bined with work-up including imaging and procurement of
relevant clinical samples for culture and biomarker testing.
The need for combining clinical, host and mycological factors
is generally accepted, yet standardization of diagnostic criteria
in ICU is currently absent [1, 7, 9, 11, 31, 39, 58, 62]. This
leads to difficulties in interpretation of test results and bedside
diagnosis. We therefore recommend a multidisciplinary pa-
tient evaluation by ICU, infectious diseases, microbiology
and radiology physicians to diagnose fungal infections in crit-
ically ill patients. However, logistical issues of availability of
laboratory tests or inability to perform invasive procedures or
to transport unstable patients to radiology departments should
not delay empirical treatment in patients with high likelihood
of IA. Blot et al. provided a nice overview of the different
pillars of IA diagnosis and associated arbitrary likelihood ratio
[17••]. Finally, as the validity of the 2008 EORTC/MSG as
well as the recently published 2019 EORTC/MSG definitions
for diagnosing IA in critically ill patients have been
questioned, new collaborative initiatives have been taken to
develop a standard set of definitions for IA in a general ICU
population (FUNDICU study group) and in ICU patients with
severe influenza (IAPA study group) [81••]. Publications can
be expected soon.

Conclusions

The diagnosis of IA in critically ill patients remains a major
challenge, with a diversity of clinical and radiological findings
and an increasing spectrum of patients at risk. Besides gold
standard histopathological proof of disease, no single test pro-
vides sufficient sensitivity and specificity. Estimation of like-
lihood of disease is required, based on a combination of clin-
ical, mycological and imaging findings (sometimes requiring
repetition). Novel diagnostic tests, evaluating host immune
responses, and development of universal definitions of inva-
sive fungal disease for intensive care setting will bring the
field a major step forward [81••].
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