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Aspergillus spp. is involved in a wide range of diseases of the
lower respiratory tract (LRT), from colonization to invasive
infection. Most of these diseases involve either excessive
(e.g., allergy) or insufficient (e.g., invasive pulmonary asper-
gillosis [IPA]) immune response.

IPA is the diseasewith the poorest prognosis, achieving up
to 50% mortality.1 Known risk factors for IPA include several
immune-suppression conditions such as prolonged neutro-
penia, T cell defects, hematological malignancies with or
without stem cell transplantation, acquired immunodefi-
ciency syndrome (AIDS), chronic granulomatous disease,
solid organ transplantation, and prolonged high-dose steroid
therapy.2–4 However, IPA is also increasingly reported in
nonimmunocompromised patients. Although the case pub-
lished by Blum and colleagues in 1978 appeared anecdotal,
case reports and case series of IPA are increasing in this
setting, especially in critically ill patients.5–10

Herein, we aimed to review evidence for IPA in non-
immunocompromised patients, its diagnostic challenge, as
well as its prognosis.

Epidemiology

Aspergillosis is ubiquitous. As such, Aspergillus studies have
suggested that 5 to 7% of IPA cases occurred in critically ill
nonimmunocompromised hosts.11,12 Two kind of studies can
be found in the literature: point prevalence studies address-
ing how often nonneutropenic intensive care unit (ICU)
patients have positive respiratory samples to Aspergillus,
and those addressing the causes of infiltrates from undeter-
mined etiology in nonneutropenic ICU patients. Positive
respiratory samples to Aspergillus spp. have been reported
in approximately 1% of ICU patients receiving mechanical
ventilation formore than 2 days; this proportion increases to
2% if patients on long-term steroids are not excluded.13,14 In
the EPIC international prevalence study, Vincent et al15

reported 1.4% of ICU patients with positive samples with
Aspergillus spp. infection (vs. 17% of Candida infections).
Invasive aspergillosis affects up to 0.2 to 0.35% of ICU
patients.14,16 In critically ill patients receiving mechanical
ventilation, both colonization and invasive disease remain
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Abstract Invasive pulmonary aspergillosis (IPA) is a fungal infection that is the hallmark of severe
cellular or complex immune alterations. Evidence that IPA can occur in nonimmuno-
compromised hosts is increasing. Actually, up to 1% of general intensive care unit (ICU)
patients present positive samples with Aspergillus spp. Both colonization and invasive
disease are associated with poor outcome. Unexpected IPA has also been reported in
approximately 1% of critically ill patients who underwent postmortem biopsies. In
nonimmunocompromised patients with acute respiratory distress syndrome (ARDS),
IPA prevalence can reach up to 15% of patients in both clinical and autopsy studies.
Factors associated with IPA in nonimmunocompromised critically ill hosts include short
and long courses of steroids, broad antibiotic therapy, chronic obstructive pulmonary
disease, ARDS, liver failure, and the severity of organ dysfunctions.
This review aims to appraise the prevalence of IPA in nonimmunocompromised hosts,
address diagnostic challenges, and outcomes.
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associated with high mortality (50 and 80%, respective-
ly).13,16,17 Incidence of pathology-documented IPA may be
increasing over time from 0.13% up to 0.56%.16 Whether this
increase is related to better knowledge of the disease and
improved diagnostic strategies, or to additional opportuni-
ties for the mold to become invasive is not established.
Autopsy studies suggest that IPA incidence in ICU patients
may be underestimated, being at approximately 1 to 3.5%
overall,18–20 but reaching 12.5% in patients affected by acute
respiratory distress syndrome (ARDS).21

Pathophysiology

Pathophysiology of invasive aspergillosis in reputed immune
competent patients remains controversial. On one hand, ICU
incidence of IPA could be ascribable to post-aggressive im-
mune system disturbances that have been reported in sepsis
survivors.22 Indeed, reduced tumor necrosis factor (TNF)-α,
interferon (IFN)-γ, interleukin (IL)-6, IL-10 secretion by sple-
nocytes, increased secretion of receptor inhibitors and sup-
pressive cells, CD4þ, CD8þ, HLA-DRþ cell and dendritic cell
spleendepletion,monocyte deactivation, and reduced expres-
sionof ligand for receptor on epithelial alveolar cells havebeen
reported and pathophysiological mechanisms have been sug-
gested.23–26On theotherhand, critically ill patientswith acute
illnesshaveneverbeenevaluated for their immunestatusprior
to ICU admission, leaving them with at least, if not more, the
same probability of inherited immune deficiency or smolder-
ing hematological malignancies and other sources of acquired
immunodeficiency than the general population.27–29

Colonization or Infection?

The distinction between Aspergillus colonization and invasive
pulmonary diseasemay be challenging in patients with previ-
ous pulmonary infiltrates, overload and critical care illness.
Isolation ofAspergillus spp. in sputa or tracheal aspirationmay
occur once everymonth in a general ICU. Similarly, microbio-
logically undocumented health care-associated pneumonia
occurs increasingly. By strictly applying the 2008 European
Organization for Research and Treatment of Cancer Mycosis
StudyGroup(EORTC/MSG)criteria for thediagnosisof invasive
aspergillosis,30 not only the underlying host factor may be
lacking but also proven IPA might mostly be a postmortem
finding unless patients are managed at centers where lung
biopsy is easily made. Moreover, positive samples to Aspergil-
lus spp. cannot be considered as a simplistic therapeutic target
as half these patients are only colonized and should not be
treated, whereas other patients might have true IPA requiring
antifungal therapy with no more delay. Therefore, as clinical
criteria are unspecific and mycological criteria insensitive,
alternate classifications dedicated to specific populations
such as chronic obstructive pulmonary disease (COPD) or
ICU patients have been suggested (►Table 1).31,32

In the ICU setting, Blot et al suggested the use of alternate
criteria.32 Hence, if proven IPA follow the same diagnostic
criteria than those established by the EORTC/MSG experts,
possible and probable IPA have been replaced. For instance,

they introduced the concept of putative IPA, associating both
positive LRT sample for Aspergillus spp., compatible signs or
symptoms, abnormal imaging and either host-related risk
factors or bronchoalveolar lavage (BAL) positive culture. If at
least one of these criteria is lacking, colonization is conclud-
ed. Along the same line, Bulpa et al proposed an algorithm to
diagnose putative IPA in COPD patients,31 including those
who become critically ill.33

As a matter of fact, isolation of Aspergillus spp. in respira-
tory samples from immune-competent hosts raises the
question of its relevance, especially regarding the very low
IPA incidence in this setting. It should be however noted that
Aspergillus spp. colonization still carries prognostic informa-
tion and remains a risk factor for developing IPA.34 Mortality
rates of patients with Aspergillus colonization and IPA are 40
and 70%, respectively.17

In thesettingof nonneutropenic nonimmunocompromised
ICU patients, risk factors for positive Aspergillus spp. samples
include age, ARDS, steroids, bacterial infection, COPD, and
organ failures.13,35 Though, not all the colonized patients
experience IPA. Those with steroids or antibiotic treatment,
COPD (notably GOLD IV), or with highest organ failure scores
exhibit a higher risk of developing IPA.12,36,37 Supposedly
immune-competent patients with malnutrition, diabetes, or
underlying pulmonary disease exhibit up to a 27% risk for
developing IPA.34However, asmentioned below, severe septic
shock and ARDS survivors, most notably after influenza infec-
tion, COPD patients exposed to long-term steroids as well as
patients with acute liver failure are to be screened very
carefully for their probability to develop IPA.

Clinical Picture: Which Patients?

Although without known underlying immune deficit, ICU
patients experiencing IPA share several characteristics, such
as diabetes, cirrhosis, or COPD (►Figs. 1 and 2). These patients
exhibit a different clinical picture from neutropenic patients,
being less symptomatic andmore co-infectedwith bacteria.38

Regarding the risk factors associated with IPA, several clinical
pictures of patients at risk for IPA can be isolated.

Steroids
High-dose and/or long-term steroid exposure is a known risk
factor of invasive fungal infection, notably in an immuno-
suppressive context such as organ transplant or rheumatic
diseases.39 However, short exposure to steroids also impairs
monocyte/macrophage antifungal activity40–42 and directly
enhances Aspergillus spp. growth,43 thereby favoring inva-
sive infection. Hence, case reports/series of patients
experiencing IPA under steroid treatment abound, with or
without other contributing conditions such as cirrhosis44 or
lung disease.11,45–48 Agustí et al49 reported that approxi-
mately 30% of the patients with pulmonary infiltrates under
long-term steroid therapy exhibited IPA. Noteworthy, up to
80% of the COPD patients with IPA receive underlying steroid
therapy.50 Moreover, short-term steroids sometimes used in
COPD exacerbations are associated with an odds ratio (OR)
for developing an IPA of 4.56 (95% confidence interval
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Table 1 Adapted and modified diagnostic criteria according to EORTC/MSG

A. EORTC/MSG, De Pauw et al (2008)30: immunocompromised hosts

Proven

Microscopic analysis on sterile material: histopathologic, cytopathologic, or direct microscopic examination of a specimen
obtained by needle aspiration or sterile biopsy in which hyphae are seen accompanied by evidence of associated tissue damage.
Culture on sterile material: recovery of Aspergillus by culture of a specimen obtained by lung biopsy

Probable (all three criteria)

1. Host factors (one of the following): recent history of neutropenia (<500 neutrophils/mm3) for 110 days, receipt of an
allogeneic stem cell transplant, prolonged use of corticosteroids at a mean minimum dose of 0.3 mg/kg/d of prednisone
equivalent for >3 wk, treatment with other recognized T cell immunosuppressants, inherited severe immunodeficiency.

2. Clinical features (one of the following three signs on CT): dense, well-circumscribed lesion(s) with or without a halo sign,
air-crescent sign, cavity.

3. Mycological criteria (one of the following): direct test (cytology, direct microscopy, or culture) on sputum, BAL fluid, bronchial
brush indicating presence of fungal elements or culture recovery Aspergillus spp., indirect tests (detection of antigen or
cell-wall constituents): galactomannan antigen detected in plasma, serum, or BAL fluid.

Possible

Presence of host factors and clinical features (cf. probable) but in the absence of negative mycological findings.

B. Blot et al (2012)32: ICU patients

Proven

Idem EORTC/MSG

Putative (all four criteria)

1. Aspergillus-positive lower respiratory tract specimen culture (entry criterion).
2. Compatible signs and symptoms (one of the following): fever refractory to at least 3 days of appropriate antibiotic therapy,

recrudescent fever after a period of defervescence of at least 48 hours while still on antibiotics and without other apparent
cause, pleuritic chest pain, pleuritic rub, dyspnea, hemoptysis, worsening respiratory insufficiency in spite of appropriate
antibiotic therapy and ventilatory support.

3. Abnormal medical imaging by portable chest X-ray or CT scan of the lungs
4. Either a or b:

a. Host risk factors (one of the following conditions): neutropenia (absolute neutrophil count< 500 mm3) preceding or at the
time of ICU admission, underlying hematological or oncological malignancy treated with cytotoxic agents,
glucocorticoid treatment (prednisone equivalent, >20 mg/d), congenital or acquired immunodeficiency.

b. Semi-quantitative Aspergillus-positive culture of BAL fluid (þ or þþ), without bacterial growth together with a positive
cytological smear showing branching hyphae.

Colonization

When >1 criterion necessary for a diagnosis of putative IPA is not met, the case is classified as Aspergillus colonization.

C. Bulpa et al (2007)31: COPD patients

Probable (one of the two criteria)

1. As for proven IPA but without confirmation that Aspergillus is responsible.2. COPD patient, usually treated with steroids and
severe according to GOLD (stage III or IV), with recent exacerbation of dyspnea, suggestive chest imaging (radiograph or CT
scan <3 months) and one of the following:
•Positive culture and/or microscopy for Aspergillus from lower respiratory tract (LRT).
•Positive serum antibody test for A. fumigatus (including precipitins).
•Two consecutive positive serum galactomannan tests.

Possible

COPD patient, usually treated by steroids and severe according to GOLD (stage III or IV), with recent exacerbation of dyspnea,
suggestive chest imaging (radiograph or CT scan; 3 months plus), but without positive Aspergillus culture or microscopy from
LRT or serology.

Colonization

COPD patient with positive Aspergillus culture from LRT without exacerbation of dyspnea, bronchospasm, or new pulmonary
infiltrate.

Abbreviations: BAL: bronchoalveolar lavage; COPD: chronic obstructive pulmonary disease; CT, computed tomography; EORTC/MSG; European
Organization for Research and Treatment of Cancer Mycosis Study Group; ICU: intensive care unit; IPA, invasive pulmonary aspergillosis.
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[CI]: 2.022–10.324).51 Furthermore, chronic lung disease
patients with IPA are more often treated with steroids
than immunocompromised patients,52 questioning their
“immune competent” status. In COPD patients, antibiotic
or steroid treatment is a risk factor for putative IPA, which is
associated with mortality before organ failures (OR: 7.44).36

Pulmonary Diseases
Among nonimmunocompromised patients, those with pul-
monary disease exhibit propensity to develop aspergillosis,
as suggested by several publications reporting cases of IPA
complicating COPD, asthma, or near drowning.8,9,31 Among
colonized patients, severe COPD seems to be a major risk
factor for IPA in immune-competent patients.37,51

In the specific setting of ARDS, Aspergillus spp. in the LRT
affects up to 8.3% of patients, without association with
outcome.53 However, in this cohort IPA affected 4% of the
patients and was associated with high mortality (OR: 9.58;
95% CI: 1.97–56.52). Regarding postmortem studies, autopsy
findings consistent with IPA are found in up to 12.5% of ARDS
patients.21 Finally, in the sickest ARDS patients undergoing
extracorporeal membrane oxygenation (ECMO), 8 to 14% of
patients are found with colonization and 2.5 to 8% are
reported with IPA.54,55 Expectedly, IPA case fatality in this
setting is 70%.56

Beside chronic lung disease, with or without steroids, acute
pulmonary illnesses like influenza infection predispose to IPA,
as suggested in several case series.57–59 A recent multicenter
study cited an IPA incidence of 14% in immune-competent
patients admitted for severe influenza as comparedwith 5% in
those admitted for severe community-acquired pneumonia
without influenza.60 Once again, in this population use of
steroids is a risk factor for developing IPA.61

Liver Failure
Critically ill patients experiencing liver failure are also at risk
for aspergillosis, as shownbyZhanget al62withan incidenceof
5% of IPA in this setting. Steroids, antibiotics, and hepatorenal
syndromeare frequent under this condition and each one is an
independent risk factor for IPA in this population.

Which Diagnostic Tools in
Immune-Competent Patients?

If the gold standard to diagnose IPA remains histopathology,
several surrogate markers of invasive fungal infection have
shown their utility and are included in diagnostic classifica-
tions presented above. However, the diagnostic yield of such
techniques remains unclear in nonneutropenic patients.
Current evidence is shown in ►Table 2.

Table 2 Diagnostic yield of biomarkers in serum and BAL for probable or proven invasive aspergillosis

Mixed population Neutropenic patients Nonneutropenic patients References

Serum GM Meersseman et al (2008),65

Acosta et al (2011),63

He et al (2011),64

Rose et al (2014),68

Zhou et al (2017)66

Se 31–77% – 38–72%

NPV 77–97% – 73–88%

AUC 0.76–0.84 – 0.66–85

Serum BDG Acosta et al (2011)63

Se – – 80%

NPV – – 94%

AUC – – 0.81

BAL GM Meersseman et al (2008),65

Acosta et al (2011),63

Torelli et al (2011),67

Rose et al (2014),68

Eigl et al (2017),69

Zhou et al (2017)66

Se 37–94% – 76–80

NPV 77–99% – 88–95%

AUC 0.90 – 0.82–0.98

BAL BDG Rose et al (2014)68

Se 71% – –

NPV – – –

AUC – – –

BAL PCR Torelli et al (2011),67

Se 61–94% 30–45% 48–75% Eigl et al (2017),69

NPV 80–99% – – Guegan et al (2018)71

AUC – – –

Abbreviations: AUC, area under the curve; BAL, bronchoalveolar lavage; BDG, 1! 3 β-D-glucan; GM, galactomannan antigen; NPV, negative
predictive value; PCR, polymerase chain reaction; SE, standard error.
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Fig. 1 A 51-year-old patient with no previous medical history admitted to the ICU for ARDS related to severe influenza pneumonia superinfected with
Staphylococcus aureus. Deterioration at day 9 was ascribed to invasive pulmonary aspergillosis. (A) Chest X-ray showing right upper lobe opacity
consistent with the initial Staphylococcuspneumonia (asterisk), and newly appeared cavities (arrowhead) andmultiple consolidations of the left upper and
lower lobes (arrows). (B–D) Chest CT-scan showing right upper lobe consistent with consolidation (asterisks), and multiple newly appeared excavated
nodules (arrows) and dense nodule with halo sign (arrowhead). ARDS, acute respiratory distress syndrome; ICU, intensive care unit.

Fig. 2 Diagnostic workup when facing invasive aspergillosis in a patient presumed immunocompetent.
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Galactomannan
In nonneutropenic patients the diagnostic yield is less than
in neutropenic ones, due to a higher antigen scavenging. In
this setting, serum galactomannan (GM) achieves a Sensitiv-
ity and negative predictive value (NPV) of 50–58% and
87–88%, respectively.63,64 In nonneutropenic patients, repe-
tition of GM dosing improves Se and NPV from 58 and 87% to
70 and 89%, respectively. Two positive GM tests improve
specificity and positive predictive value from 85 and 55% to
94 and 73%, respectively.64

BAL galactomannan (BGM) exhibits higher sensitivity
than GM. Notably, in neutropenic patients its Se and NPV
are 58–70 and 70–90%, respectively.64–66 In nonneutro-
penic patients, Se and NPV are 25–80 and 85–95%, respec-
tively.63,65,66 Several studies in unselected ICU patients at
risk for developing IPA (COPD, steroids-treated, or hemato-
logical patients) are difficult to interpret because of the
variable proportion of neutropenic patients (►Table 2). In
this population, BGM achieves a diagnostic yield of Se: 34
to 94% and NPV: 77 to 99%.67–69 There was no difference in
clinical presentation or outcomes in patients diagnosed for
IPA with LRT culture or with positive (serum or BAL) GM
only.70

Polymerized Chain Reaction
As shown in►Table 2, molecular biology techniques increase
the diagnosis of aspergillosis with high sensitivity, especially
in patients who did not have antifungal therapy.71 However,
these techniques lack standardization and performance
varies between the different assays.67,71

1! 3 β-D-Glucan
1–3 β-D-Glucan (BDG) has beenwidely studied in patients at
risk for invasive fungal infections. Data that are available in
the nonimmunocompromised population are included in
series involving heterogeneous patient population. Notably,
BAL-BDG exhibits a Se of 71% for the diagnosis of IPA in a
mixed population of neutropenic and nonneutropenic
patients.68 In an ICU population of nonneutropenic patients,
serum BDG reaches a Se of 80%, a NPV of 93%, and an area
under the curve (AUC) of 0.81.63

Conclusion

Aspergillosis occurs in patients without classical host risk
factors such as severe immune suppression. Factors associ-
ated with IPA are short- or long-term steroids, broad
antibiotic therapy, severity of organ failures, chronic or
acute pulmonary underlying disease such as COPD or
influenza infections, but also ARDS and sepsis survivors.
Both colonization and invasive infection are associated
with high mortality. Diagnosis relies on alternate classifi-
cations dedicated to ICU or COPD patients. Prospective
cohorts and post-ICU follow-up studies are needed to
enhance the diagnosis and to improve the understanding
of the pathophysiology of invasive aspergillosis in such
patients.
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