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Background. Critically ill patients who develop invasive pulmonary aspergillosis (IPA) have high mortality rates despite 
antifungal therapy. Diagnosis is difficult in these patients and incidences vary in the literature. Bronchoalveolar lavage (BAL) 
fluid galactomannan (GM) is a helpful marker, although the optimal cutoff is unclear.

Methods. This was a single-center cohort study of patients requiring mechanical ventilation in the medical intensive care unit 
(ICU) from June 2018 to March 2023. Demographics, BAL, and outcome data were extracted from the electronic health record and 
compared between groups of patients who grew Aspergillus from BAL, those who had elevated BAL GM levels (>0.5, >0.8, or >1.0) 
but did not grow Aspergillus, and those with neither.

Results. Of >1700 BALs from 688 patients, only 18 BALs from 15 patients grew Aspergillus. Patients who grew Aspergillus had 
more intubated days (29 vs 11, P = .002) and more ICU days (34 vs 15, P = .002). BAL GM level was higher from samples that grew 
Aspergillus than those that did not (median optical density index: 7.08 vs 0.11, P < .001).

Conclusions. In this large cohort of critically ill patients, we found a low rate of Aspergillus growth and variable BAL GM 
elevation. These data suggest that the pretest probability of IPA should be considered low in a general ICU population 
undergoing BAL evaluation to define the etiology of pneumonia. Elevated BAL GM may not reliably indicate invasive disease, 
but lack of culture positivity may also miss true infection. Improved scoring systems are needed to enhance pretest probability 
for diagnostic test stewardship purposes, and tests must be interpreted in their own clinical contexts.
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Invasive pulmonary aspergillosis (IPA) is a significant cause of 
morbidity and mortality, particularly in immunocompromised 
hosts, such as those with neutropenia and a history of organ 
transplantation [1]. Critically ill patients who present with 
IPA or develop IPA during the course of another lung infection 
have high mortality rates despite antifungal therapy [2].

The classification of true IPA is difficult in patients in the in
tensive care unit (ICU), as the gold standard of biopsy-proven 

infection often cannot be safely performed in these critically ill 

patients. Radiography lacks sufficient sensitivity and specificity, 

and even clinical judgment by expert clinicians can have dis
agreement or unclassifiable results. Until recent years, defini
tions focused primarily on immunocompromised hosts 
outside of the ICU setting. The European Organization for 
Research and Treatment of Cancer/Mycoses Study Group 
(EORTC/MSG) proposed invasive fungal disease definitions 
that were divided into (1) proven: detected by blood culture 
or histology and culture from a normally sterile clinical site; 
(2) probable: having a host factor that puts the patient at risk, 
clinical features of disease, and positive diagnostic tests (includ
ing indirect ones such as antigen testing); and (3) possible: hav
ing a risk factor and clinical feature but lacking mycological 
evidence [3]. However, chest X-rays (CXRs) obtained in the 
ICU are unreliable in detecting subtle nodules, halo signs, 
and cavities classically associated with IPA in non-ICU settings 
[4, 5]. Computed tomography (CT) scans, especially high- 
resolution CT, offer greater sensitivity than CXRs in detecting 
signs of IPA and are the recommended imaging modality of 
choice [6]. However, these are sometimes unable to be obtained 
in critically ill patients due to patient instability. Thus, clearly 
defining and categorizing critically ill patients into traditional 
IPA categories is even more difficult.
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Groups have proposed different algorithms, such as AspICU, 
allowing for broader radiologic criteria in ICU patients, to in
clude any imaging abnormality rather than the traditional im
aging findings of cavity, dense lesions with or without a halo 
sign, and air-crescent signs [7]. They compared this broader 
categorization, which also included clinical symptoms and en
dotracheal aspirates with positive Aspergillus growth, to pathol
ogy obtained from lung biopsy or autopsy as a gold standard. 
This approach confirmed IPA with a moderate area under 
the receiver operating curve of 0.76, compared with only 0.57 
using EORTC/MSG criteria. Newer scores, such as 
BM-Asp-ICU [8], classify cases using slightly modified criteria 
designed to reduce the number of unclassifiable cases.

Critically ill patients with severe viral pneumonia, such as influ
enza or severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), who develop acute IPA often lack traditional 
host risk factors [9]. The reported prevalence of invasive fungal in
fections (IFIs) ranged widely across the literature, with a range of 
2.5%–47% in patients with coronavirus disease 2019 (COVID-19) 
reported in 1 systematic review [10]. A French study of 145 crit
ically ill patients with COVID-19 (with 475 respiratory samples) 
found that only 20 (14%) had traditional risk factors for IFI [11].

Given the difficulty in achieving gold standard criteria for 
“proven” IPA, biomarkers such as measurement of galacto
mannan (GM) have been studied. In addition to fungal culture, 
measurement of GM, a component of Aspergillus cell wall detect
ed during active infection, in bronchoalveolar lavage (BAL) fluid 
or serum is helpful. Different BAL fluid GM optical density index 
(ODI) cutoffs (0.5 [12], 0.8 [13], or 1.0 [14]) have been proposed, 
and the best cutoff in critically ill patients is unknown.

At our center, fungal culture and GM measured in BAL fluid 
are part of our typical diagnostic panel for suspected pneumo
nia in mechanically ventilated patients. In this study, we exam
ined a large cohort of mechanically ventilated patients 
undergoing BAL to evaluate the etiology of suspected pneumo
nia to determine the prevalence of BAL fluid GM positivity and 
Aspergillus growth. We hypothesized that patients who grew 
Aspergillus would have more risk factors, such as immunocom
promised status or severe viral pneumonia, compared with pa
tients who did not, and would experience worse outcomes. 
Given the uncertainty in clearly classifying cases of “true” 
Aspergillus infection due to the challenges in critically ill 
patients as outlined above, we present results at a variety of 
BAL GM cutoffs. Our primary objective was to characterize 
BAL GM and culture results in ICU patients requiring mechan
ical ventilation; secondary objectives include assessing these 
tests at varying cutoffs and their associations with outcomes.

METHODS

Study Setting and Participants

Patients were enrolled in the Successful Clinical Response in 
Pneumonia Therapy (SCRIPT) Systems Biology Center, a 
single-site, cohort study of mechanically ventilated patients 
hospitalized in the Northwestern Memorial Hospital medical 
intensive care unit (MICU) who underwent BAL for suspect
ed pneumonia [15, 16]. This study was approved by the 
Northwestern University Institutional Review Board with 
study ID STU00204868. Current analysis includes patients 
hospitalized from June 2018 to March 2023. Patients were fol
lowed until the end of their hospitalization. Study participants 
were given a new identifier and enrolled at the level of hospital
ization and are hereafter referred to as “patient.” Our ICU has a 
ventilator care bundle as part of its routine clinical practice.

All patients in our MICU who underwent a BAL for suspect
ed pneumonia (based on abnormal chest imaging, abnormal vi
tals/laboratory tests, and clinician concern) were eligible. 
Patients have a wide range of underlying diagnoses, but all 
have respiratory failure requiring mechanical ventilation. The 
exclusion criteria for the SCRIPT study are patients with prior 
lung transplant, prisoners, pregnant patients, and patients in 
whom bronchoscopy is deemed unsafe by the attending physi
cian. Patients’ families and legal authorized representatives 
were approached by our research team and consented to partic
ipate in the study, which collects residual BAL fluid obtained 
for routine clinical care and clinical data. The research team in
terviews patients or families upon study enrollment and at end 
of the study at hospital discharge.

Our patients are routinely sampled with BAL, either 
bronchoscopically or non-bronchoscopically (a respiratory 
therapist–driven protocol, described in previous works 
[17, 18] including safety profile), when clinicians suspect pneu
monia. Patients with COVID-19 were only sampled broncho
scopically, with an aerosol-minimizing protocol described 
previously [19]. The recommended instillation volume during 
the procedure is 90–120 mL. These samples are typically sent 
for cell count and differential, amylase, bacterial and fungal cul
tures (incubated for 4 weeks at 30°C on inhibitory mold agar 
plates with identification performed by microscopic morpholo
gy and ability to grow at 45°C), BAL fluid GM (Bio-Rad 
Platelia Aspergillus Ag), and multiplex polymerase chain reac
tion (PCR; both viral and bacterial), as well as other studies 
when indicated. We do not have Aspergillus PCR testing at 
our institution. Our physicians use these data to guide antimi
crobial therapy [20]. Decisions to perform testing or treat with 
antifungal therapy were up to the treating physician team, some
times in discussion with infectious diseases consultation; there 
was no set protocol beyond currently available society/clinical 
guidelines.
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Data Compilation

Demographics (including age, sex, race, ethnicity) and 
outcomes (including ICU length of stay, duration of mechani
cal ventilation, discharge disposition) were extracted from 
the electronic health record (EHR) via the Northwestern 
Medicine Enterprise Data Warehouse [21]. To protect patient 
privacy, patients from racial groups with <5 participants 
were masked as “unknown.” Manual chart review was per
formed for quality control of EHR data pulls; errors in data 
pulls found on manual chart review were recoded before anal
ysis. Immunocompromised state (such as patients with human 
immunodeficiency virus, organ transplant, or on chronic im
munosuppressing medication; see the Supplementary 
Material for list of criteria) were categorized by the research in
take team reviewing the chart and interviewing family mem
bers. Day-by-day data are aggregated for ICU days at our 
hospital; for patients who were transferred from an outside 
hospital, we do not have full day-by-day ICU details. Missing 
or unavailable data are reported as such. Since we analyzed 
BAL fluid results from routine clinical procedures, the sam
pling frequency was directed by physician decisions; hence, 
the missingness of follow-up samples (for example, improving 
patients are sampled less frequently) are inherently informa
tive. Patients who required lung transplantation during hospi
talizations were coded as having died, as is the practice for 
SCRIPT studies. An unfavorable outcome was defined as pa
tients who died during admission (including those requiring 
lung transplant during hospitalization) or who were discharged 
to hospice. Only a small number of patients required lung 
transplant during hospitalization, and the exact patients are 
anonymized to protect patient privacy.

A panel of pulmonary and critical care physician adjudica
tors reviewed all patient charts and categorized patients into 
categories such as viral versus bacterial pneumonia based on 
their enrollment BAL studies and clinical syndrome (fever, 
leukocytosis, ventilator parameters, other clinical data such as 
imaging and culture results). This multistep/multiblinded 
reviewer adjudication process is described in detail separately 
[22].

We examined results both at the level of each BAL and at the 
level of each patient admission. We examined patients and BAL 
samples that had BAL fluid GM ODI <0.5, BAL fluid GM ODI 
>0.5, BAL fluid GM ODI >0.8, BAL fluid GM ODI >1.0, and 
those who did or did not grow Aspergillus on culture. We clas
sified voriconazole, posaconazole, isavuconazonium sulfate, 
and liposomal amphotericin as anti-Aspergillus antifungal 
agents and coded based on administration of 1 of these agents; 
this method does not always differentiate between prophylactic 
and treatment intentions purposes. Serum galactomannan and 
Fungitell assays for (1,3)-β-D-glucan (BDG) were also available 
in many patients with a high clinical suspicion of fungal 
infection. We examined antibacterial antibiotic exposure both 

in terms of days of antibiotic administration and in terms of 
spectrum breadth as summarized by the Narrow Antibiotic 
Treatment (NAT) score, described in more detail in our 
previous work and in the Supplementary Materials [20, 23]. 
A NAT score of −2 indicates no antibiotics, a NAT score of 
0 indicates antibiotics equivalent to guideline-recommended 
community-acquired pneumonia therapy such as ceftriaxone 
plus azithromycin, and higher NAT scores indicate broader 
antibiotic spectrum. We examined steroid administration 
summarized by day; to compare between different steroid 
agents, we converted all steroids into hydrocortisone anti- 
inflammatory equivalents [24]. All medication administration 
details are aggregated for ICU days only.

Statistical Analysis

Numerical values are reported as median (quartile 1 [Q1], 
quartile 3 [Q3]). Nonparametric continuous data were com
pared with Mann-Whitney U tests when performing pairwise 
comparisons, and with Kruskal-Wallis tests when comparing 
across 3 categories. Categorical data were compared with χ2 

tests. A P < .05 was the cutoff for statistical significance. 
Analysis and visualizations were done in Python version 3.9 
with seaborn version 0.11.2 [25], matplotlib version 3.5.1 [26], 
sklearn version 1.0.2 [27], scipy version 1.7.3 [28], and tableone 
version 0.7.10 [29]. We employed time-dependent Cox propor
tional hazards models to evaluate the hazard of experiencing a 
composite unfavorable outcome. We performed analysis using 
time to first Aspergillus growth on BAL as the first time- 
dependent variable, and time to first elevated BAL GM as the 
second time-dependent variable. We used Kaplan-Meier meth
ods to visualize and compare survival distributions across the 3 
groups when summarized over the course of their admission. 
Multivariate log-rank tests were conducted to assess statistical 
differences in survival probabilities between the 3 categories, 
with the event of interest defined as the occurrence of the 
composite unfavorable outcome. The Python package lifelines 
version 0.30.0 [30] was used for analysis. Full code used 
for analysis are shared at our code repository: https://github. 
com/NUSCRIPT/gao_Aspergillus_2024. We followed the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines for reporting observation
al studies (Supplementary Materials) [31].

RESULTS

Completed hospitalization and adjudication information 
were available for 688 patients enrolled in SCRIPT and all 
were included in the analysis. Two hundred nine (30%) had 
SARS-CoV-2 on their enrollment BAL sample, and 208 
(30%) were immunocompromised, with subgroups broken 
out in Table 1. The majority of patients started their hospital 
stay in the ICU; the median (Q1, Q3) length of hospital stay 
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before index MICU admission was 0 (0, 1) days. Our cohort 
was very ill with median (Q1, Q3) Sequential Organ Failure 
Assessment scores of 11.0 (8.0, 14.0) and median (Q1, Q3) 
Acute Physiology Score of 91.0 (64.0, 109.0) and required sig
nificant support, with 87% of the cohort requiring vasopressor 
support with norepinephrine, 29% requiring continuous renal 
replacement therapy, and 9% requiring extracorporeal mem
brane oxygenation.

A total of 1736 BALs were performed, 1146 (66%) of which 
had GM results, and 968 (55%) with fungal cultures. The break
down of patient and BAL results are available in Figure 1A and 
BAL GM ODI cutoffs are available in Figure 1B. Of 1736 BALs, 
there were 1118 (64%) bronchoscopic BALs, 587 (34%) non- 
bronchoscopic BALs, 9 (0.5%) BALs with conflicting method 
documentation, and 22 (1.2%) without method clearly docu
mented (result breakdown by BAL method in Supplementary 
Table 1). All samples that grew Aspergillus were obtained via 

bronchoscopic BAL, which is the preferred method when tar
geting a specific area of abnormality, and is the only technique 
allowed in patients with COVID-19 at our institution. At least 1 
GM test was sent for 528 (76.7%) patients. Patients had a me
dian (Q1, Q3) of 2 (1, 3) BALs sent during their ICU hospital
ization, with 1 (0, 2) GM tests sent (Supplementary Figure 1). 
Of the 1146 BALs sent for GM testing, 403 (35%) were sent after 
antifungal therapy was administered, and 229 (20%) were sent 
after antifungal therapy with activity against Aspergillus was al
ready administered in the ICU.

Eighteen BAL samples from 15 (2.2%) patients grew 
Aspergillus species on culture. Eleven (61%) of these were re
ported as Aspergillus fumigatus, 6 as Aspergillus species, and 1 
as Aspergillus species, non-fumigatus. All 15 patients had at 
least 1 risk factor including underlying immunocompromise, 
neutropenia during admission, or severe viral pneumonia. 
All patients had abnormal chest imaging with ground glass 
opacities and consolidations, with all patients having numer
ous CXRs and 14 of 15 (93%) patients having a CT chest or 
CT angiography to evaluate for pulmonary embolism. 
Three of the 15 (20%) patients had possible cavitary or cystic 
lesions and another 2 of 15 (13%) had extensive cavitary dis
ease. One of these patients had concurrent growth of 
Klebsiella pneumoniae, and another patient concurrently 
grew a Corynebacterium species and Citrobacter koseri. One 
of the patients who grew Aspergillus received a lung biopsy, 
which showed intra-alveolar exudate, reactive alveolar pneu
mocytes, aggregate of epithelial histocytes, and chronic in
flammatory cells that were favored to be consistent with an 
infectious etiology, though acid-fast bacilli and Grocott me
thenamine silver stains were negative. None of the patients 
who grew Aspergillus had an autopsy.

Serum GM was sent in 171 instances in our cohort during 
their ICU stay; only 6 patients had elevated serum GM >0.5 
ODI. The serum GM was not significantly different among pa
tients who grew Aspergillus compared to those who did not, 
with a median (Q1, Q3) of 0.08 (0.05, 0.20) ODI compared 
with 0.07 (0.05, 0.14) ODI. There was a slight correlation be
tween serum GM and BAL GM when they were checked within 
5 days of each other (Spearman correlation = 0.27, P < .01). A 
serum BDG assay was sent in 129 cases in our cohort; it had a 
median (Q1, Q3) of 323 (286, 375) pg/mL in patients who grew 
Aspergillus, compared with 31 (our laboratory’s lowest value) 
(31, 292) pg/mL in patients who did not grow Aspergillus. As 
BDG can be elevated in a range of fungal infections besides 
with Aspergillus, we examined our cohort for other fungal in
fections. All organisms recovered from BAL fungal cultures 
are reported in Supplementary Table 2. Three patients grew 
Blastomyces on 6 BALs; only 1 of these patients had BDG 
sent, and it was elevated at >500 pg/mL. Three patients had 
positive Pneumocystis jirovecii direct fluorescent antibody on 
BAL; 1 did not have BDG sent, 1 did not have an elevated value, 

Table 1. Cohort Demographics

Characteristic No. (%)

No. of patients 688

Age, y, median (Q1, Q3) 62.0 (51.0, 71.0)

Sex

Female 279 (40.6)

Male 409 (59.4)

Race

Asian 21 (3.1)

Black or African American 134 (19.5)

Unknown or not reported 126 (18.3)

White 407 (59.2)

Ethnicity

Hispanic or Latino 141 (20.5)

Not Hispanic or Latino 515 (74.9)

Unknown or not reported 32 (4.7)

Admission SOFA score, median (Q1, Q3) 11.0 (8.0, 14.0)

Admission APS, median (Q1, Q3) 91.0 (64.0, 109.0)

Admitted with COVID-19 209 (30.4)

Admitted with influenza 15 (2.2)

Immunocompromiseda 208 (30.2)

Solid organ transplant 39 (5.7)

Stem cell transplant 36 (5.2)

Leukemia 30 (4.4)

Recent chemotherapy 43 (6.2)

Neutropenic during admission 62 (9.0)

Required vasopressor support with norepinephrine 
during admission

596 (87)

Required CRRT during admission 200 (29)

Required ECMO during admission 63 (9.2)

Data are presented as No. (%) unless otherwise indicated. There were no missing data for 
these variables.

Abbreviations: APS, Acute Physiology Score; COVID-19, coronavirus disease 2019; CRRT, 
continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation; 
Q1, quartile 1; Q3, quartile 3; SOFA, Sequential Organ Failure Assessment.
aThe “immunocompromised” category is inclusive of the subcategories solid organ 
transplant, stem cell transplant, leukemia, and chemotherapy; these subcategories were 
categorized by the research staff upon patient enrollment in the study, whereas 
neutropenia during admission was summarized separately.
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and 1 had an elevated value of >500 pg/mL. Fourteen patients 
had candidemia and 2 had BDG sent; 1 patient’s result was 
mildly elevated at 97 pg/mL, and the other patient had highly 
elevated values of >500 pg/mL.

The median (Q1, Q3) ODI of BAL fluid GM was higher 
in BAL samples that grew Aspergillus compared with those 
that did not (7.08 [0.79, 7.76] vs 0.11 [0.07, 0.21]; P < .001). 
Only 1 patient who grew Aspergillus had BAL GM ODI <0.5. 
The 15 patients who grew Aspergillus had 54 BALs with GM as
says sent, with median (Q1, Q3) BAL fluid GM ODI of 0.78 
(0.24, 4.9), compared with 0.10 (0.07, 0.20) (P < .001) in the 
1092 BAL samples from patients who never grew Aspergillus 
(Figure 2). Patients with BALs that grew Aspergillus often had 
higher GM even on different BAL samples that did not grow 
Aspergillus (example timeline graphs are shown in Figure 3).

Eleven of the 15 (73%) patients with BAL samples that grew 
Aspergillus initially presented with COVID-19, and 2 of these 
were immunocompromised (solid organ transplant, receiving 
rituximab for a lymphoproliferative disorder). Of the 4 patients 
who grew Aspergillus who did not present with COVID-19, 2 
were immunocompromised (solid organ transplant, chronic 
corticosteroid use higher than prednisone 20 mg/day for the 
last month for vasculitis). Positive cultures occurred in 5.3% 
of patients with COVID-19 and 1.9% of immunocompromised 
patients in the cohort. Thirteen of the 15 patients who had BAL 

samples that grew Aspergillus were treated with antifungal ther
apy. One patient with a culture-positive sample who was not 
treated with antifungal therapy had consistently low BAL fluid 
GM ODI levels (0.16 and 0.05), whereas the other only had a 
single measurement of 0.79. Both patients who were not treated 
with antifungal therapy died.

Patients with at least 1 BAL sample that grew Aspergillus 
(n = 15) were older (71 vs 62 years, P = .023), had more days 
intubated (29 vs 11 days, P = .002), and had more ICU days 
(34 vs 15 days, P = .002) than patients who did not (n = 673) 
(Table 2). They received more steroids during their ICU admis
sion (median cumulative hydrocortisone equivalents of 1660 vs 
780 mg, P = .010). Significantly more patients with BAL that 
grew Aspergillus during their ICU stay received antifungal ther
apy with anti-Aspergillus activity compared to those who did 
not (87% vs 17%, P < .001). Unfavorable outcomes (death or 
discharge to hospice) trended higher but were not statistically 
different in patients with a BAL sample that grew Aspergillus 
compared to those that did not (67% vs 45%, P = .15). There 
was no difference in time to inpatient mortality between the 
2 groups using time-dependent Cox proportional hazard mod
els (hazard ratio [HR], 0.79 [95% confidence interval {CI}, 
0.40–1.59]; P = .51). Kaplan-Meier survival curves of inpatient 
mortality for patients who grew Aspergillus or did not 
grow Aspergillus during their hospitalization are shown in 

A B

Figure 1. Bronchoalveolar lavage (BAL) fluid galactomannan and Aspergillus growth. A, Summary on a patient level. B, Summary of BAL samples. Abbreviations: BAL, 
bronchoalveolar lavage; GM, galactomannan; ODI, optical density index.
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Supplementary Figure 2. Of the 287 patients who died, 253 
(88%) died in the ICU and 25 (8.5%) died outside of the ICU.

The subset of patients with BAL fluid GM ODI >1 but no 
positive Aspergillus culture (n = 42) was closer in age to pa
tients without any elevated BAL fluid GM measurements, 
with a median age of 63 years (Table 3). Their median intuba
tion days fell between the other 2 categories at 15.5 days, as did 
ICU days at a median of 22.5 days. Twenty-six of these 42 pa
tients (62%) were treated with antifungal therapy with 
anti-Aspergillus activity, with no difference in outcome based 
on receipt of antifungal therapy (P = .86). There was no statis
tical significance in a time-dependent Cox model using first el
evated BAL GM as the time-dependent variable when 
evaluating the hazard of composite unfavorable outcome 
(HR, 1.15 [95% CI, .78–1.69]; P = .49). There was no difference 
in time to inpatient mortality between the 3 groups (P = .32 by 
multivariate log-rank test) (Supplementary Figure 3 for 
Kaplan-Meier curves). Results were similar for the subset of pa
tients with elevated BAL GM ODI >0.5 (Supplementary 
Table 3) and BAL GM ODI >0.8 (Supplementary Table 4). 
Aspergillus first grew a median (Q1, Q3) of 9 (3, 22.5) days after 
ICU admission at our hospital, and on day 9 (2.5, 22.5) of me
chanical ventilation (Supplementary Table 5). The median (Q1, 
Q3) days of antibiotics before positive culture was 8 (3, 13.5) 
days, with cumulative NAT score of 4 (−6.5, 12.5). Six patients 
had already received antifungal therapy before a positive 
Aspergillus culture; all 6 of these patients received antifungal 
therapy with anti-Aspergillus coverage. The median (Q1, Q3) 
hydrocortisone anti-inflammatory equivalent steroid dose 
was 750 (520, 1375) mg in the ICU days prior to growth.

Among the 53 patients who had BAL fluid GM ODI >1 on 
their first sample, the sample was obtained on a median (Q1, 
Q3) ICU day 2 (1, 14) and ventilation day 2 (1, 10). The median 
(Q1, Q3) days of antibiotic exposure while in the ICU before 
elevated BAL GM was 3 (0, 9) days, with cumulative NAT score 
of 3 (0, 9). Thirteen patients had already received antifungal 
therapy before an elevated BAL GM, with 7 receiving antifungal 
therapy with anti-Aspergillus coverage. The median (Q1, Q3) 
hydrocortisone anti-inflammatory equivalent dose was 350 
(0, 1300) mg before the first elevated GM.

DISCUSSION

These results from a large collection of BAL samples from a co
hort of mechanically ventilated patients undergoing BAL for 
suspected pneumonia, approximately 30% of whom were im
munocompromised, demonstrate that growth of Aspergillus is 
rare among a general MICU population. Patients whose BAL 
fluid grew Aspergillus and patients with elevated BAL fluid 
GM levels, compared with patients with neither of these, had 
more ventilation days, ICU days, antibiotic days, and higher cu
mulative steroid dose. However, no statistically significant dif
ference in mortality was found, as has been reported in other 
studies of Aspergillus superinfection, especially those involving 
patients with COVID-19–associated IPA [32–34]. The SCRIPT 
study cohort is biased toward a more severely ill patient popu
lation compared to typical ICU patients, many of whom do not 
require mechanical ventilation. Even so, despite >1700 BALs 
being performed, only 18 BAL samples with Aspergillus growth 
were recovered, indicating that this is a rare occurrence. The 

A B

Figure 2. A, Bronchoalveolar lavage (BAL) fluid galactomannan (GM) optical density index (ODI) is higher in patients who grow Aspergillus at least once during admission. 
B, BAL fluid GM ODI is higher in the BAL samples where Aspergillus grew, though sometimes also elevated in BAL samples that did not grow Aspergillus.
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majority of BALs were obtained bronchoscopically, due in part 
to institutional protocol that patients with COVID-19 
be sampled bronchoscopically with an aerosol-minimizing 
protocol, but approximately one-third were performed 
non-bronchoscopically, though our non-bronchoscopic BAL 
protocol obtains alveolar sampling similar to a bronchoscopic 
BAL [18]. One of the strengths of our study is that only 23% 
of our cohort did not undergo BAL GM testing [35], thus 

minimizing the potential for occult IPA in patients without 
high clinical risk and allowing for exposure of potential false- 
positive results. Testing was performed at the treating team’s 
discretion; in cases without BAL GM sent, it was likely that 
the clinical team had low suspicion for Aspergillus infection. 
The 528 patients who did have testing sent on 1146 BALs pro
vide, to our knowledge, the largest collection of BAL GM data 
in critically ill patients in the literature.

A

B

D

C

Figure 3. Example timelines of four patients (A, B, C, D) who grew Aspergillus on bronchoalveolar lavage (BAL) fluid culture (red square indicates Aspergillus growth, blue 
circle indicates no Aspergillus growth) and BAL fluid galactomannan (GM) optical density index (ODI) levels (y-axis). Patients who grew Aspergillus did not grow it consis
tently, even on BAL samples that had elevated BAL fluid GM ODIs. The bottom line of each graph shows antifungal therapy with anti-Aspergillus activity by intensive care unit 
(ICU) day (gray x marker, no antifungal therapy; green plus marker, antifungal therapy administered).
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Our study began enrolling in 2018, and this study includes pa
tient data until 2023; a significant portion of our cohort includes 
patients with COVID-19, who have been known to have longer 
duration of intubation, ICU days, and hospital stay [36]. Our 
rate of COVID-19 patients (n = 209) who either grew 
Aspergillus (n = 11) or had elevated BAL GM (n = 10) is within 
the range of published rates, albeit on the lower side [10, 37]. In 
contrast to other studies, we almost universally sampled recently 
intubated patients with severe viral pneumonia [20]. This rate is 
lower compared to the analysis of Feys et al, which found higher 
rates of IPA in studies that performed BAL for IPA diagnosis in a 
greater proportion of cases [35]. However, direct comparisons are 
difficult across studies and case series due to differences in diag
nostic criteria or cutoffs, patient populations, antibiotic exposure, 
and environmental prevalence and exposure to Aspergillus [38]. 
Aspergillus is found in a variety of environmental locations and 
has various strains across the globe [39], possibly explaining the 
variability in infectious rates reported across different hospitals 
from different geographic locations. Many patients received anti
fungal therapy before sample collection, potentially altering test 

and culture results. Other limitations include the imperfect diag
nostic tests used and inclusion of patients without underlying im
munocompromise, who thus have a lower risk of invasive 
aspergillosis.

A range of optimal cutoff values and algorithms have been 
proposed to evaluate critically ill patients for IPA [7]. Hence, 
we presented our data categorized at various proposed ranges 
of BAL GM cutoffs to facilitate comparison. We found similar 
results to previous studies in that patients with positive 
Aspergillus cultures had higher BAL fluid GM compared to 
those who did not grow Aspergillus [40]. In contrast, elevated 
GM may be valuable to distinguish between colonization and 
active infection in samples that grow Aspergillus on culture. 
Use of BAL in our study likely minimized the detection of 
Aspergillus airway colonization, in contrast to tracheal aspi
rates, with only 1 positive culture not associated with an elevat
ed BAL GM level. Determining true IPA versus simple 
colonization based on a single BAL GM level is difficult, and 
the decision to treat by the clinical team was often based on 
judgment or patient illness; many patients were treated with 

Table 2. Key Demographics and Outcomes, Grouped by Whether Patients Grew Aspergillus

Characteristic Grew Aspergillus During Admission Did Not Grow Aspergillus During Admission P Value

No. of patients 15 673

Age, y 71.0 (67.0, 74.0) 62.0 (51.0, 71.0) .023

Admitted with COVID-19 11 (73.3) 198 (29.4) .001

Admitted with influenza … 15 (2.2) 1

Immunocompromised 4 (26.7) 204 (30.3) 1

Solid organ transplant 2 (13.3) 37 (5.5) .207

Stem cell transplant … 36 (5.3) 1

Leukemia … 30 (4.5) 1

Chemotherapy … 43 (6.4) .616

Neutropenic during admission 2 (13.3) 60 (8.9) .637

Received tocilizumab 1 (6.7) 18 (2.7) .346

PMNs over admission 10.5 (7.2, 12.9) 8.4 (5.3, 12.2) .226

Cumulative ICU days 34.0 (24.0, 37.5) 15.0 (8.0, 27.0) .002

Cumulative intubation days 29.0 (23.5, 36.5) 11.0 (5.0, 23.0) .002

Received tracheostomy 8 (53.3) 170 (25.3) .031

Steroid dose over ICU admission, hydrocortisone equivalents 1660.0 (1325.0, 2475.0) 780.0 (0.0, 2150.0) .01

Treated with antifungals 13 (86.7) 249 (37.0) <.001

Days of antifungal therapy 8.0 (4.5, 35.0) 0.0 (0.0, 5.0) <.001

Treated with antifungals with anti-Aspergillus activity 13 (86.7) 117 (17.4) <.001

Days of antifungal therapy with anti-Aspergillus activity 8.0 (4.5, 35.0) 0.0 (0.0, 0.0) <.001

Summed NAT score 17.0 (−5.5, 60.0) 6.0 (−4.0, 18.0) .34

Days of antibiotic therapy 19.0 (16.0, 33.5) 11.0 (6.0, 21.0) .001

Discharge disposition .3

Died 9 (60.0) 278 (41.3)

Home … 147 (21.8)

Hospice 1 (6.7) 23 (3.4)

LTACH 2 (13.3) 76 (11.3)

Rehabilitation facility 3 (20.0) 108 (16.0)

Skilled nursing facility … 41 (6.1)

Unfavorable outcome 10 (66.7) 301 (44.7) .154

Numerical values are reported as median (quartile 1, quartile 3) and compared by Mann-Whitney U tests. Categorical variables are reported as No. (%) and compared by χ2 tests. Medication 
days/doses are summed across ICU days. Unfavorable outcome is defined by in-hospital mortality, requiring lung transplant during hospitalization, or discharge to hospice.

Abbreviations: COVID-19, coronavirus disease 2019; ICU, intensive care unit; LTACH, long-term acute care hospital; NAT, Narrow Antibiotic Treatment; PMN, polymorphonuclear neutrophils.
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antifungal therapy despite no growth on fungal cultures. The 
optimal threshold of BAL GM can be difficult to determine, 
as there is frequently lack of gold standard in critically ill 
patients, who often cannot tolerate biopsy. Studies have fur
thermore shown that cases that did not meet consensus defini
tions for invasive aspergillosis have similar mortality to those 
who meet definitions [41]. We found that serum BDG was el
evated more consistently than serum GM in patients who 
grew Aspergillus, in line with previous reports of the higher sen
sitivity of BDG compared with serum GM [42, 43].

Another strength of our study is the availability of serial BAL 
information on many patients. Aspergillus often does not al
ways grow on cultures, as shown in the multiple elevated 
BAL fluid GM levels in patients who only grew Aspergillus on 
1 sample or did not grow it at all. Patients with only elevated 
BAL fluid GM have clinical features (such as age and duration 

of intubation) that fall between the values of those with positive 
cultures and patients with neither positive culture nor GM 
elevation, suggesting that many patients with elevated BAL 
fluid GM levels are actively infected. Conversely, a single 
BAL fluid GM elevation in serial samples may simply 
represent a false-positive result (reported false-positive rates 
of 13%–42%) [44, 45]. Overall low yield has been reported 
for repeat fungal PCR assays on blood and BAL when repeated 
within 4 weeks of a negative PCR result, as reported by Wang 
et al [46].

Patients with severe viral pneumonia, such as from 
SARS-CoV-2, may lack traditional immunocompromised risk 
factors and still grow Aspergillus. Numerous mechanisms 
for IPA complicating acute viral pneumonia have been 
hypothesized [47]. Severe direct lung damage from the primary 
viral infection may predispose patients to secondary fungal 

Table 3. Key Demographics and Outcomes

Characteristic
Grew Aspergillus at Least Once 

During Admission
Had Elevated BAL GM >1 but Did Not 

Grow Aspergillus
Did Not Have Elevated 

BAL GM
P 

Value

No. 15 42 631

Age, y 71.0 (67.0, 74.0) 63.5 (55.2, 70.8) 62.0 (50.5, 71.0) .061

Admitted with COVID-19 11 (73.3) 10 (23.8) 188 (29.8) .001

Admitted with influenza … 1 (2.4) 14 (2.2) .841

Immunocompromised 4 (26.7) 13 (31.0) 191 (30.3) .951

Solid organ transplant 2 (13.3) 3 (7.1) 34 (5.4) .385

Stem cell transplant … 1 (2.4) 35 (5.5) .44

Leukemia … 4 (9.5) 26 (4.1) .178

Chemotherapy … 4 (9.5) 39 (6.2) .412

Neutropenic during admission 2 (13.3) 7 (16.7) 53 (8.4) .163

Received tocilizumab 1 (6.7) … 18 (2.9) .356

PMNs over admission 10.5 (7.2, 12.9) 8.0 (3.6, 10.6) 8.5 (5.4, 12.5) .153

Cumulative ICU days 34.0 (24.0, 37.5) 22.5 (9.2, 44.8) 15.0 (8.0, 27.0) <.001

Cumulative intubation days 29.0 (23.5, 36.5) 15.5 (9.2, 37.5) 11.0 (5.0, 22.5) <.001

Received tracheostomy 8 (53.3) 17 (40.5) 153 (24.2) .003

Steroid dose over ICU admission, 
hydrocortisone equivalents

1660.0 (1325.0, 2475.0) 1350.0 (500.0, 2145.0) 750.0 (0.0, 2125.0) .004

Treated with antifungals 13 (86.7) 27 (64.3) 222 (35.2) <.001

Days of antifungal therapy 8.0 (4.5, 35.0) 5.0 (0.0, 21.8) 0.0 (0.0, 4.0) <.001

Treated with antifungals with 
anti-Aspergillus activity

13 (86.7) 26 (61.9) 91 (14.4) <.001

Days of antifungal therapy with 
anti-Aspergillus activity

8.0 (4.5, 35.0) 5.0 (0.0, 21.0) 0.0 (0.0, 0.0) <.001

Summed NAT score 17.0 (−5.5, 60.0) 8.0 (−1.2, 23.8) 6.0 (−4.0, 17.0) .298

Days of antibiotics therapy 19.0 (16.0, 33.5) 18.5 (7.2, 32.5) 11.0 (6.0, 20.0) <.001

Discharge disposition .24

Died 9 (60.0) 18 (42.9) 260 (41.2)

Home … 4 (9.5) 143 (22.7)

Hospice 1 (6.7) 1 (2.4) 22 (3.5)

LTACH 2 (13.3) 8 (19.0) 68 (10.8)

Rehabilitation facility 3 (20.0) 9 (21.4) 99 (15.7)

Skilled nursing facility … 2 (4.8) 39 (6.2)

Unfavorable outcome 10 (66.7) 19 (45.2) 282 (44.7) .24

Numerical values are reported as median (quartile 1, quartile 3) and compared by Kruskal-Wallis tests. Categorical variables are reported as No. (%) and compared by χ2 tests.

Abbreviations: BAL, bronchoalveolar lavage; COVID-19, coronavirus disease 2019; GM, galactomannan; ICU, intensive care unit; LTACH, long-term acute care hospital; NAT, Narrow Antibiotic 
Treatment; PMN, polymorphonuclear neutrophils.
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(and bacterial) infections [48], viral infections can cause 
suppression of cellular immunity, and hypothesized cytoskele
tal changes may mediate internalization of Aspergillus [49]. 
Immunomodulatory therapies, such as corticosteroids and 
interleukin 6 receptor inhibitors, used to treat patients with 
COVID-19 may have a role in IFIs [50]. In addition, clinical 
suspicion of bacterial superinfection in patients with severe vi
ral pneumonia results in a high frequency of antibiotic use, in
cluding broad-spectrum agents [51, 52]. Prolonged exposure to 
broad-spectrum antibiotics promotes susceptibility to IFIs [53]. 
We demonstrate differences in both steroid exposure and dura
tion of antibiotic exposure correlated with evidence of 
Aspergillus in our cohort.

This study has several limitations. The study was conducted 
at a single quaternary care center with a well-established anti
biotic stewardship emphasis (using rapid PCR pathogen testing 
to guide the narrowing antibiotics) [20] and high use of BAL 
sampling compared to other centers, although recent calls for 
more aggressive BAL sampling in severe viral pneumonia sug
gest this may be appropriate [35]. Given the relatively low num
ber of patients with elevated BAL fluid GM or growth of 
Aspergillus, our study may have been underpowered to detect 
other important risk factors or differences in outcome. BAL 
GM is sent routinely by our clinical teams, irrespective of pre
test probability, compared to other centers that may only send 
it when clinical suspicion is higher. These results and sampling 
practices may not reflect the population of hospitals with differ
ent antibiotic management strategies, and thus our results may 
not generalize to other sites. We had only 15 cases of influenza 
pneumonia in our cohort, thus limiting conclusions in this co
hort known to be at increased risk for IPA. Our medication ad
ministration data was limited to doses given while in our ICU; 
some patients may have spent time on the hospital floor or an 
external ICU before being transferred, and medications given 
in those locations were not captured. Furthermore, it can 
be sometimes unclear when antifungal agents are being used 
for treatment intention or prophylaxis, and our code did not 
differentiate between these. Numerous confounders affect 
test and culture results, such as prior antifungal therapy, vari
ability in patients’ immune status, differences in environmental 
exposure, and biases in selecting patients for testing [54]. A 
proportion of BALs sent for GM testing were performed after 
antifungal therapy was administered, which has been reported 
to decrease the yield of BAL GM. We did not routinely collect 
tracheobronchitis data and biopsy and autopsy are infrequent, 
although we reviewed the charts for the subset of patients who 
grew Aspergillus and reported the results above. We do not have 
information collected on duration of symptoms prior to hospi
tal admission. We did not have details about triazole resistance 
genotype/phenotypes. We did not always have detailed species 
information on all samples. We did not have Aspergillus PCR 
available at our institution. Given its promising test 

characteristics, it may have utility in future research for critical
ly ill patients [55]. Furthermore, other GM assay formats, such 
as detection via lateral flow assay formats, could have improved 
sensitivity in BAL samples, but needs further study and wider 
verification [56]. Blood BDG can be positive in other invasive 
mycosis infections besides Aspergillus and can have false posi
tives from cross-reactivity with some antimicrobials or even he
modialysis filters, and so must have its results interpreted 
carefully within the clinical context [57].

Accurate radiographic studies such as CT scans to demonstrate 
cavitation, which suggests invasive Aspergillus, were not prospec
tively recorded or coded in our database. However, all patients 
enrolled in our study had abnormal imaging that prompted a 
BAL for suspected pneumonia, and we reviewed the chest imag
ing from patients who grew Aspergillus and found that most had 
only ground glass and consolidative opacities, with a minority 
having true cavitary disease. Imaging in patients with IPA with
out the traditional significant immunosuppression history, such 
as patients with COVID-19–associated pulmonary aspergillosis, 
lack the traditional findings described with IPA (halo sign, air- 
crescent sign, etc) [58]. In addition, lung abscess in ICU patients 
is caused by Aspergillus in only 8.8% of cases in which a cavity is 
detected, again emphasizing the nonspecific nature of these 
findings to IPA [5]. Given that the decision to treat with antifun
gals was up to the treating team, factors considered in diagnosing 
IPA, and in cases with unfavorable outcomes, whether IPA treat
ment impacted outcome is difficult to clearly abstract from the 
medical record.

In our large cohort of critically ill patients requiring mechan
ical ventilation, we found that Aspergillus growth was rare while 
elevated BAL fluid GM was slightly more common and that 
both correlated with unfavorable outcomes, though the extent 
to which this is due directly to suspected IPA is unclear. 
Classifying IPA in critically ill patients remains challenging, de
spite a variety of proposed guidelines and algorithms, and we 
did not undertake formal classification in this analysis, due to 
the challenges highlighted above. Instead, we present our large 
cohort of rich data at a variety of cutoffs. Overall, in our cohort 
with frequent BAL practices, detection of Aspergillus by culture 
or GM positivity was rare. These data suggest that the pretest 
probability of IPA should be considered low in a general ICU 
population undergoing BAL evaluation to define the etiology 
of pneumonia, even among patients with immunocompromise 
and those with viral pneumonia. BAL GM and fungal culture 
results must be interpreted with careful consideration of the 
clinical context. Improved scoring systems would be beneficial 
to enhance pretest probability for diagnostic test stewardship 
purposes.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
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