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ABSTRACT Critically ill patients with coronavirus disease 2019 (COVID-19) may de-
velop COVID-19-associated pulmonary aspergillosis (CAPA), which impacts their chan-
ces of survival. Whether positive bronchoalveolar lavage fluid (BALF) mycological tests
can be used as a survival proxy remains unknown. We conducted a post hoc analysis
of a previous multicenter, multinational observational study with the aim of assessing
the differential prognostic impact of BALF mycological tests, namely, positive (optical
density index of $1.0) BALF galactomannan (GM) and positive BALF Aspergillus culture
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alone or in combination for critically ill patients with COVID-19. Of the 592 critically ill
patients with COVID-19 enrolled in the main study, 218 were included in this post hoc
analysis, as they had both test results available. CAPA was diagnosed in 56/218
patients (26%). Most cases were probable CAPA (51/56 [91%]) and fewer were proven
CAPA (5/56 [9%]). In the final multivariable model adjusted for between-center hetero-
geneity, an independent association with 90-day mortality was observed for the com-
bination of positive BALF GM and positive BALF Aspergillus culture in comparison with
both tests negative (hazard ratio, 2.53; 95% CI confidence interval [CI], 1.28 to 5.02;
P = 0.008). The other independent predictors of 90-day mortality were increasing age
and active malignant disease. In conclusion, the combination of positive BALF GM and
positive BALF Aspergillus culture was associated with increased 90-day mortality in crit-
ically ill patients with COVID-19. Additional study is needed to explore the possible
prognostic value of other BALF markers.

KEYWORDS CAPA, GM, biomarker, galactomannan, Aspergillus, COVID-19, BALF

Critically ill patients with coronavirus disease 2019 (COVID-19) may develop COVID-
19-associated pulmonary aspergillosis (CAPA), and development of CAPA has been

recently recognized as an independent predictor of 90-day mortality in this patient
population (1–7).

According to the 2020 European Confederation of Medical Mycology/International
Society for Human and Animal Mycology (ECMM/ISHAM) consensus criteria, the diagno-
sis of CAPA in critically ill patients with COVID-19 is categorized as proven, probable, and
possible (8–10). Among patients with the highest probability of true disease (proven or
probable), most patients are diagnosed with probable disease, owing to the frequent
lack of histology or culture from sterile sites for defining proven disease (2, 8). Besides
detection of tracheobronchial lesions or radiological pulmonary infiltrates/cavitary
lesions, and the presence of clinical factors (e.g., persisting fever), the evidence of fungi
or fungal antigens in blood/plasma/serum or in bronchoalveolar lavage fluid (BALF) is
necessary for defining probable CAPA (9). In a recent multicenter, multinational, observa-
tional study that we conducted in 20 different centers worldwide, serum galactomannan
(GM), BALF GM, and BALF Aspergillus culture were the most frequently performed of
such tests in critically ill patients with COVID-19 and suspicion of CAPA (2).

While a positive serum GM in patients with CAPA has been recently associated with an
unfavorable outcome (11), it is positive in only a minority of CAPA patients due the pri-
mary airway invasive character of the disease (2, 11). What remains unclear is whether, for
CAPA patients with a negative serum GM, BALF GM and/or BALF Aspergillus culture results
could also predict outcomes (12, 13). For this reason, we conducted a post hoc analysis of
our previous multicenter observational study (2), with the aim of assessing the different
combinations of BALF GM and BALF culture results for prediction of mortality.

MATERIALS ANDMETHODS
This was a post hoc analysis of a multicenter observational study conducted in 20 different hospitals

worldwide (2). Briefly, in different periods between March 2020 and April 2021, 8 centers (Graz/Austria,
Genoa/Italy, Cologne/Germany, Manchester/United Kingdom, Leuven, Bruges, Antwerp, and Roeselare/
all Belgium) provided prospectively collected data on consecutive critically ill patients with COVID-19
(i.e., during the center-specific different enrollment periods), whereas the other 12 centers provided
data from a limited numbers of patients with CAPA and/or without CAPA (2). The study population of
the present post hoc analysis was composed by critically ill patients with COVID-19 enrolled in the main
study that underwent at least once BALF GM testing and BALF culture during their ICU stay. In line with
the purpose of the study, the following patients were excluded: (i) patients with a positive serum GM, (ii)
patients with probable CAPA defined microbiologically only by positivity of BALF tests other than BALF
GM and BALF Aspergillus (e.g., BALF Aspergillus PCR), and (iii) patients with possible CAPA. Included
patients were categorized as patients with CAPA and patients without CAPA according to the 2020
ECMM/ISHAM consensus criteria (9). The primary outcome measure was 90-day mortality as a time-to-
event endpoint. Details regarding the different local ethical approval procedures and numbers are avail-
able in the main study (2).

Data collection. For data collection and storage, we used FungiScope (NCT01731353), which
allowed inclusion of data in an anonymized electronic case report form (14). Besides results of BALF
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mycological tests, the following variables included in the survival analysis of the main study were also
included in the present post hoc analysis: age in years, sex, study center, obesity (defined as body mass
index of $30), presence of active malignant disease, previous solid-organ transplantation, presence of
cardiovascular disease, presence of pulmonary disease, presence of diabetes mellitus, number of coexist-
ing comorbidities, history of smoking, extracorporeal membrane oxygenation (ECMO), invasive mechani-
cal ventilation, and noninvasive mechanical ventilation.

Statistical analysis. The main study analysis was the identification of factors associated with 90-day
mortality, with particular attention to the impact of the results of BALF mycological tests. To this aim, the
results of BALF mycological tests were categorized as a dummy variable {both negative BALF GM and neg-
ative BALF Aspergillus culture as the reference category; positive BALF GM (optical density index of $1.0,
in line with the ECMM/ISHAM criteria [9], instead of recommended cutoff of $0.5 provided by the manu-
facturers) and negative BALF Aspergillus culture, negative BALF GM (optical density index of,1.0) and pos-
itive BALF Aspergillus culture, and both positive BALF GM and positive BALF Aspergillus culture}. Notably,
this dummy variable was categorized according to the results of BALF tests (and not based on the diagno-
sis of probable/proven CAPA), in the attempt to evaluate the prognostic performance of BALF tests inde-
pendently from the knowledge a priori of the unfavorable prognostic impact of CAPA diagnosis in the
same cohort (2). The possible association of BALF mycological tests and other demographic and clinical
variables with 90-day mortality was first tested in univariable Cox regression models with the time of origin
set at the day of intensive care unit (ICU) admission and with BALF mycological tests considered a time-de-
pendent covariate. Then, in addition to the variable “results of BALF mycological tests” (deemed as to be
included in all multivariable models independently of P value in univariable comparisons, in line with the
aim of the study), all the other factors potentially associated with 90-day mortality in univariable compari-
sons (P , 0.10) were initially included in a multivariable Cox regression model and further selected for
inclusion in a final multivariable model (model A) by means of a stepwise backward procedure. In addition,
variables included in model A were also included in a second multivariable Cox regression model (model
B), which also included center as shared frailty (15). The following additional multivariable models were
built as secondary analyses: (i) one also including patients with positive serum GM and with serum GM
included as an independent variable in the model and (ii) one with 28-day mortality as the dependent
variable.

Data availability. After deidentification, data could be made available to researchers providing a
methodologically sound research proposal in the 5 years after publication.

RESULTS

Of the 592 patients enrolled in the main study, 239 underwent both BALF GM and
BALF Aspergillus culture testing. Overall, 218 patients were eventually included in the
present post hoc analysis (Fig. 1). The clinical characteristics of the study population are
summarized in Table 1. Median age was 65 years (interquartile range [IQR], 57 to 73) and
64/218 were females (29%). CAPA was diagnosed in 56/218 patients (26%), at a median

FIG 1 Flowchart of the patient inclusion process. BALF, bronchoalveolar lavage fluid; CAPA, COVID-19-associated
pulmonary aspergillosis; COVID-19, coronavirus disease 2019; GM, galactomannan; PCR, polymerase chain reaction.
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time of 7 days after ICU admission (IQR, 3 to 11). Most cases were probable (51/56 [91%])
and few were proven (5/56 [9%]). Among patients with CAPA, 23/56 (41%) had positive
BALF GM and negative BALF Aspergillus culture, 5/56 (9%) had negative BALF GM and
positive BALF Aspergillus culture, and 28/56 (50%) had both positive BALF GM and posi-
tive BALF Aspergillus culture. The median BALF GM optical density index in patients with
CAPA was 2.8 (IQR, 2.5 to 5.8; quantitative information available for 38/56 patients
[68%]). BALF PCR was performed for 19/56 (34%) patients with CAPA (18/19 were posi-
tive) and in 43/162 (27%) patients without CAPA (all were negative). Among patients
without CAPA, 4/162 (2%) had a positive BALF GM (no quantitative results available), and
none had a positive BALF Aspergillus culture.

Crude 90-day mortality rates were 54% (30/56) and 52% (85/162) in patients with
CAPA and patients without CAPA, respectively. According to BALF results, crude 90-day
mortality rates were 84/158 (53%) in patients with both tests negative, 11/27 (41%) in
patients with positive GM and negative culture, 3/5 (60%) in patients with negative GM
and positive culture, and 17/28 (61%) in patients with both tests positive. The results of
the univariable and multivariable analyses of factors associated with 90-day mortality are
presented in Tables 2 and 3, respectively. In univariable analysis, increasing age, presence
of an active malignant disease, and presence of cardiovascular disease were associated
with 90-day mortality. In addition, an association with 90-day mortality in univariable
models was observed for both positive BALF GM and positive BALF Aspergillus culture
compared with both tests negative as the reference category. In multivariable analysis
(model A), increasing age (hazard ratio [HR], 1.23 per 5-year increase; 95% confidence
interval [CI], 1.12 to 1.35; P , 0.001) and presence of an active malignant disease (HR,
1.98; 95% CI, 1.12 to 3.51; P = 0.019) retained an independent association with 90-day
mortality. In addition, when center was included in the multivariable model as a random
effect (model B), an independent association with 90-day mortality was also retained for
both positive BALF GM and positive BALF Aspergillus culture in comparison with both
tests negative (HR, 2.53; 95% CI, 1.28 to 5.02; P = 0.008). In a subgroup analysis in patients
with positive BALF GM and available quantitative GM value (38/55 [69%]), no association
was found between quantitative BALF GM and 90-day mortality (HR, 1.00 per one-point

TABLE 1 Demographic and clinical characteristics of critically ill patients with COVID-19 who
underwent BALF culture and BALF GM testinga

Variable No. of patientsb %
Demographic variables
Age in yrs, median (IQR) 65 (57–73)
Female sex 64/218 29

Medical history
No. of coexisting conditions, median (IQR) 1 (0–2)
Obesity 44/218 20
Active malignant disease 19/218 9
Solid-organ transplantation 9/218 4
Cardiovascular disease 113/218 52
Structural lung disease 39/218 18
Diabetes mellitus 49/218 22
History of smoking 20/218 9
ECMO 13/218 6
Invasive mechanical ventilation 156/218 72
Noninvasive ventilation 86/218 39
Results of BALF mycological tests
Negative BALF GM and negative BALF culture 158/218 72
Positive BALF GM and negative BALF culture 27/218 12
Negative BALF GM and positive BALF culture 5/218 2
Positive BALF GM and positive BALF culture 28/218 13

aBALF, bronchoalveolar lavage fluid; CAPA, COVD-19-associated pulmonary aspergillosis; ECMO, extracorporeal
membrane oxygenation; GM, galactomannan; IQR, interquartile range.

bResults are presented as no. of patients/total unless otherwise indicated.
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increase; 95% CI, 0.99 to 1.02; P = 0.382). Results of additional models including serum
GM and for predictors of 28-day mortality are available in the supplemental material.

DISCUSSION

In this post hoc analysis of a large multinational study, we observed that the prog-
nosis of critically ill patients with COVID-19 may be different according to the results of
BALF GM and BALF Aspergillus culture, being more unfavorable in patients with both
tests positive.

Recently, Ergün and colleagues reported an increased mortality in CAPA patients
with positive serum GM compared with patients without CAPA, which is consistent
with angioinvasion as a marker of increased disease severity (11). On the other hand,
the authors did not find an association between BALF GM levels and mortality
(although they acknowledged the low power of the analysis), which is in contrast with
the unfavorable association previously observed by Bartoletti and colleagues (4, 11).
Trying to enrich our knowledge on this topic (which touches on the core diagnostic as-

TABLE 2 Univariable analysis of factors associated with 90-day mortality

Variable Hazard ratio 95% CI Pa

Age (per 5 yrs) 1.23 1.12–1.35 ,0.001*
Female sex 1.32 0.90–1.95 0.16
No. of coexisting conditions 1.17 1.01–1.37 0.046*
Obesity 0.84 0.52–1.35 0.47
Active malignant disease 1.76 1.01–3.09 0.048*
Solid-organ transplantation 1.60 0.78–3.28 0.20
Cardiovascular disease 1.48 1.02–2.15 0.039*
Structural lung disease 1.23 0.78–1.94 0.38
Diabetes mellitus 1.12 0.73–1.71 0.60
History of smoking 0.75 0.38–1.49 0.41
ECMO 1.04 0.51–2.14 0.91
Invasive mechanical ventilation 0.68 0.46–1.02 0.062
Noninvasive ventilation 0.75 0.51–1.10 0.14

Results of BALF mycological tests 0.28
Negative BALF GM and negative BALF culture Reference
Positive BALF GM and negative BALF culture 1.05 0.54–2.04 0.87
Negative BALF GM and positive BALF culture 1.38 0.43–4.39 0.59
Positive BALF GM and positive BALF culture 1.72 1.02–2.92 0.043*

a*, P, 0.05.

TABLE 3Multivariable analysis of factors associated with 90-day mortality

Model and factor Hazard ratio (95% CI) Pa

Model A
Age (per 5 yrs) 1.23 (1.12–1.35) ,0.001*
Active malignant disease 1.98 (1.12–3.51) 0.019*
Results of BALF mycological tests 0.62
Negative BALF GM and negative BALF culture Reference
Positive BALF GM and negative BALF culture 0.90 (0.46–1.76) 0.77
Negative BALF GM and positive BALF culture 1.30 (0.41–4.14) 0.66
Positive BALF GM and positive BALF culture 1.39 (0.82–2.37) 0.22

Model Bb

Age (per 5 yrs) 1.27 (1.14–1.40) ,0.001*
Active malignant disease 2.02 (1.11–3.68) 0.021*
Results of BALF mycological tests 0.11
Negative BALF GM and negative BALF culture Reference
Positive BALF GM and negative BALF culture 1.30 (0.62–2.70) 0.49
Negative BALF GM and positive BALF culture 1.53 (0.42–5.54) 0.52
Positive BALF GM and positive BALF culture 2.53 (1.28–5.02) 0.008*

a*, P, 0.05.
bModel B included center as shared frailty.
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pect of differentiating Aspergillus colonization versus infection), we selected a subset of
patients without relevant confounding factors (i.e., concomitantly positive serum GM)
to assess the independent prognostic impact of different combination of BALF GM and
BALF Aspergillus culture results. Overall, we think our results provide novel information,
at the same time raising some intriguing questions to be further explored. The first rel-
evant point is that an independent association of the combination of both positive
mycological BALF tests with mortality was observed only in the multivariable model
adjusted for center heterogeneity and not in the multivariable model with only fixed
effects. While we were ultimately unable to find a between-center critical difference in
the therapeutic management that could explain these findings, we cannot exclude
that some unexplored local factors (e.g., type of local BALF collection procedures and/
or differences in strategies for diagnostic testing across centers) may have exerted a
significant modifying effect on the prognostic ability of BALF tests. This hypothesis
could have clinically significant implication on the real-life local diagnostic value of
such tests and deserves further investigation. The second point is that while one-test-
only positive (either BALF GM or BALF culture) results did not show a statistically signif-
icant association with mortality, the direction of the effect was still toward increased
mortality in the center-adjusted multivariable model. In our opinion, this gradient in
the size of the unfavorable effect raises the following nonmutually exclusive hypothe-
ses: (i) the positivity of both BALF GM and BALF culture may reflect a greater disease
burden, which is in line with a higher probability of unfavorable prognosis; (ii) at the
same time, the positivity of both BALF GM and BALF culture may reflect a lower proba-
bility of false-positive results/colonization, again resulting in a more evident unfavora-
ble prognostic effect. From a practical standpoint, the consistent direction of the effect
toward increased mortality may pragmatically support the clinical usefulness of the
2020 ECMM/ISHAM consensus for the diagnosis of probable CAPA, since the risk of los-
ing true cases by deeming one test-only positivity as colonization/false positivity could
be nonnegligible and may theoretically lead to delays in antifungal treatment. In the
future, a better definition of the additional prognostic value of other BALF tests (e.g.,
PCR) may help fine-tune our ability to distinguish colonization and false positivity from
true infection. Unfortunately, BALF PCR was performed only for a minority of patients
included in this post hoc analysis, thereby precluding a reliable assessment of its possible
prognostic potential (and, indirectly, its contribution to diagnostic specificity).

The present study has some other important drawbacks. For example, an important
limitation of the present study is that it was a post hoc analysis of a secondary survival
analysis of a multinational study primarily aimed to assess predictors of CAPA develop-
ment and not prognostic predictors. For this reason, the study was not designed to
adequately assess the possible prognostic impact of either the treatment of CAPA or
the immunosuppression connected to COVID-19 and its treatment, which were even-
tually not included in the prognostic models. Although possibly less likely connected
to the prognostic impact of CAPA than immunosuppression and antifungal therapy, it
is worth noting that other potential prognostic predictors, such as biomarkers of
inflammation, lymphopenia, thromboembolic complications, and concomitant docu-
mented bacterial infection, were unavailable for the present post hoc analysis. Another
important limitation is that our selected subgroup may be not representative of the ini-
tial population of 592 critically ill patients with COVID-19. This selection was necessary
since the independent prognostic effect of BALF GM or BALF Aspergillus culture could
not be assessed without knowing the results of both tests. However, it should be noted
that our study population may reflect those patients in which physicians requested
both tests due to clinical suspicion of CAPA, rather than for other reasons (e.g., surveil-
lance cultures); thus, this selection may not necessarily represent a disadvantage and
may more properly reflect the clinical population of interest, although a more standar-
dized prospective collection of samples remains necessary to ultimately confirm this
hypothesis. Regarding other possible limitations, it should be acknowledged that we
had limited information to reliably explore the possible prognostic impact of
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quantitative BALF GM in patients with test positivity (information available only for 38
cases); therefore, the lack of association found in our study should be extrapolated
with due caution. Pending further study, caution should also be adopted with respect
to the results of the additional prognostic model for 28-day mortality, due to the
reduced number of events precluding adequate adjustment and generalization.
Finally, we did not collect information on serum beta-D-glucan values, which have
also been suggested to be associated with increased mortality in patients with CAPA
(11, 16).

In conclusion, when between-center heterogeneity was considered, the presence of
both positive BALF GM and positive BALF Aspergillus culture was associated with
increased 90-day mortality in critically ill patients with COVID-19. Most patients with at
least one of the two tests positive had probable CAPA according to ECMM/ISHAM con-
sensus criteria. Additional study is needed to explore the possible prognostic value of
other BALF markers, such as Aspergillus PCR, Aspergillus lateral flow device, or Aspergillus
galactomannan lateral flow assay.
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