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ABSTRACT Diagnosis of coronavirus disease 2019 (COVID-19)-associated pulmonary
aspergillosis (CAPA) remains unclear especially in nonimmunocompromised patients. The
aim of this study was to evaluate seven mycological criteria and their combination in a
large homogenous cohort of patients. All successive patients (n = 176) hospitalized for
COVID-19 requiring mechanical ventilation and who clinically worsened despite appropri-
ate standard of care were included over a 1-year period. Direct examination, culture,
Aspergillus quantitative PCR (Af-qPCR), and galactomannan testing were performed on all
respiratory samples (n = 350). Serum galactomannan, b-D-glucan, and plasma Af-qPCR
were also assessed. The criteria were analyzed alone or in combination in relation to
mortality rate. Mortality was significantly different in patients with 0, #2, and $3 posi-
tive criteria (log rank test, P = 0.04) with death rate of 43.1, 58.1, and 76.4%, respectively.
Direct examination, plasma qPCR, and serum galactomannan were associated with a
100% mortality rate. Bronchoalveolar lavage (BAL) galactomannan and positive respira-
tory sample culture were often found as isolated markers (28.1 and 34.1%) and poorly
repeatable when a second sample was obtained. Aspergillus DNA was detected in 13.1%
of samples (46 of 350) with significantly lower quantitative cycle (Cq) when associated
with at least one other criterion (30.2 versus 35.8) (P , 0.001). A combination of markers
and/or blood biomarkers and/or direct respiratory sample examination seems more likely
to identify patients with CAPA. Af-qPCR may help identifying false-positive results of BAL
galactomannan testing and culture on respiratory samples while quantifying fungal bur-
den accurately.

KEYWORDS Aspergillus, COVID-19, critical care, diagnosis, COVID-19-associated
pulmonary aspergillosis

Reports on coronavirus disease 2019 (COVID-19)-associated aspergillosis (CAPA) are
increasing but incidence, diagnosis, and management remains unclear. Because no

host factor meeting European Organization for Research and Treatment of Cancer and
Mycosis Study Group Education and Research Consortium (EORTC/MSGERC) definitions
is present in most patients, alternative classifications were needed (1). Despite several
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attempts to clarify CAPA definition by expert panels (2–4), diagnosis remains arguable
(5–7). The lack of impact of both antifungal treatment and prophylaxis in many large
cohort studies and the impact of prophylaxis on the incidence of CAPA cases lead to
the hypothesis that many of these cases may only be colonization rather than infection
(8, 9). Therefore, incidence and prognosis may be overestimated, while the impact of
treatment may be underestimated in real aspergillosis cases. The minimum require-
ment for CAPA diagnosis according the European Confederation for Medical Mycology
and International Society for Human and Animal Mycology (ECMM/ISHAM) in a COVID-
19 patient presenting with acute respiratory distress syndrome includes at least one
imaging characteristic (i.e., pulmonary infiltrates), one clinical characteristic (i.e., refrac-
tory fever, chest pain), and one mycological criterion (3). The first two requirements
(imaging and clinical) are poorly specific and quite frequent in severe COVID-19
patients; therefore CAPA diagnosis mainly relies on mycological criteria, with one crite-
rion alone being sufficient. The performances of such mycological criteria lack proper
evaluation in this context mostly because the gold standard depends on histopatho-
logical data evidencing invasive hyphae in lung tissue. Lung biopsies would be difficult
to justify in severe COVID-19 patients given the number of patients, infection control
risks, and the lack of identified infected site in most cases on imaging. In parallel, rare
studies, including autopsies, have been published. The few autopsy data available
rarely include routinely performed fungal investigations before the death of the
patients, and mycological tests were mostly not evaluated (10, 11). Despite the ab-
sence of accessible gold standards, more data are needed on routinely performed indi-
vidual mycological criteria, regarding their advantages and shortcomings in the con-
text of critically ill COVID-19 patients. Mortality is known to be high in invasive
aspergillosis, and the high mortality rate may better reflect infection over colonization
in CAPA-suspected patients. Therefore, the aim of our study was to evaluate the per-
formances of seven mycological criteria and their combination, analyzed in terms of
clinical outcome in mechanically ventilated COVID-19 patients.

MATERIALS ANDMETHODS
Patients and study design. A retrospective observational cohort study was conducted. All succes-

sive COVID-19 patients admitted to the four intensive care units (ICUs) of our two university hospitals
between 15 March 2020 and 1 March 2021 with a positive severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) PCR test (Cobas SARS-CoV-2 test, Roche, Meylan, France) and $1 respiratory sample
(bronchoalveolar lavage [BAL], tracheal aspirate, or sputum) sent to the mycology department were
included. Of note, the 105 first patients included were partially analyzed to assess risk factors associated
with CAPA (12). Culture and Aspergillus quantitative PCR (qPCR) were systematically performed on all
types of respiratory samples (BAL, sputum, tracheal, or bronchial aspirates). Direct examination of those
specimens was only performed in samples received after 26 March 2020 because of previous lack of evi-
dence regarding the risk of contamination of lab staff members. After this date, direct examinations
in 0.1 M KOH were performed again as SARS-CoV-2 was found to be inactivated at pH .10.
Galactomannan (GM) detection was performed in the supernatant of every BAL fluid (after centrifuga-
tion) following strict recommendations of the manufacturer. If a blood sample was concomitantly
received, GM and b-D-glucan (BDG) detection were performed on serum, and Aspergillus qPCR was per-
formed on plasma. The patients were classified as having probable invasive pulmonary aspergillosis
(IPA) according to the EORTC/MSGERC updated consensus criteria (1) if a host factor was present and
according to the ECMM/ISHAM consensus criteria (3) otherwise. The following clinical data were col-
lected, including age, gender, length of ICU stay, prescription of antifungals, and mortality.

Mycology criteria testing. (i) Direct examination and culture of respiratory samples. All mucous
respiratory samples were diluted to 1:10, transferred to sterile 50-mL Falcon tubes, incubated at 37°C for
15 min, and centrifuged 10 min at 3,000 � g. BAL supernatant was reserved for GM detection. A direct
examination was performed by mixing 50 ml of the pellet, 10 ml of Calcofluor White, and 10 ml of KOH
and was read at 475 nm with a Nikon Eclipse E600 fluorescence microscope. The other part of the pellet
was seeded in parallel on BBL CHROMagar Candida medium (BD, Grenoble, France), 2% MALT extract
and chloramphenicol agar (VWR Chemical, Leuven, Belgium), and Sabouraud agar supplemented with
chloramphenicol/gentamicin (Bio-Rad, Marnes-la-Coquette, France). Candida chromogenic media and
one Sabouraud were incubated at 37°C. MALT plates and one Sabouraud slant was incubated at 30°C for
a maximum of 3 weeks.

(ii) Aspergillus fumigatus qPCR (Af-qPCR). Whole nucleic acids together with the internal control
DiaControlDNA (Diagenode, Seraing, Belgium) were extracted from 1 mL of plasma or from half of the
pellet of the respiratory sample (other half was used for culture), which was submitted to bead-beating
in 1,000 ml DNA-free water using the QIAsymphony DSP virus/pathogen kit (Qiagen, Hilden, Germany)
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and a QIAsymphony apparatus (Qiagen). All extracts were tested in duplicate using the 28S rRNA gene
PCR assay previously reported (13, 14). PCR assays were performed on a LightCycler 480 instrument
(Roche Diagnostics, Meylan, France).

(iii) GM testing. GM detection was performed using a Platelia Bio-Rad kit (Bio-Rad Laboratories,
Hercules, CA) according to the manufacturer. Each positive result was retested the following day with
the same sample, as recommended (15). Only samples found positive twice were considered positive.
Optical density indexes (ODI) of .0.5 and .1 were considered positive in serum and BAL fluid, respec-
tively (3, 4).

(iv) BDG testing. BDG testing was performed using Fungitell assay (Cape Cod Diagnostics) accord-
ing to the manufacturer’s instructions. BDG was considered positive when.80 pg/mL.

Statistics. The data were reported in percentage, mean and standard deviation (6SD) if variable, fol-
lowed a Gaussian distribution or median and interquartile ranges (IQRs) [Q1 to Q3] otherwise. Univariate
analyses were performed using Fisher’s exact, chi-square, and Wilcoxon tests as appropriate. P , 0.05
(two-tailed) was considered statistically significant. Mortality analysis was performed using Kaplan-Meier
survival curves and log rank test. No statistical adjustments were made for multiple testing or confound-
ers. All analyses were performed using Prism, version 8.0.

Ethical statements. Our institutional ethics committee approved the study (IDRCB, 2020-A00256-33;
CPP, 11-20-20.02.04.68737). Written information was given to the patient or the next of kin.

RESULTS
Population characteristics. The patient characteristics are described in Table 1.

Briefly, 176 patients for whom 350 respiratory samples were received by the mycology
department were included (Fig. 1). Patients were mainly males (male/female sex ra-
tio = 3.6) with a median age of 64 years [IQR, 58 to 72]. A median of 2 [IQR, 1 to 3;
range, 1 to 9] respiratory samples were received per patient. Three (1.7%) patients had
EORTC/MSGERC host factor (kidney transplant, n = 2; hematological malignancy, n = 1).
Totals of 42 (23.9%) and 11 (6.3%) patients could be classified as probable and possible
CAPA, respectively, according to ECMM/ISHAM consensus criteria (3) (Table S1). The
incidence of probable CAPA in our cohort, was estimated to be 7.1, 12.8, and 23.9% in
patients admitted to the ICU, those mechanically ventilated, and those who clinically
worsened after initiation of mechanical ventilation, respectively. The mean delay
between intubation and CAPA diagnosis was 8 (5 to 17) days. A total of 13 patients
with possible (n = 2) or probable (n = 11) CAPA received more than 3 days of antifun-
gals (voriconazole, n = 12; liposomal amphotericin B, n = 1). Mortality in patients who
received antifungals for probable CAPA was not significantly different from patients
with probable CAPA who did not (76.5% versus 52.0%, P = 0.11). Differences between
the first and second COVID-19 waves were compared (Table S2).

Evaluation of mycological criteria in relation with patient mortality. Mortality
rate tended to increase in patients with probable CAPA (61.9%) compared to patients

TABLE 1 Patient characteristicsa

Characteristics
Patients
(n = 176)

Samples
(n = 350)

Age (yrs), median [Q1 to Q3] 64 [58 to 72]
Male, n (%) 139 (78.1%)
Sample per patient, median [Q1 to Q3] 2 [1 to 3]
Type of samples, n (%)
BAL, n (%) 269 (76.9%)
Tracheal aspirate n (%) 74 (21.1%)
Bronchial aspirate n (%) 7 (2.0%)

Patients with sufficient diagnostic mycological criteria, n (%)
For IPAb 3 (1.7%)
For probable CAPAc 42 (23.9%)
For possible CAPAc 11 (6.3%)

Patients with positive BDG only, n (%) 13 (7.3%)
aBAL, bronchoalveolar lavage; BDG, b-1,3-D-glucan; CAPA, COVID-19-associated pulmonary aspergillosis; IPA,
invasive pulmonary aspergillosis.
bAccording to European Organization for Research and Treatment of Cancer and Mycosis Study Group Education
and Research Consortium (EORTC/MSGERC) guidelines.
cAccording to European Confederation for Medical Mycology and International Society for Human and Animal
Mycology (ECMM/ISHAM) guidelines.
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who were not classified as CAPA (46.3%, P = 0.08), with no difference with possible
CAPA (54.5%, P = 0.60). Survival curves are shown in Fig. 2A (log rank test, P = 0.06).
Mortality was significantly different in patients with 0, #2, and $3 mycological criteria
(log rank test, P = 0.04) with death rates of 43.1, 58.1, and 76.4%, respectively (Fig. 2B).

All mycological criteria were studied separately and analyzed in the light of
repeated samples: (i) Direct examination evidenced Aspergillus-type hyphae in 2.5% (8
of 318) of samples (BAL, n = 5 and tracheal aspirate, n = 3) from 8 of 160 patients and
was systematically associated with a median of 3 other mycological criteria [IQR 2-4]
and a mortality rate of 100%. (ii) A proportion of 11.7% (41 of 350) respiratory samples
(BAL, n = 29; tracheal aspirate, n = 12) from 32 of 176 patients grew Aspergillus spp. (A.
fumigatus, n = 35; Aspergillus niger, n = 6). Overall mortality in patients with a positive
Aspergillus culture was 68.8%. Isolated positive cultures (i.e., no other positive mycolog-
ical criteria) were found in 14 patients, of which 4 had a second respiratory sample.
Only 50.0% (2 of 4) remained positive despite the absence of antifungal prescription
between both samples. Mortality in this subgroup was 71.4% (10 of 14). (iii) GM was
measured in 255 BAL samples from 144 patients, and 8.2% (21 of 255) had an index
level of .1.0. A total of 6 samples from 5 patients showed isolated increased GM levels
ranging from 1.6 to 4.3 with a median of 3.1 [IQR, 2.3 to 3.9]. All these patients had a
second BAL performed in the next 7 days or less, and none was positive, while only
one patient received voriconazole between both samples. A proportion of 20% (1 of 5)
of these patients died, while 62.5% (5 of 8) died if BAL GM was associated with at least
one other positive criterion (P = 0.26). (iv) Aspergillus DNA was detected in 13.1% (46 of
350 from 32 of 176 patients) of respiratory samples with a median Cq value of 30.7

FIG 1 Study flowchart. *, as recommended by the manufacturer; BAL, bronchoalveolar lavage; BDG,
b-1,3-D-glucans; GM, galactomannan; ICU, intensive care unit; qPCR, quantitative PCR; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2.
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[IQR, 29.6 to 32.3]. Cq values were significantly lower when positive Af-qPCR was asso-
ciated with other mycological criteria with a median of 30.2 [IQR, 29.4 to 31.8] versus
35.8 [IQR, 31.5 to 36.9] when found as the sole mycological criterion (P , 0.001). A re-
ceiver operating characteristic (ROC) curve was computed to identify the best Af-qPCR
Cq value to predict mortality (Fig. S1). In our settings, including 46 positive values, a
cutoff value of Cq = 32 was associated with the best sensitivity (88.9% [95% inhibitory
concentration (IC95), 67.2 to 98.0]) and specificity (57.1% [IC95, 32.6 to 78.6]) to predict
mortality in case of positive Af-qPCR. The area under the curve was 0.73 (P = 0.03).
Mortality associated with Cq cutoff values of 36 and 32 is shown in Fig. 3A and B,
respectively. While a Cq of ,32 was significantly associated with mortality (log rank
test, P = 0.007), a Cq of ,36 was not (log rank test, P = 0.19). Of note, 7 patients had
Cq values between 32 and 36, but only 14.3% (1 of 7) died. qPCR data acquired from
BAL and non-BAL samples were compared (Fig. 3C). Cq values were lower in non-BAL
samples compared to BAL samples in nonsurvivors (P = 0.009) but not significantly dif-
ferent in survivors (P = 0.30). For 12 patients with positive qPCR, a second sampling
was performed, of which 75% (9 of 12) were still positive, confirming the first sample
result. In the 3 patients with negative second sample, 1 received voriconazole between
both samples. A total of 29 positive Af-qPCR tests were performed on BAL with

FIG 2 Kaplan-Meier survival curves for 60-day mortality of patients with no COVID-19-associated
pulmonary aspergillosis (CAPA) or possible or probable CAPA according to European Confederation for
Medical Mycology and International Society for Human and Animal Mycology (ECMM/ISHAM) consensus
criteria (log rank test, P = 0.06) (A) and with 0, 1 or 2, and $3 positive mycological criteria (B) (log rank
test, P = 0.008). The following were considered Aspergillus criteria: from respiratory specimens: (i) direct
respiratory sample examination with branched hyphae suggestive of Aspergillus-type hyphae, (ii)
respiratory sample culture growing Aspergillus sp., (iii) galactomannan in bronchoalveolar lavage (index of
.1.0), and (iv) Aspergillus qPCR in respiratory sample with quantitative cycle (Cq) of ,36; and from serum
(i) galactomannan in blood (index of .0.5), (ii) positive Aspergillus qPCR in blood with Cq of ,40, and (iii)
blood BDG of .80 pg/mL.
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concomitant GM tests. As expected, a significant inverse correlation was observed
between GM index and Cq values (slope = 20.60 6 0.20; R2 = 0.26; P = 0.005) (Fig. 3D).
Of note, 22 respiratory samples presented positive Af-qPCR and negative culture de-
spite intermediate/high fungal load with a median Cq of 31.8 [30.7 to 35.2]. A propor-
tion of 81.8% (18 of 22) of positive Af-qPCR/negative Af culture grew Candida spp. in
culture, in comparison to 29.1% (7 of 24) in positive Af-qPCR/positive Af culture sam-
ples (P , 0.001). (v) At least one specific positive blood marker, i.e., serum GM tested in
73.3% (129 of 176) and/or Af-qPCR in plasma available in 50.0% (88 of 176) of our
patients, was positive in 8 patients, systematically associated with additional mycologi-
cal criteria (median = 3.5 [IQR, 3 to 5]) and a 100% mortality rate, except for 1 patient
with GM serum level of 0.6, for whom no other samples were obtained and who sur-
vived (Table S3). (vi) BDG was performed in 74.4% (131 of 176) of our patients. Positive
BDG was associated with death in all patients (75.8 versus 47.9%; P = 0.006).

DISCUSSION

In this large homogeneous 1-year retrospective cohort of 176 mechanically venti-
lated COVID-19 patients (n = 350 respiratory samples), we evaluated the diagnostic
and prognostic values of seven mycological criteria in CAPA. A positive examination of
respiratory samples (i.e., Aspergillus-type hyphae), a serum GM index of .0.5, and a
positive plasma Af-qPCR were systematically associated with other mycological criteria
and to a mortality of 100%. Conversely, a BAL GM index of .1.0 and positive respira-
tory sample culture were frequently found as isolated mycological criteria (28.5 and
34.1% of positive samples, respectively) but were mostly not confirmed on a second
sample if performed in the absence of treatment. This raises doubts on the ability of

FIG 3 Characteristics of A. fumigatus qPCR (Af-PCR) in respiratory sample. (A, B) Kaplan-Meier survival curves for 60-day mortality
associated with a qPCR cutoff. (A) 36 Cq. (B) 32 Cq. (C) Scatterplot of qPCR Cq values if performed in BAL and non-BAL samples
depending on the patient’s outcome. (D) Correlation between GM index (ODI) and quantification cycles (Cq value) in qPCR-
positive BAL samples.
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these criteria to accurately diagnose CAPA, taking into account the possibility of false-
positive results of culture (sample, culture contamination) and galactomannan (GM
cross-reaction).

Evaluation of single criteria in critically ill COVID-19 patients. According to
ECMM/ISHAM consensus criteria (3), BAL direct examination identifying Aspergillus-
type hyphae, positive Aspergillus sp. culture of BAL, BAL GM of .1.0, BAL Af-qPCR of
,36 Cq, and serum GM of .0.5 are each sufficient criterion to diagnose CAPA, without
any superiority between them. Here, we found positive direct examination to be asso-
ciated with 100% mortality rate and at least two other mycological criteria highlighting
the importance of this criteria, most likely reflecting high fungal burden and therefore
poor prognosis. The algorithm of Blot et al. that uses more stringent criteria to diag-
nose pulmonary aspergillosis in the critically ill patients included positive cytological
smear showing branching hyphae as mandatory criteria (16).

Surprisingly, 8.4% (14 of 176) of patients had a single positive culture with a nega-
tive qPCR expected to be similarly or more sensitive than culture. Discrepancies can be
attributed to extremely low fungal load or contamination of the sample by ubiquitous
Aspergillus spores during sampling or handling of the sample. Therefore, cautious inter-
pretation of an isolated positive culture may be recommended even in BAL and semi-
quantification or quantification of CFU obtained from agar plate culture should be
interesting to notify and evaluate.

GM .1.0 in BAL was found as an isolated fungal criterion in six samples but not
confirmed on a second BAL. GM is widely used to diagnose invasive aspergillosis but is
hampered by variable occurrence of unreproducible positive results (15), and its con-
centration was not associated with a higher mortality rate in a recent multicentric
study (17). Aigner et al. suggested that heavy colonization of the respiratory tract by
Candida spp. may trigger galactomannan positivity (18). In our study, five of six isolated
BAL GM were associated with a positive culture for Candida albicans. Overall, BAL GM
seems to be a poor marker to distinguish infection and colonization and can be
affected by technical issues. Positive BAL GM could be confirmed by a second positive
biomarker such as fungal DNA to initiate antifungal treatment.

In our study, we confirmed the results of a previously published multicentric study
using mortality to analyze mycological criteria characteristics (17). This study, like ours,
showed an association between serum GM detection (.0.5) and an increased mortality
rate in proven/probable CAPA cases (87.5% in serum GM-positive CAPA patients versus
41.7% in serum GM-negative CAPA patients).

Many interesting features of Af-qPCR are highlighted by our study. Af-qPCR could
serve as a confirmation tool to identify BAL GM and false-positive culture results, while
quantifying fungal burden. Its performance appears similar in BAL and non-BAL sam-
ples, supporting the use of endotracheal samples to help diagnose patients with CAPA
as already proposed (5). Af-qPCR may also help detect A. fumigatus when unable to
grow due to heavy Candida spp. load in the respiratory tract preventing Aspergillus
growth, supported by the high significant rate of Candida colonization in positive Af-
qPCR/negative Af culture samples in our study. However, pitfalls remain, including the
potential variability in the quantification due to heterogeneity of the specimen and the
variable performances of the different Af-qPCR assays among centers (19). PCR per-
formances depends on many factors, including DNA extraction method, primers, and
probe, as well as DNA target amplified, reagents, and thermocycler used (20, 21). A Cq
value of 36, as defined by ECMM/ISHAM consensus criteria, does not appear to be the
ideal threshold, as our study reveals that this threshold does not reflect the prognosis
of the patient. We suggest that the threshold of 32 (i.e., fungal load increased by 20),
as significantly associated with an increased mortality rate, may be considered a more
relevant mycological criterion to diagnose CAPA. More studies are needed as any spe-
cific cutoff will have to be optimized for each specific qPCR assay.

Does sample type really matter? Tracheal aspirates are reported to be more often
positive than BAL fluid in critically ill COVID-19 patients but represent upper airway col-
onization (3). This was the trend in our study, although the results were not significant
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with 16.2 and 10.8% of tracheal aspirates and BAL fluid being positive in culture,
respectively (P = 0.20). Furthermore, mortality in patients with a positive culture in tra-
cheal aspirate was similar to that in BAL fluid (75.0% versus 72.4%; P = 0.99) raising
doubts about the colonization-only hypothesis. Fungal load evaluated by median Af-
qPCR was also similar in both sample types. Bronchial aspirates were also previously
suggested to be more sensitive than BAL fluids for the diagnosis of invasive pulmonary
aspergillosis in allogeneic hematopoietic stem cell transplant recipients associated
with a more bronchial tropism during this type of invasive disease (22). Overall, a posi-
tive endotracheal sample should be sufficient to delineate probable aspergillosis for
patient management, as suggested by others, especially if it is supported by one or
more other criteria (5, 16).

Combination of criteria for the diagnosis of CAPA. According to the significant
difference in the survival of patients depending on the number of positive criteria and
initially proposed by White et al. to diagnose CAPA when clear recommendations were
lacking (23), we propose to use a combination of criteria to diagnose CAPA, but our
suggestion needs further discussion. In White et al., $2 positive criteria were needed
when much more stringent radiological evidence than ECMM/ISHAM guidelines was
lacking (i.e., nodules, halo, or consolidation instead of infiltrates being sufficient as cur-
rently recommended). Of 135 screened patients, 16 had multiple Aspergillus criteria,
while 23 had a single criterion, but mortality was not mentioned for either group.
Although the number of positive criteria would reflect fungal burden, which was al-
ready suggested in immunocompromised IPA patients (24) and recently also observed
in CAPA patient with no known risk factors (25), combining criteria could help over-
come false-positive issues and overdiagnosis of CAPA. Reflecting most probably higher
fungal loads, positive direct examination, positive serum GM and Af-qPCR should be
included in a future algorithm as criteria with higher weighting coefficient (Fig. 4).
Isolated BAL GM and an isolated positive culture may be given less weight especially if
not coupled and confirmed with Af-qPCR on the same sample or associated with

FIG 4 Combination and weight of mycological criteria for the diagnosis of COVID-19-associated
pulmonary aspergillosis according to the impact on prognosis. Created with BioRender.com.
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another criteria. This could also harmonize the diagnosis regardless of the type of re-
spiratory sample, which makes classifying patients compelling.

Limits of this study. Diagnosis of CAPA has been a hurdle in patients with no
EORTC/MSGERC host factors, preventing the identification of patients who might bene-
fit from antifungal prophylaxis or treatment. Similarly to every study evaluating myco-
logical criteria characteristics for the diagnosis of CAPA, our design lacks an adequate
gold standard (i.e., histopathological data showing tissue-invasive hyphae). Evaluating
these criteria in relationship to mortality has many biases in this population, in which
death is most likely multifactorial resulting from bacterial/fungal superinfection (26),
refractoriness of COVID-19, and underlying disease decompensation (27). However,
only a few patients received an effective and early antifungal treatment, which may be
the reason why there is no difference in mortality between treated and untreated
patients. Therefore, using mortality may help identify significant criteria or combina-
tions of criteria reflecting the invasiveness of the Aspergillus disease known to be asso-
ciated with a high mortality rate.

Conclusion. Despite the lack of gold standard, evaluating available mycological cri-
teria for CAPA diagnosis is a priority as the pandemic is likely to continue, and more
data are needed. One isolated positive criterion is most likely insufficient to diagnose
CAPA, especially for respiratory sample criteria, or should at least be reevaluated in a
second sample. Af-qPCR to address false positives and avoid false negatives in cases of
intense concomitant Candida colonization should be considered systematically.
However, standardized prospective studies are needed to compare autopsy results and
mycological data to confirm these findings and better target patients that could bene-
fit from antifungals.

SUPPLEMENTAL MATERIAL
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