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Abstract: Our study aims to assess the prevalence of CAPA (COVID-19-associated pulmonary
aspergillosis) and describe the associated risk factors and their impact on mortality. A prospective
study was conducted. We included patients with COVID-19 disease who were admitted to the
ICU with a diagnosis of respiratory failur. Mycological culture and other biomarkers (calcofluor
staining, LFD, LFA, PCR, GM, and B-D-glucan) were performed. A total of 300 patients were
included in the study. Thirty-five patients were diagnosed with CAPA (prevalence 11.7%). During
admission, 57 patients died (19%), and, in the group of CAPA patients, mortality was 31.4%. In
multivariate analysis, independent risk factors associated with CAPA diagnosis were age (OR: 1.05;
95% CI 1.01-1.09; p = 0.037), chronic lung disease (OR: 3.85; 95% CI 1.02-14.9; p = 0.049) and treatment
with tocilizumab during admission (OR: 14.5; 95% 6.1-34.9; p = 0.001). Factors independently
associated with mortality were age (OR: 1.06; 95% CI 1.01-1.11; p = 0.014) and CAPA diagnosis during
admission (OR: 3.34; 95% CI 1.38-8.08; p = 0.007). CAPA is an infection that appears in many patients
with COVID-19 disease. CAPA is associated with high mortality rates, which may be reduced by
early diagnosis and initiation of appropriate antifungal therapy, so screening of COVID-19 ARDS
(acute respiratory distress syndrome) patients for CAPA is essential.

Keywords: COVID-19; Aspergillosis; CAPA; mortality

1. Introduction

The association between influenza virus infection and invasive pulmonary aspergillo-
sis (IPA) has been described in the last decade in patients admitted to intensive care units,
with mortality reported as high as 50% in some studies [1-3]. The outbreak of the SARS-
COV-2 infection has also caused a progressive increase in the number of cases of IPA
associated with COVID-19 disease (CAPA), with significant mortality rates [4].

We face significant challenges when diagnosing IPA associated with viral illnesses
in general, and especially to SARS-COV-2 infections. Risk factors related to CAPA can
be different from those typically reported for IPA infections. In addition, patients usually
present severe radiological lesions other than those characteristics of fungal infection. For
these reasons, the commonly used IPA diagnostic criteria (EORTC/MSGERC) [5] are not
helpful when assessing IPA in these patients.

When clinical and radiological deterioration happens in patients with SARS-COV-
2 infection, a progression of ARDS (acute respiratory distress syndrome) or bacterial
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superinfections are frequently suspected. Usually, changes in antibiotic treatment are
made without evaluating other possible diagnoses [6,7]. Even proven Aspergillus isolates
in microbiological cultures of respiratory samples are sometimes considered colonizers,
despite their potential to cause invasive disease. Therefore, since anticipating the diagnosis
and treatment can improve patient outcomes [1], it is essential to establish clear diagnostic
criteria [5-7].

Recently, consensus criteria have been published to define CAPA [8] with microbio-
logical standards, clinical features, and imaging data, allowing clinicians to improve the
diagnostic process, classify patients more uniformly, and report results better. However,
we continue to face important diagnostic challenges [4,9].

Regarding risk factors associated with CAPA, different articles have described a
relationship with treatment with azithromycin, corticosteroids, anti-IL6 drugs, as well as
with underlying lung disease [4,10-13]. To identify apparent risk factors and establish
prevention strategies, it is necessary to carry out more extensive studies. An increase in
mortality rates has also been described in different single-center cohorts [4,10,11], and
again, more comprehensive studies are needed to elucidate the role of CAPA in mortality
in patients with acute respiratory failure due to COVID-19.

Our study aimed to assess the prevalence of CAPA in patients with COVID-19 ad-
mitted to our hospital’s intensive care unit (ICU) during the first and second waves of the
pandemic, describe the associated risk factors, and analyze its impact on the mortality of
these patients.

2. Materials and Methods
2.1. Study Design

A prospective study was conducted at a tertiary university hospital in Asturias (Spain)
during the COVID-19 pandemic between 1 March and 31 December 2020. We included
patients admitted consecutively to the ICU from the hospitalization ward with a diagnosis
of respiratory failure.

Demographic data, comorbidities, chronic pulmonary disease (COPD, asthma, and
bronchiectasis), risk factors for invasive fungal infection, microbiological features, radiolog-
ical data, treatments received in the hospitalization ward and the ICU, and clinical course
and mortality were prospectively collected, and mortality was also analyzed three months
after discharge. Bolus corticosteroids were administered with 6-methyl prednisolone at a
dose of 125 mg daily for three days. The study was in accordance with the Helsinki decla-
ration and national ethical standards. The hospital research ethics committee approved the
study protocol.

2.2. Microbiology Data Collection

Starting in March 2020, institutional recommendations were to screen patients in ICUs
for fungal infections by means of:

1. Fungal cultures from respiratory samples on Sabouraud dextrose agar plates (BioMerieux,
Mercy, L'Etoile, France). Fungus identification was performed by a matrix-assisted
laser desorption ionization-time of flight (MALDI-TOF) mass spectrometry instrument
(Bruker, Spain), following the manufacturer’s instructions.

2. The two commercially manufactured lateral flow devices (LFDs) (AspLFD, OLM
Diagnostics, Newcastle upon Tyne, UK) and Lateral Flow Assays (LFAs) (IMMY sona
Aspergillus Galactomannan Lateral Flow Assay, IMMY, Norman, OK, USA) tests, with
a visual reader which provides a semiquantitative reading and removes subjectivity
when interpreting results.

3. Quantitative real-time PCR for Aspergillus genus as follows: DNA extraction for PCR
analysis was performed on an ELITe InGenius automated platform as well as RT-PCR
using the Aspergillus spp. ELITe MGB kit (Elitegroup, Palex, Spain). The DNA was
extracted from a 1-mL volume of BAL fluid and was eluted in a 200-uL saline solution
before DNA amplification in the same platform. RT-PCR for Aspergillus genus was
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performed by an Aspergillus spp. ELITe MGB kit, which was CE-in-vitro diagnostic
(CE-1VD) validated on a diverse range of sample types. The target region was the
ribosomal DNA18S (rDNA18S), and the human B-globin gene was used as an internal
standard. The fungal DNA copy number was expressed as copies/mL in relation to a
rDNA18s standard curve.

4. GM testing was performed using Platelia™ Aspergillus (Bio-Rad Laboratories) with a
cut-off value of >0.5 in serum and >1.0 in BAL or >4 in tracheal and
bronchial aspirates.

5. Detection of 1,3-3-d-glucan (BDG) in serum was performed with the Wako 3-glucan
test (Fujifilm Wako Pure Chemical Corporation). A cut-off value of 7 pg/mL was used.

6.  Antifungal susceptibility to itraconazole, posaconazole, voriconazole, and isavucona-
zole was determined using the colorimetric broth microdilution Sensititre Yeast-One
(SYO; Trek Diagnostic System, Cleveland, OH, USA) method as well as the agar
diffusion Etest (bioMérieux, Marcy 1’Etoile, France) method.

Our epidemiological cutoff values (ECVs) of triazole resistance were defined following
the criteria published by the CLSI [14,15] and as proposed by Espinel-Ingroff et al. [16].
Isolates showing an MIC above the ECVs were considered non-wild-type.

2.3. CAPA Case Definitions

A diagnosis of COVID-19-associated pulmonary aspergillosis (CAPA) was defined
based on the 2020 European Confederation of Medical Mycology/International Society for
Human and Animal Mycology (ECCM/ISHAM) [8] consensus criteria, and according to
these criteria, patients were classified as proven CAPA, probable CAPA, possible CAPA or
no evidence of CAPA. CAPA diagnosis was defined as the earliest date when a diagnostic
feature was identified.

The characteristics of the patients diagnosed with CAPA during their evolution were
evaluated, comparing them with those from patients who did not present CAPA during
their admission to the ICU.

2.4. Statistical Study

A descriptive analysis was performed. Proportions or means with standard deviation
(SD) described the patient sample. Continuous variables were compared using Student’s
T-test, while chi-squared or Fisher exact tests were used for categorical dependent data
analysis, as appropriate. Baseline characteristic differences that were statistically significant
in the univariate analysis were tested in multivariate binary logistic regression models
to define independent risk factors associated with CAPA diagnosis. Independent risk
factors associated with mortality were also analyzed. All tests were two-sided, and a
p-value < 0.05 was considered statistically significant. Statistical analysis was performed
using SPSS version 20.0. CAPA prevalence was calculated by dividing the number of
patients diagnosed with CAPA (according to the criteria stated above) divided by the total
number of patients diagnosed with COVID-19 disease admitted to the ICU during the first
and second waves of the COVID-19 pandemic.

3. Results

A total of 300 patients with PCR-confirmed SARS-CoV-2 infection requiring ICU
admission due to COVID-19 associated acute respiratory failure were included in the study.

3.1. Patients’ Characteristics

We include 300 patients, 28% female, with a mean age of 63.5 £ 11.9 (15-83) years.
The median time from ICU admission to CAPA diagnosis was six days (IQR 1-27), and the
global ICU mean length of stay was 23.9 & 16.8 (1-100) days. In relation to comorbidities,
90 patients have cardiovascular diseases (30%), 54 (18%) diabetes, 153 (51%) hypertension,
126 (42%) dyslipidemia, 138 (46%) obesity with BMI > 30, and 34 (11.4%) chronic pulmonary
disease. Regarding mechanical ventilation, 260 patients (87%) were treated with invasive
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mechanical ventilation, 21 (7%) with non-invasive mechanical ventilation, 84 (28%) with
high-flow oxygen therapy, and three patients (1%) with ECMO. Forty-five patients (15%)
received tocilizumab, 243 (81%) systemic corticosteroids, 135 (45%) corticosteroids boluses,
and 63 (21%) azithromycin. Fifty-seven patients (19%) died during admission, and 75 (25%)
had died three months after discharge. Table 1 shows the characteristics of the patients
included in the study.

Table 1. Characteristics of the patients included in the study.

Characteristic N =300
Age (years) 63.5 + 11.9 (15-83)
Female, n (%) 84 (28%)
BMI (Kg/m?) 30.7 + 5.1 (18-49)
Ward length of stay before ICU (days) 2.5 + 3.1 (0-25)
ICU length of stay (days) 23.9 £ 16.8 (1-100)
Hospital length of stay (days) 39.1 4+ 25.7 (7-147)
Time from ICU admission to CAPA diagnosis (days, median) 6 (IQR 1-27)
Comorbidities n (%)
Cardiovascular disease 90 (30%)
Diabetes 54 (18%)
Hypertension 153 (51%)
Dyslipidemia 126 (42%)
Obesity BMI > 30 138 (46%)
Chronic pulmonary disease 34 (11.4%)
Invasive mechanical ventilation 260 (87%)
Non-invasive mechanical ventilation 21 (7%)
High-flow oxygen therapy 84 (28%)
ECMO 3 (1%)
Treatment (%)
Azithromycin 63 (21%)
Tocilizumab 45 (15%)
Systemic Corticosteroids 243 (81%)
Systemic Corticosteroids boluses 135 (45%)
Death during admission 57 (19%)
Death at three months 75 (25%)

3.2. CAPA Diagnosis

During the first wave, 62 patients were admitted to ICU, and 11 patients were diag-
nosed with CAPA, with a prevalence of 17.7%. During the second wave, 238 patients were
admitted to ICU, and 24 patients were diagnosed with CAPA, with a prevalence of 10.1%.
The total number of patients diagnosed with CAPA was 35, with an overall prevalence of
11.7%. Overall, fifty-seven patients (19%) were deceased during admission, while in the
group of CAPA patients, mortality was 31.4% (11/35 patients).

3.3. Mycological Results
CAPA patients presented a mean viral load of 17.784.946 copies/10° cells (range
16.220-1.246.612.224). The results of the diagnostic tools of patients with CAPA diagnosis
were as follows:
1. Mycological culture was positive in 34 patients (97.1%). Of these, 27 (80%) had an
infection caused by a single species of Aspergillus, while seven patients (20%) presented
a disease caused by more than one species of Aspergillus. There was no growth in one
patient (3%).
Specifically, the distribution of Aspergillus species isolated in the different patients was
as follows: 19 (55.9%) Aspergillus fumigatus; 5 (14.8%) A. terreus; 4 (11.8%) A. fumigatus + A.
terreus; 3 (8.8%) A. niger; 1 (2.9%) A. fumigatus + A. niger; 1 (2.9%) A. fumigatus + A. nidulans;
1 (2.9%) A. fumigatus + A. terreus + A. niger. Involved Aspergillus species are reported in
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Table 2. All A. fumigatus were azole susceptible. Two A. terreus and one A. niger showed
azole resistance.

2. Calcofluor staining was only performed in ten of the 35 patients to avoid aerosol-
generating procedures, being positive in all ten patients.

3. The lateral flow devices performed on available respiratory samples were positive in
all patients.

4. Aspergillus PCR was positive in all patients, with a mean cycle value of 28.7 (range
22.4-36) and a mean fungal load of 153.341 copies/mL (range 169-2.252.000).

5. Serum GM was positive in only 16.7% of patients. The mean value was 0.32 (range
0.03-1).

6. The GM in respiratory samples was positive in 94.3% of the cases, with a mean value
of 5.5 (range 0.08-10).

7. Serum f3-D-glucan was performed in 11 patients, being positive in all of them, with a
mean value of 93.9 pg/mL (range 7-321.5).

The diagnostic methods are detailed in Table 3.

Median time from ICU admission to the first Aspergillus isolation was six days (1-27),
and 94.3% of patients had invasive mechanical ventilation. Pulmonary aspergillosis was
probable in 7 patients (20%) and possible in 28 (80%). Zero patients had histopathologically
proven CAPA. Twenty-five Aspergillus-positive cultures (8.3% of all patients) did not fulfill
the CAPA case definition criteria and were considered colonized with Aspergillus.

Table 2. Aspergillus species isolated in CAPA patients.

Aspergillus Species N =34 %
A. fumigatus 19 55.9%
A. terreus 5 14.8%
A. fumigatus + A. terreus 4 11.8%
A. niger 3 8.8%
A. fumigatus + A. nidulans 1 2.9%
A. fumigatus + A. niger 1 2.9%
A. fumigatus + A. terreus + A. niger 1 2.9%
Table 3. Diagnostic methods.
CAPA CASES BAL Positive/BAL PERFORMED TA Positive/TA Performed
CULTURE 7/8 CULTURE 34/35
35 LFD7/8 LFD 35/35
PCR7/8 PCR 35/35
GM7/8 GM 35/35

CAPA: COVID-19-associated pulmonary aspergillosis; BAL: bronchoalveolar lavage; TA: tracheal aspirate;
LEFD: lateral flow device; PCR: polymerase chain reaction; GM: Galactomannan.

3.4. Comparison of Patients with and without CAPA Univariate Analysis

In univariate analysis, patients with CAPA were older (68.8 & 8.1 vs. 62.5 &+ 12.3;
p < 0.001), had more frequent chronic lung disease (22.8% vs. 9.8%; p = 0.022), and had been
treated more frequently with tocilizumab (57.1% vs. 9.4%; p < 0.001) and corticosteroid
boluses (65.7% vs. 42.3%; p = 0.008). We did not find a relationship with BMI, ICU or
hospital stay length, or ventilatory support. We did not find either a link with the use
of azithromycin or corticosteroids at doses of 6 mg of dexamethasone, being the usual
regimen from the second wave of the pandemic. Table 4 shows the factors associated with
CAPA diagnosis.
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Table 4. Factors associated with CAPA diagnosis. Univariate analysis.

Characteristic N =300 No CAPA (n = 265) CAPA (n =35) P
Age (years) 63.5 £ 11.9 (15-83) 625 +12.3 68.8 £ 8.1 <0.001
Female gender n (%) 84 (28%) 74 (27.9%) 10 (28.6%) 0.903
BMI (Kg/m?) 30.7 + 5.1 (18-49) 309 £5.2 29.8 £4.7 0.277
ICU length of stay (days) 23.9 4+ 16.8 (1-100) 235+ 16.9 264 +15.9 0.348
Hospital length of stay (days) 39.1 + 25.7 (7-147) 39.2+271 38.8+17.1 0.924
Invasive mechanical ventilation (days) 19.3 £ 15.8 194 +16.7 18.7 £ 10.2 0.730

Comorbidities
Cardiovascular disease n (%) 90 (30%) 79 (29.7%) 11 (31.4%) 0.844
Diabetes n (%)
Hypertension n (%) 54 (18%) 45 (17%) 9 (25.7%) 0.206
Dyslipidemia n (%) 153 (51%) 130 (49.1%) 23 (65.7%) 0.064
Obesity BMI > 30 126 (42%) 108 (40.8%) 18 (51.4%) 0.229
n (%) 138 (46%) 126 (47.6%) 12 (34.3%) 0.139
Chronic pulmonary disease n (%)
34 (11.4%) 26 (9.8%) 8 (22.8%) 0.022
Invasive mechanical ventilation 260 (87%) 227 (85.7%) 33 (94.3%) 0.158
Non-invasive mechanical ventilation 21 (7%) 18 (6.8%) 3 (8.6%) 0.698
High-flow oxygen therapy 84 (28%) 74 (27.9%) 10 (28.6%) 0.936
ECMO 3 (1%) 3(1.1%) 0 (0%) 0.527
Treatment

Azithromycin 63 (21%) 55 (20.8%) 8 (22.9%) 0.774
Tocilizumab 45 (15%) 25 (9.4%) 20 (57.1%) <0.001
Corticosteroids 243 (81%) 213 (80.4%) 30 (85.7%) 0.449
Corticosteroids boluses 135 (45%) 112 (42.3%) 23 (65.7%) 0.008
Death during admission 57 (19%) 46 (17.3%) 11 (31.4%) 0.048
Death at three months 75 (25%) 61 (23%) 14 (40%) 0.029

3.5. Comparison of Patients with and without CAPA Multivariate Analysis

In multivariate analysis (Table 5), independent risk factors associated with CAPA
diagnosis were age (OR: 1.05; 95% CI 1.01-1.09; p = 0.037), chronic lung disease (OR: 3.85;
95% CI11.02-14.9; p = 0.049) and treatment with tocilizumab during admission (OR: 14.5;
95% 6.1-34.9; p = 0.001). The use of corticosteroids boluses was not an independent factor
associated with CAPA diagnosis when pooled in the multivariate models.

Table 5. Factors associated with CAPA diagnosis. Multivariate analysis.

Characteristic OR CI95% y
Age 1.05 1.01-1.09 0.037
Chronic pulmonary 3.85 1.02-14.9 0.049
disease
Tocilizumab 14.5 6.1-34.9 0.001

3.6. Mortality

Regarding mortality, patients with CAPA had a 31.4% mortality rate during admission,
compared to 17.3% in the group of patients without CAPA (p = 0.048). Three months after
discharge, mortality was 40% in patients with CAPA diagnosis versus 23% in those who
had not developed CAPA during admission (p = 0.029).

When the mortality of all patients was globally analyzed, 57 patients (19%) died.
Factors independently associated with mortality were age (OR: 1.06; 95% CI 1.01-1.11;
p = 0.014) and CAPA diagnosis during admission (OR: 3.34; 95% CI 1.38-8.08; p = 0.007).

4. Discussion

Our study reports a CAPA prevalence of 11.7% with a mortality of 31.4%, significantly
higher than the 19% observed in patients not diagnosed with CAPA. In the analysis of
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factors associated with CAPA diagnosis, we describe that these patients were older, had
chronic lung disease more frequently, and received treatment with tocilizumab in a higher
proportion than those who did not present CAPA.

According to the different studies published, CAPA prevalence rates are highly vari-
able, ranging between 3 and 33% [4,6,17-19]. These differences can be attributed to different
thresholds for clinical evaluation, diagnostic methods, and differences in criteria for CAPA
definition [6,20]. Our data are similar to those published by Prattes et al. [4] in a multicenter
study, in which the median prevalence was 10.7%, compared to the 11.7% observed in
our study.

Regarding mortality of patients with CAPA, in a prospective study of 108 patients
with SARS-CoV-2 pneumonia and ARDS, a higher mortality rate was observed in patients
with CAPA than those who did not present aspergillosis (44% vs. 19%). In this study,
CAPA diagnosis was associated with ICU mortality in a logistic regression model, even
after adjustment for age, need for renal replacement therapy, and sequential organ failure
assessment (SOFA) score at ICU admission [8]. In the multicenter study by Prattes et al. [4],
the authors reported a reduced survival at 90 days (29% in patients with CAPA vs. 57% in
patients without CAPA), remaining as an independent prognostic factor of mortality after
adjusting for other variables [4]. Ergiin et al. [3] found 53.8% mortality in patients with
CAPA compared to 24.1% in patients who did not present CAPA. In our study, the mortality
of patients with CAPA during admission was 31.4%, rising to 40% at three months after
discharge. We also observed that CAPA diagnosis was an independent mortality risk factor
in patients admitted with severe SARS-COV-2 pneumonia.

The mechanism of fungal infection associated with SARS-COV-2 disease is unclear.
One hypothesis could be that the virus produces severe damage to the lung tissue with sig-
nificant alveolar-interstitial lesions, this causing more probability of coinfections acquired
by inhalation, such as fungal disease [21,22]. Another contributing factor may be the severe
leukopenia caused by the virus, with a significant decrease in the number of CD4 and
CDS8 lymphocytes and elevation of interleukins (IL-2R, IL-6, IL-10, TNF-alpha) and other
inflammatory markers [23]. A function defect may accompany the decrease in lymphocytes,
and severe lymphopenia has been established to predict invasive fungal disease in patients
with hematological malignancy [8,24]. The respiratory mucosa damage and secondary
mucociliary clearance alteration [21,25] would allow Aspergillus to infect the respiratory
tract, also avoiding the action of the alveolar macrophages due to dysfunction or immune
dysregulation both locally and systemically [8,21,26-28], this caused by the COVID-19
disease itself and also by treatments such as corticosteroids and immunosuppressants.

Different risk factors associated with CAPA diagnosis have been reported across the
different published studies. In the multicenter study by Prattes et al. [4], CAPA diagnosis
was associated with older age, with any form of invasive support, and with treatment
with anti-IL-6 (tocilizumab) (HR: 2.45; 95% CI 1.41-4.25). These data are similar to those
obtained in our study. We also observed a relationship with older age and treatment with
tocilizumab as factors associated with isolation of Aspergillus. When we analyzed the use
of invasive respiratory support in our study, 94% of patients with CAPA were receiving
invasive mechanical ventilation. Still, 87% of the overall sample received invasive support;
no relationship was observed with CAPA diagnosis.

Although steroid treatment has been linked to the appearance of IPA in patients with
influenza [29], it is not clear if it is also associated with SARS-COV-2 infections. In our
study, we observed a relationship between the use of boluses of corticosteroids and CAPA
in the univariate analysis, but this was not confirmed as an independent risk factor in
the multivariate analysis. Similarly, in the series by Prattes et al. [4], a relationship with
steroid treatment was not found. However, we must consider that most patients in our
study belong to the second wave of the pandemic, when as a usual clinical practice, all
patients with respiratory failure received dexamethasone at a dose of 6 mg daily, making it
difficult to discriminate the possible effect of corticosteroids on the appearance of CAPA.
Still, dexamethasone treatment and anti-IL-6 strategies might also result in increased
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susceptibility to superinfections [30,31], including CAPA [32], and could lead to increases
in CAPA incidence, emphasizing the need for clinical guidelines.

Another factor that should be considered is previous chronic lung damage. In the
study published by Prattes et al. [4], chronic lung damage was described as a risk factor
for the appearance of CAPA. Our research also observed that this relationship remained
an independent risk factor for CAPA diagnosis in multivariate analysis. It is possible
that previous colonization by Aspergillus in the lungs with the chronic disease could lead
to invasive aspergillosis by adding the immune dysregulation and immunosuppression
derived from severe SARS-COV-2 disease. It is worth highlighting that, in our study,
CAPA was diagnosed after a median of 6 days since admission to the ICU, which would
support that previously colonized patients may be more susceptible to present CAPA.
Other studies have found similar data, such as Bartoletti et al. [10], with a mean of 4 days
(SD:4), Delliére et al. [12], with a mean of 6 days (SD: 10), Fekkar et al. [33], with a median
of 7 days (IQR: 2-56), and Lewis White [11], with a median of 8 days (IQR 0-35) from ICU
admission to CAPA diagnosis.

A year before the pandemic in our hospital, a diagnostic algorithm for detecting cases
of invasive aspergillosis was developed within an antifungal optimization program, based
on existing guidelines and available diagnostic tools (calcofluor staining mycological cul-
ture, LFD, LFA, PCR, GM, and B-D-glucan). In March 2020, this algorithm was adapted to
detect existing CAPA cases in intensive care units. Therefore, mycological culture and all
biomarkers mentioned above were performed on all respiratory samples of SARS-COV-2
patients admitted to ICUs. [34—40]. When we analyzed these diagnostic tests, both my-
cological culture and fungal biomarkers demonstrated high sensitivity and specificity in
the diagnosis of CAPA patients, with the significant exception of GM detection in serum,
which had a sensitivity as low as 16.7%. The initial difficulties in diagnosing CAPA have
had a lot to do with the low sensitivity of serum biomarkers [10,11,35] and the reluctance
at the beginning of the pandemic to perform bronchoscopies due to the risk of aerosol
exposure and the spread of the disease, which has led to confusing literature [41-44]. In
general, the first cases were reported in early 2020, in the form of case reports or small
series of cases [4,45-47] and obtaining diagnoses by bronchial aspirates, making it difficult
to differentiate invasive aspergillosis from what may be colonization in a group of severe
patients with acute respiratory distress syndrome with clinical and radiological alterations
superimposable to the picture of fungal infection [3,48]. Detection of Aspergillus in upper
respiratory tract specimens, such as sputum or tracheal aspirate, often does not distinguish
between Aspergillus colonization and invasive disease.

It is essential to keep in mind that, although non-culture-based methods, such as LFD,
LFA, PCR, GM are not validated for respiratory specimens other than BAL, we believe
that it is crucial, in line with other authors [11,49-51], to “use all the available cards in
the deck,” i.e., use the available patient samples (NBL, TA) to detect CAPA cases in the
first sample tested. Otherwise, there will continue to be a clear under-diagnosis of as-
pergillosis in COVID-19 patients, significant variability in incidence, delayed initiation
of therapy, and subsequently increased patient morbidity and mortality. This delay has
been significantly associated with mortality among intubated patients with COVID-19:
White et al. [11] reported significantly higher mortality rates in those with fungal dis-
eases (53% vs. 32%; p = 0.04), which was explicitly driven by patients with fungal infection
who were not receiving antifungal therapy (90% mortality), whereas mortality was sig-
nificantly (p = 0.008) reduced to 38.5% in those with the fungal disease who received
antifungal therapy:.

It would be essential to determine if antifungal treatment in patients with positive
tests for Aspergillus in respiratory samples leads to better outcomes. A proven invasive As-
pergillosis option would be voriconazole or isavuconazole [8,52]. Similarly, given the high
prevalence of Aspergillus in respiratory samples from patients with COVID-19 admitted to
ICU, it would be important to determine the use of antifungals as prophylaxis or preven-
tive treatment. There are some ongoing trials on this topic (ClinicalTrials.gov (accessed on
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20 December 2021) identifier: NCT04707703). In some centers, the use of inhaled ampho-
tericin B is evaluated when a positive GM is observed in lower respiratory samples, even
though the PCR and culture are negative [52].

We must acknowledge some limitations in our study, such as being performed in
a single hospital center, making it difficult to extrapolate the data to other populations.
Another limitation may be that no patient has a proven API, given the difficulty in taking
histological samples in this type of patient. However, the number of patients included in
the study is high, which may be a strength.

5. Conclusions

In conclusion, large series have been published, and different cohorts [10,11,34,53-55]
have been followed. CAPA is now considered an infection that appears in a considerable
number of patients with COVID-19 disease [4,40]. This disease is associated with high
mortality rates, which may be reduced by early diagnosis and initiation of appropriate
antifungal therapy, so screening COVID-19 ARDS patients for CAPA is essential. There is,
therefore, a need for a strategic approach for the diagnosis and subsequent management of
CAPA using all the available samples and tools.
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Abbreviations

ARDS Acute respiratory distress syndrome

BAL Bronchoalveolar lavage.

B-D-G Beta-D glucano.

BMI Body mass index.

CAPA COVID-19 Associated Pulmonary Aspergillosis)
CI Confidence interval.

COVID Coronavirus disease.

ECMM/ISHAM European Confederation of Medical Mycology /International Society
for Human and Animal Mycology

ECMO Extracorporeal membrane oxygenation.

EORTC/MSGERC  Europena Organisation for Research and Treatment of Cancer/Mycoses
Study Group Education and Research Consortium.

GM Galactomannan.

HR Hazard ratio

ICU Intensive care unit.

IL Interleukin.

IPA Invasive pulmonary aspergillosis.
IOR Interquartile range.

LFA Lateral flow assays

LFD Lateral flow device.



J. Fungi 2022, 8, 97 10 of 12

MALDI-TOF Matrix-assisted laser desorption ionization-time of -light
NBL Non-bronchoscopic lavage
OR Odds ratio
PCR Polymerase chain reaction.
SD Standard deviation.
SOFA Sequential organ failure assessment
TA Tracheal aspirate.
TNF-alpha Tumor necrosis factor alpha
References
1. Van de Veerdonk, FL.; Kolwijck, E.; Lestrade, P.P.; Hodiamont, C.J.; Rijnders, B.].; Van Paassen, J.; Haas, PJ.; Oliveira Dos Santos,

10.

11.

12.

13.

14.

15.

16.

C.; Kampinga, G.A.; Bergmans, D.C.; et al. Influenza-associated aspergilosis in critically ill patients. Am. J. Respir. Crit. Care Med.
2017, 196, 524-527. [CrossRef] [PubMed]

Schauwvlieghe, A.; Rijnders, B.J.A.; Philips, N.; Verwijs, R.; Vanderbeke, L.; Van Tienen, C.; Lagrou, K.; Verweij, PE.; Van de
Veerdonk, F.L.; Gommers, D.; et al. Invasive aspergilosis in patients admitted to the intensive care unit with severe influenza: A
retrospective cohort study. Lancet Respir. Med. 2018, 6, 782-792. [CrossRef]

Ergiin, M.; Briiggemann, R.J.M.; Alanio, A ; Delliere, S.; Van Arkel, A.; Bentvelsen, R.G.; Rijpstra, T.; van der Sar-van der Brugge,
S.; Lagrou, K.; Janssen, N.A.F; et al. Aspergillus test profiles and mortality in critically-ill covid-19 patients. J. Clin. Microbiol.
2021, 59, €0122921. [CrossRef] [PubMed]

Prattes, J.; Wauters, J.; Giacobbe, D.R.; Salmanton-Garcia, J.; Maertens, J.; Bourgeois, M.; Reynders, M.; Rutsaert, L.; Van
Regenmortel, N.; Lormans, P; et al. Risk factors and outcome of pulmonary aspergillosis in critically ill coronavirus disease 2019
patients-a multinational observational study by the European Confederation of Medical Mycology. Clin. Microbiol. Infect. 2021.
[CrossRef]

Donnelly, J.P.; Chen, S.C.; Kauffman, C.A.; Steinbach, W.J.; Baddley, ] W.; Verweij, P.E.; Clancy, C.J.; Wingard, J.R.; Lockhart, S.R,;
Groll, A.H,; et al. Revision and Update of the Consensus Definitions of Invasive Fungal Disease From the European Organization
for Research and Treatment of Cancer and the Mycoses Study Group Education and Research Consortium. Clin. Infect. Dis. 2020,
71,1367-1376. [CrossRef] [PubMed]

Verweij, PE.; Rijnders, B.J.A.; Briiggemann, R.J.M.; Azoulay, E.; Bassetti, M.; Blot, S.; Calandra, T.; Clancy, C.J.; Cornely, O.A;
Chiller, T; et al. Review of influenza-associated pulmonary aspergillosis in ICU patients and proposal for a case definition: An
expert opinion. Intensive Care Med. 2020, 46, 1524-1535. [CrossRef] [PubMed]

Garcia Clemente, M.; Madrid Carbajal, C.; Iscar Urrutia, M. Influenza, SARS-CoV-2 y aspergilosis pulmonar invasiva [Influenza,
SARS-CoV-2 and Invasive Pulmonary Aspergillosis]. Arch. Bronconeumol. 2021, 57, 11-12. [CrossRef] [PubMed]

Koehler, P; Bassetti, M.; Chakrabarti, A.; Chen, S.C.A.; Colombo, A.L.; Hoenigl, M.; Klimko, N.; Lass-Florl, C.; Oladele, R.O.;
Vinh, D.C; et al. Defining and managing COVID-19-associated pulmonary aspergillosis: The 2020 ECMM/ISHAM consensus
criteria for research and clinical guidance. Lancet Infect. Dis. 2021, 21, e149-e162. [CrossRef]

Lang, M.; Som, A.; Mendoza, D.P,; Flores, E.J.; Li, M.D.; Shepard, J.O.; Little, B.P. Detection of Unsuspected Coronavirus Disease
2019 Cases by Computed Tomography and Retrospective Implementation of the Radiological Society of North America/Society
of Thoracic Radiology/American College of Radiology Consensus Guidelines. . Thorac. Imaging. 2020, 35, 346-353. [CrossRef]
[PubMed]

Bartoletti, M.; Pascale, R.; Cricca, M.; Rinaldi, M.; Maccaro, A.; Bussini, L.; Fornaro, G.; Tonetti, T.; Pizzilli, G.; Francalandi, E.; et al.
PREDICO Study Group. Epidemiology of Invasive Pulmonary Aspergillosis Among Intubated Patients With COVID-19: A
Prospective Study. Clin. Infect. Dis. 2021, 73, e3606—-e3614. [CrossRef]

White, P.L.; Dhillon, R.; Cordey, A.; Hughes, H.; Faggian, E; Soni, S.; Pandey, M.; Whitaker, H.; May, A.; Morgan, M.; et al. A
National Strategy to Diagnose Coronavirus Disease 2019-Associated Invasive Fungal Disease in the Intensive Care Unit. Clin.
Infect. Dis. 2021, 73, e1634—e1644. [CrossRef] [PubMed]

Delliere, S.; Dudoignon, E.; Fodil, S.; Voicu, S.; Collet, M.; Oillic, P.A.; Salmona, M.; Dépret, F.; Ghelfenstein-Ferreira, T.; Plaud,
B.; et al. Risk factors associated with COVID-19-associated pulmonary aspergillosis in ICU patients: A French multicentric
retrospective cohort. Clin. Microbiol. Infect. 2020, 27, 790.e1-790.e5. [CrossRef] [PubMed]

Meijer, E.F].; Dofferhoff, A.S.M.; Hoiting, O.; Meis, ].F. COVID-19-associated pulmonary aspergillosis: A prospective single-center
dual case series. Mycoses 2021, 64, 457-464. [CrossRef] [PubMed]

Clinical and Laboratory Standards Institute. Epidemiological Cutoff Values for Antifungal Susceptibility Testing, 2nd ed.; CLSI
supplement M59; Clinical and Laboratory Standards Institute: Wayne, PA, USA, 2018.

Clinical and Laboratory Standards Institute. Principles and Procedures for Developing Epidemiological Cutoff Values for Antifungal
Susceptibility Testing, 1st ed.; CLSI M57 document; Clinical and Laboratory Standards Institute: Wayne, PA, USA, 2016.
Espinel-Ingroff, A.; Turnidge, J.; Alastruey-Izquierdo, A.; Botterel, E.; Canton, E.; Castro, C.; Chen, Y.C.; Chen, Y.; Chryssanthou,
E.; Dannaoui, E.; et al. Method-dependent epidemiological cutoff values for detection of triazole resistance in Candida and
Aspergillus species for the Sensititre YeastOne colorimetric broth and Etest agar diffusion methods. Antimicrob. Agents Chemother.
2019, 63, e01651-18. [CrossRef] [PubMed]


http://doi.org/10.1164/rccm.201612-2540LE
http://www.ncbi.nlm.nih.gov/pubmed/28387526
http://doi.org/10.1016/S2213-2600(18)30274-1
http://doi.org/10.1128/JCM.01229-21
http://www.ncbi.nlm.nih.gov/pubmed/34495710
http://doi.org/10.1016/j.cmi.2021.08.014
http://doi.org/10.1093/cid/ciz1008
http://www.ncbi.nlm.nih.gov/pubmed/31802125
http://doi.org/10.1007/s00134-020-06091-6
http://www.ncbi.nlm.nih.gov/pubmed/32572532
http://doi.org/10.1016/j.arbres.2020.09.012
http://www.ncbi.nlm.nih.gov/pubmed/34629631
http://doi.org/10.1016/S1473-3099(20)30847-1
http://doi.org/10.1097/RTI.0000000000000542
http://www.ncbi.nlm.nih.gov/pubmed/32558725
http://doi.org/10.1093/cid/ciaa1065
http://doi.org/10.1093/cid/ciaa1298
http://www.ncbi.nlm.nih.gov/pubmed/32860682
http://doi.org/10.1016/j.cmi.2020.12.005
http://www.ncbi.nlm.nih.gov/pubmed/33316401
http://doi.org/10.1111/myc.13254
http://www.ncbi.nlm.nih.gov/pubmed/33569857
http://doi.org/10.1128/AAC.01651-18
http://www.ncbi.nlm.nih.gov/pubmed/30323038

J. Fungi 2022, 8, 97 11 0f12

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Alanio, A ; Delliere, S.; Fodil, S.; Bretagne, S.; Mégarbane, B. Prevalence of putative invasive pulmonary aspergillosis in critically
ill patients with COVID-19. Lancet Respir Med. 2020, 8, e48-e49. [CrossRef]

Segrelles-Calvo, G.; Aratjo, G.R.S.; Llopis-Pastor, E.; Carrillo, J.; Hernandez-Hernandez, M.; Rey, L.; Rodriguez Melean, N.;
Escribano, I.; Antén, E.; Zamarro, C.; et al. Prevalence of opportunistic invasive aspergillosis in COVID-19 patients with severe
pneumonia. Mycoses 2021, 64, 144-151. [CrossRef] [PubMed]

Machado, M.; Valerio, M.; Alvarez-Uria, A.; Olmedo, M.; Veintimilla, C.; Padilla, B.; De la Villa, S.; Guinea, J.; Escribano, P;
Ruiz-Serrano, M.].; et al. COVID-19 Study Group. Invasive pulmonary aspergillosis in the COVID-19 era: An expected new
entity. Mycoses 2021, 64, 132-143.

Jenks, ].D.; Nam, H.H.; Hoenigl, M. Invasive aspergillosis in critically ill patients: Review of definitions and diagnostic approaches.
Mycoses 2021, 64, 1002-1014. [CrossRef]

Garcia Clemente, M.; Hermida Valverde, T.; Leizaola-Irigoyen, O.; Enriquez Rodriguez, A.L; Arias Guillén, M.; Telenti Asensio,
M.; Garcia Carus, E.; Pelaez Garcia, T. Can SARS-CoV-2 be a Risk Factor for Pulmonary Aspergillosis? Arch. Bronconeumol. 2021,
57,72-73. [CrossRef]

He, F; Deng, Y.; Li, W. Coronavirus disease 2019: What we know? |. Med. Virol. 2020, 92, 719-725. [CrossRef] [PubMed]

Chen, G.; Wu, D.; Guo, W,; Cao, Y.; Huang, D.; Wang, H.; Wang, T.; Zhang, X.; Chen, H.; Yu, H.; et al. Clinical and immunological
features of severe and moderate coronavirus disease 2019. J. Clin. Investig. 2020, 130, 2620-2629. [CrossRef] [PubMed]

Qin, C; Zhou, L.; Hu, Z.; Zhang, S.; Yang, S.; Tao, Y.; Xie, C.; Ma, K,; Shang, K.; Wang, W.; et al. Dysregulation of Immune
Response in Patients with Coronavirus 2019 (COVID-19) in Wuhan, China. Clin. Infect. Dis. 2020, 71, 762-768. [CrossRef]
Garcia-Clemente, M.; Martin-Iglesias, L.; Enriquez-Rodriguez, A.IL; Iscar-Urrutia, M.; Madrid-Carbajal, C.; Lopez-Gonzalez, EJ.
Invasive aspergilosis as a complication of influenza virus H3N2 infection. Arch. Bronconeumol. 2020, 56, 406—408. [CrossRef]
[PubMed]

Herold, S.; Becker, C.; Ridge, K.M.; Budinger, G.R. Influenza virus-induced lung injury: Pathogenesis and implications for
treatment. Eur. Respir. ]. 2015, 45, 1463-1478. [CrossRef] [PubMed]

Garcia-Vidal, C.; Barba, P.; Arnan, M.; Moreno, A.; Ruiz-Camps, I.; Gudiol, C.; Ayats, J.; Orti, G.; Carratala, J. Invasive aspergilosis
complicating pandemic influenza A (h1N1) infection in severely immunocompromised patients. Clin. Infect. Dis. 2011, 53,
el6-e19. [CrossRef]

Bermejo-Martin, J.E.,; Martin-Loeches, I.; Rello, J.; Antén, A.; Almansa, R.; Xu, L.; Lopez-Campos, G.; Pumarola, T.; Ran, L.;
Ramirez, P; et al. Host adaptive immunity deficiency in severe pandemic influenza. Crit. Care 2010, 14, R167. [CrossRef]
Wauters, J.; Baar, I.; Meersseman, P.; Meersseman, W.; Dams, K.; de Paep, R.; Lagrou, K.; Wilmer, A_; Jorens, P.; Hermans, G.
Invasive pulmonary aspergilosis is a frequent complication of critically ill HIN1 patients: A retrospective study. Intensive Care
Med. 2012, 38, 1761-1768. [CrossRef]

RECOVERY Collaborative Group; Horby, P.; Lim, W.S.; Emberson, J.R.; Maftham, M.; Bell, ].L.; Linsell, L.; Staplin, N.; Brightling,
C.; Ustianowski, A.; et al. Dexamethasone in Hospitalized Patients with Covid-19. N. Engl. ]. Med. 2021, 384, 693-704. [PubMed]
Somers, E.C.; Eschenauer, G.A.; Troost, J.P.; Golob, J.L.; Gandhi, T.N.; Wang, L.; Zhou, N.; Petty, L.A.; Baang, ].H.; Dillman,
N.O,; et al. Tocilizumab for Treatment of Mechanically Ventilated Patients With COVID-19. Clin. Infect. Dis. 2021, 73, e445-e454.
[CrossRef] [PubMed]

Lewis, R.E.; Kontoyiannis, D.P. Invasive aspergillosis in glucocorticoid-treated patients. Med. Mycol. 2009, 47 (Suppl. S1),
S5271-5281. [CrossRef]

Fekkar, A.; Lampros, A.; Mayaux, ].; Poignon, C.; Demeret, S.; Constantin, ].M.; Marcelin, A.G.; Monsel, A.; Luyt, C.E.; Blaize, M.
Occurrence of Invasive Pulmonary Fungal Infections in Patients with Severe COVID-19 Admitted to the ICU. Am. J. Respir. Crit.
Care Med. 2021, 203, 307-317. [CrossRef] [PubMed]

Gangneux, J.P.; Reizine, F.; Guegan, H.; Pinceaux, K.; Le Balch, P;; Prat, E.; Pelletier, R.; Belaz, S.; Le Souhaitier, M.; Le Tulzo,
Y.; et al. Is the COVID-19 Pandemic a Good Time to Include Aspergillus Molecular Detection to Categorize Aspergillosis in ICU
Patients? A Monocentric Experience. J. Fungi (Basel) 2020, 6, 105. [CrossRef] [PubMed]

Verweij, PE.; Gangneux, ].P.,; Bassetti, M.; Briiggemann, R.J.M.; Cornely, O.A.; Koehler, P.; Lass-Florl, C.; van de Veerdonk,
F.L.; Chakrabarti, A.; Hoenigl, M. European Confederation of Medical Mycology; International Society for Human and Animal
Mycology; European Society for Clinical Microbiology and Infectious Diseases Fungal Infection Study Group; ESCMID Study
Group for Infections in Critically Ill Patients. Diagnosing COVID-19-associated pulmonary aspergillosis. Lancet Microbe 2020, 1,
e53-eb5. [CrossRef] [PubMed]

Jenks, ].D.; Mehta, S.R.; Taplitz, R.; Aslam, S.; Reed, S.L.; Hoenigl, M. Point-of-care diagnosis of invasive aspergillosis in non-
neutropenic patients: Aspergillus Galactomannan Lateral Flow Assay versus Aspergillus-specific Lateral Flow Device test in
bronchoalveolar lavage. Mycoses 2019, 62, 230-236. [CrossRef] [PubMed]

Hoenigl, M.; Prattes, ].; Spiess, B.; Wagner, J.; Prueller, F; Raggam, R.B.; Posch, V.; Duettmann, W.; Hoenigl, K.; Wolfler,
A.; et al. Performance of galactomannan, beta-d-glucan, Aspergillus lateral-flow device, conventional culture, and PCR tests with
bronchoalveolar lavage fluid for diagnosis of invasive pulmonary aspergillosis. J. Clin. Microbiol. 2014, 52, 2039-2045. [CrossRef]
Vergidis, P.; Moore, C.B.; Novak-Frazer, L.; Rautemaa-Richardson, R.; Walker, A.; Denning, D.W.; Richardson, M.D. High-volume
culture and quantitative real-time PCR for the detection of Aspergillus in sputum. Clin. Microbiol. Infect. 2020, 26, 935-940.
[CrossRef] [PubMed]


http://doi.org/10.1016/S2213-2600(20)30237-X
http://doi.org/10.1111/myc.13219
http://www.ncbi.nlm.nih.gov/pubmed/33217071
http://doi.org/10.1111/myc.13274
http://doi.org/10.1016/j.arbres.2020.06.028
http://doi.org/10.1002/jmv.25766
http://www.ncbi.nlm.nih.gov/pubmed/32170865
http://doi.org/10.1172/JCI137244
http://www.ncbi.nlm.nih.gov/pubmed/32217835
http://doi.org/10.1093/cid/ciaa248
http://doi.org/10.1016/j.arbres.2019.12.024
http://www.ncbi.nlm.nih.gov/pubmed/32098729
http://doi.org/10.1183/09031936.00186214
http://www.ncbi.nlm.nih.gov/pubmed/25792631
http://doi.org/10.1093/cid/cir485
http://doi.org/10.1186/cc9259
http://doi.org/10.1007/s00134-012-2673-2
http://www.ncbi.nlm.nih.gov/pubmed/32678530
http://doi.org/10.1093/cid/ciaa954
http://www.ncbi.nlm.nih.gov/pubmed/32651997
http://doi.org/10.1080/13693780802227159
http://doi.org/10.1164/rccm.202009-3400OC
http://www.ncbi.nlm.nih.gov/pubmed/33480831
http://doi.org/10.3390/jof6030105
http://www.ncbi.nlm.nih.gov/pubmed/32664423
http://doi.org/10.1016/S2666-5247(20)30027-6
http://www.ncbi.nlm.nih.gov/pubmed/32835328
http://doi.org/10.1111/myc.12881
http://www.ncbi.nlm.nih.gov/pubmed/30565352
http://doi.org/10.1128/JCM.00467-14
http://doi.org/10.1016/j.cmi.2019.11.019
http://www.ncbi.nlm.nih.gov/pubmed/31811917

J. Fungi 2022, 8, 97 12 0of 12

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Jenks, ].D.; Prattes, ].; Frank, ].; Spiess, B.; Mehta, S.R.; Boch, T.; Buchheidt, D.; Hoenigl, M. Performance of the Bronchoalve-
olar Lavage Fluid Aspergillus Galactomannan Lateral Flow Assay with Cube Reader for Diagnosis of Invasive Pulmonary
Aspergillosis: A Multicenter Cohort Study. Clin. Infect. Dis. 2021, 73, e1737-e1744. [CrossRef]

Thompson lii, G.R.; Cornely, O.A.; Pappas, P.G.; Patterson, T.F.; Hoenigl, M.; Jenks, ].D.; Clancy, C.J.; Nguyen, M.H. Invasive
Aspergillosis as an Under-recognized Superinfection in COVID-19. Open Forum Infect Dis. 2020, 7, ofaa242. [CrossRef] [PubMed]
Lamoth, E; Lewis, R.E.; Walsh, T.J.; Kontoyiannis, D.P. Navigating the uncertainties of COVID-19 associated aspergillosis (CAPA):
A comparison with influenza associated aspergillosis (IAPA). |. Infect. Dis. 2021, 224, 1631-1640. [CrossRef]

Koehler, P.; Cornely, O.A.; Kochanek, M. Bronchoscopy safety precautions for diagnosing COVID-19 associated pulmonary
aspergillosis-A simulation study. Mycoses 2021, 64, 55-59. [CrossRef]

Wahidi, M.M.; Shojaee, S.; Lamb, C.R.; Ost, D.; Maldonado, F.; Eapen, G.; Caroff, D.A.; Stevens, M.P,; Ouellette, D.R.; Lilly, C.;
et al. The Use of Bronchoscopy During the Coronavirus Disease 2019 Pandemic: CHEST/AABIP Guideline and Expert Panel
Report. Chest 2020, 158, 1268-1281. [CrossRef] [PubMed]

Houlihan, C.E; Vora, N.; Byrne, T.; Lewer, D.; Kelly, G.; Heaney, J.; Gandhi, S.; Spyer, M.].; Beale, R.; Cherepanov, P; et al. SAFER
Investigators. Pandemic peak SARS-CoV-2 infection and seroconversion rates in London frontline health-care workers. Lancet
2020, 396, e6—€7. [CrossRef]

Prattes, J.; Koehler, P.; Hoenigl, M.; ECMM-CAPA Study Group. COVID-19 associated pulmonary aspergillosis: Regional
variation in incidence and diagnostic challenges. Intensive Care Med. 2021, 47, 1339-1340. [CrossRef]

Van Arkel, A.L.E.; Rijpstra, T.A.; Belderbos, H.N.A.; van Wijngaarden, P.; Verweij, P.E.; Bentvelsen, R.G. COVID-19-associated
Pulmonary Aspergillosis. Am. ]. Respir. Crit. Care Med. 2020, 202, 132-135. [CrossRef] [PubMed]

Koehler, P; Cornely, O.A.; Bottiger, B.W.; Dusse, E; Eichenauer, D.A ; Fuchs, E; Hallek, M.; Jung, N.; Klein, F.; Persigehl, T.; et al.
COVID-19 associated pulmonary aspergillosis. Mycoses 2020, 63, 528-534. [CrossRef]

Flikweert, A.W.; Grootenboers, M.].].H.; Yick, D.C.Y.,; du Mée, AW.E; van der Meer, N.].M.; Rettig, T.C.D.; Kant, M.K.M. Late
histopathologic characteristics of critically ill COVID-19 patients: Different phenotypes without evidence of invasive aspergillosis,
a case series. J. Crit. Care 2020, 59, 149-155. [CrossRef]

Hoenigl, M. Invasive Fungal Disease Complicating Coronavirus Disease 2019: When It Rains, It Spores. Clin Infect Dis. 2021, 73,
e1645-e1648. [CrossRef] [PubMed]

Jabeen, K.; Farooqj, J.; Irfan, M.; Ali, S.A.; Denning, D.W. Diagnostic dilemma in COVID-19-associated pulmonary aspergillosis.
Lancet Infect Dis. 2021, 21, 767. [CrossRef]

Koehler, P.; White, P.L.; Verweij, P.E.; Cornely, O.A. Diagnostic dilemma in COVID-19-associated pulmonary aspergillosis-Authors’
reply. Lancet Infect Dis. 2021, 21, 767-769. [CrossRef]

Yusuf, E.; Seghers, L.; Hoek, R.A.S.; van den Akker, ].P.C.; Bode, L.G.M.; Rijnders, B.].A. Aspergillus in Critically 11l COVID-19
Patients: A Scoping Review. J. Clin. Med. 2021, 10, 2469. [CrossRef] [PubMed]

Arastehfar, A.; Carvalho, A.; van de Veerdonk, FL.; Jenks, ].D.; Koehler, P.; Krause, R.; Cornely, O.A ; Perlin, D.S.; Lass-Florl, C.;
Hoenigl, M. COVID-19 Associated Pulmonary Aspergillosis (CAPA)-From Immunology to Treatment. J. Fungi (Basel) 2020, 6, 91.
[CrossRef] [PubMed]

Salmanton-Garcia, J.; Sprute, R.; Stemler, J.; Bartoletti, M.; Dupont, D.; Valerio, M.; Garcia-Vidal, C.; Falces-Romero, I.; Machado,
M.; dela Villa, S.; et al. FungiScope European Confederation of Medical Mycology/The International Society for Human and
Animal Mycology Working Group. COVID-19-Associated Pulmonary Aspergillosis, March-August 2020. Emerg. Infect. Dis. 2021,
27,1077-1086. [CrossRef] [PubMed]

Marr, K.A ; Platt, A.; Tornheim, J.A.; Zhang, 5.X,; Datta, K.; Cardozo, C.; Garcia-Vidal, C. Aspergillosis Complicating Severe
Coronavirus Disease. Emerg. Infect. Dis. 2021, 27, 18-25. [CrossRef] [PubMed]


http://doi.org/10.1093/cid/ciaa1281
http://doi.org/10.1093/ofid/ofaa242
http://www.ncbi.nlm.nih.gov/pubmed/32754626
http://doi.org/10.1093/infdis/jiab163
http://doi.org/10.1111/myc.13183
http://doi.org/10.1016/j.chest.2020.04.036
http://www.ncbi.nlm.nih.gov/pubmed/32361152
http://doi.org/10.1016/S0140-6736(20)31484-7
http://doi.org/10.1007/s00134-021-06510-2
http://doi.org/10.1164/rccm.202004-1038LE
http://www.ncbi.nlm.nih.gov/pubmed/32396381
http://doi.org/10.1111/myc.13096
http://doi.org/10.1016/j.jcrc.2020.07.002
http://doi.org/10.1093/cid/ciaa1342
http://www.ncbi.nlm.nih.gov/pubmed/32887998
http://doi.org/10.1016/S1473-3099(21)00066-9
http://doi.org/10.1016/S1473-3099(21)00123-7
http://doi.org/10.3390/jcm10112469
http://www.ncbi.nlm.nih.gov/pubmed/34199528
http://doi.org/10.3390/jof6020091
http://www.ncbi.nlm.nih.gov/pubmed/32599813
http://doi.org/10.3201/eid2704.204895
http://www.ncbi.nlm.nih.gov/pubmed/33539721
http://doi.org/10.3201/eid2701.202896
http://www.ncbi.nlm.nih.gov/pubmed/33084566

	Introduction 
	Materials and Methods 
	Study Design 
	Microbiology Data Collection 
	CAPA Case Definitions 
	Statistical Study 

	Results 
	Patients’ Characteristics 
	CAPA Diagnosis 
	Mycological Results 
	Comparison of Patients with and without CAPA Univariate Analysis 
	Comparison of Patients with and without CAPA Multivariate Analysis 
	Mortality 

	Discussion 
	Conclusions 
	References

