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A B S T R A C T

COVID-19-Associated Pulmonary Aspergillosis (CAPA) is a relatively common complica-

tion in patients with severe forms of the disease caused by the SARS-CoV-2 virus. Diag-

nosing and confirming CAPA is challenging. In this study, Aspergillus spp. isolation in

respiratory specimens from patients with COVID-19 was evaluated for identifying cases

of CAPA. In 2020‒2021, 17 Aspergillus spp. were isolated from 15 COVID-19 patients admit-

ted to a university hospital in Brazil. Patient records were retrospectively reviewed to

obtain clinical-epidemiological data and other markers of Aspergillus spp. infection and

then compared with the ECMM/ISHAM criteria for defining CAPA. Probable CAPA was

defined in 5/10 patients, who had Aspergillus spp. isolated from Bronchoalveolar Lavage

(BAL) or a positive galactomannan blood test. Additionally, anti-Aspergillus antibodies

were detected in two of these patients, during active or follow-up phases of CAPA. In

another seven patients with Aspergillus spp. isolated from tracheobronchial aspirate or

sputum, CAPA was presumed, mainly due to deterioration of clinical conditions and new

lung imaging suggestive of fungal infection. Antifungal agents to control CAPA, particu-

larly voriconazole, were used in 9/15 cases. In cases of probable CAPA and remaining

patients, clinical conditions and comorbidities were similar, with lethality being high, at

60% and 71%, respectively. The number of CAPA cases defined by scientific criteria was

lower than that assumed in the clinical context. This was largely due to the lack of BAL

collection for fungal culture and the non-intensive use of other markers of invasive asper-

gillosis. The isolation of Aspergillus spp. in different respiratory specimens should alert

clinicians to the diagnosis of CAPA.
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Introduction

SARS-CoV-2 infection promotes opportunistic infections by
damaging lung parenchyma and impairing immune
responses, particularly in patients with diabetes mellitus,
chronic visceral diseases, and other comorbidities.1 Severe
COVID-19 cases are admitted to Intensive Care Units (ICUs)
and undergo invasive procedures and immunosuppressive
therapy, which are additional factors for nosocomial infec-
tions by various types of microorganisms.2,3

Aspergillus spp. has been recognized as the main cause of
fungal lung infection in patients with COVID-19,4 which has
been termed COVID-19-Associated Pulmonary Aspergillosis
(CAPA). CAPA pathogenesis is not fully understood, but there
is evidence that it is more focal and related to airways, unlike
those more angioinvasive opportunistic aspergillosis
observed in neutropenic patients.5 Clinically presuming and
confirming CAPA may be a difficult task. In general, symp-
toms, signs, and radiographic changes are common to other
lung diseases, including those resulting from SARS-CoV-2
infection. Aspergillus spp. isolation from respiratory speci-
mens can be alert for CAPA, but it may only represent patient
colonization or contamination.6,7

Consensus and guidelines by medical and scientific societies
have proposed diagnosis of pulmonary aspergillosis at progres-
sive levels of evidence in patients with cancer or immunosup-
pressed,8 admitted to ICUs,9 and infected with influenza10 or
COVID-19.11 Major evidence of invasive aspergillosis includes
observation or isolation of Aspergillus spp., or detection of its
antigenic or molecular components in clinical specimens less
prone to colonization, such as lung and bronchial biopsies,
Bronchoalveolar Lavage (BAL), and blood. A consensus devel-
oped by experts from the European Confederation of Medical
Mycology and the International Society of Human and Animal
Mycology (ECMM/ISHAM) for diagnosis of CAPA establishes, as a
preliminary condition, that patients have clinical manifesta-
tions and radiographic findings compatible with invasive pul-
monary aspergillosis, in addition to exclusion of other
infectious agents. Depending on the type of laboratory evidence,
the ECMM/ISHAM consensus proposes three levels of diagnostic
evidence, which are summarized as follows: a) Proven CAPA −
observation, isolation, or positive PCR for Aspergillus spp. in lung
or bronchial tissue; b) Probable CAPA −microscopic observation
or isolation of Aspergillus spp. in BAL and/or detection of signifi-
cant levels of galactomannan or positive PCR for Aspergillus spp.
in BAL and/or blood; c) Possible CAPA−microscopic observation
or isolation of Aspergillus spp. in non-BAL bronchial lavage or
detection of elevated or repeated levels of antigens or nucleic
acid of this fungus in non-BAL bronchial lavage. The consensus
also defines a tracheobronchitis form of CAPA as a bronchial
mucosal injury suggestive of fungal infection, along with myco-
logical, antigenic, or molecular evidence of Aspergillus spp. in
bronchial biopsy or BAL.11
In this study, the isolation of Aspergillus spp. in respiratory
specimens from patients with severe COVID-19 was the start-
ing point to identify and classify CAPA cases according to the
ECMM/ISHAM criteria and to highlight challenges in confirm-
ing and ruling out the diagnosis of invasive aspergillosis in
these patients.
Materials andmethods

This retrospective study was conducted at the Hospital of
Clinicas of Ribeir~ao Preto Medical School, University of S~ao
Paulo, located in S~ao Paulo State, Brazil. The hospital is a ter-
tiary-level medical care center and a referral for COVID-19
patients. Between June 2020 and December 2021, 135 samples
of Aspergillus spp. were isolated in the hospital’s Mycology
Laboratory, 18 of which were obtained by culturing respira-
tory specimens from 16 hospitalized COVID-19 patients. One
Aspergillus spp. isolate became non-viable, leaving 17 isolates
from 15 patients with COVID-19 whose clinical data and labo-
ratory diagnosis of presumed CAPA was compiled from medi-
cal records.

The 15 patients were admitted due to respiratory failure.
All had SARS-CoV-2 infection detected by real-time PCR. The
standardized therapeutic regimen for patients with COVID-19
consisted of azithromycin, ceftriaxone, corticosteroids (dexa-
methasone, methylprednisolone, or hydrocortisone), and
anticoagulants. Additional medications were introduced
when necessary to treat complications. Reasons for request-
ing fungal culture in airway specimens included persistent
fever despite the use of antibacterial drugs and no respiratory
recovery or worsening, concurrent with lung imaging
changes, particularly if suggestive of fungal infection. In three
patients, Aspergillus spp. was isolated from tracheal aspirate
collected due to suspected bacterial pneumonia.

Sabouraud agar culture medium was used for fungal isola-
tion in Tracheobronchial Aspirate (TA) (n = 12), BAL (n = 3),
and sputum (n = 2). Identification of Aspergillus spp. was ini-
tially performed by observing the macro and micro-morpho-
logical characteristics of each Aspergillus spp. isolate. The
Aspergillus spp. isolates were identified using the MALDI-TOF
MS method by extracting proteins via the solid Sabouraud
Dextrose Agar OxoidTM culture mediummethod.12 The Bruker
IVD MALDI BIOTYPERTM MICROFLEXTM LT/SH platform
(Bruker Daltonick GmbH & Co. KG, Bremen, Germany) was
used at the Hospital of Clinics of Ribeir~ao Preto Medical School
and the Adolfo Lutz Institute’s Culture Collections Center, S~ao
Paulo, Brazil. The spectra of each Aspergillus spp. were evalu-
ated in the Mass Spectrometry Identification (MSI 2.0) data-
base available at http://msi.happy-dev.fr, using the
identification criteria recommended by the software.

Galactomannan was measured in the blood (n = 7) or BAL
(n = 2) of 8 patients using an Enzyme-Linked Immunosorbent
Assay (ELISA) on a microplate. The PLATELIATM Aspergillus

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Ag kit from Bio-Rad Laboratories was used. The measured
index in optical density was considered positive when ≥ 0.5 in
blood samples and ≥ 1.0 in BAL samples.

The Counterimmunoelectrophoresis (CIE) test for anti-
Aspergillus spp. antibodies was performed in 6/15 patients. For
this test, a pool of antigens from three strains of Aspergillus
spp. was used, which were obtained by culture in McVeigh
Morton liquid medium for 60 days, followed by filtration, dial-
ysis, and concentration of the culture broth. Electrophoresis
of serum against the antigen pool was performed with an
electric current of 15 mA for 60 min.13

Cases of probable CAPA were classified according to the
criteria established by the ECMM/ISHAM consensus.11

Patients who did not meet the criteria were grouped as clini-
cally suspected or non-suspected CAPA.

The study was approved by the Ethics Committee of the
Hospital of Clinics of Ribeir~ao Preto Medical School, under
protocol number 54893722.1.0000.5440.
Results

Table 1 shows the main laboratory findings related to asper-
gillosis diagnosis and clinical and radiological data from 15
COVID-19 cases. All patients, except for two, were over
50 years old. Aspergillus spp. was isolated in 17 cases, identi-
fied as A. flavus/oryzae (n = 6), A. fumigatus (n = 7), A. tamarii
(n = 2), A. niger (n = 1), and A. terreus (n = 1). In case 5, A. fumiga-
tus was isolated from both BAL and sputum.

Galactomannan antigen blood test was positive in 2 out of
7 patients and negative in 2 out of 2 patients in the BAL test-
ing. Serum anti-Aspergillus antibodies were detected in 1 out
of 6 patients (case 5 ‒ titer 1:16). In case 1, these antibodies
were absent during the episode of COVID-19, but the test
became positive (titer 1:8) four months later.

According to the ECMM/ISHAM criteria, 5 cases were clas-
sified as probable CAPA (cases 1 to 5). Case 5 presented with
the tracheobronchitis form of CAPA, based on the presence of
exophytic fungal lesions in the bronchi. CAPA was clinically
presumed but not confirmed in 7 patients, and there was no
clinical suspicion of CAPA in the other 3 cases. The period
between hospital admission and isolation of Aspergillus spp.
was 2 to 25 (median = 11) days for patients with probable
CAPA and 7 to 44 (median = 12) days for the other cases.

All 15 patients were admitted due to respiratory failure
and required supplemental oxygen, with 13 out of 15 receiv-
ing mechanical ventilation and intensive care. Most patients
had one or more opportunistic bacterial infections, particu-
larly pneumonia, and sepsis, and 7 had urinary candidiasis
before the isolation of Aspergillus spp. All 15 patients had
comorbidities, with diabetes mellitus (n = 5), presumed
chronic obstructive pulmonary disease ‒ COPD (n = 3), inter-
stitial lung disease (n = 1), immunosuppression (n = 2), and
frequent reports of current or past smoking and/or alcoholism
being the most common conditions predisposing to aspergil-
losis. Corticosteroids were used in the treatment of COVID-19
in all patients, with 12 receiving them for more than a week.
Persistent and difficult-to-control hyperglycemia and acute
kidney injury worsened the clinical conditions of many
patients.
The most common radiographic finding in the 15 patients,
generally attributed to SARS-CoV-2 infection, was bilateral
interstitial pulmonary infiltrate associated with consolida-
tions and areas of ground-glass opacity. Cavitations (n = 4)
and/or pulmonary nodules with a diameter ≥ 1.0 cm (n = 5)
were observed in cases 1, 2 (probable CAPA), 6, 7, and 8 (pre-
sumed CAPA) and considered suggestive of fungal infection
(associated with pulmonary tuberculosis in case 8) (Fig. 1).

Antifungal therapy was used or at least initiated in 3 out of
5 cases of probable CAPA and in 6 out of 7 cases of clinically
presumed CAPA, mainly with voriconazole, but also with lipo-
somal amphotericin B, micafungin, and itraconazole. In the 6
out of 12 patients who survived the episode of probable or
presumed CAPA, the course of antifungal therapy lasted
between 14 days and 6 months, with a median of 18.5 days.
Two patients with probable CAPA did not receive antifungal
therapy, either because of clinical stabilization with the use
of corticosteroids (case 4) or death due to concomitant bacte-
rial infection and CAPA (case 3).

At the end of hospitalization, death occurred in 3 out of 5
(60%) cases of probable CAPA and 5 out of 7 (71%) cases of clin-
ically presumed CAPA. The cause of death was not only Asper-
gillus spp. infection, but also mainly bacterial infections and
other complications of COVID-19.
Discussion

This study found that isolating Aspergillus spp. from COVID-19
patients allowed to retrospectively define five probable cases
of CAPA using the ECMM/ISHAM criteria.11 However, the deci-
sion to use antifungal therapy did not always match the level
of proof of aspergillosis. Along with isolation of Aspergillus
spp., using antifungals for presumptive CAPA was justified by
the patient’s clinical conditions of non-recovery or worsening
respiratory symptoms, and the onset of changes suggestive of
fungal infection in new lung images. Some cases of suspected
aspergillosis (6, 7, 8, and others) could have been classified as
probable or proven CAPA if accepted procedures and tests
were used.14,15 Testing BAL is essential for diagnosing CAPA,
but finding Aspergillus spp. in BAL samples does not necessar-
ily prove infection.16 On the other hand, case 4, which was
classified as probable CAPA, did not have clinically recognized
aspergillosis. Clinical case studies and autopsies have shown
some failures in the application of different consensus crite-
ria in defining and excluding CAPA cases.5,17

Applying ECMM/ISHAM criteria in the clinical context of
COVID-19 is somewhat challenging. BAL and lung tissue or
bronchial biopsy require bronchoscopy, which is often
avoided due to the patient’s critical condition and the risk of
SARS-CoV-2 transmission, reducing the chance of confirming
CAPA. Alternatively, probable CAPA can also be defined by
detecting significant levels of galactomannan in the blood.
Although this test is easily obtained, its sensitivity in non-
neutropenic COVID-19 patients may be less than 50%.7 Galac-
tomannan levels in the blood were positive in two patients in
this study, allowing for their inclusion in the probable CAPA
group, but it was negative in another patient in this group.
Isolation of Aspergillus spp. in different respiratory specimens
from COVID-19 patients is a valuable tool in presuming CAPA



Table 1 – Laboratory diagnosis, clinical and radiographic aspects, antifungal treatment, and outcomes of patients with probable or presumed COVID-19-Associated Pulmo-
nary Aspergillosis (CAPA).

N Age/
Gender

Aspergillus/ Clinical
samplea

Galactomannanb Comorbidities/
Predisposing Factors

Clinical aspects Pulmonary imagingc Antifungal
treatmentd

Outcome

Probable CAPAe

1 66/M A. fumigatus Blood − Non-reactive
(index = 0.10); BAL −
non-reactive
(index = 0.17)

SAH; Hepatic steatosis;
Presumed COPD; ALC;
SM

Cough and dyspnea ‒
non-invasive ventila-
tion. Complications:
acute kidney injury
and possible viral
myocarditis. Fever
subsided and respira-
tory function
improved after start-
ing itraconazole.

Bilateral and diffuse
opacity: areas of
ground-glass opaci-
ties, consolidations,
emphysematous bul-
lae, nodules, and mul-
tiple cavitations with
heterogeneous con-
tent, suggesting viral
pneumonitis compli-
cated with fungal
infection.

Itraconazole PO ‒
400mg/day for 6-
months

Survival, lost to fol-
low-up after 6-
months

Bronchoalveolar
lavage

2 59/F A. flavus/oryzae Blood − reactive
(index = 1.45)

SAH; Hepatic steatosis;
T cell lymphoma;
Febrile neutropenia;
Obesity

ARDS ‒Mechanical ven-
tilation. Complica-
tions: bacterial and
Candida albicans infec-
tions, acute kidney
injury, cardiovascular
shock, persistent
hyperglycemia.

Diffuse and bilateral
interstitial opacity,
numerous areas of
consolidation, some
resembling nodules.

Voriconazole PO ‒ 6 days Death after 11 days
Tracheal aspirate

3 76/M A. flavus/ Oryzae Blood − reactive
(index = 5.44)

SAH; Parkinson disease;
Presumed COPD; ALC;
Ex-SM

ARDS ‒Mechanical ven-
tilation. Complica-
tions: multiple
bacterial and Candida
albicans infections,
cardiovascular shock,
acute kidney injury,
uncontrolled blood
glucose levels. Fever
and worsening venti-
lation on the day prior
to blood collection for
galactomannan test-
ing.

Diffuse and bilateral
interstitial and alveo-
lar opacities predomi-
nating in the lower
third of the lungs.

Not performed Death after 11 days
(bacterial infection)Tracheal aspirate (2

samples)

4 53/F A. niger ND SAH; Interstitial pulmo-
nary disease; Depres-
sive state;
Dyslipidemia

ARDS ‒ Non-invasive
ventilation. Bronchos-
copy ‒ normal appear-
ance of the bronchial
tree. Regression of
hypoxemia after the
use of methylprednis-
olone.

Bilateral diffuse septal
thickening, ground-
glass opacities, and
numerous subpleural
cysts from the apex to
the lower third of the
lungs.

Not performed Survival − lost to fol-
low-upBronchoalveolar

lavage
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able 1 (continued)

Age/
Gender

Aspergillus/ Clinical
samplea

Galactomannanb Comorbidities/
Predisposing Factors

Clinical aspects Pulmonary imagingc Antifungal
treatmentd

Outcome

56/M A. fumigatus Bronchoalveolar lavage
− non-reactive
(index = 0.83)

SAH; DM; Previous brain
stroke; Dyslipidemia;
SM

ARDS −Mechanical ven-
tilation. Complica-
tions: bacterial and
Candida albicans infec-
tions, cardiovascular
shock, acute kidney
injury, persistent
hyperglycemia, Pul-
monary embolism.
Bronchoscopy: Bron-
chial mucosa with
exophytic black
lesions. Partial regres-
sion of fungal lesions
after the use of mica-
fungin.

Reticular opacities and
micronodules distrib-
uted in both lungs and
consolidation of the
left lower third of the
lung.

Micafungin IV ‒ 10
days! Liposomal
amphotericin B ‒
20 days
(8700mg) + Itracona-
zole PO ‒ 20 days

Death after 32 days
(bacterial infection)Bronchoalveolar

lavage and Tra-
cheal aspirate

linically suspected CAPA
78/M A. tamari Blood − Non-reactive

(index = 0.44)
SAH; DM; Chronic arte-
rial disease; Hypothy-
roidism; Ex-SM

ARDS ‒Mechanical ven-
tilation. Complica-
tions: bacterial and
Candida albicans infec-
tions, acute kidney
injury, enterorrhagia,
hyperglycemia, acute
sinusitis.

Bilateral diffuse intersti-
tial opacity, multiple
scattered nodules, and
cavities in pulmonary
segments ID and IIID,
the largest measuring
3.6£ 3.1 cm and with
heterogeneous con-
tent surrounded by
ground-glass opacity.

Voriconazole PO − 18
days

Survival, death after
52 days (bacterial
infection)

Tracheal aspirate
60,000 CFU/mL

68/M A. terreus Blood − Non-reactive
(index = 0.19)

SAH; Coronary disease;
cardiac insufficiency;
Ex-SM

ARDS −Mechanical ven-
tilation. Complica-
tions: bacterial
infections, acute kid-
ney injury, persistent
hyperglycemia, poly-
neuropathy.

Peripheral ground-glass
opacities in both
lungs, consolidations
in the lower lobes, and
several nodules bilat-
erally, the largest
measuring 15mm and
some with cavitation.

Voriconazole IV! PO 16
days

Death after 46 days
(bacterial infection)Tracheal aspirate

26/M A. fumigatus Blood − Non-reactive
(index = 0.1)

Tuberculosis; Obesity;
Bipolar disorder; Ex-
SM

ARDS −Non-invasive
ventilation. Complica-
tions: bacterial infec-
tions, pulmonary
embolism, pneumo-
thorax, hematuria.

Consolidations and
ground-glass opacities
in all lung lobes, scat-
tered nodules, some of
which are cavitated;
the largest cavity
measures 4.3£ 1.4 cm.

Liposomal amphotericin
B (12 days;
3600mg)!Voricona-
zole PO − 7 days

Survival
Sputum (2 samples)
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Table 1 (continued)

N Age/
Gender

Aspergillus/ Clinical
samplea

Galactomannanb Comorbidities/
Predisposing Factors

Clinical aspects Pulmonary imaging Antifungal
treatmentd

Outcome

9 49/M A. flavus/oryzae ND Peripheral venous insuf-
ficiency; Ex-ALC; Ex-
SM

ARDS −Mechanical ven-
tilation. Complica-
tions: bacterial and
Candida spp. infec-
tions, bronchiolitis
obliterans, acute kid-
ney injury, persistent
hyperglycemia, and
refractory hypoxemia.

Bilateral diffuse inters -
tial opacity and area
of alveolar consolid
tion.

Voriconazole PO ‒ 5 days Death after 18 days
Tracheal aspirate

10 65/M A. tamarii ND DM; HIV infection ARDS −Mechanical ven-
tilation. Complica-
tions: bacterial and
Candida albicans infec-
tions, acute kidney
injury, bronchospasm,
uncontrolled hyper-
glycemia, cardiovas-
cular shock.

Bilateral diffuse inters -
tial opacity and area
of consolidation in t
lung bases.

Micafungin ‒ 1 day Death after 10 days
Tracheal aspirate
45,000 CFU/mL

11 79/M A. flavus/oryzae ND SAH; DM; Chronic arte-
rial disease; Presumed
COPD; Ex-SM

ARDS −Mechanical ven-
tilation. Complica-
tions: multiple
bacterial and Candida
albicans infections,
cardiovascular shock,
acute kidney injury.

Diffuse and bilateral
interstitial and alve
lar opacity with area
of consolidation in t
lung bases.

Voriconazole IV! PO −
14 days

Death after 23 days
(bacterial infection)Tracheal aspirate

12 60/M A. fumigatus ND Systemic sclerosis; Rit-
uximab therapy; Ex-
ALC

ARDS −Mechanical ven-
tilation. Complica-
tions: bacterial
infections, acute kid-
ney injury, pneumo-
thorax, persistent
hyperglycemia.

Diffuse and bilateral
interstitial opacity a
extensive areas of
consolidation in the
lower half of both
lungs.

Not performed Death after 7 days
Tracheal aspirate

Non-presumed CAPA
13 58/M A. fumigatus Blood − Non-reactive

(index = 0.09)
SAH; DM; Obesity; Ex-SM ARDS ‒Mechanical ven-

tilation. Complica-
tions: multiple
infections, acute kid-
ney injury, persistent
hyperglycemia. It pro-
gressed in the follow-
ing months to fibrotic
lung disease.

Diffuse bilateral inters -
tial and alveolar opa
ity.

Not performed Survival
Tracheal aspirate
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Table 1 (continued)

N Age/
Gender

Aspergillus/ Clinical
samplea

Galactomannanb Comorbidities/
Predisposing Factors

Clinical aspects Pulmonary imagingc Antifungal
treatmentd

Outcome

14 33/M A. flavus/oryzae ND Obesity ARDS ‒Mechanical ven-
tilation. Complica-
tions: persistent
hypoxemia, hypergly-
cemia.

Bilateral diffuse intersti
tial opacity and areas
of consolidation in th
lower third of the
lungs.

Not performed Death after 5 days
Tracheal aspirate
50,000 CFU/mL

15 77/F A. fumigatus ND SAH; HIV infection; Par-
kinson disease

ARDS ‒Mechanical ven-
tilation. Complica-
tions: hemodynamic
instability, cardiovas-
cular shock, persistent
hyperglycemia.

Bilateral andmultifocal
consolidations and
ground-glass opaci-
ties.

Not performed Death after 4 days
Tracheal aspirate

ARDS, Acute Respiratory Distress Syndrome; SAH, Systemic Arterial Hypertension; DM, Diabetes Mellitus 2; COPD, Chronic Obstructive Pulmonary sease; ALC, Chronic Alcoholism; SM, Chronic Smok-
ing.
a Clinical sample in which Aspergillus spp. was isolated.
b ELISA test for detection of galactomannan in blood or bronchoalveolar lavage.
c Computed tomography and/or chest radiography respective to the period of Aspergillus spp. isolation.
d Antifungal drugs used for controlling presumed pulmonary aspergillosis.
e Definition of probable COVID-19-Associated Pulmonary Aspergillosis (CAPA) according to Koehler P et al. Lancet Infect Dis. 2021; 21:e149−162 criteria.
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Fig. 1 – (A) Case 1 − Thorax CT: Cavitary lesion (arrow) and numerous nodules in both lungs; (B) Case 1 − Thorax radiography:
Diffuse consolidations, ground glass areas and nodules in both lungs. (C) Case 3 − Thorax radiography: Diffuse interstitial
opacities and consolidations, some of that resembling nodules; (D) Case 5 − Thorax radiography: Bilateral and diffuse intersti-
tial opacities containing micronodules and condensation in the lower lobe of left lung; (E) Case 6 − Thorax CT: Diffuse intersti-
tial opacities, cavitary lesion with inner amorphousmass (large arrow), macronodule (thin arrow), and condensation in the
right lung; (F) Case 7 − Thorax CT: ground glass opacities, macronodule (arrow) and peripheral consolidations in both lungs.
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and, along with clinical and radiological data, can support the
use of antifungal agents.18 However, isolating Aspergillus spp.
in non-BAL specimens is not enough to prove CAPA according
to the ECMM/ISHAM criteria as it does not necessarily indicate
Aspergillus infection. The easier collection of non-BAL tracheal
aspirate and bronchial lavage samples has led to studies on
the predictive value of detecting Aspergillus spp. in these
specimens.19,20 The diagnostic usefulness of Aspergillus spp.
colony counts in the tracheal aspirate of some patients in this
study is not known.

Chances of finding anti-Aspergillus spp. antibodies in CAPA
cases are small, as the fungal infection is recent, and the
patient’s immune response is decreased in intensity.
Therefore, this test is not included in the defining criteria for
acute invasive aspergillosis. However, due to its non-inva-
siveness and availability, a serological test was performed on
some patients, with a positive result obtained in 1/3 of proba-
ble CAPA cases. In one patient with a negative test, anti-
Aspergillus antibodies appeared during follow-up. The pres-
ence of anti-Aspergillus precipitins was previously demon-
strated in cases of CAPA,21 and the search for these
antibodies may be more useful for diagnosing aspergillosis in
COVID-19 patients in better clinical condition or with a sub-
acute form of the fungal infection.22

The identification of Aspergillus species and patients’ clini-
cal characteristics did not allow us to distinguish probable
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CAPA cases from others. A. flavus/oryzae and A. fumigatuswere
the most identified species both in probable CAPA and in
other patients. A. fumigatus has been the predominant species
found in CAPA cases, followed by A. flavus and other less
prevalent species, but there is regional variation.23

Many patients with probable or presumed CAPA had critical
and unstable clinical conditions, presenting with Acute Respi-
ratory Distress Syndrome (ARDS), and requiring mechanical
ventilation, in addition to numerous pulmonary and systemic
complications. Interestingly, the only two patients in this
study who were not in ICUs were diagnosed with CAPA due to
their better clinical condition, which allowed bronchoscopy
and BAL collection. The estimated median times for diagnosis
of probable or presumed CAPA was 11 and 12 days, respec-
tively. Generally, CAPA appears within two weeks after admis-
sion to the ICU, but late-onset aspergillosis can occur in
patients with persistent pulmonary complications and/or pro-
longed mechanical ventilation.23 Comorbidities of patients
with probable or possible CAPA have been observed in other
studies, including diabetes mellitus, hypertension, obesity,
and other chronic organic diseases.24 All evaluated patients
had known predisposing factors for aspergillosis, including
current or past smoking and alcoholism, diabetes mellitus, use
of corticosteroids, and/or immunosuppression.2 Among the
five cases of probable CAPA, two had presumed Chronic
Obstructive Pulmonary Disease (COPD), one patient was inves-
tigating interstitial lung disease, and one patient had COVID-
19 and CAPA while presenting with febrile neutropenia after
chemotherapy for T-cell lymphoma. Previous bronchopulmo-
nary disease has also been associated with CAPA.2,25

In some patients with CAPA, changes in lung imaging exams
are non-specific and overlap with radiographic findings of
COVID-19.26,27 Nodules and cavitations appearing during
COVID-19 may suggest aspergillosis and lead to diagnosis and
treatment of presumed CAPA, but they can also be caused by
Mucorales and other fungi.28 Aspergillus spp. has been commonly
associated with macronodules and/or pulmonary cavitation in
COVID-19 patients.29 Bronchial wall thickening and pulmonary
condensation in initial imaging exams of COVID-19 patients
have also been associated with CAPA.30 Another major differen-
tial diagnosis for the presence of nodular and cavitary lesions in
COVID-19 patients with a prolonged course is tuberculosis.31

The co-occurrence of these infections seems to be associated
with a worse prognosis, as in the case of CAPA.

Voriconazole has been the preferred antifungal for treating
CAPA, as in this series of probable or presumed CAPA cases.23

Other azolic drugs, liposomal amphotericin B and micafungin
are alternatives for antifungal therapy in CAPA.32 A fewweeks
of antifungal drug use were enough to control probable or pre-
sumed CAPA. Experts recommend a therapeutic course of 6 to
12 weeks,11 but one patient in this study used itraconazole for
a longer period, which was necessary to reduce lung changes.
The mortality rate in probable CAPA cases (60%) is high, but it
is within the range observed in other case series.23,32

This study has limitations due to its retrospective nature,
lack of standardization in clinical investigation of invasive
aspergillosis in COVID-19 patients, and the small number of
patients included.

There are discrepancies between clinical suspicion and sci-
entific confirmation of acute invasive aspergillosis in COVID-19
patients. In the presence of clinical-radiological changes sugges-
tive of CAPA, the medical staff tends to initiate antifungal ther-
apy even without meeting a minimum laboratory criterion
defined by specialists. Moreover, the isolation of Aspergillus spp.
in respiratory specimens from COVID-19 patients can be the ini-
tial finding to presume and confirm CAPA.
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