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ARTICLE INFO ABSTRACT

Keywords: Background: Aspergillus is one of the important pathogens that contribute to high mortality in patients with
COVID-19 coronavirus disease 2019 (COVID-19) in intensive care units (ICUs). Although incidence rates of Aspergillus
Aspergillosis ) coinfection are high globally, a Japanese national survey reported a low incidence. This study aimed to describe
giﬁiﬁﬂgﬁ;l aspirate the clinical characteristics of patients with COVID-19-associated pulmonary aspergillosis at our institute.

Methods: We identified patients with microbiologically confirmed COVID-19 on mechanical ventilation in the
ICU. Of these patients, we identified patients in whom Aspergillus was cultured from the respiratory specimen.
Results: Of a total of 169 patients, seven had aspergillosis (4.1%), which included three patients, three patients,
and one patient with possible, probable, and proven aspergillosis, respectively, according to the criteria of the
European Confederation of Medical Mycology International Society. All patients received systemic steroid
therapy. Two patients (one each with proven and probable aspergillosis) had tracheobronchitis diagnosed by
bronchoscopy. All patients in whom Aspergillus was repeatedly isolated from samples died. The mortality rates for
all cases and probable and proven cases were 57% (4/7) and 75% (3/4), respectively.

Conclusions: The incidence rate of aspergillosis in patients with COVID-19 in the ICU was higher in our institute
than that reported by a Japanese national survey (4.1% vs. 0.5%). Repeated detection of Aspergillus might suggest
a true Aspergillus infection, such as chronic aspergillosis, rather than colonization. In patients with severe COVID-
19 patients, it is important to always keep CAPA in mind.

Mechanical ventilation

1. Introduction clinical characteristics of patients with CAPA at our institute.

There is an ongoing pandemic of coronavirus disease 2019 (COVID- 2. Patients and methods

19), caused by severe acute respiratory syndrome coronavirus 2 infec-

tion. It is imperative to rule out coinfections, such as fungal infections
that may contribute to poor outcomes. COVID-19-associated pulmonary
aspergillosis (CAPA) has been reported worldwide and is a complication
contributing to high mortality [1]. The incidence rate of CAPA in critical
cases of COVID-19 was 3.3%-35% in the USA and European countries
[1-5]. In contrast, a national survey from 198 Japanese hospitals
showed an extremely low prevalence rate (0.54%: 9 cases/1664 pa-
tients) [6]. Furthermore, only two case reports on CAPA in Japan have
been published in PubMed-indexed journals [7,8]. Here, we describe the

We conducted a retrospective review of patients with COVID-19 who
received mechanical ventilation in the intensive care units (ICUs) of our
emergency hospital with 487 beds in Sakai City, Osaka, Japan between
February 25, 2020, and May 10, 2022. We identified 169 patients with
microbiologically confirmed COVID-19 requiring mechanical ventila-
tion in the ICU. Among these 169 patients, we identified seven patients
in whom Aspergillus was cultured from the respiratory specimen. The
patients were classified as having possible, probable, or proven CAPA
based on the European Confederation of Medical Mycology-
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Table 1
Characteristics of patients diagnosed with COVID-19-associated pulmonary aspergillosis.
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
Age/sex 86/F 77/F 73/M 81/M 60/M 70/M 78/M
BMI 25.3 22.9 29 22.5 30 26.6 24.2
Aspergillus cultured year/ 2020/ 2020/ 2021/May 2021/May 2021/August 2022/February 2022/March
month December December
Mechanical ventilation yes Yes yes yes yes yes yes
Underlying diseases RA, HT DM DM DM no DM, HT, CKD COPD, HT
Systemic steroid used dexamethasone dexamethasone dexamethasone dexamethasone hydrocortisone dexamethasone dexamethasone
Tocilizumab use no Yes no no no no no
ECMO no No no no yes no no
Vaccination against COVID- no No no no no twice no
19
Body temperature (°C) 39.4 35.9 36.8 38.6 36 36.8 37.9
Hemoptysis no No no no yes no yes
CT image ARDS diffuse GGO GGO, GGO, ARDS GGO, pleural multiple
consolidation consolidation effusion consolidation
Bronchoscopy no No no yes yes no yes
Tracheobronchial no No no no yes no yes
abnormality
Serum GM level (DOI) ND 0.2 1.5 0.2 ND ND 0.1
Serum (1,3)beta D-glucan 179.1 <6 15.8 <6 135 <6 10.2
level (pg/mL)
First isolation since 6 1 8 8 5 1 5
intubation (day)
Cultured from TA TA TA BALF bronchial plaque TA TA with
bronchoscopy
Species of cultured A. fumigatus A. fumigatus A. fumigatus A. fumigatus A. fumigatus A. fumigatus A. fumigatus
Aspergillus
A. terreus
Mold hyphae on Gram none Positive positive positive none none positive
staining
Repeated cultures of yes ND no yes yes ND yes
Aspergillus
CAPA diagnosis
Koehler’s (ref 9) possible Possible probable probable proven possible probable
Verweij’s (ref 10) none None probable probable proven none probable
White’s (ref 1) putative None putative none proven none putative
Bassetti’s (ref 11) none None probable probable proven none probable
Anti-fungal treatment MCFG- > L- MCFG MCFG MCFG MCFG- > MCFG + no MCFG + VRCZ- >
amB VRCZ L-amB
Outcome died Recovered recovered died died recovered died

Abbreviations: COVID-19, coronavirus disease 2019; F, female; M, male; BMI, body Mass Index; RA, rheumatoid arthritis; HT, hypertension; DM, diabetes mellitus;
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenation; CT, computed tomography; ARDS, acute
respiratory distress syndrome; GGO, ground glass opacity; GM, galactomannan; DOI, optical density index; ND, no data; TA, tracheal aspirates; BALF, bronchoalveolar

lavage fluid; CAPA, COVID-19-associated pulmonary aspergillosis; MCFG, micafungin; L-amB, liposomal amphotericin B; VRCZ, voriconazole.

International Society (ECMM/ISHAM) criteria by Koehler et al. [9] All
study participants provided informed consent, and the study design was
approved by the appropriate ethics review board at Sakai City Medical
Center, Osaka, Japan (accession number:22-279).

Transbronchial aspirates were obtained soon after intubation or at
the time of admission due to an increase in sputum, fever, or an increase
in serum C-reactive protein levels and white blood cell counts. Gram
staining was performed and the resulting slides were evaluated by an
infectious disease doctor and at least one clinical laboratory technician.
If Gram staining revealed the presence of filamentous fungi, serum tests
for fungal infection were conducted. If mold colonies were observed,
culturing on 5% sheep agar (Kyokuto, Japan) was performed. We per-
formed additional culture tests on Sabouraud agar (Nissui, Japan) and
Potato-Dextrose-Agar (Eiken Chemical, Japan). Serum (1,3)-beta-d-
glucan or Aspergillus galactomannan antigen tests were not routinely
performed. Aspergillus was identified based on the morphology of col-
onies and direct smears by cotton blue staining.

3. Results

Of a total of 169 patients, seven had aspergillosis (4.1%), which
included three patients, three patients, and one patient with possible,
probable, and proven aspergillosis, respectively, according to the
criteria of the European Confederation of Medical Mycology Interna-
tional Society [9]. The characteristics of the seven patients are shown in
Table 1. Two were women and five were men, and the median age of the
patients was 77 (60-86) years. All patients were under mechanical
ventilation in the ICU. Except for one patient, all had underlying dis-
eases (four had diabetes, three had hypertension, one had chronic kid-
ney disease, one had rheumatoid arthritis, and one had chronic
obstructive pulmonary disease). All patients received systemic steroid
therapy, tocilizumab was administered to one patient, and extracorpo-
real membrane oxygenation was introduced in one patient. Only one
patient had received two doses of the COVID-19 vaccine. When Asper-
gillus isolation was confirmed, three patients had persistent or refractory
fever and one patient had hemoptysis (in case 7, the patient gave a
history of hemoptysis a few days after the first isolation). The recovered
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Fig. 2. Bronchial mucosal findings of bronchoscopy; multiple ulcerations and mucosal ulcers with black plaque in tracheobronchial mucosa can be seen (left: case 5.

right: case 7).

species included Aspergillus fumigatus in six patients and Aspergillus
fumigatus and terreus in one patient. The median duration of the first
isolation of Aspergillus since intubation was 5 days (1-8). Further, Gram
staining revealed mold hyphae in four specimens from which Aspergillus
was first isolated (Fig. 1). Serum Aspergillus galactomannan antigen was
tested in four patients, and only one patient tested positive (case 3).
Serum (1,3)-D-glucan was tested in all patients, and four patients tested
positive (10.2-179.1 pg/mL). Despite receiving antifungal chemother-
apies, four of six patients reported repeated positive results of Aspergillus
cultures. Tracheobronchial abnormality was observed in two out of
three patients who underwent bronchoscopy (Fig. 2). Of the seven pa-
tients, three were classified as having possible CAPA, three as having
probable CAPA, and one as having proven CAPA according to the
ECMM/ISHAM criteria. Antifungal treatment was administered to six of
the seven patients. Finally, four of the seven patients died in the ICU. In
particular, four patients with isolation of Aspergillus from repeated res-
piratory specimens (one possible, two probable, and one proven) died
despite the administration of antifungal treatments.

4. Discussion

The diagnosis and treatment of CAPA remain challenging. Reports
from early 2020 showed that the incidence rate of CAPA in critical cases
of COVID-19 was 3.3%-35% in the USA and European countries. In
contrast, a national survey from 198 Japanese hospitals by Takazono
et al. [6] showed an extremely low prevalence rate (0.5%). Takazono
et al. pointed out that studies from the USA or Europe were not based on
defined diagnostic criteria. However, recently, a few criteria, including
the ECMM/ISHAM criteria have been proposed for CAPA diagnosis [1,
9-11]. Kariyawasam et al. performed a systematic review and
meta-analysis using these criteria and reported a prevalence of CAPA of
10% (95% confidence interval: 8%-13%) [12]. We applied these criteria
to our patients and found that the number of patients with CAPA was
seven, four, four, and four according to the criteria of Koehler, Verweij,
White, and Bassetti, respectively (Table 1). The incidence of CAPA based
on all these criteria was higher in the current study than in the survey by
Takazono et al. although serum (1,3) beta-D-glucan or serum Aspergillus
galactomannan examinations were not routinely performed. In some
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countries outside Japan, galactomannan tests using serum or bron-
choalveolar fluid (BALF), and PCR tests for Aspergillus species using
plasma, serum, whole blood or respiratory specimens are performed to
prove Aspergillus involvement. Bartoletti et al. described the usefulness
of Aspergillus galactomannan examinations on BALF for the diagnosis of
CAPA [13]. Therefore, we might have missed other CAPA cases that
could have been diagnosed if more sensitive tests had been performed.
For the environmental aspects, during the COVID-19 epidemic, we used
four wards for severe COVID-19 patients. Hospital construction or
renovation is one of the reasons for nosocomial infection of Aspergillus
[14]. These wards were in the same floor, however all wards were
separated each other. During the study period, the patients of Asper-
gillosis were found from all four wards without the bias. In two wards,
the renovation of the room for isolation of COVID-19 patients were
done. However, CAPA patients were not in these wards at least one
month after the renovation work except one (admitted three weeks after
renovation; case 4). Thus, the reason for difference of incident rate could
be related to the status of implementation of bronchoscopy and micro-
biological examination of respiratory samples. The American Associa-
tion for Bronchology and Interventional Pulmonology states that
bronchoscopy is recommended in patients with COVID-19 only when
the intervention is considered lifesaving, including interventions for
secondary infections [15], and when there is a concern that oxygenation
would worsen by performing bronchoscopy. In our study, all patients
with repeated Aspergillus isolation from samples died despite for treat-
ment with anti-fungal drugs. For CAPA treatment, voriconazole or isa-
vuconazole is recommended [9], however, all our patients were treated
with micafungin as anti-fungal drug empirically to avoid the side effects
or drug-drug interactions, and all the cases were diagnosed as possible or
probable CAPA initially. Echinocandin is mainly used for the salvage
therapy for invasive Aspergillosis with high safety [16-18]. This might
be the one reason why some of the cultures did not turn to be negative.
However, in these cases, we changed or added anti-fungal drugs to
liposomal amphotericin-B or voriconazole with therapeutic drug moni-
toring (Table 1), and cultures were still positive after changing drugs. All
the isolates were identified morphologically. Recently, the identification
of Aspergillus is based on genetic testing or mass spectrometry results.
However, genetic testing can only be performed at some medical in-
stitutions. In our institute, we did not possess mass spectrometer during
this study period. Another reason for repeated cultures were drug
resistance. We could not perform drug susceptibility testing on the iso-
lates because of complexity and difficulty of the implementation as well.
Thus, drug susceptibility testing at advanced medical institutions might
be necessary.

We found fungal hyphae on Gram staining in four patients, and all
samples were positive for cultures. In Japan, the importance and effec-
tiveness of Gram staining is being emphasized for patients with
ventilator-associated pneumonia [19]. Thus, Gram staining could pro-
vide a clue for the diagnosis of CAPA. In addition, Tashiro et al.
described the importance of repeated isolation of the identical Asper-
gillus species and detection of anti-Aspergillus antibodies and/or
Aspergillus antigens in sera for the diagnoses of Aspergillosis [20].
Repeated detection of Aspergillus might suggest a true Aspergillus infec-
tion, such as chronic aspergillosis, rather than colonization.

Based on our case series, it is important to keep CAPA in mind based
on the clinical course and imaging findings, and to obtain specimens
with good sensitivity to detect Aspergillus by brochofiberscopy while
performing (1,3) beta-D-glucan and Aspergillus galactomannan exami-
nations as appropriate. By obtaining the strains, identification and drug
susceptibility testing should be performed leading to more appropriate
antifungal treatment.

In conclusion, although galactomannan examinations are not per-
formed routinely, the incidence of CAPA at our institute was not as low
as that in previous reports from Japan (4.1%). Repeated detection of
Aspergillus might suggest a true Aspergillus infection, such as chronic
aspergillosis, rather than colonization. In patients with severe COVID-19
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patients, it is important to always keep CAPA in mind.
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