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CAPA (COVID-19 associated pulmonary aspergillosis) is an important complication of COVID-19. It has
been reported that the incidence of CAPA is as high as 19%e33% worldwide. However, its onset has not
been reported in Japan. A 72-year-old Japanese man was diagnosed with COVID-19 and was transferred
to our hospital due to deterioration of respiratory condition. Treatment with remdesivir, dexamethasone
(DEXA), and antibiotics was performed under mechanical ventilation. Although the condition improved
temporarily, a new shadow appeared in the lung, and Aspergillus fumigatus was cultured from sputum.
The patient was clinically diagnosed with CAPA and treated with voriconazole. However, his progress
deteriorated and he died. High-risk COVID-19 patients should be tested for Aspergillus to ensure early
diagnosis of CAPA.

© 2021 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). The first case in
Japan was confirmed in January 2020 and the number of cases has
increased. As of December 2020, there had beenmore than 180,000
cases of COVID-19 in Japan [1]. COVID-19 may have various com-
plications including acute respiratory distress syndrome (ARDS)
[2], thromboembolism [3], and cardiac complications including
acute myocardial injury, arrhythmias, cardiogenic shock, and sud-
den death [4]. In addition, fungal infection, including COVID-19-
associated pulmonary aspergillosis (CAPA) is an important
complication of COVID-19 [5e10]. It has been reported that 19%e
33% of COVID-19 patients with severe disease develop CAPA [5e8].
However, there have been no reports of CAPA in Japan to date, and
the incidence of CAPA in Japan is unknown. We report the first
known case of CAPA in Japan.
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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1.1. Case report

A 72-year-old Japanese man with dysarthria due to a previous
stroke, presented with a staggering gait and exacerbation of his
dysarthria. He was transferred to another hospital as an emergency
and diagnosedwith cerebral infarction from the left putamen to the
external capsule (day 1). An antigen test for SARS-CoV-2 was per-
formed upon admission as a screening measure for COVID-19
detection during the pandemic and the result was positive. The
loop-mediated isothermal amplification of SARS-CoV-2, performed
as a confirmatory test, was also positive, and the patient was
diagnosed with COVID-19. He had a history of hypertension, atrial
fibrillation, and chronic obstructive pulmonary disease (COPD) in
addition the stroke, and was taking anticoagulants, antiplatelet
drugs, an inhaled long-acting b2-agonist, and a long-acting
muscarinic antagonist. He was 175 cm tall, weighed 61 kg, and
had been a smoker until about a year before hospitalization with a
cigarette consumption of about 50 packs/year. Antiplatelet drug
infusion was started for cerebral infarction and DEXA was started
for COVID-19. Ceftriaxone (2g/day) and azithromycin (AZM:
500mg/day, the total dose of AZMwas 1500mg) were administered
empirically for possible bacterial infection. However, his respira-
tory condition deteriorated from day 6, and he was transferred to
our hospital on day 8. Computed tomography (CT) showed ground
glass shadows throughout both lungs (Fig. 1a). He was intubated
Fig. 1. Serial chest computed tomography (CT) images showing the progression of the pati
(a) Chest CT on day 8. Ground glass shadows are present in the periphery of all lung lobes
(b) Chest CT on day 13. The ground glass shadows have improved but new nodular shadow
nodular shadows in the right lower lobe have enlarged and coalesced to resemble a tumor
(green arrow).
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and started on assisted ventilation. The ceftriaxone and DEXAwere
continued, and remdesivir was added for COVID-19. Unfractionated
heparin (10,000 U/day) was started for cerebral infarction and
COVID-19. His respiratory condition improved from day 10. A CT
scan performed on day 13 showed that the ground glass shadows
had improved slightly but a collection of nodular shadows had
appeared in the right lower lobe (Fig. 1b). His treatment was not
changed because there had been no deterioration of respiratory
condition or abnormal laboratory data. Ceftriaxone and remdesivir
were stopped on days 14 and 17, respectively. However, on day 18
he developed a fever and his laboratory data deteriorated. A
catheter-related blood stream infectionwas suspected. Vancomycin
and cefepime were started and the central venous catheter was
replaced. As the shadows on X-ray had worsened, micafungin (150
mg/day) was added because of the possibility of fungal infection.
The next day (day 19), a CT scan showed that the collection of
nodular shadows in the right lower lobe had grown and become a
massive shadow. Additional nodules had appeared in other parts of
the right lower lobe and he had developed consolidation in both
lower lobes (Fig. 1c). As his b-D glucan level was high (30.4 pg/mL,
cut-off index �20 pg/mL) and Aspergillus fumigatuswas detected in
sputum culture collected on day 14 using a tracheal intubation tube
submitted on day 14, he was diagnosed with probable invasive
pulmonary aspergillosis (IPA) or CAPA [11,12]. The antimicrobial
sensitivity profile is shown in Table 1 [13]. Micafunginwas changed
ent’s lung disease.
.
s have appeared in the right lower lobe (red arrow). (c) Chest CT on the day 20. The
shadow (red arrow). In addition, new consolidation has appeared in both lower lobes



Table 1
Antifungal susceptibility profile of Aspergillus fumigatus cultured from a tracheal
aspirate specimen.

Antifungal drug MIC breakpoint (mg/L)y MIC (mg/L)

Amphotericin B 1 0.5
Micafungin IE �0.015
Caspofungin IE 0.25
Itraconazole 1 0.5
Voriconazole 1 1

Abbreviations: IE, insufficient evidence; MIC, minimum inhibitory concentration.
yConcentrations below the breakpoint indicate that the organism is susceptible to
the agent, and concentrations above the breakpoint indicate that the organism is
resistant.
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to voriconazole, which is more efficacious in the treatment of IPA
according to Japanese guidelines, until the susceptibility of
A. fumigatus was confirmed [14]. Aspergillus fumigatus was also
cultured from sputum samples submitted on days 17 and 20, and an
Aspergillus serum galactomannan test was positive (0.6, cut-off
index �0.50). His respiratory condition continued to worsen
(Fig. 2), and he developed frequent episodes of paroxysmal supra-
ventricular tachycardia. On day 23 his tachycardia could not be
controlled withmedication and his blood pressure dropped and did
not respond to catecholamine administration. The patient’s family
was informed of the treatment options, and after obtaining con-
sent, he was moved to palliative care and died on day 26. The total
dose of DEXA until death was about 100 mg (treatment was skip-
ped a few days at the hospital where the patient was hospitalized
before being transferred). Although no autopsy could be per-
formed, perhaps the patient’s death was associated with CAPA, as
his respiratory condition deteriorated sharply after CAPA onset.

2. Discussion

Invasive pulmonary aspergillosis (IPA) has been identified as a
complication of immunosuppression [15e17], but may occur in
patients who are not immunosuppressed. Risk factors include
short- or long-term steroid use; use of broad-spectrum antibiotics;
organ failure; underlying chronic or acute pulmonary disease,
including COPD; severe influenza; and ARDS [18]. CAPA is an
important complication of COVID-19 [5e10]. The risk factors for
CAPA in patients with COVID-19 have not been determined, but a
previous report identified immunomodulatory drugs and
Fig. 2. The patient’s clinical course and timing of treatment.
Abbreviations: AZM, azithromycin; CFPM, cefepime; CTRX, ceftriaxone; DEXA, dexa-
methasone; MCFG, micafungin; P/F, PaO2/FiO2 ratio; PEEP, positive end expiratory
pressure; VCM, vancomycin; VRCZ, voriconazole.
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treatment in facilities that do not meet standards for appropriate
roomventilation or air changes as possible risk factors [10]. Delli�ere
et al. [19] reported that administration of a cumulative dose of
azithromycin (AZM) �1500mg was associated with CAPA. They
attributed this to decreased serum interleukin-6 and delays in the
downregulation of the neutrophil oxidative burst, which is the
most important immune response mechanism to aspergillosis,
increased apoptosis, and changes in the lung microbiome that
promote Aspergillus colonization. Our patient had underlying COPD
and ARDS caused by COVID-19. In addition, he was treated with
short-term steroids and a 3-day course of AZM, which may have
increased his susceptibility to CAPA. Furthermore, due to the rapid
increase in the incidence of COVID-19 and a shortage of intensive
care unit beds in Osaka, Japan, a ward in our hospital for severe
COVID-19 patients was expanded one week before the patient’s
admission. An inadequate air-conditioning system may increase
the risk of CAPA. Furthermore, hospital construction has been re-
ported to be associated with IPA [20,21]. Attention to IPA is very
important because COVID-19 treatment may be performed in
temporary facilities or in urgently expanded wards due to a
shortage of beds. Treatment at temporary facilities due to the rapid
spread of COVID-19 has been linked to increased exposure to dust
and construction-related materials that increase air spore counts
and facilitate Aspergillus colonization [22]. Furthermore, it can
cause nosocomial infection of SARS-CoV-2 due to improper air
conditioning, inappropriate exhaust systems, or inadequate nega-
tive pressure devices in the room. Therefore, it is necessary to
consider room design and ventilation systems for COVID-19 wards.
We inspected the exhaust system and negative pressure in our
facility and confirmed that there were no problems associated with
room ventilation. However, the link between construction work
and Aspergillus infection cannot be ruled out, although no other
CAPA cases have been found in our hospital at present.

There are two possible reasons why there have been no previous
reports of CAPA in Japan. First, the incidence of COVID-19 in Japan is
very low compared to other countries [1,23]. Due to the relatively
low incidence of COVID-19 in Japan, there are a limited number of
patients with severe COVID-19, and so the incidence of CAPA is
likely to be very low. Second, clinicians in Japan may not be aware
of CAPA, so there may have been cases that were undiagnosed
because of a lack of specific diagnostic testing, even if the patient’s
clinical condition and laboratory findings were suggestive of CAPA.
IPA has a high mortality rate [24]; furthermore, the mortality of
patients with CAPA is considerably higher than that of COVID-19
patients without aspergillosis [25]. Although CAPA is more likely
to occur in patients in poor condition, early diagnosis and treat-
ment are necessary to reduce the mortality, and it is necessary to
consider the possibility of CAPA among COVID-19 patients in Japan
with risk factors or suggestive clinical signs.

Serum galactomannan and b-D glucan have low sensitivity for
diagnosing IPA, and culture or galactomannan testing of bron-
choalveolar lavage (BAL) specimensmay bemore sensitive for CAPA
diagnosis than serum galactomannan [10]. However, considering
the risk of aerosol generation and the ease of inspection, serum
galactomannan and b-D glucan, rather than BAL, should be per-
formed first. If a patient is clinically suspected to have CAPA clini-
cally despite negative serum galactomannan and b-D glucan tests,
the serum galactomannan and b-D glucan tests should be repeated
and BAL should be considered.

In conclusion, CAPA is an important complication of COVID-19.
Patients with aspergillosis-like sputum cultures should be
screened using b-D glucan, and Aspergillus serum galactomannan
testing. BAL should be considered in COVID-19 patients who
develop a new shadow in the lung and who have risk factors such
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as steroid use, AZM use, ARDS, COPD, and being treated at a recently
constructed or renovated hospital.
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