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To the Editor

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
causes viral pneumonia and can be complicated by acute respira-
tory distress syndrome (ARDS) which is similar to that seen in se-
vere influenza. Approximately 5% of patients with SARS-CoV-2
disease (COVID-19) are treated in intensive care units (ICUs)
because of respiratory failure. In recent years it has been recognized
that rates of invasive aspergillosis are high (19%) among patients
admitted to the ICU with severe influenza, including those without
other risk factors for invasive fungal infections (14%) [1]. Influenza-
associated aspergillosis is diagnosed at a median of 3 days after
admission to the ICU and is associated with increased mortality
(51% versus 28%, p 0.0001) [1]. Other severe viral pneumonias also
may significantly increase the risk of invasive aspergillosis [2e4].
Recently a few case reports of COVID-19-associated Aspergillus
fumigatus infection have been published, but the incidence of
invasive aspergillosis in COVID-19 patients with critical illness is
unknown [5,6].

Rigshospitalet is a tertiary referral university hospital, and one
of two centres for extracorporeal membrane oxygenation (ECMO)
in Denmark. We have treated eight COVID-19 patients with ECMO
in the period 15th March 2020 to 11th April 2020. Two of the eight
patients were diagnosed with plausible pulmonary aspergillosis
due to worsening of respiratory insufficiency, pulmonary infiltrates
despite antibacterial therapy, and positive Aspergillus cultures and
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galactomannan antigen (GM) tests on samples of serum or lower
respiratory tract secretion. Biopsy or bronchoalveolar lavage (BAL)
was not performed to confirm the diagnosis of pulmonary asper-
gillosis to reduce the risk of aggravation of respiratory failure and
the risk of transmission of SARS-CoV-2. Thus, the diagnosis of
pulmonary aspergillosis was plausible but not proven. However, a
therapeutic BALwas performed later in the course of the disease for
one of the patients, and GM testing of the BAL fluid yielded a
positive result. Clinical and mycological characteristics, treatments
and outcomes of the two patients are summarized in Table 1. Both
patients were middle-aged females. One had a history of asthma
andwas treatedwith systemic corticosteroids (methylprednisolone
80 mg intravenously for 2 days then oral prednisolone 37.5 mg for
4 days) upon admission; the other patient had no classical risk
factors for invasive aspergillosis. The ICU algorithm for the diag-
nosis of putative invasive aspergillosis require (a) an Aspergillus-
positive lower respiratory tract specimen culture, (b) compatible
symptoms, (c) abnormal chest x-ray/CT scan, and (d) either a host
factor or a positive BAL culture and microscopy [7]. Patient 2 ful-
filled all four criteria, while criterion 4was not fulfilled for patient 1.
However, patient 1's BAL and serum tested positive for GM. GM
tests on BAL or serum are included in the updated EORTC diagnostic
criteria for probable invasive aspergillosis and in the diagnostic
criteria in the study of influenza-associated aspergillosis by
Schauwvlieghe et al. [1,8]. Because diagnostic BAL was not feasible,
we used the GM test on tracheal secretion in patient 1, although the
assay is not validated for this type of sample.

Both patients were treated with voriconazole, and therapeutic
drug monitoring was performed. The Aspergillus isolates from both
patients were tested for antifungal resistance and found to be
sensitive to voriconazole. Repeated cultures of tracheal secretions
during antifungal therapy did not yield any growth. Patient 1 had a
therapeutic BAL performed 14 days after initiation of antifungal
therapy. The BAL sample was also without growth, but a GM test
was strongly positive (index 8.2). Sadly, both patients had contin-
uous severe respiratory failure despite supportive and antifungal
therapy, and both had a fatal outcome.

In the same period 25 other patientsdsix on ECMO and 19
treated with invasive mechanical ventilation for COVID-19-
associated ARDS at our centredwere screened for aspergillosis
with tracheal secretion cultures and serum GM tests, but there
were no positive findings.
ublished by Elsevier Ltd. All rights reserved.
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Table 1
Characteristics of two COVID-19 patients treated with ECMO (extracorporeal membrane oxygenation) and diagnosed with pulmonary aspergillosis

Patient 1 Patient 2

Gender Female Female
Age (years) 63 53
Co-morbidity Hypertension Asthma
History of smoking Prior smoker Prior non-regular smoker
Neutrophil/lymphocyte count at time of

hospital admission (�109/L)
3.3/0.8 5.3/1.1

Days with symptoms at time of hospital
admission

8 6

Days hospitalized before transfer to ICU 3 4
Days intubated prior to ECMO 7 22
Days on invasive mechanical ventilation

prior to diagnosis of aspergillosisa
5 1

Treatment with systemic corticosteroids
during admissionb

No Yes, methylprednisolone 80 mg i.v. for 2 days followed by
oral prednisolone 37.5 mg for 4 days

Experimental treatments for COVID-19 (i.e.
IL-6 inhibitor, JAK inhibitor etc.)

None None

Antibiotics during admission before
diagnosis of aspergillosis

Piperacillinetazobactam, meropenem Piperacillinetazobactam

Bacterial co-infections None documented None documented
Chest x-ray findings Severe bilateral infiltrates Severe bilateral infiltrates
Tracheal secretion cultures Aspergillus fumigatus (þþ) Aspergillus fumigatus (þ) x 2
Aspergillus galactomannan antigen, index

(days after first positive culture)
Serumc: positive,1.1 (2)
BALd: positive, 8.2 (15)

Tracheal secretion: positive, 2.2,
Serum: negative, 0.1

Antifungal therapy Voriconazole Voriconazole
Outcome Died with multiorgan failure 41 days after hospital

admission
Died of a large intracranial haemorrhage while on ECMO,
34 days after hospital admission

BAL, bronchoalveolar lavage; JAK, Janus kinase.
a Defined as date of collection of the first sample with growth of Aspergillus fumigatus.
b Before diagnosis of aspergillosis.
c The sample was collected 4 days after discontinuation of piperacillinetazobactam.
d Therapeutic BAL was performed 15 days after first positive culture and 14 days after initiation of voriconazole to clear thick airway secretion; culture was without growth

and a respiratory virus multiplex analysis yielded only negative results.
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We conclude that invasive aspergillosis may complicate severe
COVID-19 pneumonia and that ECMO patients may constitute a
subpopulation at increased risk. We suggest that ICU patients who
have progressive respiratory failure and do not respond to anti-
bacterial therapy are examined for invasive aspergillosis with cul-
tures and biomarkers.
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