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Abstract: Viral infections can cause acute respiratory distress syndrome (ARDS), consequently
leading to susceptibility for secondary pulmonary infections. Over the past few weeks, a number of
studies have reported on secondary pulmonary aspergillosis complicating severe COVID-19. We
report the case of a 53-year old male patient with secondary acute myeloid leukemia (AML) who
suffered from COVID-19 ARDS and was diagnosed postmortem with mucormycosis.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is continuing to spread
worldwide with a high proportion of infected individuals needing respiratory support and
ICU treatment [1]. Viral infections can cause acute respiratory distress syndrome (ARDS),
consequently leading to susceptibility for secondary pulmonary infections. Over the past
few weeks, a number of studies have reported on secondary pulmonary aspergillosis
complicating severe COVID-19 [2]. Here, we report the first case of a critically ill COVID-19
patient who was diagnosed with pulmonary mucormycosis.

2. Case Report

A 53-year old male patient was diagnosed with secondary acute myeloid leukemia
(AML) in January 2020 and was transferred to our hospital for further treatment. Medical
history included myelodysplastic syndrome, obesity (body mass index 34) and depression.
Five weeks after induction with a classical “7 + 3” regimen (consisting of a seven-day
treatment course with cytarabine and three days of daunorubicin) the patient developed
sore throat, parageusia, dysosmia and fever up to 39 ◦C. Antifungal prophylaxis at this
time consisted of iv voriconazole with 400 mg twice daily on day 1, followed by 200 mg
twice daily thereafter (therapeutic drug-monitoring adapted, with a trough voriconazole
plasma level of 3.37 mg/L). While breathing ambient air, oxygen saturation was 96% and
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chest CT-scan showed slight bilateral infiltrates (Figure 1). Polymerase chain reaction (PCR)
for SARS-CoV-2 from a nasopharyngeal swab was performed and revealed a positive result
54 days after induction chemotherapy. Due to development of moderate acute respiratory
distress syndrome (oxygenation index (OI) 115)) the patient was admitted to the intensive
care unit for noninvasive ventilation five days after being tested positive. At the time of
ICU admission, the patient had suffered from severe neutropenia (<500 neutrophils/µL)
for eight weeks and presented with a neutrophil count of 300/µL, platelet count of 8000/µL
and lymphocyte count of 100/µL. Therapy for COVID-19 ARDS at this stage of the pan-
demic consisted of tocilizumab and high-dose glucocorticoids (starting with prednisolone
100 mg for two days followed by continuously tapering with total duration of 17 days until
death). Chest X-ray showed an increase of bilateral infiltrates and the patient developed
severe ARDS (OI 60). Thus, he was intubated on day 8 after symptom onset (day 3 in the
ICU), and bronchoscopy and bronchoalveolar lavage (BAL) was performed. BAL galac-
tomannan (GM) and culture as well as serial serum GM testings remained negative. Serum
1,3-ß-D-glucan (BDG) was positive only once (178 pg/mL) during ICU stay. Neutrophils
increased over 500/µL from day 16 onwards. After a switch of antibiotic therapy for
piperacillin/tazobactam plus linezolid, the patient improved slightly and was extubated at
day 18. Shortly after, however, he developed fever up to 39.5 ◦C. Blood culture, Acridine-
Orange Leucocyte Cytospin test, viral PCRs and fungal biomarkers were negative. Due
to rapid respiratory deterioration on day 22 the patient was reintubated. SARS-CoV-2
PCR from nasopharyngeal swab was performed and was still positive, and culture from
BAL showed mixed nonpathogenic flora. Chest X-ray did not show any new infiltrates.
Hemodynamic situation worsened within the next days, and the patient died on day 24
after symptoms onset.

Figure 1. Chest CT scan and chest X-rays performed during hospital stay.

A full autopsy was performed, and microscopy of lung tissue showed tissue invasive
nonpigmented fungal hyphae (Figure 2). To specify the fungal pathogen, internal tran-
scribed spacer (ITS) sequencing from lung tissue was performed and revealed fungal DNA
100% homologous to Rhizopus microsporus. Thus, the patient was diagnosed postmortem
with invasive pulmonary mucormycosis due to Rhizopus microsporus with no signs of
dissemination. SARS-CoV-2 PCR from a throat swab performed postmortem was positive
with a cycle threshold of 28, whereas PCR from lung tissue was negative.
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Figure 2. PAS (periodic acid–Schiff) staining of a postmortally acquired lung tissue specimen reveals
fungal hyphae in necrotic lung tissue.

3. Discussion

Here we report a case of a patient with AML and severe COVID-19 who was diagnosed
postmortem with invasive pulmonary mucormycosis.

Invasive fungal infections (IFI) in critically ill COVID-19 patients are now a well-
known threat to our patients. The vast majority of these patients are suffering from
COVID-19 associated pulmonary aspergillosis (CAPA) [3]. Other IFIs, including invasive
candidiasis or Saccharomyces cerevisiae, are also reported but CAPA is the dominating IFI
in critically ill COVID-19 patients [4–6]. To date, only very few cases with mucormyosis
are published [7,8] but none of them presented with pulmonary mucormycosis. The
patient reported here was treated for secondary AML and developed severe COVID-19
during hospital stay, requiring ICU treatment. Due to severe COVID-19 ARDS the patient
was treated with glucocorticoids and tocilizumab. Furthermore, intensive chemotherapy
combined with remaining MDS resulted in a prolonged neutropenic phase. Thus, there
were several risk factors for developing severe opportunistic infections such as pulmonary
mold infections, and we primarily assume that the combination of these risk factors
(underlying disease plus severe COVID-19 with ARDS plus corticosteroid treatment)
triggered the emergence of mucormycosis in this patient. As all high-risk patients for IFIs
at our center, the patient was closely screened with fungal biomarkers in serum samples
(galactomannan, 1,3-ß-D-glucan) during ICU stay. Even though serum GM screening in
most CAPA patients remains negative due to the predominantly airway invasive growth
of Aspergillus [3], the patient reported here was neutropenic over a long period of time,
increasing the sensitivity for blood biomarkers such as GM for CAPA. However, a routinely
available fungal biomarker for mucormycosis is lacking, making it even more complicated
to diagnose the disease accurately and rapidly.

Respiratory deterioration in a severely immunocompromised patient with COVID-19
should promptly trigger performance of a high-resolution CT scan and consecutive BAL.
However, performing a CT scan in a mechanically ventilated and critically ill COVID-19
patient is logistically very challenging, whereas chest X-rays are usually available bedside
and are therefore standard imaging procedure among COVID-19 patients on ICU. Regular
bronchoscopies are also avoided and only performed if clinically indicated due to the risk of
airborne transmission of SARS-CoV-2. These factors complicate the diagnosis of secondary
pulmonary infections, including mucormycosis. Although BAL was performed in our
patient at the time of deterioration, no Mucorales growth was detected in culture, underlying
the limited sensitivity of BAL culture for mold detection. Consequently, voriconazole
treatment was not replaced with other azoles with documented activity against Mucorales,
and the diagnosis of mucormycosis was only established postmortem.
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The report is intended to raise awareness for these devastating infections that may
also complicate severe COVID-19; early appropriate and aggressive therapy is needed for
a successful outcome of mucormycosis [9].

Author Contributions: Conceptualization, C.Z., M.H. and J.P.; investigation, P.E. and G.G.; data
curation, C.Z., J.P., E.S., S.H., P.E. and R.K.; writing—original draft preparation, C.Z., M.H. and J.P.;
writing—review and editing, G.G., E.S., S.H., R.K. and P.E. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: M.H. received research grants from Gilead and Pfizer. All other authors have
no potential conflicts of interest.

References
1. Wu, Z.; McGoogan, J.M. Characteristics of and Important Lessons from the Coronavirus Disease 2019 (COVID-19) Outbreak

in China: Summary of a Report of 72314 Cases from the Chinese Center for Disease Control and Prevention. JAMA 2020, 323,
1239–1242. [CrossRef] [PubMed]

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

3. Hoenigl, M. Invasive Fungal Disease Complicating Coronavirus Disease 2019: When It Rains, It Spores. Clin. Infect. Dis. 2020.
[CrossRef] [PubMed]

4. Ventoulis, I.; Sarmourli, T.; Amoiridou, P.; Mantzana, P.; Exindari, M.; Gioula, G.; Vyzantiadis, T.-A. Bloodstream Infection by
Saccharomyces cerevisiae in Two COVID-19 Patients after Receiving Supplementation of Saccharomyces in the ICU. J. Fungi 2020,
6, 98. [CrossRef] [PubMed]

5. White, P.L.; Dhillon, R.; Cordey, A.; Hughes, H.; Faggian, F.; 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. 2020. [CrossRef] [PubMed]

6. Mastrangelo, A.; Germinario, B.N.; Ferrante, M.; Frangi, C.; Li Voti, R.; Muccini, C.; Ripa, M.; COVID-BioB Study Group.
Candidemia in COVID-19 patients: Incidence and characteristics in a prospective cohort compared to historical non-COVID-19
controls. Clin. Infect. Dis. 2020. [CrossRef]

7. Mehta, S.; Pandey, A. Rhino-Orbital Mucormycosis Associated With COVID-19. Cureus 2020, 12, e10726. [CrossRef] [PubMed]
8. Werthman-Ehrenreich, A. Mucormycosis with orbital compartment syndrome in a patient with COVID-19. Am. J. Emerg. Med.

2020. [CrossRef] [PubMed]
9. Cornely, O.A.; Alastruey-Izquierdo, A.; Arenz, D.; Chen, S.C.A.; Dannaoui, E.; Hochhegger, B.; Hoenigl, M.; Jensen, H.E.;

Lagrou, K.; Lewis, R.E.; et al. Global guideline for the diagnosis and management of mucormycosis: An initiative of the European
Confederation of Medical Mycology in cooperation with the Mycoses Study Group Education and Research Consortium. Lancet
Infect. Dis. 2019, 19, e405–e421. [CrossRef]

http://doi.org/10.1001/jama.2020.2648
http://www.ncbi.nlm.nih.gov/pubmed/32091533
http://doi.org/10.3390/jof6020091
http://www.ncbi.nlm.nih.gov/pubmed/32599813
http://doi.org/10.1093/cid/ciaa1342
http://www.ncbi.nlm.nih.gov/pubmed/32887998
http://doi.org/10.3390/jof6030098
http://www.ncbi.nlm.nih.gov/pubmed/32630111
http://doi.org/10.1093/cid/ciaa1298
http://www.ncbi.nlm.nih.gov/pubmed/32860682
http://doi.org/10.1093/cid/ciaa1594
http://doi.org/10.7759/cureus.10726
http://www.ncbi.nlm.nih.gov/pubmed/33145132
http://doi.org/10.1016/j.ajem.2020.09.032
http://www.ncbi.nlm.nih.gov/pubmed/32972795
http://doi.org/10.1016/S1473-3099(19)30312-3

	Introduction 
	Case Report 
	Discussion 
	References

