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Case report

Autoptic identification of disseminated mucormycosis in a young male
presenting with cerebrovascular event, multi-organ dysfunction and
COVID-19 infection
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A B S T R A C T

Among the secondary fungal infections in Coronavirus-19 (COVID-19) infection, Aspergillosis has been
reported more often than Mucormycosis. Disseminated mucormycosis is almost always a disease of
severely immunosuppressed hosts. We report a young obese Asian male who was admitted with an acute
anterior cerebral artery (ACA) territory infarct and severe COVID-19 pneumonitis to the intensive care
unit (ICU). He had a complicated stay with recurrent episodes of vasoplegic shock and multi-organ
dysfunction. At autopsy, he was confirmed to have disseminated mucormycosis. We believe this to be the
first documented case of disseminated mucormycosis in an immunocompetent host with COVID-19
infection. The lack of sensitive non-invasive modalities and biomarkers to diagnose mucormycosis, along
with the extremely high mortality in untreated cases, present a unique challenge to clinicians dealing
with critically ill patients with COVID-19.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Numerous factors, including lymphopenia, exposure to ste-
roids, and a dysregulated immune response can predispose to
severe opportunistic super-infections in coronavirus disease-19
(COVID-19). However, the reported incidence in the literature is
low, partly due to limited microbiologic sampling, especially from
the airways [1]. Also, severe COVID-19 infection can be complicat-
ed by multi-system dysfunction and thrombo-embolic phenome-
non, making it difficult to differentiate progressive disease from
secondary invasive fungal infections.

Mucormycosis is often challenging to detect but is a potentially
treatable fungal infection. There are a handful of reports on
pulmonary, gastric, rhino-orbital and rhino-orbito-cerebral
mucormycosis in the COVID-19 literature [2–6]. The autopsy
report of our case has been discussed in a previous post-mortem
study series [7]. Interest is emerging in South Asia, especially
among diabetic patients with COVID-19 infection [8].

Here, we report a case of disseminated mucormycosis identified
at autopsy in a young male admitted with an acute anterior
cerebral artery (ACA) territory infarct and severe COVID-19
pneumonitis.

Case presentation

In April 2020, a 22-year-old Asian-descent male with a body
mass index of 44 and a known history of hypothyroidism was
transferred to our ICU with severe COVID pneumonitis requiring
mechanical ventilation and an acute ACA territory cerebrovascular
event (CVA). He had no prior history of diabetes mellitus and his
average blood glucose during his ICU stay was 8.4 mmol/l. He had
presented to his local hospital with a 4-day history of fever, cough,
and new onset of left-sided weakness. In addition to daily aspirin
and low molecular weight heparin (LMWH), hydroxychloroquine
and azithromycin were started as per our hospital protocol at the
time. Chest radiography (CXR) showed extensive consolidation in
the right mid-to-lower lung zones and multifocal air space
opacities bilaterally, consistent with COVID-19 infection. Serial
laboratory parameters are summarised in Table 1.
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equirement (noradrenaline 0.35 mcg/min and vasopressin
.06units/mL at peak), high amylase (peak 670 U/l) and a raised
RP (peak 393 mg/l). A combination of steroids, continuous veno-
enous hemodiafiltration (CVVHDF), and escalation of empirical
nti-microbial therapy to meropenem and teicoplanin was
ssociated with a brief dramatic improvement in all the above
arameters such that by day 5, in addition to improving P/F ratio
nd ventilatory mechanics, he was off all hemodynamic support,
mylase had almost normalized and CRP had dropped to 196 mg/l.
n days 6 and 7, he had the second episode of septic shock leading
o the addition of tigecycline and caspofungin along with
ermination of steroids. He had no significant positive cultures
Table 1). CT pulmonary angiography (CTPA) on day 11 revealed a
egmental pulmonary embolism in the left lower lobe with
eripheral consolidation in lower lobes and right upper lobe
Fig. 1A and B). He was switched from LMWH to Argatroban with
PTT target range of 47–78, in view of low anti-thrombin III levels.
His vasopressor requirement continued to fluctuate with raised

nflammatory markers, and he had another vasoplegic episode on
ay 13 and received noradrenaline (0.3 mcg/min), vasopressin

bronchoalveolar lavage (BAL) were performed and samples for
bacterial, fungal, mycobacterial cultures and viral PCR were
negative (Table 1).

Terminally, he developed features of pericarditis and cardiac
tamponade, in addition to profound intractable vasoplegia, and
despite an emergency pericardiocentesis, he succumbed to the
disease on day 20 of ICU stay. He was on CVVHDF throughout
except for two brief periods in view of metabolic hyperlactaemic
acidosis, anuria, and rhabdomyolysis.

At autopsy, disseminated mucormycosis involving the lungs (a
focus of necrosis of about 5 cms in the right lower lobe with
evidence of invasive mycosis with broad aseptate hyphae which
was Mucorales PCR positive on microscopy), pericardium, hilar
nodes, and brain was identified (Fig. 2A–F). Thrombo-emboli were
seen in the lungs, brain, pharynx, nasal mucosa, and trachea. There
was evidence of recent haemorrhagic transformation in the
previously infarcted area in the brain as well as thrombotic and
congested capillaries in and around the areas of infarction with
evidence of fungal hyphae in the vessels suggestive of hematoge-
nous dissemination, necrotic vasculitis, and cerebral invasion.

able 1
aboratory investigation reports.

Blood Tests Day 1
07/04/20

Day 4
10/04/20

Day 9
15/04/20

Day 13
19/04/20

Day 17
23/04/20

Date of Death
27/04/20

Normal ranges

White Cell Count 9.7 17.9 26 24.95 17 27.5 4.4�10.1 (109/L)
Lymphocyte Count 1.7 0.4 1.6 6.25 0.5 1.7 1.3�3.7 (109/L)
Creatinine 189 322.5 155 357 84 80 60�120 (mmol/L)
CRP 189 357.5 375 392.5 308 378 0�10 (mg/L)
D-dimer 3318 3565 6394 13645 6189 – 0�240 (ng/mL)
Ferritin 254 7078 1913 933 973 535 32�284 (ug/L)
LDH 2023 8630 – 2654 1268 3945 266�500 (IU/L)
hsTroponin 298.1 1130 443.8 – 19.1 74.5 <19.8 (ng/L)
Procalcitonin – – 62.02 – 97.22 – <0.07 (ug/L)
Glucose 6.5 8.4 8.6 5.6 10 6.6 4�7.8 (mmol/L)
Amylase 92 670.5 126 93.5 25 27 28�100 (U/L)
Creatine Kinase 4283 51287 5157 – 496 3407 25�171 (U/L)
Alanine transaminase 69 284 203 115 104 – 8�40 (IU/L)
Alkaline Phosphatase 47 99 239 154 153 – 30�130 (U/L)
Total Bilirubin 148 140 134 81 158 – 0�20 (mmol/L)
APTT 50.7 46.7 55.5 81 52.5 – 26�36 (sec)

Microbiology

SARS CoV-2 PCR
05/04/20 Detected
19/04/20 Not Detected
23/04/20 Not detected
Tracheal aspirate Culture
20/04/20 No growth
Urine Cultures
05/04/20 No growth
20/04/20 No growth
Blood Cultures
08/04/20 & 09/04/20 No growth
12/04/20 No growth
13/04/20 Growth of Staphylococcus epidermidis in one bottle (insignificant)
Bronchoalveolar lavage (BAL)
23/04/20 No growth (including AFB, bacterial and fungal cultures), viral PCR panel negative
Pericardial Fluid
27/04/20 Bacterial and AFB cultures negative
Serum Aspergillus Galactomannan (GAL)
13/04/20 Negative (Index value:0.040)
26/04/20 Negative (Index value:0.040
Serum 1,3- β -D Glucan (BDG)
26/04/20 Negative (<30 pg/mL)
0.06 units/mL), and gentamicin. Fungal biomarkers (Serum 1,3-β
D glucan (BDG) and galactomannan (GM)) were negative (Table 1).
e continued to be comatose despite multiple sedation weaning
rials and developed a right-sided non-reactive pupil. Repeat CT
ead showed new petechial haemorrhages within the known right
CA infarct with no mass effect (Fig. 1C and D). Tracheostomy and
2

Besides, he had severe COVID 19 pneumonia, acute haemorrhagic
pancreatitis, steatohepatitis, thyroiditis, and acute tubular injury of
the kidneys with myoglobin casts.

The final cause of death following autopsy was multi-organ
failure secondary to disseminated mucormycosis due to SARS-
CoV-2 infection. Hypothyroidism, steatohepatitis, thrombo-
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embolic disease and an elevated body mass index were noted as
other contributory factors.

Discussion

This is the first documented case of disseminated mucormy-
cosis in the absence of typical risk factors, in a patient who was also
positive for SARS-CoV-2 infection. In a recent review of 80 cases
with COVID-19 associated mucormycosis (CAM), rhino-orbital
cerebral mucormycosis was the most common presentation.
Uncontrolled diabetes mellitus and systemic steroid use were
the major co-morbid predisposing features [9].

The pathogenesis of invasive fungal infections (IFIs) in COVID-
19 is intriguing. Fungi can establish infection in a heightened
inflammatory state as readily as in an immunosuppressed state
due to modification in host signalling pathways [10]. Persistent
lymphopenia, as noted in our patient, with attenuated circulating
levels of CD3, CD4, and CD8 cells and the exaggerated immune

cell transplant patients, graft versus host disease, patients with
haematologic malignancies, severe neutropenia, and patients on
steroids and voriconazole prophylaxis [13,14]. From previous case
reports and our case, it seems feasible that the degree of immune
dysfunction during SARS-CoV-2 infection is profound enough to
predispose to mucormycosis in the absence of traditional risk
factors [3,4].

Though our patient’s clinical and laboratory parameters
demonstrated persistent sepsis with multi-organ dysfunction,
he had negative bacterial and fungal workup with no response to
empirical broad-spectrum anti-microbial therapy. His clinical
course was attributed to progressively severe COVID-19 disease.
The diagnosis of mucormycosis was not considered ante-mortem
as he had no characteristic radiological findings of mucormycosis,
and thrombo-embolic manifestations were thought to be consis-
tent with severe SARS-CoV-2 infection. In retrospect, the right
sided non-reactive pupil may have been due to a third nerve palsy
secondary to cerebral mucormycosis as the bleed was too minor to

Fig. 1. Computed tomography (CT) pulmonary angiogram study showing (A) segmental pulmonary emboli, and (B) basal consolidation.
CT head showing (C) petechial hemorrhagic transformation (D) ischaemic changes in the brain.
response with pro-inflammatory cytokines IL-1 β and IL-6 leading
to tissue damage set the perfect stage for fungal infection and
dissemination [11,12]. Steroids and poor glycaemic control can add
further insult to the injury.

In its disseminated form, mucormycosis is often a disease of the
severely immunosuppressed host including solid organ and stem
3

manifest as a mass effect. We suggest that in the index case, the
primary site of mucormycosis infection was the lung, as has been
often reported in the literature, with local migration to the
mediastinum and haematogenous spread to the brain. Cerebral
involvement is the commonest secondary site, manifesting as focal
neurologic deficits, though viscera and skin may also be involved
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15,16]. The reported mortality in disseminated mucormycosis is
etween 68–96 % and is influenced by various factors, including
ost immunosuppression, timely diagnosis, initiation of therapy
ith amphotericin-B, and early surgical debridement [14,16,17].
Clinical suspicion of mucormycosis is generally host factor-

riven in the context of angio-invasive disease [17]. While early
dentification and subsequent treatment are crucial to reducing
orbidity and mortality, the lack of validated serological tests,
iomarkers, and molecular diagnostics significantly reduces the
hances of arriving at a diagnosis [17,18]. In most cases, the
iagnosis requires histopathological confirmation aided by fungal
ultures [18,19]. Lack of adequate sampling due to the risk of
erosolization associated with bronchoscopy and autopsy and the
leeding risk (secondary to a tissue biopsy) in those who are anti-
oagulated add to the diagnostic difficulties in COVID patients.
lthough a variety of molecular techniques to identify mucor in
lood, BAL, or body fluid samples have been reported, they suffer
rom lack of validation, risk of false positives in the event of
ontamination, and very poor sensitivity when compared to tissue
amples [17,18,20]. The role of mucorales specific T cells as a
iagnostic marker is yet to be established [3]. The anti-fungal drug
epertoire for mucormycosis is limited, with liposomal amphoter-
cin B being the preferred first-line agent. The newer azoles,
savuconazole, and posaconazole can be used as salvage or
djunctive therapy and stepdown therapy after initial treatment
ith amphotericin B. Early surgical intervention where feasible is

immune dysregulation and thrombosis, there should be a high
index of suspicion for invasive mycoses, including mucormycosis
especially when BDG and GM are negative. Moreover, further
research into discovering novel robust diagnostic biomarkers
enabling earlier detection of mucormycosis is urgently needed to
prevent poor patient outcomes.
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