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Case report

Mucormycosis after Coronavirus disease 2019 infection in a heart
transplant recipient – Case report and review of literature
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Introduction

Mucormycosis (previously called Zygomycosis) is the term used
for invasive fungal infections (IFIs) occurring due to saprophytic
environmental fungi–Rhizpous (most common), Mucor, Cunningha-

mella, Aposphysomyces, Licitheimia (Absidia), Saksenaea, Rhizomucor]
[1]. Mucormycosis can have at least six different clinical presenta-
tions–rhinocerebral, pulmonary, cutaneous, gastrointestinal, dissem-
inated and miscellaneous [2]. Cutaneous mucormycosis is the third
most common manifestation (after rhinocerebral and pulmonary) [3]
and is seen in 19% of patients with mucormycosis [1].

The common risk factors for mucormycosis include hemato-
logic malignancies, solid organ transplant recipients (SOTRs), stem
cell transplantation, prolonged and severe neutropenia, poorly
controlled diabetes mellitus (DM), iron overload, deferoxamine
therapy, major trauma, prolonged corticosteroid use, illicit

intravenous drug use, neonatal prematurity, malnutrition and
potential nosocomial sources (including bandages and intravascu-
lar devices) [1,3,4]. Mucormycosis comprises 2–6% of IFIs [4,5]. The
multi-center prospective TRANSNET study reported that the
cumulative incidence of mucormycosis was 0.07% in SOTRs at
the end of one year [5].

The ongoing Coronavirus disease 2019 (COVID-19) pandemic,
due to the novel severe-acute-respiratory-syndrome-coronavirus-
2 (SARS-CoV-2), has caused more than 110 million cases and more
than 2.4 million deaths globally [6]. There are increasing reports of
the occurrence of bacterial and fungal co-infections in COVID-19
patients [7].

We describe a heart transplant recipient who developed
cutaneous mucormycosis infection after COVID-19. We review
the literature surrounding the occurrence of mucormycosis after
COVID-19, as well as explore potential mechanisms.
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A B S T R A C T

Mucormycosis is an invasive fungal infection (IFI) due to several species of saprophytic fungi, occurring

in patients with underlying co-morbidities (including organ transplantation). During the ongoing

Coronavirus disease 2019 (COVID-19) pandemic, there have been increasing reports of bacterial and

fungal co-infections occurring in COVID-19 patients, including COVID-19 associated pulmonary

aspergillosis (CAPA). We describe a case of mucormycosis occurring after COVID-19, in an individual who

received a recent heart transplant for severe heart failure. Two months after heart transplant, our patient

developed upper respiratory and systemic symptoms and was diagnosed with COVID-19. He was

managed with convalescent plasma therapy and supportive care. Approximately three months after

COVID-19 diagnosis, he developed cutaneous mucormycosis at an old intravascular device site. He

underwent extensive surgical interventions, combined with broad-spectrum antifungal therapy. Despite

the aggressive therapeutic measures, he died after a prolonged hospital stay. In this case report, we also

review the prior well-reported cases of mucormycosis occurring in COVID-19 patients and discuss

potential mechanisms by which COVID-19 may predispose to IFIs. Similar to CAPA, mucormycosis with

COVID-19 may need to be evaluated as an emerging disease association. Clinicians should be vigilant to

evaluate for invasive fungal infections such as mucormycosis in patients with COVID-19 infection.
�C 2021 Elsevier Masson SAS. All rights reserved.
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eronegative with recipient seropositive; both donor and recipient
ere Toxoplasma-seronegative. His post-operative course was

omplicated by prolonged intubation, paroxysmal atrial fibrilla-
ion, hyperglycemia requiring intravenous insulin, and acute renal
ailure requiring continuous renal replacement therapy (that
esolved prior to discharge). He was discharged March 2020 on
rednisone oral (PO) 10 mg/d, mycophenolate mofetil (MMF) PO
50 mg twice daily (BID), tacrolimus PO 4 mg in morning/5 mg in
vening and prophylactic antimicrobials (atovaquone, nystatin,
alganciclovir).

He was readmitted two months later with complaints of non-
roductive cough with non-bloody diarrhea for one week; fevers
highest temperature 38.6 8Celsius) for two days; and a one-day
istory of sternal wound discharge. His family members reported

evers with respiratory symptoms.
His past medical history was significant for coronary artery

isease (treated with coronary artery bypass graft and stenting);
schemic cardiomyopathy leading to American College of Cardiol-
gy/American Heart Association (ACC/AHA) stage D chronic
ystolic heart failure necessitating intra-aortic balloon pump
IABP) and left ventricular assist device placement, followed by
eart transplant; type-2-DM, hypertension, chronic kidney dis-
ase, obstructive sleep apnea and prior smoking.

On evaluation, he was afebrile and hemodynamically stable.
ystemic examination revealed dehiscence of lower aspect of
ternal incision, with minimal foul-smelling serosanguinous
rainage. Respiratory and cardiovascular system examination
as otherwise unremarkable. Admission laboratory testing

evealed white blood cell count 7.820 � 109/L (normal range
N}: 3.8–10.5 � 109/L), lymphocyte count 0.2 � 109/L (N: 1.0–
.0 � 109/L) and elevated inflammatory markers–C-reactive pro-
ein 1612.38 nmol/L (N: 0–3.81 nmol/L), procalcitonin 0.72 mg/L
N: 0.02–0.10 mg/L), lactate dehydrogenase 6083.33 nmol/(s�L) [N:
33.33–4033.33 nmol/(s�L), ferritin 1.15 nmol/L (N: 0.07–0.90
mol/L) and D-dimer 1194 mg/L DDU (N: � 229 mg/L DDU).
omputed tomography imaging (CT) of chest/abdomen/pelvis
evealed central and peripheral ground-glass opacities in right

iddle, lingular and bilateral lower lobes, with bilateral interlob-
lar septal thickening in lower lobes. There were no fluid
ollections noted at the sternotomy site in the CT scan.
asopharyngeal testing by reverse-transcriptase-polymerase-

hain-reaction detected SARS-Cov-2 virus, confirming the diagno-
is of COVID-19.

Infectious diseases service was consulted for assistance in
anagement. Given the ongoing use of immunosuppressive

gents, he was not eligible for use of interleukin-inhibitors. He
et criteria for enrollment in the antiviral remdesivir trial;

owever, study recruitment had closed at that time. Initiation of
ral hydroxychloroquine (per the institutional COVID-19 protocol
t the time) was held due to concurrent amiodarone use and
rolonged QTc-interval. He received one convalescent plasma

nfusion after inclusion in the ongoing trial. He was started on
mpiric intravenous (IV) vancomycin and meropenem for sus-
ected sternal wound infection. Plastics surgery performed
edside sternal wound debridement, followed by wound vacuum
herapy (‘‘wound vac’’) placement. Sternal wound cultures grew

organella morganni and Enterobacter cloacae, with blood cultures
lso revealing growth of Morganella.

His hospital course was further complicated by encephalopa-
hy, respiratory decompensation necessitating intubation and

MMF was discontinued and cyclosporine was initiated. He was
evaluated by the Rheumatology service for polyarticular gout
symptoms. He received a three-day course of IV methylpredniso-
lone, followed by a fifteen-day oral prednisone taper. His
prednisone dose was subsequently decreased to 7.5 mg/d PO, so
fungal prophylaxis (nystatin) was discontinued per institutional
protocol. He underwent bedside tracheostomy one month after
admission, with decannulation performed two months after
admission. After completing the antibiotic courses, he underwent
chest wall reconstruction using omental flap and split-thickness
skin grafting.

Approximately three months after admission, purplish skin
discoloration with fluctuant swelling was noted in the right axilla,
at the prior IABP catheter insertion site. CT chest revealed a
6.4 � 5.3 cm fluid collection along the anterior right upper chest
wall, with extensive inflammatory changes in the chest wall and
surrounding tissues (Fig. 1). There was a 1.3 cm right subclavian
artery pseudoaneurysm at the vascular graft site (concerning for
mycotic aneurysm) (Fig. 2). 75 ml of brown fluid was aspirated
from the collection by interventional radiology. A rare mold with
broad coenocytic/aseptate hyphae was noted on preliminary
cultures and was sent to the state reference laboratory for further
evaluation. He was started on IV liposomal amphotericin B
550 mg/d and posaconazole delayed-release PO 300 mg/d. Serum
markers for fungal infections were normal–(1–3)-b-D-Glucan
level 43 pg/mL (N: < 60 pg/mL) and Aspergillus (Galactomannan)
antigen < 0.5 index (N: < 0.5). The state laboratory identified the
fungus as Rhizopus microsporus.

He underwent exploration and debridement of the thoracic
cavity in the operating room. The mold was tunneling under the

Fig. 1. Computed tomography (CT) scan–transverse view of thoracic cavity. Fluid

collection noted in right anterior chest wall (red arrow), with inflammatory

infiltrate in surrounding tissues (blue arrows). The letter P denotes the posterior

orientation of the patient.
Fig. 2. Computed tomography (CT) scan–transverse view of thoracic cavity. A right

subclavian artery pseudoaneurysm is noted adjacent to the right chest wall

collection (yellow arrow). The letter P denotes the posterior orientation of the

patient.
echanical ventilation; acute kidney injury necessitating hemo-
ialysis; and recurrent infections (vancomycin-resistant Entero-

occus faecium bacteremia, Klebsiella variicola sternal wound
nfection, coagulase-negative Staphylococcus species bacteremia).
e required debridement of sternal wound with reconstruction
sing pectoralis major muscle flaps. Given the multiple infections,
2



# 7 # 8

60/M 66/M

1. DM

2. Asthma

3. HTN

HLD

HTN

1. Dyspnea

Hypoxia

COVID-19 symptoms

(not specified)

portive

1. Remdesivir

2. Convalescent plasma

3. Dexamethasone

4. Supportive care

1. Hydroxychloroquine

2. Lopinavir-Ritonavir

Supportive care

tic Rhino-orbital Pulmonary

ture of

a

Biopsy and culture of nasal

specimen

Microscopy of bronchial

aspirate

Rhizopus species Rhizopus species

Uncontrolled DM Unclear

1. AMB

2. Caspofungin

3. Retrobulbar AMB

injections

1. AMB

Isavuconazole

Death Death

16 17

eactive protein; D-dimer: D-dimer assay level; DM: diabetes
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Table 1
Reported cases of mucormycosis occurring in patients with COVID-19 infection.

Patient # 1 # 2 # 3 # 4 # 5 # 6

Age/Sex 68/M 60/M 33/F 22/M 86/M 49/M

Past Medical History 1. ICM

2. HF s/p OHT

3. DM

4. HTN

CKD

DM 1. HTN

2. Asthma

1. Obesity

Hypothyroidism

HTN None

Initial Presenting

symptoms

1. Fever

2. Cough

3. Diarrhea

1. Fever

2. Malaise

3. Tachypnea

4. Dyspnea

1. Altered mental status

2. Cough

3. Tachypnea

4. Vomiting

5. Left-sided ptosis

1. COVID-19 pneumonia

(not specified)

2. Subacute right middle

cerebral artery infarct

1. Diarrhea

2. Cough

3. Dyspnea

4. Fever

1. Fever

2. Cough

3. Dyspnea

COVID-19 treatment 1. Convalescent plasma

2. Supportive care

1. Meropenem

2. Oseltamivir

3. Methylprednisolone

4. Dexamethasone

5. Enoxaparin

6. Supportive care

1. Remdesivir

2. Convalescent plasma

3. Supportive care

1. Linezolid

2. Meropenem

3. Tigecycline

4. Caspofungin

5. Argatroban

1. Ceftriaxone

2. Azithromycin

3. Oseltamivir

4. Hydrocortisone

5. Supportive care

1. Ceftriaxone

2. Azithromycin

3. Dexamethasone

4. Remdesivir

5. Tocilizumab

6. Enoxaparin Sup

care

Clinical presentation

of

Mucormycosis

Cutaneous Rhino-orbital Rhino-orbital-cerebral Disseminated Gastrointestinal Pulmonary (necro

empyema)

Diagnosis Culture of aspirate fluid

culture and operative

specimen

Biopsy and culture of nasal

specimen

Culture of sinus operative

specimen

Post-mortem Biopsy of gastric ulcer Pathology and cul

operative empyem

specimen

Fungal species isolated Rhizopus microsporus NA NA NA NA Rhizopus species

Likely precipitating

factors

1. Post-OHT

2. Use of

immunosuppressive

therapy

3. DM

4. Corticosteroid use

1. DM

2. Corticosteroid use

1. Undiagnosed DM

Diabetic keto-acidosis

Obesity Corticosteroid use Corticosteroid use

Antifungal treatment 1. AMB

Posaconazole

AMB AMB None

(Post-mortem diagnosis)

None

(Death prior to institution

of antifungals)

AMB

Patient outcome Death Death Death Death Death Death

Reference Current Case 11 12 13 14 15

AMB: liposomal Amphotericin B; CAD: coronary artery disease; CKD: chronic kidney disease; COVID-19: Coronavirus disease 2019; Cr: serum creatinine level; CRP: C-r

mellitus; F: female; HF; heart failure; HTN: Hypertension; ICM: ischemic cardiomyopathy; M: male; NA: not available; OHT: orthotopic heart transplant; s/p: statu
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mentum, extending deep in the right chest cavity and into the
usculature. It involved an area of approximately 15 � 5 � 4 cm in

ize, with burrowing towards the sternal wound. Resection of the
ubclavian artery and potentially infected prosthetic graft was also
erformed, with primary repair of the proximal and distal ends.
fter debridement, wound vac was applied to the sternal wound.
perative sternal wound cultures redemonstrated growth of
. microsporus, while subclavian graft cultures were negative.

His hospital course was further complicated by vancomycin-
esistant E. faecium and later daptomycin-resistant E. faecium

ternal wound infections; chest wall abscesses with Enterobacter

loacae; and development of sacral decubitus ulcers (managed
ith local wound care). He eventually developed polymicrobial

eptic shock (with vancomycin-resistant E. faecium, daptomycin-
esistant E. faecium and multi-drug-resistant K. variicola). He was
ntubated for hypercapneic respiratory failure and worsening
ncephalopathy. He had worsening vasopressor requirements and
nfortunately died on day one-hundred-and-seventy-five of
ospital stay.

iscussion

Patients with skin barrier disruptions (burns, trauma, catheter
nsertion, injections) or persistent skin maceration are at increased
isk for cutaneous mucormycosis [2]. The fungus can invade into
djacent fat, muscle, fascia, and even bone, while secondary
ascular invasion and hematogenous spread are less common
1,3]. However, cutaneous mucormycosis with hematogenous
issemination has high fatality rates [1]. Four general principles
re critical for managing mucormycosis: rapid diagnosis, reversal
f underlying predisposing factors (if possible), surgical debride-
ent of infected tissue and appropriate antifungal therapy [2].

IFIs are being increasingly reported in COVID-19 patients [8–
0], with COVID-19-associated pulmonary aspergillosis (CAPA)
eing recognized as a new disease entity [9,10]. There is concern
hat an IFI may alter the natural history of COVID-19 [8,9]–higher

ortality rates are reported in patients with both IFIs and COVID-
9 [8–10].

We performed a literature review in Medline1 (PubMed)
ibliographic database for English language articles (search terms
Mucormycosis COVID-19’’, ‘‘Mucormycosis SARS-Cov-2’’, ‘‘fungal
OVID-19’’, ‘‘fungal SARS-Cov-2’’) and found seven similar cases of

nvasive mucormycosis [11–17] (Table 1). A diabetic patient
eceived high-dose corticosteroids for COVID-19 management and
eveloped rhino-orbital mucormycosis [11]. Mucor was diagnosed

rom nasal biopsy and subsequent culture. Another patient
resented with left-sided ptosis and altered mental status
12]. Laboratory testing revealed diabetic ketoacidosis (with
reviously undiagnosed DM) and COVID-19, with maxillary and
thmoidal sinus disease and multiple areas of cerebral infarction
nd ischemia noted on imaging. Mucor was demonstrated in intra-
perative sinus cultures. Disseminated mucormycosis (involving

ungs, hilar lymph nodes, brain and kidney) was noted on post-
ortem examination of a twenty-two-year-old COVID-19 patient
ho died within 27 days after symptom onset [13]. An elderly
ypertensive patient [14] presented with symptoms suggestive of
OVID-19 and developed melena with severe anemia soon after
dmission. Esophagogastroduodenoscopy revealed two large
astric ulcers with dirty debris covering a hemorrhagic base.

noted, with Rhizopus growing on subsequent cultures. A poorly
controlled diabetic developed severe COVID-19 and rhino-orbital
mucormycosis, necessitating retrobulbar anti-fungal injections
[16]. Lastly, an intubated COVID-19 patient developed a new
pulmonary lesion, with bronchial aspirate revealing Rhizopus. The
authors hypothesized that in their patient with no classic risk
factors for IFIs, severe COVID-19 may have led to lymphopenia and
immune system alterations, predisposing to mucormycosis
[17]. All patients expired despite anti-fungal therapy and surgery.

The pathophysiology of secondary IFI in COVID-19 patients is
not known at this time–there are several potential mechanisms, all
of which may have contributed to the development of mucormy-
cosis in our patient.

� Firstly, COVID-19 is associated with extensive pulmonary
parenchymal disease [13]. Post-mortem examination of
COVID-19 patients has demonstrated significant diffuse alveolar
damage, hyaline membrane formation, interstitial lymphocyte
infiltration and vascular microthrombi formation [13]. These
pulmonary changes may take weeks to resolve and thus may
serve as a nidus for fungal infection [18].

� Secondly, COVID-19 is associated with severe immune system
abnormalities–reduced CD4+ and CD8+ T-lymphocyte counts;
elevated inflammatory cytokines [interleukin (IL)-2R, IL-6, IL-10,
tumor necrosis factor-alpha] [19,20]. As seen in influenza, this
dysregulation may promote pathogenesis of IFIs [19].

� Thirdly, severe COVID-19 results in mechanical ventilation and
prolonged intensive care unit stay–this may predispose to
bacterial co-infections and IFIs [7].

� Finally, the fungal co-infection may have occurred secondary to
immunosuppressive medication use for COVID-19 management.
In one retrospective study of nine COVID-19 patients with
Aspergillus isolated in clinical specimens, seven patients had
received corticosteroids and five patients had received IL-6-
antagonist tocilizumab [9]. The corticosteroid dexamethasone
has shown mortality benefits in COVID-19 patients requiring
supplemental oxygen [21]. However, the potential risk of fungal
infection cannot be ruled out; recent studies reported that the
use of corticosteroids predisposed to an increased risk of
aspergillosis [8,10].

To the best of our knowledge, this is the first documented case
of mucormycosis occurring in a heart transplant recipient with
prior COVID-19. Our patient was diabetic, with a recent transplant
and immunosuppressive medication use. He also received a brief
corticosteroid course for gout flare. Thus, similar to previously
described cases, our patient had severe COVID-19, use of
immunosuppressive therapies and multiple risk factors for the
development of mucormycosis (Table 1). Similar to the reports of
CAPA occurring in COVID-19 patients [9,10], the potential link
between mucormycosis and COVID-19 needs to be investigated
further. Additionally, with the pandemic continuing for more than
a year since the initial recognition of SARS-CoV-2, clinicians must
evaluate for secondary infections and co-infections in COVID-19
patients. A strategy (as suggested by Song et al.) for recognizing the
risk factors for IFIs and ensuring their timely diagnosis and
management must be considered for implementation in COVID-19
patient-care protocols [19]. Early identification of fungal co-
infections may significantly reduce morbidity and mortality [12].
lcer biopsy confirmed mucormycosis, but the patient died before
nitiation of antifungal therapy. A forty-nine-year-old male [15]

ho had received immunosuppressive therapies (dexamethasone
nd tocilizumab) for COVID-19 developed acute-onset dyspnea.
maging revealed a tension pneumothorax with bronchopleural
stula. Intra-operatively, an empyema with fungal elements was
4

Conclusion

Clinicians should be vigilant to evaluate for mucormycosis in
patients with COVID-19 infection. Further research is needed to
evaluate the potential link between these two infections.
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