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Abstract Severe coronavirus disease (COVID-19)

is currently managed with systemic glucocorticoids.

Opportunistic fungal infections are of concern in such

patients. While COVID-19 associated pulmonary

aspergillosis is increasingly recognized, mucormyco-

sis is rare. We describe a case of probable pulmonary

mucormycosis in a 55-year-old man with diabetes,

end-stage kidney disease, and COVID-19. The index

case was diagnosed with pulmonary mucormycosis

21 days following admission for severe COVID-19.

He received 5 g of liposomal amphotericin B and was

discharged after 54 days from the hospital. We also

performed a systematic review of the literature and

identified seven additional cases of COVID-19 asso-

ciated mucormycosis (CAM). Of the eight cases

included in our review, diabetes mellitus was the most

common risk factor. Three subjects had no risk factor

other than glucocorticoids for COVID-19. Mucormy-

cosis usually developed 10–14 days after hospitaliza-

tion. All except the index case died. In two subjects,

CAMwas diagnosed postmortem.Mucormycosis is an

uncommon but serious infection that complicates the

course of severe COVID-19. Subjects with diabetes

mellitus and multiple risk factors may be at a higher
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risk for developing mucormycosis. Concurrent gluco-

corticoid therapy probably heightens the risk of

mucormycosis. A high index of suspicion and aggres-

sive management is required to improve outcomes.

Keywords Zygomycosis � Mucorales �
Tocilizumab � Dexamethasone � Diabetes � CAPA

Introduction

The pandemic coronavirus disease 2019 (COVID-19)

continues to be a significant problem worldwide.

While several treatment options have been evaluated,

none except systemic glucocorticoids have been

shown to improve survival in COVID-19. Unfortu-

nately, the widespread use of glucocorticoids can lead

to secondary bacterial or fungal infections. Invasive

pulmonary aspergillosis complicating the course of

COVID-19 is widely recognized;[1] however,

mucormycosis is uncommonly suspected or diag-

nosed. Herein, we report a case of pulmonary

mucormycosis in a patient with severe COVID-19.

We also perform a systematic review of literature to

identify cases of COVID-19 associated mucormycosis

(CAM) and describe their clinical features, risk

factors, and outcome.

Case Presentation

A 55-year-old man with long-standing diabetes mel-

litus, hypertension, and ischemic cardiomyopathy

presented with fever, dry cough, and progressive

breathlessness of three days duration. He was diag-

nosed with type 2 diabetes mellitus ten years before

the current illness and was on irregular treatment with

different oral hypoglycemic drugs. Blood sugar mon-

itoring was infrequent. He also had end-stage renal

disease and was receiving maintenance hemodialysis

for the last one year. The patient was a never- smoker

and denied any substance abuse. At admission, the

respiratory rate was 26 breaths/minute, blood pressure

110/80 mmHg, and heart rate of 90 beats/minute. The

oxygen saturation was 84% while breathing ambient

air and improved to 95% with a venturi mask (fraction

of inspired oxygen, 0.5). The patient was not obese

(body mass index of 24 kg/m2).

Chest radiograph showed bilateral diffuse intersti-

tial opacities and cardiomegaly (Fig. 1a). A nasopha-

ryngeal swab was positive for SARS-CoV-2 by RT–

PCR. The hemoglobin at admission was 7.8 g/dL, and

glycated hemoglobin was 5.3% (Table 1). He was

started on intravenous dexamethasone (6 mg once a

day for 14 days) and remdesivir (200 mg on day 1 and

100 mg on days 2–5). Supportive care, including

oxygen supplementation, thromboprophylaxis for

venous thrombosis, and maintenance hemodialysis,

were continued. His random plasma glucose at

admission was 140 mg/dL and increased to a

Fig. 1 Chest radiograph at admission a showing bilateral diffuse infiltrates and cardiomegaly. In the third week of hospitalization, a

cavity with intracavitary content b can be seen in the right upper zone
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maximum of 300 mg/dL during dexamethasone ther-

apy. After 14 days of therapy, he had clinical

improvement, hypoxemia improved, and radiological

resolution.

Three days later, the patient complained of cough,

expectoration, and burning micturition. There was no

fever, and he was not catheterized during hospitaliza-

tion. Urine culture showed the growth of Escherichia

coli. He was treated with intravenous meropenem 1 g

every day (dose modified for renal impairment) for

10 days. Chest radiograph performed 21 days after

admission showed a cavity with intracavitary contents

in the right upper zone (Fig. 1B). Computed tomog-

raphy (CT) of the thorax confirmed a thick-walled

cavity in the right upper lobe (Fig. 2A, B). Minimal

pleural effusion was also seen on the right side.

Sputum examination with Gram stain, stain for acid-

fast bacilli, and fungal smear was negative. The

sputum culture on Sabouraud dextrose agar (SDA) at

25 �C and 37 �C grew a pure culture of cottony

grayish white colony 6 days after incubation. Lac-

tophenol cotton blue (LCB) mount from the growth

revealed aseptate hyphae with nodal rhizoids and short

sporangiophores with terminal spherical sporangia

filled with brownish sporangiospores (Fig. 3), sugges-

tive of Rhizopus microsporus. The identification was

confirmed by matrix-assisted laser desorption/ioniza-

tion time of flight (MALDI-TOF; Bruker Daltonics,

Table 1 Partial list of

investigations in the index

patient with pulmonary

mucormycosis (PM)

following treatment for

COVID-19

DLC: differential leukocyte
count; E: eosinophil; L:
lymphocyte; N: neutrophil;
TLC: total leukocyte count

Investigations At presentation Day 21 (Diagnosis of PM)

Hemoglobin, g/dL 7.8 6.6

TLC, /lL 6100 12,500

DLC (N/L/E), % 90/6/4 82/9/7.4

Absolute lymphocyte count, /lL 366 1125

Absolute neutrophil count, /lL 5490 10,250

Platelet count, /lL 60,000 222,700

Blood urea, mg/dL 20 63

Serum creatinine, mg/dL 8.4 3

Total bilirubin, mg/dL 0.3 0.5

Alanine aminotransferase, U/L 48 15

Aspartate aminotransferase, U/L 8 3

Alkaline phosphatase, IU/L 144 100

Arterial pH 7.33 7.44

pCO2 22 29

HCO3 13 20

PO2 36.5 65

Glycated hemoglobin, % 5.3 -

Fig. 2 Computed tomography showing thick-walled cavity in the right upper lobe in the corresponding mediastinalA and lung window

B sections
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Billerica, MA, USA), which gave a good discrimina-

tory score of 2.1. The isolate was deposited in the

National Culture Collection of Pathogenic Fungi

(NCCPF), PGIMER, Chandigarh, India, with the

accession number NCCPF 710,496. The in vitro

antifungal susceptibility testing (AFST) of the isolate

was performed by the microbroth dilution method as

per the Clinical Laboratory Standards Institute

(CLSI)-M38A2 guidelines.[2] The minimum inhibi-

tory concentrations (MICs) of the isolate were as

follows: amphotericin B, 0.5 lg/mL; itraconazole,

0.03 lg/mL; posaconazole, 2.0 lg/mL. Serum beta-d-

glucan (Fungitell, Associates of Cape Cod, Inc, MA,

USA) and serum galactomannan index were 189 pg/

mL and 0.18 (Platelia Aspergillus galactomannan

antigen, Bio-Rad, France), respectively. The patient

was treated with liposomal amphotericin B (3 mg/kg)

for probable pulmonary mucormycosis. His symptoms

improved, and he was discharged 54 days after

hospitalization (cumulative dose of amphotericin B,

5 gm). The patient received liposomal amphotericin

(3 mg/kg/day) on an outpatient basis for 25 days after

discharge and is scheduled for right upper lobectomy.

At the time of discharge and after completion of

amphotericin therapy, chest radiograph showed sig-

nificant resolution of the right upper zone cavity

(Fig. 4a, b).

Discussion

COVID-19 has already claimed more than one million

lives worldwide. In the absence of an effective vaccine

or antiviral therapy, supportive care plays a vital role

in the management of COVID-19. Glucocorticoids

and probably remdesivir are the only drugs proven to

be beneficial in COVID-19. Glucocorticoids are

inexpensive, widely available, and have been shown

to reduce mortality in hypoxemic patients with

COVID-19.[3] Nevertheless, glucocorticoids can

increase the risk of secondary infections. Moreover,

the immune dysregulation caused by the virus and the

use of concurrent immunomodulatory drugs such as

Fig. 3 Lactophenol cotton blue (LCB) mount from the growth

revealed aseptate hyphae with nodal rhizoids and short

sporangiophores with terminal spherical sporangia filled with

brownish sporangiospores, suggestive of Rhizopus microsporus

Fig. 4 Chest radiograph performed at discharge A and after completing amphotericin therapy B showed significant resolution of the

right upper zone cavity
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tocilizumab could further increase the risk of infec-

tions in COVID-19 patients.[4, 5].

We performed a systematic review of the PubMed

and Embase databases till January 9, 2021, using the

following free text terms: (‘‘COVID’’ OR ‘‘SARS-

CoV’’ OR ‘‘coronavirus’’) AND (mucor* OR ‘‘zy-

gomycosis’’). We identified 21 citations, of which

seven described mucormycosis in association with

COVID-19 (Table 2)[6–11]. We excluded one study

that described the detection of various respiratory

pathogens in the throat swab of patients with SARS-

CoV-2 infection (no invasive mucormycosis cases

were reported).[12].

Of the eight cases reported thus far (including the

index case), 3 and 2 cases were from the United States

of America and India, respectively. One case each was

reported from Brazil, Italy, and the United King-

dom.[6, 8, 13] The median (range) age was 57.5

(22–86) years, and seven were men. Diabetes mellitus

(n = 4, 50%) was the most common predisposing

condition; in one case, diabetes was previously

undiagnosed. No traditional risk factors for mucormy-

cosis were identified in three (37.5%) of the sub-

jects.[6, 8, 13] Acute respiratory distress syndrome

due to COVID-19 was present in seven cases. Elevated

serum creatinine was seen in 5 cases, while the details

were not available in the remaining three. Two

subjects presented with symptoms suggesting

mucormycosis (rhino-orbital mucormycosis), while

the others developed mucormycosis following treat-

ment for COVID-19 (usually between 10 and 14 days

of hospitalization).[10, 11] The diagnosis was estab-

lished postmortem in two subjects.[6, 8] The site of

involvement by mucormycosis was rhino-orbito-cere-

bral (n = 3), pulmonary (n = 3), gastric (n = 1), and

disseminated (n = 1). All except the index case died.

While COVID-19 associated pulmonary aspergillo-

sis (CAPA) has received much attention, mucormy-

cosis, another devastating disease, remains

unrecognized.[1, 14] The diagnosis of CAPA relies

on the presence of risk factors, consistent radiology,

and demonstration of Aspergillus in tissue culture or

microscopy.[14] While galactomannan in bron-

choalveolar lavage is a useful marker of invasive

pulmonary aspergillosis, its role in CAPA has not been

confirmed. Invasive mold infections (invasive pul-

monary aspergillosis and pulmonary mucormycosis)

share similar risk factors, clinical presentation, and

radiology. The diagnosis of CAM is thus even more

challenging. A lack of clinical suspicion and difficulty

isolating the causative fungi might contribute to the

underdiagnosis of mucormycosis. Two of the eight

cases included in our review were diagnosed post-

mortem. Further, biomarkers such as beta-d-glucan

and galactomannan, which aid in diagnosing invasive

aspergillosis, are not available for mucormycosis. To

our knowledge, we report the first successfully man-

aged case of probable pulmonary mucormycosis

developing after treatment for COVID-19. Diabetes

mellitus has been associated with severe COVID-19.

Those with diabetes are at an increased risk of death

than those without.[15] Further, poorly controlled

diabetic patients may have overt or covert renal

dysfunction. In our review, four and five subjects had

diabetes mellitus and renal dysfunction (serum crea-

tinine not provided in the remaining three cases),

respectively (Table 2). The presence of multiple risk

factors or comorbid illnesses in severe COVID-19

patients, along with the additional immunosuppres-

sion caused by glucocorticoids, increases the net state

of immune suppression, thereby predisposing them to

invasive mold infections.

The index patient had unmonitored blood sugar in

the past and was recently diagnosed with end-stage

kidney disease. Glycated hemoglobin becomes unre-

liable in the presence of severe anemia, especially in

patients undergoing hemodialysis.[16] The favorable

outcome in the current case was probably because of

the better glycemic control in-hospital, and the timely

initiation of liposomal amphotericin B. Previous

studies have shown that amphotericin B is generally

well-tolerated and can be safely administered in

subjects undergoing dialysis (even with the older

deoxycholate and colloidal dispersion formulations of

amphotericin).[17, 18] The current guideline for the

management of mucormycosis recommends liposo-

mal amphotericin B at a dose of 5–10 mg/kg per day.

In the absence of central nervous system involvement,

a dose of 5 mg/kg is suggested.[19] In a randomized

controlled trial of 201 patients with invasive mold

disease, liposomal amphotericin used at 3 mg/kg/day

was equally effective but safer and better tolerated

than 10 mg/kg/day dose amphotericin.[20] Our

patient had end-stage kidney disease and was on

concurrent nephrotoxic medications, yet he tolerated

liposomal amphotericin well. The optimal duration of

therapy in mucormycosis is not clear and is guided by
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the treatment regimen’s clinical response and

tolerability.

Pulmonary mucormycosis is increasingly diag-

nosed, and the case fatality has improved over

time.[21] Control of hyperglycemia, early treatment

with liposomal amphotericin B, and surgery are

essential for the successful management of mucormy-

cosis.[19, 22, 23] However, COVID-19 has created a

unique scenario where all three aspects of the man-

agement are compromised. Firstly, hyperglycemia is

aggravated by the most effective therapy for severe

COVID-19, namely glucocorticoids. Coexisting

ARDS and multiorgan dysfunction preclude timely

diagnostic imaging and testing.[13] Finally, the hos-

pitals are overwhelmed by COVID-19 patients, and

essential services, including diagnostics and surgeries,

could be significantly curtailed.[24] Hence, the mor-

tality in CAM (87.5% in the current series) maybe

even higher than that observed in non-COVID

patients.[21, 23, 25].

One alarming observation was the absence of

traditional risk factors, such as diabetes mellitus,

transplantation, or hematological malignancies, in

three subjects with CAM. The development of

mucormycosis can probably be attributed to the use

of glucocorticoids and suggests a need for their

judicious use. Thus, the use of glucocorticoids in mild

COVID-19 cases (without hypoxemia) or the utiliza-

tion of higher doses of glucocorticoids should be

avoided. Further, in the absence of a clear benefit,

drugs targeting immune pathways such as tocilizumab

should be discouraged.[5].

In summary, physicians caring for critically ill

COVID-19 patients must be aware of serious infec-

tions that can complicate the course of COVID-19. A

high degree of clinical suspicion is required to

diagnose pulmonary mucormycosis.[26] Early diag-

nosis and timely management are necessary to

improve outcomes in pulmonary mucormycosis.
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