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Introduction 
 

Mucormycosis is a fatal angioinvasive fungal 

infection caused by Mucorales, which is 

having a very high mortality rate. 

Mucormycosis was first described in 1876 in a 

patient who died of cancer in Germany. The 

Past two decades saw an increase in the 

number of cases, more so in India and China 

(1, 2). In India, it is estimated that the 

prevalence of Mucormycosis was 80 times 

more compared to the developed countries. (3) 

This increase in the prevalence can be partly 

attributed to the high prevalence of the 

diabetic population in these countries.(4)It is 

estimated that the prevalence of diabetes in 

India could rise to 101.2 million by 2030. 

Since the pandemic, the combination of covid 

International Journal of Current Microbiology and Applied Sciences 
ISSN: 2319-7706 Volume 10 Number 08 (2021)   
Journal homepage: http://www.ijcmas.com 
 

During the pandemic, the combination of covid 19 with systemic steroids has caused a 

dramatic increase in the Mucormycosis cases in India. Our narrative review aims to 

understand the possible pathomechanisms involved in this exponential increase of 

Mucormycosis cases. The pathogen's virulence depends on the organism's ability to 

survive in the host by evading the immune system and causing harm to the host cells. 

Factors involved in the pathogenesis of COVID 19 which might be interested in the 

pathomechanisms of Mucormycosis are (1) increased expression of GRP 78 receptors 

(2) alteration of iron metabolism – the role of ferritin and iron (3) hepcidin mimicking 

activity (4) endothelities (5) damage to beta islet cells of pancreas (6) use of 

corticosteroid. Heath care-related or nosocomial infection though rare, can not be 

neglected. Mucormycosis developed in patients with both active SAR-CoV infection 

and patients who had recovered from COVID19 illness. Mucormycosis involving the 

nose and sinuses was the most common type. Early diagnosis and treatment of 

Mucormycosis are essential, as it improves the outcome and decreases the need for 

surgical intervention hence disfigurement. The combination of COVID 19 infection, 

steroid use, diabetes, and hospitalisation has caused a surge in Mucormycosis cases in 

COVID 19 infected patients. Further understanding of the pathogenesis helps in taking 

measures in the prevention and early management of the infection. 
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19 with systemic steroids has caused a 

dramatic increase in the Mucormycosis cases 

in India besides aspergillosis and candidiasis. 

Our narrative review aims to the understand 

the possible pathomechanisms involved in this 

exponential increase of Mucormycosis cases. 

 

COVID-19 pandemic is caused by severe 

acute respiratory syndrome virus (SARS-CoV-

2). It is characterized by acute respiratory 

distress syndrome, pneumonia, and eventually 

multi-organ failure. About 180 million cases 

and 3.8 million deaths have been reported to 

the present day. Several treatment options are 

being evaluated, among which systemic 

steroids have been shown to improve the 

survival of the patients. Overzealous and 

unchecked systemic steroid use in COVID 19 

patients is a crucial predisposing factor 

Mucormycosis development. COVID-19 

infection induces damage of the alveolar 

epithelium and endothelialitis, 

hemoglobinopathy, cell iron overload, 

hypoxia, dysregulated immune system.(5–7). 

In the lung and immune dysfunction setting 

induced by the covid, widespread use of 

systemic corticosteroid, interleukin 

antagonists like tocilizumab and other 

comorbidities lead to the dramatic increase in 

the cases of Mucormycosis. 

 

Social media and the press have speculated 

and emphasized the various other risk factors 

like steaming, long-term use of antibiotics, 

industrial contamination of oxygen cylinders, 

contaminated water used in the humidifier as a 

cause of the rise in the Mucormycosis cases. 

But there is no concrete evidence to support 

the speculations (8). 

 

Mucorales areubiquitous organisms, and they 

are present in the beds, floors, side tables of 

hospitals. Regular decontamination of the 

surface and frequent hand washing should be 

emphasized to decrease the risk of nosocomial 

infection. Oxygen humidifier generates 

aerosols that can reach deep into the lung, due 

to which there is a risk of transmission of 

potential pathogens.(9) Reusable oxygen 

humidifiers get easily contaminated and 

should be replaced with a disposable 

humidifier to avoid nosocomial infection. 

 

Antimicrobials have been used in the 

treatment of COVID 19. In a review, it was 

found that 72 % of the patients were 

prescribed broad spectrum antibiotics. (10) 

Presently, there is no evidence to show 

whether prolonged antibiotics are a risk for 

Mucormycosis development.  

 

Causative agents 

 

The order Mucorales consist of 261 species, 

among which 38 cause human infection (11). 

Mucorales are typically thin-walled, non-

pigmented, wide (5-20 µm), ribbon-like, 

pauciseptate (no or few septa), and have right-

angle branching.(12)The fungi under the 

Mucorales are saprophytic and are 

ubiquitously present. Rhizopus arrhizus is the 

most common species affecting all over the 

world. Other isolates include Actinomucor, 

Cokeromyces, Syncephalastrum, Lichtheimia, 

Mucor, Rhizomucor, Cunninghame, 

Apophysomyces. Newer species that have 

been reported include Mucor irregularis, 

Thamnostylumlucknowense, Saksenaea-

erythrospora. The species vary depending on 

the geographical area. Rhizopus, Mucor, 

Lichtheimia species cause 75% of 

cases.(13)Humans acquire the infection 

mainly by inhalation; other modes of 

transmission are by injection of the 

contaminated food and traumatic implantation 

(12). 

 

Risk factors 

 

Underlying diseases associated with 

Mucormycosis include diabetes mellitus, 

which is the most common risk factor in India, 
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followed by haematological malignancy, 

organ transplant, prolonged neutropenia, 

corticosteroid therapy, diabetic ketoacidosis, 

trauma iron overload, deferoxamine therapy, 

and malnutrition. Other risk factors reported 

include chronic kidney disease, chronic 

obstructive lung disease, tuberculosis. 

Breakthrough Mucormycosis after 

voriconazole prophylaxis treatment have been 

documented in haematological malignancy 

patients (14). 

 

Clinical features 

 

Mucormycosis developed in patients with both 

active SAR-CoV infection and patients who 

had recovered from COVID19 infection (15). 

Infection was predominately seen in male 

patients. 80% had pre-existing diabetes 

mellites, 76.3% were treated with 

corticosteroids and 14.9 % had diabetic 

ketoacidosis (15). Mucormycosis involving 

the nose and sinuses was the most common 

type. 

 

Depending upon the site of involvement, 

clinically Mucormycosis is classified as rhino-

orbital-cerebral (ROCM), pulmonary, 

gastrointestinal, cutaneous, disseminated 

Mucormycosis and othersinclude renal, 

osteomyelitis, endocarditis, peritonitis, ear, 

breast, uterus, urinary bladder, lymph nodes 

(16, 17). In India, ROCM is the most common 

type, followed by the pulmonary and 

cutaneous types (18). In developed countries, 

the pulmonary type is the most common. 

Multiple studies have shown that the type of 

Mucormycosis that a patient develops is 

associated with the underlying illness 

/predisposing factors.  

 

Rhino-orbital-cerebral Mucormycosis is the 

most common type seen in patients with 

COVID-19 infection. It is often seen in 

patients with uncontrolled diabetes and 

diabetic ketoacidosis (13). Other risk factors 

include corticosteroid therapy, solid organ 

transplantation, intravenous drug use. 

Clinically the patient presents with fever, 

headache, facial swelling, facial swelling, 

pain, sinusitis, nasal discharge, epistaxis, nasal 

ulceration, ptosis, proptosis, eschars over the 

skin surface, or the palate, eye pain, 

diminished vision, orbital cellulitis. The 

infection can extend into the ethmoid, 

paranasal sinus, retro-orbitally into the 

cerebrum. This clinical type is observed with 

46% of mortality (19). 

 

Pulmonary Mucormycosis is the second most 

common clinical type. It is mainly seen in 

patients with haematological malignancy and 

organ transplant patients. It is also seen in 

patients with diabetes mellitus, hematopoietic 

stem cell transplant, post pulmonary 

tuberculosis patients (20). Pulmonary 

Mucormycosis is usually unilateral, and the 

upper lobe is the most affected (21). Clinically 

the patient presents with fever, breathing 

difficulty, chest pains, cough, pleuriticchest 

pain, and haemoptysis. This clinical type is 

associated with very high mortality of 76% 

(19). 

 

Cutaneous Mucormycosis usually occurs 

following a breach in the epithelium following 

a trauma. This clinical type is often seen in 

immunocompetent patients. In a review by 

Skiada et al., 43-67% of patients were 

immunocompetent (22). Depending on the 

depth of involvement, cutaneous 

Mucormycosis isclassified as follows (1) 

localized infection – the infection is limited to 

the kin and the subcutaneous tissues (2) deep 

extensions -there is the involvement of the 

muscle, tendons, bones (3) disseminated 

infection. Clinically they present with pain, 

swelling, ulcers, blisters, eschar formation. 

 

Gastrointestinal Mucormycosis is usually seen 

in premature infants, patients undergoing 

peritoneal dialysis, patients with malnutrition. 
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Symptoms include abdominal pain, nausea, 

vomiting and GI bleeding. A high index of 

suspicion is required to diagnose this clinical 

type.  

 

Disseminate Mucormycosis has a very high 

mortality rate of 96% (19). Another rare 

type,is renal Mucormycosis which has been 

reported in immunocompetent patients in 

India and China (23). 

 

Pathophysiology 

 

Virulence factors of Mucorales  

 

The pathogen’s virulence depends on the 

ability of the organism to survive in the host 

by evading the immune system and causing 

harm to the host cells (24). Virulence factors 

of Mucorales include rapid multiplication, the 

ability to use the host iron, and its ability to 

attach to the endothelial surfaces.  

 

High- affinity iron permease (FTR 1) helps in 

the uptake and transport of iron in the fungi. In 

immunodeficient mice, this gene is highly 

expressed (25). Conditional inactivation of the 

gene renders the fungi non-pathogenic in the 

mice and increases its survival rate. 

Antibodies against the FTR 1 induces 

protection against Mucormycosis infection in 

the mice (26). 

 

Spore coat (CotH) protein is present on the 

spore surface of the Mucorales. This protein 

binds to the GPR78 receptor on the 

endothelial cells.(27) It is an important 

virulence factor and plays a key role in the 

pathogenesis of Mucormycosis.  

 

Alkaline Rhizopus protease enzyme (Arp) is 

another virulent factor that enhances the 

coagulation process in patients.(28)Other 

virulence factors include serine and aspartate 

proteases (SAPs), dihydrolipoyl dehydro-

genase, ADP-ribosylation factor (Arf). 

Covid 19 and Mucormycosis 

 

During the pandemic, especially in the second 

wave, there is a dramatic increase in the 

Mucormycosis cases. This is well documented 

in multiple published case reports, case series, 

and review articles. The majority of the cases 

are reported from India. Diabetes mellites and 

use of systemic steroids are most common risk 

factors for Mucormycosis in the covid 19 

patients.  

 

COVID 19 is an infective inflammatory 

disease. It is clinically characterized by acute 

respiratory distress syndrome, pneumonia, and 

eventually multi-organ failure. The various 

pathogenic mechanism of covid 19 is being 

investigated and is still unfolding. Factors 

involved in the pathogenesis of COVID 19 

which might be involved in the 

pathomechanism of Mucormycosis are (1) 

increased expression of GRP 78 receptors (2) 

alteration of iron metabolism – therole of 

ferritin and iron (3) hepcidin mimicking 

activity (4) endothelities (5) damage to beta 

islet cells of pancreas (6) use of corticosteroid.  
 

Glucose-regulated protein 78 (GRP 78) is a 

host receptor present in the human endothelial 

cell, and it selectively and specifically 

interacts with the Mucorales. (29)GPR 78 

receptor is also used by the SARS-CoV-2 

virus for internalization into the endothelial 

cells.(30) Pathognomic feature of the 

Mucorales Is their ability to invade the blood 

vessels and cause thrombosis and tissue 

damage. Once the Mucorales spores enter the 

mucosa or skin, they bind to the laminin or the 

type IV collagen present in the basement 

membrane. Subsequently the CotH 3 on the 

spore, which is the fungal ligand, interacts 

with the GPR 78 in the host endothelium (27, 

31). In COVID 19 infection, due to the 

interaction of the viral spike glycoprotein, 

there is an increase in the synthesis of the 

GRP 78. GPR 78 is a heat shock protein that is 

synthesized by the endothelial cells during 
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stress (30). Multiple studies have shown, 

increased expression of GRP 78 increases the 

virulence of the Mucorales (27). GPR 78 

expression increases in hyperglycaemia, 

diabetic ketoacidosis, Endothelitis, 

hyperferritinemia, and increased serum iron. 

The above factors are directly or indirectly 

related to the SARC-Cov-2 infection. 

 

A study revealed increased serum iron is a risk 

factor for developing Mucormycosis.(32) FTR 

1 is involved in iron uptake and transport in 

the Mucorales, as discussed under the 

virulence factor. In severe COVID 19, there is 

dysregulation in the iron homeostasis, and 

there is increased ferritin levels.(33,34)In 

severe COVID 19 increase in the serum 

ferritin level occurs by two mechanisms, one 

ferritin is released into the circulation as a part 

of the inflammatory response, and secondarily 

because of hepcidin mimetic action of SARS-

CoV-2 (35, 36). High serum ferritin increases 

the intracellular iron, which generates reactive 

oxygen species, resulting in tissue damage. 

Furthermore, insevere COVID 19 due to an 

increase in macrophages activation and 

interleukin 16, stimulate the ferritin 

production, and the vicious cycle continues 

(36). Hepcidin is a crucial regulator of iron 

entry into the cell as it interacts with the 

ferroportin. It is primarily secreted by the 

liver. Due to the hepcidin mimetic activity of 

SAR-CoV-2, there is dysregulation of iron 

metabolism, which leads to hyperferritinemia. 

 

Endothelitis occur in COVID 19 due to two 

possible mechanism: hyperferritinemia and 

free circulating dysfunctional heme (6). Heme 

is released into circulation by the interaction 

of the SAR-CoV-2 with haemoglobin via ACE 

2, CD26, CD 417, and other receptors on the 

erythrocytes. After endocytosis of the viral 

particle into the erythrocytes, viral ORF8 

protein interacts with the 1 beta chain of 

haemoglobin (37). This is subsequently 

released into the circulation as dysfunctional 

haemoglobin with reduced oxygen transport 

capability. This circulating free heme, iron, 

and ferritin causes free radical meditated 

endothelial inflammation leading to 

endothelities (34). In Endothelities there is 

upregulation of the GRP 78 receptors on the 

endothelial cell, this increases the virulence of 

the Mucorales by facilitating interaction 

between CotH3 and GPR78 (38). 

 

Steroid therapy used in the treating COVID 19 

infection, although recommended is a double-

edged sword because it predisposes patients to 

secondary Mucormycosis. There is an 

increased risk of Mucormycosis in diabetic 

patients who were started on corticosteroid to 

treat SAR-CoV-2 infection (39,40). This can 

be attributed to the ability of the corticosteroid 

to decrease the immunity in the patients by 

impairing the migration, ingestion, and 

phagolysosome fusion in the macrophages. 

Steroid induced hyperglycaemia upregulates 

the expression of GPR 78, which in turn 

increases the pathogenicity and virulence of 

Mucorales (41). 

 

Patients with COVID 19 infection are 

predisposed to develop diabetic keto acidosis. 

This is attributed to SARS CoV-1 mediated 

damage to pancreatic islet cells (42). 

 

Heath care-related or nosocomial infection 

though rare can not be neglected. In a study 

conducted in India, 9 % of cases of 

Mucormycosis were nosocomial.(2) 

Mucormycosis secondary to wooden tongue 

depressors, adhesives, bandages, insulin 

pump, the nitro-glycerine patch has been 

reported (43). 

 

Diagnosis 

 

Early diagnosis of Mucormycosis is essential, 

as it improves the outcome and decreases the 

need for surgical intervention hence 

disfigurement (44). Patients with suspected 
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Mucormycosis should be referred to a higher 

centre with facilities for diagnosis and 

management of the complication. Routine 

laboratory diagnosis includes direct 

microscopy, culture and histopathology. 

 

Direct microscopy is an inexpensive but 

valuable method for a rapid presumptive 

diagnosis of Mucormycosis. It is strongly 

recommended along with histopathology (45). 

Culture is essential as it allows identification 

of genus and species of Mucormycosis and 

antifungal susceptibility testing. A definitive 

diagnosis of Mucormycosis can be established 

by histopathological examination of the 

biopsies. Stains that help to highlight the 

Mucorales wall include periodic acid-Schiff 

stain, Grocott methenamine silvery stain. 

 

Several molecular methods are emerging to 

detect the fungal DNA in serum and other 

body fluids, including PCR-based 

techniques.(46) But Currently, there is no 

standardized molecular-based method for the 

diagnosis of Mucormycosis. Many of the 

methods perform better in fresh or frozen 

samples than paraffin embedded samples. 

 

Management  

 

Treatment of Mucormycosis involves 

antifungal therapy, surgical debridement and 

management of underlying risk factors. Early 

diagnosis and initiation of treatment decreases 

the mortality associated with Mucormycosis. 

Mucormycosis can be effectively managed in 

facilities where surgical debridement and 

antifungal treatments are available.  

 

The guidelines for managing Mucormycosis 

by the European confederation of medical 

oncology strongly recommend surgical 

debridement wherever possible along with 

antifungal therapy (45). Amphotericin B at the 

dose of 5-10 mg is the first drug of choice for 

Mucormycosis treatment with various organ 

involvement. Amphotericin B at a dose of 5 

mg/kg has been successfully used in the 

absence of CNS involvement. In CNS 

Involvement, liposomal amphotericin B at the 

dose of 5mg/kg is recommended with 

moderate strength (45). 

 

Posaconazole oral suspension and delayed 

released tablets are moderately supported. 

 

Isavuconazole and Posaconazole are strongly 

recommended for salvage treatment. 

Antifungal treatment is continued until the 

infection is resolved.  

 

Mucormycosis In COVID 19 can be prevented 

by (1) maintaining hygiene – regular change 

of mask, use of a disposable humidifier, using 

clean water for steaming and regular 

decontamination of the surfaces, (2) judicious 

use of steroid and immunosuppressants, (3) 

control of co-morbidities (47). 

 

The surge in the Mucormycosis in COVID 19 

infected patients can be explained by 

following factors involved in the pathogenesis 

of COVID 19 - increased expression of GRP 

78 receptors, alteration of iron metabolism, 

hepcidin mimicking activity, endothelities, 

damage to beta islet cells of pancreas and use 

of corticosteroid. Further understanding of the 

pathogenesis helps in taking measures in the 

prevention and early management of the 

infection. 
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