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Abstract: 

Mucormycosis is the third invasive mycosis in order of importance after candidiasis and aspergillosis and is caused 

by fungi of the class Zygomycetes. The most important species in order of frequency is Rhizopus arrhizus (oryzae). 

Identification of the agents responsible for mucormycosis is based on macroscopic and microscopic morphological 

criteria, carbohydrate assimilation and the maximum temperature compatible with its growth. The incidence of 

mucormycosis is approximately 1.7 cases per1000000 inhabitants per year, and the main risk-factors for the 

development of mucormycosis are ketoacidosis (diabetic or other), iatrogenic immunosuppression, use of 

corticosteroids or deferoxamine, disruption of mucocutaneous barriers by catheters and other devices, and exposure 

to bandages contaminated by these fungi. 
The standard guidelines in management of mucormycosis involves early diagnosis, a reversing risk factors and 

underlying illness, surgical debridement, and immediate intravenous antifungals - usually amphotericin B. This 

include the prompt management of hyperglycaemia, acidosis, electrolyte imbalance and cessation of 

immunosuppressive drugs.  
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INTRODUCTION: 

Mucormycosis is an infection caused by fungi that 

belong to the Mucorales order. Mucormycosis is a type 

of invasive fungal infection caused by mold fungi. 

Mucoralean fungi can reproduce both sexually and 
asexually. The asexual sporangio spores reformed in a 

globe-like structure called the sporangium on the apex 

of sporangiophore. The sporangiospores then disperse 

and, on appropriate conditions, germinate to produce a 

mycelial complex. Most of the pathogenic Mucorales 

are heterothallic, and in their sexual development, 

hyphae of the two different mating types sensitize each 

other and undergo fusion to form zygospores, which 

later germinate to form a sporangium at the apex 

culminating in sexual meiospores. The formation of 

zygospores requires two compatible mating types, and 

it takes a considerable amount of time for the 
zygospores to germinate. Therefore, the asexual 

sporangiospores may serve as the main source of 

dissemination and infection. Infection sites include the 

lungs, rhinocerebral spaces, sinuses, soft tissue, skin, 

gastrointestinal tract, and bloodstream[1].  

 

 In 60% of mucormycosis cases in humans, Rhizopus 

oryzae is the commonest aetiology which is 

responsible for 90% of the rhino cerebral form 

whereas pulmonary mucormycosis is a relatively rare 

fungal disease, which is arduous to diagnose early and 
lacks effective treatment. The rise in cases of 

mucormycosis is due to COVID – 19, which remain 

correlated with the impaired immune system of 

infected patient[2]. SARS-CoV-2 infection 

manipulates the immune system by affecting T 

lymphocytes, especially CD4+ and CD8+ T cells, 

which is highly involved in the pathological process of 

COVID -19 infection. Significant reduction in the 

absolute number of lymphocytes (lymphopenia) and 

specifically of T cells involved in the most severe 

COVID -19 cases, is associated with the worst 

outcome compromising the immune system and might 
expose patients to a higher risk of developing 

opportunistic infections[3]. 

 

EPIDEMIOLOGY 

 Approximately 1.7 cases per 1000 000 inhabitants per 

year,is the incidence of mucormycosis in which, 500 

patients per year in the USA. Postmortem evaluation 

of the presence of agents responsible for 

mucormycosis shows that mucormycosis is ten- to 50-

fold less frequent than candidiasis or aspergillosis, and 

that it appears in one to five cases per 10 000 
autopsies[4]. 

 

The main risk-factors for the development of 

mucormycosis are ketoacidosis (diabetic or other), 

iatrogenic immunosuppression, especially when it is 

associated with neutropenia and graft vs. host disease 

in haematological patients, use of corticosteroids or 

deferoxamine, disruption of mucocutaneous barriers 

by catheters and other devices, and even exposure to 
bandages contaminated by these fungi[5]. 

 

PATHOGENESIS 

Mucorales mainly invade deep tissues via inhalation 

of airborne spores, percutaneous inoculation or 

ingestion. They colonise a high number of patients but 

do not necessarily cause invasion. Once the spores 

have penetrated the lungs or subcutaneous tissues, 

they are met by the first line of defence, mononuclear 

and polynuclear phagocytes. The phagocytes of the 

healthy host are able to killor destroy the spores of 

Mucorales by generating oxidative metabolites and 
defensing(cationic peptides). Severely immuno 

compromised neutropenic patients and those with 

phagocyte dysfunction (e.g., hyperglycaemia) are at 

greater risk of mucormycosis. Ketoacidosis decreases 

the movement of these phagocytes towards the source 

of the infection and their capacity for lysis by 

oxidative and non-oxidative mechanisms[6,7]. 

 

Lymphopenia is common in patients infected with 

SARS-COV2 and may rise preponderance to mucor 

infection with further suppression of the immune 
system. This susceptibility has been documented 

especially by mucor infections observed in AIDS 

patients with lymphopenia suggesting that 

lymphopenia associated with COVID -19 may also be 

a primary risk factor for mucor infection. The spores 

of the inhaled fungus are destroyed by the phagocytic 

cells, but in immunocompromised individuals, the 

vascular endothelium is infected by the spores through 

invasion[8].  

 

As in fungal infection, host response involves both 

cellular and humoral immunity where, the latter plays 
a major role in offering defence against fungal 

infection. It has been also reported that cellular 

immunity associated with Th1-type offer a protective 

response against fungal infection via secreting IFN-

y[9]. The central research institution across the globe 

such as CDC emphasizes rise in mucormycosis cases 

after COVID-19 disease[10].  

 

RESPIRATORY MANIFESTATIONS  

Invasion of the lung is the second most common 

clinical manifestation and follows the inhalation of 
spores. The most frequent predisposing underlying 

condition has been considered to be haematological 

malignancy with neutropenia, although recent studies 
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suggest that diabetes mellitus is the most frequent 

underlying condition[11]. 

 

The radiological presentation of mucormycosis is 

similar to that of invasive aspergillosis, and both tend 
to show vascular invasion and thrombosis, followed 

by tissue necrosis.presentation includes cuneiform 

pulmonary infiltrates, pulmonary nodules and 

cavitated lesions, including the ‘halo’ sign. Currently, 

one of the most controversial issues is the spectacular 

increase in the number of cases of mucormycosis in 

institutions that care for haemato-oncological patients. 

This increase has generally taken place in patients and 

units where broad-spectrum antifungal prophylaxis, 

especially voriconazole, is used against 

Aspergillus[12]. 

 
The poor and or impaired immune functioning is 

major cause of rise in mucormycosis cases and clinical 

findings further confirmed in COVID – 19 patients. 

The cell mediated immunity i.e. Th1 and IFN-y are 

primarily involved in providing protection during viral 

infections.  

 

However, novel SARS-CoV-2 infection remains 

associated with impaired functioning of not only 

cellular but also humoral immunity triggering higher 

risk for fungal infection[13]. 
 

In short, the multiple risk factors present in the patients 

or the co-morbid illnesses in severe COVID-19 

patients, along with the additional immunosuppression 

caused by glucocorticoids, increases the net effect of 

an immune suppression, thereby making liable to 

invasive mold infections[14]. 

 

Diagnosis  

Rapid diagnosis and initiation of therapy is critical due 

to the acute, fulminate nature of the 

infection.Diagnosis of mucormycosis rests upon the 
presence of predisposing conditions, signs and 

symptoms of disease, observation of fungal elements 

of specific morphology in histological sections, and 

direct smears of material, and, to a lesser extent, 

culture re-sults.There are no reliable serological 

methods for diagnosis at present[15]. 

 

Direct examination in 10% KOH of scrapings from the 

upper turbinates, aspirated sinus material, sputum, and 

biopsy material can be valuable. The presence of 

thick-walled, aseptate, and refractile hyphae 6 to 15 
µm in diameter, with some hyphae being swollen and 

distorted, is indicative of the presence of Mucorales 

fungi.Histological sections show acute suppurative 

inflammation with focal areas of granulomatous 

inflammation[16]. There are aseptate hyphae 6 to 50 

µm in diameter, branching at 90°. The hyphae invade 

the adjacent blood vessel walls, producing thrombosis 

and infarction, but rarely disseminate through the 

vessels. Staining with Grocott-Gomori methenamine 
silver is best, though periodic acid-Schiff and 

hematoxylin & eosin (H&E) stains can be used[17]. 

 

Treatment  
Once diagnosis has been established, correction of 

hypoxia, acidosis, hyperglycemia, and electrolytic 

imbalance needs to be undertaken. Steroids, anti-

metabolites, and immunosuppressive drugs should be 

discontinued, if possible. Aggressive surgical 

debridement is usually undertaken, along with high 

dose intravenous amphotericin B therapy (5mg/kg IV 

daily)[18]. Treatment is continued until remission is 
achieved. Liposomal amphotericin B may be more 

effective and less toxic. Resistance to amphotericin B 

has been observed with prolonged therapy. Local 

irrigation and packing to aid delivery of amphotericin 

B to necrotic and poorly perfused tissues has been tried 

as an adjunct to therapy. This could help prevent 

disfiguring surgery[19]. 

 

Steroidal therapy to the patient can be another 

underlying cause for the development of mucor 

infection[20]. 
 

Local irrigation and packing to aid delivery of 

amphotericin B to necrotic and poorly perfused tissues 

has been tried as an adjunct to therapy. This could help 

prevent disfiguring surgery[21]. 

 

The recent discovery for the management of 

mucormycosis advocate Liposomal Amphotericin B at 

a dose of 5–10 mg/kg per day in high doses 

intravenously as initial therapy and without central 

nervous system involvement, a dose of 5 mg/kg is 

recommended.  
 

It is understood that from a randomised controlled trial 

of 201 patients with invasive mold disease 

administrated liposomal amphotericin B used at 3 

mg/kg/day showed equal efficacy but safer and better 

tolerated 10 mg/kg/day dose amphotericin B[22]. 

The initial starting dose is 5 mg/kg IV daily, with a 

maximum dose of 10 mg/kg IV and the duration of 

treatment depends upon the patient's clinical picture.  

Surgical debridement of infected tissue is mandatory 

to limit the further spread of infection. Aggressive 
surgical debridement of necrotic tissue should be 

promptly done which may involve lobectomy, partial 

pneumonectomy in accordance with the site of 

disease. Similar to necrotizing fasciitis, this advocates 
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aggressive surgical management and often carried 

dramatic morbidity[23]. Without restoring immune 

status, the outcomes are unfortunately very bad even 

with the standard antifungal therapies and surgical 

debridement.  
 

Posaconazole or Isavuconazole has some evidence as 

second-line therapy in mucormycosis. As for rescue 

management, Posaconazole 200 mg IV four times 

daily is recommended. Amphotericin and 

Posaconazole combination are not supported by 

guidelines. Hyperbaric oxygen is used as an adjuvant 

therapy. The elevated oxygen pressure improves the 

ability of neutrophils to kill the fungi and enhances 

wound healing. 

 

Management of rhino-orbital cerebral mucormycosis 
also involves medical as well as surgical management 

which is regarded as an emergency[24].  

 

A three-step approach of reversal of 

immunosuppressive state, administration of IV 

antifungals, and extensive surgical debridement is 

usually undertaken.  

Early definite diagnosis is practically challenging, 

whereas the delay in initiating the treatment will 

further exasperate the morbidity and mortality. Prompt 

antifungal administration and extensive surgical 
debridement are carried out empirically whenever the 

possibility of rhino-orbital cerebral mucormycosis is 

suspected based on risk factors, clinical features, and 

or radiologic findings. Granulocyte colony-

stimulating factor may enhance white blood cell count 

and may help to improve host defences.  

 

For definite histopathologic confirmation, 

debridement provides adequate tissue biopsy. 

Dissection is usually continued until normal, well-

perfused bleeding tissue is attained, since 

mucormycotic tissues are less likely to bleed due to 
extensive thrombosis of vessels. Removal of the 

palate, nose cartilage, and orbit would cause 

significant disfigurement. The orbital involvement 

may need orbital decompression or exenteration. The 

relevance of routine orbital exenteration or the timing 

exenteration is currently unclear, and cases with 

orbital involvement have also been successfully 

managed without exenteration[25]. 

 

CONCLUSION: 

The rise in cases of mucormycosis is due to COVID – 
19, which remain correlated with the impaired 

immune system of infected patient. Diabetes is one of 

the major risk factors because the growth of fungi is 

stimulated by a high blood glucose concentration, 

infection is rare in patients with well-controlled blood 

glucose levels. If infection is confirmed, early surgical 

intervention and intravenous anti-fungal treatment 

should be advocated for management, as a better 

prognosis and less fulminate disease course can be 
achieved in cases of post-coronavirus mucormycosis. 

This also include the prompt management of 

hyperglycaemia, acidosis, electrolyte imbalance and 

cessation of immunosuppressive drugs. Identifying the 

risk factors and the comorbidities is mandatory to 

reverse the condition and reduce the mortality in 

patients. 
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