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ABSTRACT  

Mucormycosis is a new angioinvasive infection caused by the ubiquitous filamentous fungi of the Zygomycete order Mucorales. Mucormycosis has emerged as 

the third most prevalent invasive mycosis in patients undergoing haematological and allogeneic stem cell transplantation, following candidiasis and aspergillosis. 

Mucormycosis is still a danger among diabetic people in the Western world. Furthermore, this disease is becoming more prevalent in newly developed countries 

such as India, primarily in people with uncontrolled diabetes or trauma. There is a scarcity of epidemiological data on this kind of mycosis. As a result, our capacity 

to estimate illness burden is limited. Mucormycosis is categorised into six types based on anatomic location: (1) rhinocerebral, (2) pulmonary, (3) cutaneous, (4) 

gastrointestinal, (5) diffuse, and (6) unusual presentations. The underlying disorders can have an impact on the clinical presentation and outcome. This review 

discusses the growing epidemiology of mucormycosis as well as its clinical symptoms. 
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Introduction 

Mucormycosis is an opportunistic zygomycete fungal infection that can cause a variety of illnesses.  In most situations, the hosts are predisposed to 

infection due to underlying disorders. Because the fungi involved are common environmental organisms, they are frequently non-pathologic in 

immunocompetent people. However, in immunocompromised patients, these apparently harmless organisms can cause a catastrophic and difficult-to-

treat opportunistic illness. Infections can be classified as pulmonary, gastrointestinal, cutaneous, encephalic, or rhinocerebral. The latter must be 

distinguished from allergic fungal sinusitis, a non-invasive, local overgrowth that occurs in immunocompetent people. Mucormycosis is characterised by 

tissue necrosis caused by blood vessel invasion and subsequent thrombosis, which usually occurs rapidly. Early and rigorous surgical debridement is 

critical to treatment. 

Mycology 

The order Mucorales is responsible for the majority of human infections. These organisms are found everywhere in nature, including decaying vegetation 

and dirt. These fungus reproduce quickly and produce a high quantity of spores that can get airborne. Because mucormycosis agents are prevalent in the 

environment, they are relatively common contaminants in the clinical microbiology laboratory; all humans are exposed to these fungi on a daily basis. 

The fact that mucormycosis is an uncommon human infection demonstrates the efficiency of the human immune system in its whole. This is confirmed 

by the discovery that practically all human infections caused by mucormycosis agents occur in the presence of some underlying compromising condition.                   

Etiology 

Mucormycosis is an infectious disease caused by a fungus of the Zygomycetes and Mucorales orders. Apophysomyces (A. variabilis), Cunninghamella 

(C. bertholletiae), Lichtheimia [Absidia] (L. corymbifera L. raosa), Mucor (M. circinelloides), Rhizopus (R. arrhizus (oryzae) R. microsporus), 

Rhizomucor (R. pusillus), and Saksenaea (S. These are frequent environmental organisms that are not dangerous to immunocompetent humans. They can 

present with fast increasing necrotizing infection in patients with overt immunocompromised (e.g., transplant patients, HIV, individuals on continuous 

steroids or disease-modifying anti-rheumatic medicines, leukemia or other cancer patients). Uncontrolled diabetics are also at danger, particularly those 

with a history of diabetic ketoacidosis. 

 Epidemiology 

Mucorales are thermotolerant fungi found in soil and decomposing debris that are rarely pathogenic due to their poor virulence.  Rhizopus is thought to 

be the most prevalent fungal infection in immunocompromised people, while several Aspergillus species are also common. Mucormycosis has become 
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more common as the general population's prevalence of immunosuppression has increased due to improved survival in cancer and transplant patients, as 

well as growing reasons for immunosuppressive drugs for different autoimmune illnesses. 

The primary route of infection is via air spore inhalation, which deposits in the paranasal sinuses and the lung. Other routes less frequently encountered 

result from ingestion or direct skin inoculation. 

Risk factors include diabetes mellitus, malnutrition, malignancies (lymphomas and leukemias), renal failure, organ transplant, burns, immunosuppressive 

therapy, cirrhosis, and AIDS. Patients with diabetic ketoacidosis and patients on dialysis who receive treatment with iron chelator deferoxamine are   also 

more susceptible to mucormycosis. 

The most commonly encountered clinical form is rhinocerebral mucormycosis, and the resultant mortality, even with pharmacological and/or surgical 

treatment is high unless the immune system status can be restored.  

Pathophysiology 

Mucorales are present in soil and decaying matter, in immunocompetent people, the spores of Mucorales that reach the respiratory tract adhere to the 

nasal mucus and are eliminated either by swallowing or sneezing, if there is any wound in the mucous membranes, the polymorphonuclear neutrophils 

phagocytose and destroy the fungal structures. Neutrophils are the host defense against these infections; therefore, individuals with neutropenia or 

neutrophil dysfunction are at the highest risk. This is seen clinically in leukemia patients and bone marrow transplant patients, who are at the highest risk. 

Rhizopus arrhizus studies have demonstrated that the ketone bodies present in these patients are metabolized by a ketone reductase, which allows them 

to survive in conditions with an acid medium; thus, the fungi become hyphal forms in host tissues and then invade blood vessels. This extensive 

angioinvasion results in vessel thrombosis and tissue necrosis.  Diabetes patients usually present with clinically uncontrolled diabetes and the increased 

amount Rhizopus arrhizus research has shown that the ketone bodies present in these individuals are metabolised by a ketone reductase, allowing the 

fungus to thrive in acidic environments; hence, the fungi acquire hyphal forms in host tissues and eventually infiltrate blood vessels. This widespread 

angioinvasion causes vascular thrombosis and tissue necrosis.  Diabetes patients typically have clinically controlled diabetes and elevated levels of 

circulating glucose, which creates ideal conditions for the rapid development of filamentous structures that bind to blood vessels and then penetrate them, 

completely clogging them in a matter of days and causing extensive areas of ischemic necrosis. In addition, metabolic acidosis slows polymorphonuclear 

leukocyte chemotaxis, lowers phagocytic activity, and diminishes local inflammatory response in a patient with a compromised immune system.s of 

circulating glucose, providing excellent conditions for the rapid development of filamentous structures that first bind to blood vessels and then penetrate 

them, completely clogging them in a few days and causing extensive areas of ischemic necrosis. Also, metabolic acidosis prevents chemotaxis of 

polymorphonuclear leukocytes, causes decreased phagocytic activity, and reduces local inflammatory response in a patient whose immune system is 

already compromised from one or more additional diseases.  

Histopathology 

The mainstay of mucormycosis diagnosis is histological examination. Non-septate or minimally septated wide, ribbon-like hyphae (10 to 20 micrometres) 

invading blood arteries are used to make the diagnosis. Microscopy should be used to assess morphology, breadth, branching angle, and septation. In 

some patients, even Aspergillus can be pathogenic. Cultures should be sent from tissue biopsy specimens to ensure completeness, but the sluggish growth 

of such fungus in culture typically precludes these tests from being clinically relevant, as the patient may die from the infection before the cultures have 

generated results. 

As a result, histopathology can distinguish mucormycosis from aspergillosis. Depending on the anatomic site, biopsy procedures will differ. The most 

common location is the paranasal sinuses, and biopsy can be done directly or endoscopically. Other places (lungs, gastrointestinal tract, and so on) may 

necessitate more invasive endoscopic operations to retrieve tissue for histology, however interventional radiologic approaches can also be useful. Notably, 

the absence of hyphae should not be used to rule out a diagnosis of this infection when risk factors and clinical findings point to it, and treatment may be 

directed by clinical criteria even if only yeast forms are present on histology. 

Rhino-orbital-cerebral infection  

The presence of mucormycosis should be suspected in high-risk patients, especially those who have diabetes and metabolic acidosis and who present 

with sinusitis, altered mentation, and/or infarcted tissue in the nose or palate. 

Endoscopic sinus assessment should be conducted to look for tissue necrosis and gather specimens. Using calcofluor white and methenamine silver stains, 

examine the specimens for characteristic broad, nonseptate hyphae with right-angle branching. The presence of the distinctive hyphae in a clinical 

specimen offers a provisional diagnosis, prompting additional investigation. When the clinical picture is highly suggestive of mucormycosis, the absence 

of hyphae should not deter clinicians from making the diagnosis.Imaging is used to determine sinus involvement and to evaluate neighbouring regions 

such as the eyes and brain. We usually start with a computed tomography (CT) scan since it is frequently faster and more sensitive than magnetic 

resonance imaging (MRI) for detecting bony erosions. Clinicians should have a low threshold for performing an MRI on patients who have CT 

abnormalities since the MRI improves detection of intracranial, intraorbital, and cavernous sinus involvement. CT results in a study of 23 
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immunocompromised patients with fungal sinusitis showed extensive soft tissue edoema of the nasal cavity mucosa (turbinates, lateral nasal wall and 

floor, and septum) in 21 patients, sinus mucoperiosteal thickness in 21 patients, bone erosion in 8 patients, and sinus mucoperiosteal thickening in 21 

patients. 

Pulmonary infection   

Imaging is used to determine sinus involvement and to evaluate neighbouring regions such as the eyes and brain. We usually start with a computed 

tomography (CT) scan since it is frequently faster and more sensitive than magnetic resonance imaging (MRI) for detecting bony erosions. Clinicians 

should have a low threshold for performing an MRI on patients who have CT abnormalities since the MRI improves detection of intracranial, intraorbital, 

and cavernous sinus involvement. CT results in a study of 23 immunocompromised patients with fungal sinusitis showed extensive soft tissue edoema of 

the nasal cavity mucosa (turbinates, lateral nasal wall and floor, and septum) in 21 patients, sinus mucoperiosteal thickness in 21 patients, bone erosion 

in 8 patients, and sinus mucoperiosteal thickening in 21 patients. It has been reported. Mucormycosis appears to be the most common cause of the reversed 

halo sign in immunocompromised individuals.It has also been noted that ground-glass attenuation is encircled by a ring of consolidation. Mucormycosis 

appears to be the most common cause of the reversed halo sign in immunocompromised individuals. The reversed halo sign was detected in 7 of 37 

patients with mucormycosis (19%), 1 of 132 patients with invasive aspergillosis (1%), and none of 20 patients with fusariosis in a retrospective 

investigation of 189 patients with proved or probable fungal pneumonia. It is unusual to find radiographic evidence of infarction with cavitary lesions 

and an air crescent sign. The following characteristics were independent predictors of mucormycosis and helped to differentiate it in a series of 45 patients. 

Concomitant sinusitis, >10 lung nodules on CT scan, pleural effusion, and prior voriconazole prophylaxis were all symptoms of aspergillosis.   Sputum 

or bronchoalveolar lavage (BAL) specimens might reveal the typical broad nonseptate hyphae, which is frequently the initial sign of mucormycosis. In 

one case series, however, only 25% of sputum or BAL specimens were positive premortem. Hyphae can also be seen on a lung biopsy. 

Other syndromes   

Endoscopic biopsies of lesions with the typical hyphae can be used to diagnose gastrointestinal mucormycosis. Percutaneous biopsy or nephrectomy can 

establish a diagnosis in cases of isolated renal involvement. Almost all urine cultures are sterile. CT imaging of the kidneys can reveal either ill-defined 

areas of low attenuation and reduced enhancement, indicating pyelonephritis, or many tiny foci, indicating abscesses.  In isolated central nervous system 

involvement, CT scan usually shows poorly enhancing lesions; cerebrospinal fluid cultures are negative. Diagnosis can be made with biopsy or resection 

of the  

Posaconazole 

Posaconazole is a potent triazole antifungal agent used in the prevention of invasive fungal infections due to aspergillosis and candida in high risk patients. 

Posaconazole therapy is associated with transient, asymptomatic serum aminotransferase elevations and is a suspected but rare cause of clinically apparent 

acute drug induced liver injury. 

Route of Administration 

Posaconazole is given as a loading dose of 300 mg every 12 hours on the first day, followed by a maintenance dose of 300 mg every 24 hours thereafter. 

The IV formulation should be avoided in patients with moderate or severe renal impairment due to the potential for accumulation of the betadex sulfobutyl 

ether sodium vehicle, unless an assessment of the possible benefits and risks to the patient justifies its use. If it is used in patients with renal impairment, 

serum creatinine should be monitored closely, and, if increases occur, consideration should be given to changing to the extended-release tablet formulation 

of posaconazole or to IV or oral isavuconazole. In patients who are able to take medications orally, we use posaconazole delayed-release tablets, usually 

given with food, rather than the oral suspension because bioavailability with the tablets is much better and it is easier for patients to take. 

Side Effect Of Pasaconazole 

            Nausea, vomiting, diarrhea, headache, abdominal pain, dizziness, trouble sleeping, or stomach upset may occur. If any of these effects last or get 

worse. 

Isavuconazole 

              Isavuconazole is a second-generation triazole with activity against a broad spectrum of clinically important fungi. Its water-soluble prodrug, 

isavuconazonium sulfate (Cresemba), available in interchangeable intravenous and oral formulations, is approved in the USA and EU for the treatment 

of adults with invasive aspergillosis and mucormycosis. In international phase III clinical trials, isavuconazole was efficacious and generally well tolerated 

in the treatment of these life-threatening diseases. In the phase III SECURE trial, isavuconazole was non-inferior to voriconazole for the primary treatment 

of invasive mould disease and was associated with fewer drug-related treatment-emergent adverse events than voriconazole. In addition, the single-arm, 

phase III VITAL trial and a matched case-control analysis of isavuconazole- versus amphotericin B-treated patients provided evidence of the efficacy of 
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isavuconazole in the treatment of mucormycosis. The most commonly reported TEAEs among isavuconazole recipients were gastrointestinal disorders 

such as nausea, vomiting and diarrhoea. Isavuconazole has several other attributes that make it a useful new treatment option for these invasive mould 

diseases, including predictable pharmacokinetics, excellent bioavailability, no food effect with the oral formulation, and its potential utility in renally 

impaired patients given the absence of cyclodextrin in the intravenous formulation. 

Route of Administration  

             Adult patients (18 years) with invasive fungal disease caused by uncommon fungi, including mucormycosis, were recruited from 34 locations 

globally for a single-arm open-label experiment. Patients were administered isavuconazole 200 mg three times day for six doses (as its intravenous or 

oral water-soluble prodrug, isavuconazonium sulphate), followed by 200 mg/day until invasive fungal illness resolution, failure, or for 180 days or more. 

The primary endpoint was judged by an independent data review committee to be a complete or partial response (treatment success) or stable or 

progressing disease (treatment failure) based on predefined criteria. Mucormycosis cases treated with isavuconazole as primary treatment were matched 

with controls from the FungiScope Registry recruited from 17 centres worldwide who received primary amphotericin B-based treatment, and all-cause 

mortality at day 42 was assessed. 

Side Effect of Isavuconazole 

Isavuconazole is generally well tolerated, with nausea, vomiting, and diarrhoea being the most common side effects. Headache, rash, and peripheral 

edoema are less common. Although there have been reports of liver function problems, serious hepatotoxicity is uncommon 

 


