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INTRODUCTION 

Mucormycosis (Previously called as zygomycosis) is a 

rare, insidious fungal infection with high morbidity and 

mortality. Mucormycetes belong to the order mucorales, 

sub phylum mucormycotina.[1] These are ubiquitous 

moulds, abundantly found in the environment on 

decaying organic matter. This has recently emerged as 

the life threatening complication of covid-19 and most 

common in patients with uncontrolled diabetes mellitus, 

hematological malignancy, solid organ transplantations 

and corticosteroid therapy.[2,3] The two most important 

manifestations of mucormycoses in Covid patients 

include rhino orbital cerebral mucormycoses and 

pulmonary mucormycoses.[4] 

 

Besides mucormycoses, there are some other fungal co-

infections in covid-19 patients and these include:[7] 

1. Invasive aspergillosis 

2. Invasive candidiasis 

3. Invasive crytococcosis  

 

Mucormycosis is difficult to manage for several reasons. 

Firstly, it is difficult to diagnose mucormycosis because 

of non specific clinical findings and lack of appropriate 

diagnostic tools. Secondly, if the treatment has to be 

effective it must be started as early as possible and 

requires combination of antifungal drugs, surgical 

interventions and reversal of underlying risk factors. 

 

Epidemiology 

The incidence of mucormycoses is rising globally, but 

the rise is very high among patients with uncontrolled 

diabetes in India and china.[2,5] A recent multivariable 

logistic regression analysis by W. Jeong et al., on 851 

cases over the period January 2000 to January 2017, 

showed that majority of cases were from Europe (34%) 

followed by Asia (31%) and north or south America 

(28%). The remaining cases were from Africa (3%), 

Australia and Newzeland (3%).[6]  

 

Recently black fungus is being detected frequently 

among Covid-19 patients in some states of India. 

According to the latest news reports more than 9000 

cases of mucormycosis cases have been reported in 

India. The infection has claimed over 200 lives so far. 

Maharashtra and Gujarat topped the list of states with 

highest number of mucormycosis cases. Few states and 

union territories have already declared mucormycosis as 

epidemic and few reported it as notifiable disease.  
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Since January 2020 world has been gripped by corona virus disease 2019 (covid-19), which is mainly 

caused by sever acute respiratory syndrome coronavirus-2 (SARS-COV-2). Covid 19 patients with other 

comorbid conditions like diabetes, malignancies, recent organ transplants and patients on long term 

steroids therapy are at a greater risk of developing opportunistic fungal infections . One such infection is 

mucormycosis (The black fungal infection). Mucormycosis is an angio invasive infection that occurs due 

to fungi mucorales. It is a rare disease with almost 50 % mortality rate even with appropriate treatment, so 

early diagnosis and treatment may help patient. The main agenda of this review is to provide an overview 

of etiology and pathogenesis followed by brief idea on clinical presentation, diagnosis and treatment 
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Etiology and Risk factors 

Mucormycosis is a rare and serious fungal infection. It is 

mainly caused by the mould belonging to the order 

mucorales. Rhizopus oryzae is the common organism 

associated with mucormycosis and accounts for about 

70% of all the cases. Other isolated species of 

mucoraceae family causing similar spectrum of fungal 

infections are[8,9] 

 Cunninghamella spp 

 Apophysomyces elegans 

 Rhizopus microsporus var. rhizopodiformis 

 Rhizomucor pusillus 

 Saksenaea 

There are three ways in which humans can contact 

mucormycosis: 

 By inhaling spores. 

 By swallowing spores in food or medicines 

 When spores contaminate wounds (burns and 

traumatic disruption of skin enables the spores to 

enter deeper tissues) 

 

According to the study by Arunaloke et al the risk of 

angio invasive zygomycosis was noted higher among 

patients with uncontrolled diabetes mellitus (73.6%). 

This was compared to 36% patients with diabetes in the 

review of Roden et al. they also concluded that rise of 

invasive mucormycosis may be correlated with an 

increase in the population of diabetes.[10,11] 

 

Patients at a higher risk of mucormycosis include 

immunocompromised host with diabetes especially with 

ketoacidosis, patients on long term or high dose steroid 

therapy, neutropenic patients, hematologic and solid 

malignancies, malnourished individuals, renal failure 

patients, IV drug use, desferroxamine therapy and other 

causes leading to iron overload, streptococcal toxic 

shock syndrome.[12] 

 

An alarming rise of potentially fatal black fungal cases in 

Covid 19 patients is mainly due uncontrolled diabetes 

during course of infection, non judicial use of steroids, 

use of humidifiers and oxygen pipes contaminated with 

spores. 

 

Pathogenesis of mucormycosis 
Overview of pathogenesis: 

Several characteristics of Mucorales that contribute to 

the aggressive nature of disease include, 

· Rapid growth 

· Ability to bind on endothelial surfaces 

· Ability to obtain iron from host organism 

· Down regulation of host defense genes implicated in 

pathogen recognition, immune defense, and tissue repair 

· Inhibition of interferon-gamma expression 

· An evolutionary duplication of systems implicated in 

energy use and virulence. 

 

Fungal spores are easily aerosolized and may enter the 

human organism through inhalation, local inoculation 

(e.g., skin lesion), or ingestion through the 

gastrointestinal tract. Regardless of point of entry, few 

critical steps are required for the development of 

mucormycoses, they include the following, 

· Inoculation of spores into host tissue 

· Evading phagocytosis by macrophages and neutrophils 

and germination into hyphae 

· Increasing their growth and virulence by taking 

advantage of other pathogenic host conditions (e.g., 

hyperglycemia, ketoacidosis, iron overload, functional or 

quantitative neutropenia) 

· Attaching through the specific receptors to the 

endothelium and inducing endocytosis and causing 

endothelial damage 

· Leading to clinically apparent disease through 

hemorrhage, tissue necrosis and thrombosis. 

· Entry into the circulation and disseminating 

hematogenously, which leads to systemic disease and 

multi-organ involvement.[13] 

 

Interaction of the pathogen with immune system 

1. Phagocytes: phagocytes are most important line of 

host defense mechanism against the fungi. The three 

main groups of phagocytes include mononuclear 

cells, macrophages, and neutrophils. The 

composition of the spore wall of the fungi appears to 

determine the recognition and the intracellular 

killing by the phagocytes. Through various 

pathogen-associated molecular patterns, the fungi 

bind to the pattern recognition receptors of 

phagocytes [among the receptors, toll like receptor-2 

play a major role in the early proinflammatory 

response], this leads to activation and transduction 

of intracellular signals. In a study it was observed 

that, stimulated Keto acidic conditions prevented the 

cytotoxic action of phagocytes and enhanced the 

growth of R.oryzae, an effect that got completely 

reversed after the reversal of acidosis. 

 

The oxidation of L-arginine to nitrite was found to play 

an important role in the inhibition of the germination of 

R.oryzae spores in murine alveolar macrophages, 

whereas gamma interferon and endotoxins were essential 

for the prevention of germination of R.oryzae spores in 

human macrophages. In an experimental study it was 

observed that, exposure to corticosteroids render murine 

pulmonary alveolar macrophages unable to prevent 

sporangiospore germination. Any lack or delay in the 

early inflammatory response can rapidly lead to tissue 

destruction and disseminated disease. The innate 

immunity barrier is 2-fold, 

a. Tissue macrophages facilitate phagocytosis of 

spores, 

b. Whereas the spores that escape and germinate to 

hyphae lead to chemotaxis of neutrophils, 

neutrophils exert oxidative cytotoxic effect on the 

hyphae. The neutrophils directly damage and 

phagocytose both the spores and hypae through 

production and release of reactive oxygen 

metabolites, cationic peptides, perforins and other 

antimicrobial enzymes. Neutrophils also produce 
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proinflammatory cytokines like TNF-alpha, INF-

gamma, IL-1b, which further facilitate the activation 

and recruitment of other immune cells. 

 

Interferon gamma (INF-gamma) and granulocyte 

macrophage colony stimulating factor (GM-CSF) alone 

or in combination stimulate the neutrophils to release the 

TNF-alpha leading to hyphal damage and eradication of 

mucormycosis.[13,14] 

 

2. T-cells: T-cells are the part of adaptive immune 

system. Mucorales specific T-cells were found only 

in those who suffered from mucormycosis. Treating 

T-inactivated cells with IL-2, IL-7, or both the 

cytokines enhances the production of Mucorales-

specific T-cells and their cytokines IL-5, IL-10, IL-

13.[14] 

 

3. Natural killer cells 

Although natural killer cells are considered as a part of 

the innate immune system and known to possess direct 

and indirect cytotoxic abilities, they also secrete 

chemokines and cytokines such as IFN-gamma, TNF-

alpha, and GM-CSF, thus affecting the activity of other 

immune cells. The hyphae of mucoralean fungi can be 

damaged either by stimulated or unstimulated natural 

killer cells, but NK cells do not cause any damage to the 

dormant spores. The NK cells express certain receptors 

that recognize infected cells and inhibit major 

histocompatibility complex calss-1 molecules (MHC 

class-1 molecules) that inhibit the activation of the 

receptors. The perforins produced by the NK cells have 

similar functions and structure as that of the complement 

system, and they contribute to the hyphal damage of the 

mucoralean species. The hyphae reduce the release of 

various immunomodulatory molecules such as RANTES 

(regulated upon activation, normal T-cells expressed and 

secreted) and IFN-gamma secreted the NK-cells, this 

damage is fungal growth dependent and appears to be 

more effective in early stages of infection.[13,14] 

 

4. Dendritic cells 

Dendritic cells are considered as a link between the 

innate and the adaptive immunity as they are found 

between the epithelium and the interstitium. Dendritic 

cells usually move to the site of release of microbial 

antigens which leads to enhancement of the immune 

response. The dormant spores and the germ tubes of 

mucoralean fungi stimulate the maturation of dendritic 

cells.[14] 

 

5. Platelets 

Platelets play a key role not only in the hemostasis but 

also in recognition and killing of the pathogens. Platelets 

adhere to the spores and hyphae of mucoralean fungi but 

they cause damage only to the hyphal structures. The 

hyphal growth is diminished in response to contact with 

the platelets. 

 

After exposure of platelets to the invading pathogen, 

platelets show the following antifungal and antimicrobial 

functions, a) secretion of granules that contain 

proinflammatory and anti-inflammatory cytokines and 

chemokines such as transforming growth factor-beta 

(TGF-beta), and thrombocidines with fungicidal 

properties. b) Expression of membrane bond molecules 

like CD154 and platelet toll-like receptors, which 

facilitate platelet 

 

Binding and also activation if various cells (i.e., binding 

to endothelial cells activates the intracellular adhesion 

molecule-1 and vascular cell adhesion molecule-1 

pathways; binding to monocytes cause activation or 

differentiation of macrophages; binding to dendritic cells 

induce their maturation; binding to B & T- lymphocytes 

induce their activation.). 

 

In a study it was observed that, the necrotic areas 

detected in organs with no apparent fungal growth which 

suggested the occurrence of thrombotic ischemia due to 

the systemic platelet activation.[13,14] 

 

Interaction of the pathogen with the endothelium 
Endothelial cells make up the internal layer of blood 

vessels and possess various important roles in the 

pathogen recognition and maintaining physiologic 

functions. Endothelial cells have the ability to 

phagocytose and dame the spores of mucoralean species. 

Certain spore coat homolog (cot H) proteins are present 

on the Mucorales, these proteins bind with the host 

endothelial receptor GRP 78 (glucose regulated protein 

78), which leads to the endocytosis of the fungi. In 

addition, GRP 78 mediates invasion and damage of 

endothelial cells by mucoralean fungi. 

 

When endothelial cells are exposed to acidosis and 

elevated levels of glucose & iron, as in case of 

hyperglycemia and DKA, both GRP 78 endothelial 

surface expression and cot-H fungal surface expression 

increases.[13,14] 

 

Iron uptake 
The importance of iron for fungal cell development was 

supported by an observation that the fungus undergoes 

apoptosis in iron-deprived conditions. In addition, 

elevated iron concentrations facilitate the fungal growth 

by impairing the phagocyte function and by decreasing 

IFN-gamma secretion in the mice models of 

mucormycosis. 

 

Mucorales acquire iron from the host organism through 3 

mechanisms, out of which 1 and 2 are the main 

mechanisms for acquiring iron. The mechanisms include 

the following, 

i. Siderophores (iron chelators, which may be 

intrinsic, such as rhizoferrhin or extrinsic and 

named xenosiderophores) 

ii. High affinity iron permeases 
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iii. Iron uptake from hemoglobin, with the help of 

heme oxygenase present in R oryzae. 

 

Mucorales use ferrioxamine (the iron-rich form of 

deferoxamine) as a xenosiderophore to obtain iron. 

Mucorales carry specific ferrioxamine receptors like 

Fob1 and Fob2, which are induced only in the presence 

of ferrioxamine, subsequently facilitating fungal iron 

uptake from ferrioxamine but not from deferoxamine. 

There are 2 possible mechanisms for the uptake of iron 

from ferrioxamine: one is energy dependent through the 

activity of reductase that liberates ferric iron from 

deferoxamine extracellularly, converting it into soluble 

ferrous iron; the other mechanism is through complete 

intracellular uptake of ferrioxamine.[13] 

 

Pathogenesis in covid-19 

Invasive mucormycosis has been observed even in 

patients with mild to moderate SARS-Cov-2 infections. 

The strongest predisposing factor appears to be 

hyperglycemia in undiagnosed or uncontrolled diabetics. 

Hyperglycemia leads to increased expression of the 

endothelial receptor GRP78, resulting in 

polymorphonuclear dysfunction, impaired chemotaxis 

and defective intracellular killing. An important 

virulence trait of Mucorales is the ability to acquire iron 

from the host which is an essential element for its 

growth. In conditions of ketoacidosis, free iron becomes 

readily available in the serum. This excess endogenous 

iron is efficiently taken up by the Mucorales through 

siderophores or iron permeases, further enhancing their 

virulence. These effects are greatly amplified by the use 

of corticosteroids and immunosuppressants in susceptible 

hosts. Corticosteroids themselves cause impairment in 

the neutrophil migration, ingestion, and phagolysosome 

fusion. Coupled with the potential implications of 

steroid-induced hyperglycemia, the diabetic COVID 19 

patients receiving corticosteroids or other 

immunosuppressants are exceptionally vulnerable to the 

development of mucormycosis.[15] 

 

It might be speculated that lymphopenia could increase 

the risk of developing invasive mucormycosis, while the 

recovery of lymphocyte count could. 

 

Improve the adaptive immune system and induce the 

production of mucorales-specific t-cells, which might 

have a role in controlling the invasive infection.[16] 

 

Patients treated with deferoxamine have increased 

incidence of invasive mucormycosis.[17] 

 

Clinical presentation 

The clinically important feature of mucormycosis is the 

thrombosis and tissue necrosis following the 

angioinvasion. In most cases infection is relentlessly 

progressive and may lead to death unless the underlying 

cause is corrected and patient is treated with approprioate 

antifungal therapy. Based on its clinical presentation and 

antomical site involved, mucormycosis is categorised as 

one of the following 6 major clinical forms[18] 

 Rhinocerebral (39%) 

 Pulmonary (24%) 

 Cutaneous (19%) 

 Gastrointestinal 

 Disseminated 

 Uncommon rare forms like endocarditis, 

osteomyelitis, peritonitis and renal infection. 

 

Rhino cerebral mucormycosis  
Along with pulmonary mucormycosis rhiono cerebral 

involvement is the most common forms effecyting the 

Covid 19 patients. 

 

Early symptoms are consistent with either sinusitis or 

periorbital cellulites and include eye or facial pain, sinus 

pain, soft tissue swelling, periorbital edema, blurred 

vision, head ache, cranial nerve palsies. If untreated it 

may extend from sinus into mouth, producing black, 

necrotic ulcerations into the hard palate. Once if the eye 

is infected it may progress up the optic nerve then gain 

access to the CNS and patient may demonstrate an 

altered mental status.[18] Fever is variable and absent in 

almost 50% cases.[19,20] 

 

Pulmonary mucormycosis 

Clinical presentation of pulmonary mucormycosis is not 

specific and includes high grade fever unresponsive to 

antibiotics, dyspnea, cough, chest pain, and haemoptysis. 

If untreated it may lead to disseminated infection 

progressing to lung failure and death.[20,21] 

 

Cutaneous mucormycosis 

Depending on the extent of infection, cutaneous 

mucormycosis is classified as localized when it infects 

only the skin or subcutaneous tissue and disseminated 

infection when it invades surrounding muscle, bone and 

tendons. General clinical manifestations include lesions 

with inflammation and pus, abscess formation, tissue 

swelling, necrosis and necrotic tissue may produce 

ulcers. Necrotizing fasciitis may occur as a result of 

cutaneous and sub cutaneous mucormycosis then it may 

directly spread into surrounding bones and tendons. 

Truly disseminated infection may arise from vessel 

invasion.[19] 

 

Gastrointestinal mucormycosis 

Uncommon and results from ingestion of spores. Mostly 

seen in severely malnourished neonates and children. It 

can occur in any part of GIT but stomach, colon and 

ileum are most commonly affected. Most common 

symptoms include abdominal pain, nausea and vomiting. 

Fever may be seen in few. Some patients may present 

with gastric perforation that may be frequently associated 

with upper GI bleeding. 

 

Disseminated mucormycosis  
Mucormycosis may spread hematogenously to other 

organs away from its origin. The organs that are most 
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commonly involved are lungs, brain, liver spleen and 

heart. Patients with iron load, malnourished patients, 

immunocompromised patients and patients with active 

leukemia are at higher risk of dissemination. Symptoms 

of disseminated mucormycosis vary depending on 

involved organ and extent of invasion.[21] 

 

Other uncommon forms  
Mucormycosis may rarely infect heart (endocardium and 

valves), kidney, bladder and liver. It may directly infect 

brain without infecting sinus (without rhino cerebral 

involvement).  

 

Diagnosis 
Diagnosis of mucormycosis is one of the complicated 

process as there is no specific diagnostic tool and no 

specific predisposing symptoms to conclude 

mucormycosis 

 

Main characteristic feature of mucormycosis is fast 

growth and tissue invasion leading to tissue necrosis 

early detection is very important in determination of 

patient’s mortality and morbidity. 

 

The diagnosis should be performed based on clinical 

presentation and anatomical site involved. The main 

warning signs are cranial nerve palsy, diplopia, sinus 

pain, proptosis, periorbitol swelling, orbital apex 

syndrome or a palatine ulcer. Any of this signs should 

prompt immediate further testing.[1] 

 

The suspected patients should be considered for further 

diagnosis, which include blood or tissue culture, biopsy, 

endoscopy, and others include CT scan (reveal 

pulmonary or single lesions and bony destruction), MRI, 

Advanced molecular techniques include next generation 

sequencing technique, ITS sequencing analysis provides 

a breakthrough diagnostic tool.[1,4] 

 

Microscopic examination of tissue or blood is the first 

step but it doesn't confirm mucormycoses due to chances 

of contamination of culture media, followed by 

histopathology which remains standard, but biopsy is not 

always feasible in most of the cases. So molecular 

approach is frequently used nowadays to early detection 

(2). CT scan is further recommend to identify any lesions 

or Tissue damage.  

 

In tissue or blood culture the sample is tested with koh 

(10-20%), periodic acid Schiff stain or calcofluor white 

mount and the microscope examination were done to 

dectect characteristic broad, sparsely septate, ribbon like 

hyphae with wide- angle or right- angle branching at 

irregular intervals[1,3] Fungal culture is done and 

conventional techniques like lactophenol cotton blue 

mount were used to identify fungal spores.[3] 

 

Often all the fungal species show same criteria for 

identification most commonly aspergillus, which on 

microscopic shows 3-5 wide, septate and form acute- 

angle branches. Mucorales lack specific antigen markers 

as in case of galactomannan in aspergillus, Furthermore 

test like beta -D- glycan can be done detect antigen 

specific to aspergillus and in differential diagnosis.[4] 

 

Treatment 
Early diagnosis and appropriate treatment are important 

tools in reducing mortality and morbidity. Current 

guidelines recommend the antifungal therapy, surgery, 

control of underlying conditions and withdrawal of the 

offending agent as effective approach for managing 

mucormycosis.[26] 

 

Because of angioinvasion, thrombosis and tissue necrosis 

of the disease, there might be poor penetration of anti 

fungal agents to the site of infection. Therefore even if 

the causative organism is susceptible to the antifungal 

agent’s invitro, they may be ineffective in vivo. In such 

cases surgery is necessary to prevent the further 

spread.[27] Surgery should be considered on a case by 

case basis, using a multidisciplinary approach and 

surgery is mostly preferred in case of rhino cerebral 

infection, soft tissue infection, and localized pulmonary 

lesion and in disseminated infection.[26] Surgical 

debridement has to be extensive involving necrotic areas. 

Repeated surgical procedures are recommended to 

achieve local control of rhino orbito cerebral 

mucormycosis.[28] 

 

Antifungal therapy 

Center for disease control and prevention suggest the use 

of amphotericin B, posaconazole and isavuconazole as 

preferred agents in treating active mucormycosis 

infection. Among these amphotericin B and 

isavuconazole are used as first line agents and 

posaconazole is used as salvage therapy.[26,31] 

 

Amphotericin B and its lipid formulations are considered 

the drug of choice for primary treatment of 

mucormycosis. The efficacy of AmB has been 

reproducibly shown in both laboratory (invitro) and in 

clinical studies (in vivo)[29,30] Lipid formulation of AmB 

(liposomal AmB, LAMB and AmB complex, ABLC) are 

safe and have better therapeutic index than conventional 

AmB and are considered as the first line therapy of 

mucormycoses.[32,33] The optimum dosage for AmB and 

its formulations against mucormycosis is still 

undetermined but standard daily dose of LAMB and 

ABLC according to the current guidelines is 

5mg/kg/day.[26,36] A study by Lewis et al has shown that 

efficacy of liposomal AMB was dose dependent and a 

dose of 10mg/kg/day has been proved to be more 

effective in reducing fungal burden compared to 

5mg/kg/day.[34] A prospective pilot study of high dose 

(10mg/kg/day) liposomal AMB for initial treatment of 

mucormycosis was conducted by lanternier et al in which 

40 patients were included, the majority of them are with 

underlying hematological malignancy and or HSCT. 

Surgery was performed in 71% of patients before 

initiation of antifungal therapy. Compared to controls 
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receiving the standard dose of 5mg/kg/day, no 

improvement was found in mortality and response rate in 

patients who received higher doses (˃ 7.5 mg/kg/day) at 

the end of 12weeks treatment, on the other hand high 

dose LAMB was associated with increased 

nephrotoxicity (doubling of baseline serum creatinine 

was observed in 40% patient) and electrolyte 

derangement. Although dosages beyond 5mg/kg/day 

have not been proved to be more efficacious for 

mucormycosis, higher doses may be considered in 

individual basis, especially when there is CNS or 

osteoarticular involvement.[36] 

 

Isavuconazole: Isavuconazole is a broad spectrum 

triazole and is biologically active agent of prodrug 

isavuconazonium sulfate. It is available in both 

intravenous and oral formulations and it is administered 

with a loading dose of 200mg three times a day for two 

days and 200 mg daily thereafter.[32] In a single arm open 

label trial on adult patients, with mucormycosis 

compared the outcomes in patients receiving 

isavuconazole 200mg once a day as primary treatment 

with patients receiving conventional or lipid AMB at a 

median dose of 70 or 325mg and 250 mg qd respectively 

as primary treatment. Outcomes in both the groups are 

similar and they concluded that isavuconazole can be 

used as alternative to amphotericin B as first line 

treatment of mucormycosis. The main limitation in this 

study is small population and many patients are 

previously exposed to AMB.[38,39]  

 

Isavuconazole has many pharmacokinetic and safety 

advantages compared to other triazoles including linear 

pharmacokinetics and thus no need for therapeutic drug 

monitoring, less drug interactions, less toxicity especially 

hepatotoxicity, skin and ocular side effects or prolonged 

QT interval, no nephrotoxicity, no need for dosage 

adjustment in kidney, liver failure or obesity and 

excellent oral bioavailability with no food 

requirement.[40,37] 

 

Isavuconazole has variable species dependent; invitro 

activity against mucorales and its MIC values against 

mucorales are 2-4 fold higher compared to 

posaconazole.[41] Few other case reports have shown that 

isavuconazole could be used as salvage therapy for 

mucormycosis in heavily immunosuppressed patients 

and in patient’s intolerance to liposomal amphotericin 

and posaconazole therapy.[42] 

 

The main concern in use of isavuconazole is 

breakthrough mucormycosis and other invasive fungal 

infection. In a retrospective study by rausch et al, nearly 

13 patients out of 100 have reported breakthrough 

infection.[43] There is also a concern on cross tolerance 

where patients exposed to prolonged prophylaxis with 

posaconazole might develop a breakthrough 

mucormycosis which is resistant to subsequent 

isavuconazole.[44] 

Posaconazole: current guidelines support the use of 

posaconazole as salvage or maintenance therapy. First 

line treatment with posaconazole is considered only in 

cases where treatment with AMB is contraindicated.[26] 

Posaconazole has a variable invitro activity against 

mucorales, which is species dependent.[45] Clinical 

studies showing the effectiveness of posaconazole for 

mucormycosis are scarce. In a retrospective study of oral 

posaconazole as salvage therapy in 91 patients with 

refractory mucormycosis, the success at 12 weeks after 

treatment initiative was 60%; the high success rates 

reported here provide encouraging data regarding 

posaconazole as an alternative therapy. 

 

Previously posaconazole was available only as oral 

suspension, taken 3-4 times a day with food or with 

acidic carbonated beverages in order to enhance 

bioavailability. The food requirement makes difficult the 

use of oral suspension in critically ill patients as they 

might not be able to eat. To overcome these limitations, 

gastro resistant tablet and an intravenous solution has 

been developed.[46] These newer formulations have better 

bioavailability allowing once daily dosing, no food 

requirement and absorption is not affected by changes in 

gastric Ph or motility. 

 

Other antifungal agents like fluconazole, itraconazole 

and voriconazole have little or no activity against 

mucorales 

 

Combinational therapy 

Any combinational therapy that is considered for treating 

mucormycosis should use polyenes as back bone. 

Amphotericin B is the only polyene that is approved for 

treatment in mucormycosis. Because of high toxic profile 

conventional AmB should not be used as back bone 

therapy for combination.[47] Either LAMB or AMLC are 

appropriate choice for back bone therapy.[48] 

 

Combination of polyenes and echinocandins showed 

synergism both invitro and invivo. Although 

echinocandins does not have invitro activity against the 

mucorales, they are considered to have some in vivo 

activity. A retrospective clinical study by Caitlin et al has 

shown that combination therapy with ABLC or LAmB 

plus capsofungi was associated with significant 

improvement of survival in patients with rhino orbito 

cerebral mucormycosis compared with polyene 

monotherapy.[31]  

 

Combination of AmB + triazole is contradictory. In vivo 

studies have shown the possible synergism but in-vivo 

studies have shown no benefits when both the agents are 

used together.[37] Current guidelines and existing pre 

clinical and clinical data do not support the use of this 

combination with possible exception of CNS 

mucormycosis where a combination of high dose LAMB 

and posaconazole or isavuconazole might be considered. 
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Source[52] 

Optimal treatment pathway for mucormycosis in adults  

Depending on geographical location not all 

recommended treatments may have regulatory approval 

for use in clinical settings. Above pathway can be used 

when all the treatment modalities and antifungal drugs 

are available. When amphotericin b lipid formulations 

are not available treatment can be initiated with 

isavuconazole and posaconazole.  

 

Adjunctive therapy 

 Reversal of immunosuppression, aggressive glycemic 

control in patients with uncontrolled diabetes and 

ketoacidosis is paramount important. Reversal of 

acidosis especially in patients with diabetic ketoacidosis, 

by administering of sodium bicarbonate helps in 

blocking the rhizopus oryzae from invading endothelial 

cells and also aid in restoring iron chelating and 

neutrophilic function.[49] Role of iron metabolism in 

pathogenesis of mucormycosis suggested the possible 

role of iron chelators as adjunctive therapy. They work 

by reducing the iron availability and there by inhibiting 

fungal growth. Preclinical data in a mice model showed 

improved survival and decreased fungal burden with 

deferasirox.[50] However in a prospective, randomized 

clinical study performed on patients with hematologic 

malignancies showed highest mortality among patients 

receiving deferasirox.[51] However deferasirox has 

beneficial role in diabetic patients. 

 

Hyperbaric oxygen helps in increasing oxygen pressure 

thereby improving neutrophilic functionality. It also 

increases action of AmB. Other adjunctive therapies 

include administering of cytokines, granulocyte colony 

stimulating factor or interferon- γ and nivolumab, a 

monoclonal antibody that decreases programmed cell 

death-1 expression on t-cells.[32] 

 

Prophylatic treatment 

Primary prophylaxis  
 There is no evident for primary prophylaxis directed 

solely towards mucormycosis usually prophylaxis is 

directed against a broad range of fungal infection, 

including aspergillosis and candidiasis. Commonly used 

agent is posaconazole ( dose: delayed released tablet 600 

mg/day in two divided doses on day one followed by 

300mg once daily or suspension 600mg/day in three 

divided doses) followed by isavuconazole 200mg/day. 

Other antifungal agents like fluconazole, itraconazole 

and voriconazole can be used in neutropenic patients. In 
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patients receiving chemotherapy AmB liposomal 

5mg/kg/day can be used.[52]  

 

In some rare conditions breakthrough mucormycosis can 

be seen in patients receiving posaconazoile prophylaxis. 

 

Secondary prophylaxis: it is either the continued 

treatment in a patient who had been diagnosed with 

mucormycosis and responded to treatment or as restarted 

treatment in patient with successful disease control now 

immunocompetent, but scheduled for a new period of 

immunosuppression e.g. : hematopoietic stem cell 

transplantation. Appropriate intervention to prevent 

recurrence includes surgical resection and use of last 

drug effective in the same patient.[52] 

 

CONCLUSION 
Mucormycosis is a rare and emerging fatal disease 

characterized by angio invasion and tissue necrosis. It is 

mostly seen in immunocompromised patients. Nowadays 

it became more prevalent among covid-19 patients with 

diabetes and in patients with long-term steroid usage. 

Early diagnosis is crucial in reducing the mortality. 

Direct examination, culture and histopathology remain 

gold standard but this may result in delay of diagnosis. 

Newer methods like CT scan, PCR may help in early 

diagnosis and prompt initiation of treatment. Treatment 

options include antifungal agents, surgical interventions 

and various adjunctive therapies and reversal of 

predisposing factors. Commonly used antifungal agents 

include amphotericin b lipid formulations, isavuconazole 

and posaconazole. 
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