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Introduction 

When Palatuf first articulated mucormycosis in 1885, it was either distinguished as 

zygomycosis or phycomycosis[1]. Mucormycosis though rare but conceivably fatal fungal 

infection that is caused by a class of moulds termed mucormycetes[2]. Mucoralesare found in 

an array of habitats, which includes soil, deteriorating vegetation, baked goods, and 

particulates of dust in the air [3].  Ingestion of contaminated food items or through open 

wounds and injured are few of the potential routes of spore entry. When inhaled, its 
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The commonly known black fungus also referred to as mucormycosis, 

though rare but is a potentially dangerous fungal infection.The 

infection affects the sinuses and further affecting other parts of the 

body. As a primary co-infection with COVID-19, mucormycosis 

primarily affects immunocompromised persons. The most typical kind 

of mucormycosis observed in people with compromised immunity is 

Rhino-Orbital-Cerebral Mucormycosis (ROCM) is discussed in this 

review article. The asexual spores enter the respiratory tract and spread 

the infection. Although this fungal infection is difficult to diagnose, it 

can be treated if diagnosed in the early stages of infection. With initial 

diagnosis of mucormycosis infection, the physicians advise for 

relevant imaging and surgical intervention. The first-line of treatment 

for mucormycosis symptoms includes high doses of liposomal 

amphotericin-B, posaconazole, and in combination that can be used in 

salvage therapy, and adjunctive therapy, for better effectiveness. 

Surgical treatment increases the survival rate; nutraceutical-based 

therapy is an effective therapy in the early stages of infection. Due to 

its severity and expensive treatment this infection is one of the major 

concerns amongst patients. 
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filamentous fungi induce mucormycosis. Mucormycosis is a disease that is uncommon in 

people in good health but is on the rise in people with weak immune system. In patients with 

immunosuppressed conditions in particular, (hyphal form) fungus [4]those who have diabetes 

mellitus are more vulnerable to infections. Spores usually enter the respiratory system and 

affect the paranasal sinuses and lungs. Additionally, they can enter through the 

gastrointestinal tract or by injury to the skin [5].There are several ways that it can appear, 

such as superficial, scattered, gastrointestinal in nature, respiratory, rhino-orbito-cerebral, and 

so on[6]. Mucorales can enter deep tissues by injection through contaminated needles or by 

eating or inhalation of spores. They must engage in combat with the body's first line of 

defence after they have penetrated a healthy person's deep tissues. Using oxidative 

metabolites and cationic peptides, the immune system of a healthy host can eliminate the 

spores [7]. An inadequate health care practice increases the risk of persistent fungal infections 

among individuals with impaired immunity[8], [9].  

Mycobacterium tuberculosis coinfection, acquired immunodeficiency syndrome (AIDS), 

diabetes mellitus, excess iron content, malignancy, organ transplantation, renal failure, and 

immunosuppressive medication have all been linked to mucormycosis [10] [11]. Rhino-

orbito-cerebral-mucormycosis (ROCM) is the most typical and aggressive clinical type that 

affects the sinuses or para-sinuses and occurs in individuals who are unable to function 

because of its tendency to expand contiguously [12]. Nosocomial mucormycosis has been 

linked to medical interventions and equipments used in hospitals such asinfected wound 

dressing, contaminated oxygen tubing, air filters, catheters, humidifiers, tongue depressors, 

cutaneous nitrate patches, and even allopurinol tablets[13].  Although it rarely affects 

otherwise healthy individuals, people of any generation, sex, or ethnicity can experience 

ROCM[14]. The infection also affects the mucosa of the nose in addition to the palate, throat, 

and paranasal sinuses. Usually, the ethmoid and maxillary sinuses are responsible in 

subsequent invasion into the retro-orbital area through the paranasal sinuses[15]. 

Mucormycosis includes chromoblastomycosis, mycetomas, sinusitis, and superficial (Tinea 

nigra), beneath the, cutaneous, and systemic phaeohyphomycosis, according to the disease's 

clinical spectrum and epidemiological features[16]. After rhino-orbital-cerebral 

mucormycosis, infections of the skin and lungs are the next most common cases in India 

(which may or may not have cerebral participation) [17]. 
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Fungus Morphology 

Mucorales constitute a collection of primitive fungi distinguished by numerous distinct and 

exceptional characteristics [18]. Within the order Mucorales, these microorganisms serve as 

enduring inhabitants of the human environment, acting as pioneers on various moist organic 

substrates [19]. A number of these species possess the capability to induce life-threatening 

infections, notably mucormycosis, which primarily affects individuals with compromised 

immune systems [20]. Mucoralean fungi exhibit both sexual and asexual modes of 

reproduction (Fig 1). Asexual sporangiospores are produced within spherical structures 

known as sporangia, located at the apex of sporangiophores. These sporangiospores disperse 

and germinate to form a complex mycelium when the right conditions are met. The majority 

of infectious Mucorales species are heterothallic, which means that in order to reproduce 

sexually, two different mating types' hyphae (designated as (-) and (+)) must sense one 

another and fuse to produce zygospores. After germinating to create a sporangium at the tip, 

these zygospores eventually produce sexual meiospores. Two compatible mating types are 

necessary for the formation of zygospores, and the germination of zygospores usually takes a 

considerable amount of time [21]. Mucorales produce their sporangiospores, which are 

single-celled asexual spores, inside of specialized cells. The development of sporangiospore 

cell walls occurs independently, independent of pre-existing cell walls, in contrast to conidia 

generation. The term "sporangia" refers to these cells that are responsible for spore formation. 

globose cells in sporangiola have one to a countable concentration of sporangiospores, and 

elongated cells in merosporangia have one to a countable concentration of sporangiospores. 

The two adjacent cell walls that identify this structure are the outer wall, which is 

representative of the sporangiolum, and the inner wall, which corresponds to the 

sporangiospore [22]. One of the most important elements for fungal survival is iron. However, 

because free iron is bound by particular host mechanisms—ferritin and lactoferrin being the 

most notable examples—it is usually unavailable in tissue fluids like plasma[23]. 
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Figure 1. Morphology of the Mucorales. (a) Zygospore with equal suspensors of Mucor 

endophyticus CBS 385.95; (b) azygospore of Mucor bainieri CBS 293.63; (c) zygospores with 

unequal suspensors of Mucor multiplex (syn. Zygorhynchus multiplex) CBS 110662; (d) top 

view on a young mycelium with transitorily recurved sporangiophores; (e) recurved 

sporangiophore and (f) columella of Backusellarecurva CBS 318.52; (g) sporangium with 

circumscissile zone of dehiscence and (h) discharged sporangium of Pilairaanomla CBS 

699.71; (i) sporangiola-bearing complex sporophore of Thamnidium elegans CBS 341.55; (j) 

circinate sporangiophore branches with columellae and detached sporangiospores 

of Circinellaumbellata; (k) hyphae of Rhizopus microsporus in human lung tissue. Scale bars 

= 50 µm except of d = 500 µm. (Source:Waltheret al, 2019.) 

Exposure to mucormould, which is frequently found in soil, manure, plants, decomposing 

organic matter, airborne particles, and even in the nasal mucus of people without underlying 

medical conditions, can cause mucormycosis, an uncommon fungal infection. This infection 

impacts the sinuses, brain, and lungs, posing a significant risk to individuals with diabetes or 

compromised immune systems, potentially leading to life-threatening complications. [4]. 

Fungal spores are naturally occurring in surroundings and in healthy individuals with a strong 

immune response, the body's defenses usually keep them from getting infected. But these 

fungal spores can easily penetrate the body's defenses and cause serious systemic infections 

in immune-compromised patients. These infections have a high mortality rate, which can be 

anywhere from 45% to 80% [4]. People who have both diabetes and hyperglycemia often 

have a state of inflammation that leads to ongoing localization and stimulation of antibodies, 

such as neutrophils and macrophages. These cells cause the tissues they infect to remain in a 
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state of chronic inflammation by releasing proinflammatory cytokines [24]. 

Immunosuppressive conditions, such as hyperglycemia and glucocorticoid therapy, impair 

the host's defense mechanisms. This reduces phagocytosis and promotes fungal proliferation, 

aggravating the course of the disease. The acidic serum pH of diabetic ketoacidosis (DKA) 

releases iron from proteins that are sequestered, which encourages the growth of pathogens. 

Furthermore, Mucorales have the ability to inhibit host defense genes, which aids in immune 

evasion[25]. The urgency of intervention is paramount in suspected cases of mucormycosis 

due to its frequently rapid progression and destructive impact [26]. Delayed onset of therapy 

is linked to heightened mortality rates [27]. The best chance of survival depends on timely 

diagnosis and treatment, which means that a multidisciplinary team with experience in 

medicine, surgery, radiology, and laboratory work must be brought in right away[28]. 

Rhino-Orbito-Cerebral Mucormycosis 

Rhino-orbital-cerebral mucormycosis (ROCM) is one the most common type of 

mucromycosis. It is caused by inhalation of sporangiospores that enters the nasal mucosa 

(Figure 2) and the infection progresses to sinuses to the brain [15]. Mucormycosis restricted 

to the orbits and brain is rare; just a few instances with unilateral or bilateral orbital 

involvement have been reported [29]. In most cases, the involvement is typically unilateral 

[14]. Common non-ocular symptoms include nerve paralysis, fever, headaches, sinusitis, 

hemiplegia, nasal discharge, nasal ulceration, eschar (black necrotic tissues), and face 

numbness and pain[30]. Early indications of sinusitis are frequently confused with bacterial 

sinusitis [31]. Ocular symptoms include pain in the eyes, abnormal vision, proptosis, 

chemosis, ptosis, ophthalmoplegia, orbital cellulitis, and periorbital discoloration, which is 

frequently accompanied by necrosis. Imaging tests typically reveal thicker mucosal lining, 

variable degrees of sinusitis, and erosion of the maxillary, orbital, and septal bones of the 

nose. In more severe cases, there may be soft tissue infiltration, orbital cellulitis, ocular 

neuritis, bone rarefaction, infarctions, intracranial abscesses, and erosion of the skull bones. 

The ethmoid-sphenoid sinus, superior orbital fissure, sinonasal, or retro-orbital regions are 

initially impacted by the infection (Fig. 3). After that, it may proceed to the brain through the 

cribriform plate or the perineural pathway[30].The mortality rate significantly rises following 

cranial invasion [31]. Fundus examination plays a crucial role in diagnosing Rhino-Orbital-

Cerebral Mucormycosis (ROCM) [32]. 
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Figure 2. These nasal sinus endoscopy images showing Mucorales hyphae. 

(Source: Nicholas, K. and Andrew G. (201,). Orbital Mucormycosis on the attack., 

https://www.reviewofoptometry.com/article/orbital-mucormycosis-on-the-attack) 

 

Figure 3.  A patient who was operated using free ALT flap. (A) Preoperative picture of 

invasive ROCM. (B) Anterior aspect of excised segment. (C) Posterior aspect of excised 

segment. (D) Residual defect created. (E) Flap inset. ALT, anterolateral thigh.(Source: 

Gupta, et al., 2022) 

Effect on Different Organs 

Mucormycosis can spread to various bodily organs. Organs that could get infected include the 

skin, gastrointestinal tract, paranasal sinuses, lung, and central nervous system[29]. The brain 

and oral cavity are the main areas of the body that are affected by mucormycosis, though it 

can also affect the epidermis, gastrointestinal tract, and different organ systems. The maxilla 

may also be affected in rare cases [30]. Usually, the infection starts in the mouth or nose and 

travels through the eyes to the central nervous system. Headaches, nasal congestion, facial 

swelling, and the appearance of "black lesions" on the nose or upper mouth are some of the 

symptoms. There may also be systemic symptoms like eye swelling and fever. Hemoptysis, 

coughing, fever, bulging eyes, chest pain, and breathing difficulties can all be signs of 

https://www.reviewofoptometry.com/article/orbital-mucormycosis-on-the-attack


Page 10276 of 10289 

Roopa Prasad /Afr.J.Bio.Sc. 6(5)(2024).10270-10289 

 

pulmonary involvement. Symptoms of a gastrointestinal infection can include vomiting, 

nausea, abdominal pain, and gastrointestinal bleeding [31], [32], [33].  

 

Figure 4. Proposed scheme for cause of mucormycosis in both immunocompromised and 

immunocompetent patients. This figure depicts the overall Mucorales species (approximately 

27 different types) that are known to cause the infection. Initially the spores released by 

Mucorales enter the body deep into the tissues either by ingestion, inhalation or percutaneous 

injection of spores. Soon after the infection, the immune cells are recruited to fight against 

the foreign agents. However, due to influence of various risk factors (internal, external, local 

and systemic) as shown in the figure, immune system fails to fight against the organism and 

result in immune disregulation or immune system breakdown. This result in a disease called 

‘Mucormycosis’. Mucormycosis can affect various vital body organs including skin, nose, 

eyes, face, mouth and lungs. They cause various symptoms which can vary from minor 

amputations to major symptoms including depletion of organs and even death. This disease 

can be prevented or treated by timely diagnosis and effective treatment methods. 

Infection 

Fungal spores can get into the body via the gastrointestinal tract, inhalation, or direct 

penetration into damaged skin [38]. After entering, the spores develop into hyphae, which can 

cause angioinvasion and spread to various organs. Mucorales possess essential virulence 

factors, such as high-affinity iron permease (FTR1), which aids in surviving in environments 

with low iron levels[39], [40].Furthermore, Mucoralessurface spore coat protein (CotH) 

impairs host immune responses [41], and their growth and morphology are influenced by the 

ADP-ribosylation factor (Arf)[42]. To fully comprehend the effects of these and other 



Page 10277 of 10289 

Roopa Prasad /Afr.J.Bio.Sc. 6(5)(2024).10270-10289 

 

virulence factors on fungal survival and host invasion, more research is required. Furthermore, 

the dynamics of an infection can be greatly influenced by exogenous variables in addition to 

those inherent to the fungus and the host. There is conjecture that some of the toxins that 

cause endothelial disruption might not come from the fungus itself, but rather from bacterial 

endosymbiosis, which would increase the virulence of the fungus[43], [44]. Research has 

demonstrated that Mucorales can grow and become more virulent when exposed to 

voriconazole, even in situations where selection is not present. However, the exact 

mechanisms underlying this phenomenon are still unknown[45], [46]. Even in patients with 

previously healthy immune systems, severe viral infections such as influenza and COVID-19, 

which are known to cause acute respiratory distress syndrome (ARDS), increase a patient's 

susceptibility to mould infections[47], [48].  Elevated mortality rates are associated with 

COVID-19-related mucormycosis (CAM) and pulmonary aspergillosis (CAPA)[49], [50].  

Diagnosis 

One of the features of mucormycosis is tissue necrosis due to angio-invasion. Nonetheless, 

Aspergillus, Fusarium, Lomentospora infections can also lead to tissue necrosis [51]. In these 

instances, a collaborative effort involving clinicians, histopathologists, microbiologists, and 

radiologists is essential. Detecting mucormycosis promptly in patients with multiple 

predisposing risk factors necessitates a vigilant level of suspicion [52]. Endoscopic 

examination of nasal cavity provides initial indication andadditionally, imaging methods like 

Magnetic Resonance Imaging (MRI) and non-contrast computed tomography (NCCT) of the 

orbit and paranasal sinuses are useful diagnostic instruments. These scans could show 

thickened, hyper inflamed sinus mucosa along with evidence of bone erosion, possibly 

involving the periosteum and suggesting mucormycosis[53]. These imaging modalities are 

essential for figuring out how big the lesion is. A strong suspicion of mucormycosis is raised 

by the combined clinical and radiological features; confirmation is usually obtained by 

microbiological and histopathological analysis. High-resolution computed tomography 

(HRCT) of the thorax may reveal characteristic observations in cases of respiratory 

mucormycosis, such as the reverse halo sign (RHS), the presence of multiple (≥10) nodules, 

pleural effusion indications,  and the air-crescent sign[54],[55],[56] 

Routine Laboratory Diagnosis 

In clinical settings, wet mount examination, culture, and histopathology are routinely used in 

the laboratory diagnosis of mucormycosis. 



Page 10278 of 10289 

Roopa Prasad /Afr.J.Bio.Sc. 6(5)(2024).10270-10289 

 

Histopathology 

In cases of pulmonary mucormycosis, a final diagnosis depends on the presence of distinct 

fungal hyphae consistent with mucormycetes in biopsies taken from the affected tissues or 

bronchoalveolar lavage (BAL) samples. In order to distinguish the fungus from contaminants 

in the culture, histopathology must first confirm that the fungus is present in the specimen as 

a pathogenic agent.Moreover, histopathological examination is essential for determining 

whether there is invasion of blood vessels [57]. Furthermore, histopathology has the 

capability to reveal any concomitant infections involving other types of molds.Mucorales 

genera typically produce non-pigmented, ribbon-like, wide (5–20 μm), thin-walled hyphae 

that are characterized by right-angle branching and sparse or absent septations 

(pauciseptate)[58]. Mucorales hyphae have unique characteristics, which are usually 3–5 μm 

wide, septate, and show acute-angle branching. Regular staining with hematoxylin and eosin 

(H&E) may occasionally show severely degenerated hyphae, or it may only show the fungal 

cell wall with no visible internal structures. The staining techniques like Grocott 

methenamine-silver (GMS) and periodic acid-Schiff (PAS) stainsare routinely used for 

highlighting fungal cell wall [57]. 

Direct Microscopy 

For mucormycosis observation, direct microscopy of potassium hydroxide (KOH) wet 

mounts can be a quick and reliable diagnostic technique. All specimens submitted to the 

clinical laboratory can be processed using this method, which ideally includes the use of 

KOH and fluorescent brighteners such as blankophor and calcofluor white. These additives 

make the characteristic fungal hyphae more visible, which makes observation with a 

fluorescent microscope necessary [59]. During intraoperative procedures, direct microscopy 

of fresh specimens is a cost-effective yet invaluable technique for quickly determining 

precise surgical margins and providing an assumption diagnosis for invasive fungal 

infections[60]. A different strategy uses monoclonal antibodies to target R. arrhizusthat has 

proven useful in differentiating between aspergillosis and mucormycosis (with a sensitivity 

and specificity of 100% for mucormycosis), and it can aid in diagnosis in cases where 

cultures produce negative results[61], [61], [63]. 

Culture  

Just like any other microbial identification, culture samples are essential that helps in genus 

and species level identification. Most Mucorales that are important for medicine are 

thermotolerant, growing quickly at 37°C. They can develop on a variety of substrates that 
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contain carbohydrates, and colonies usually form in 24 to 48 hours [59]. For the identification 

of cultured Mucorales, Matrix-Assisted Laser Desorption Ionization-Time OfFlight Mass 

Spectrometry (MALDI-TOF MS) offers a promising method especially in diagnostic labs 

[64]. A positive culture from a site free of contamination is necessary for confirmation of the 

diagnosis; conversely, a positive culture from a site prone to contamination could indicate the 

existence of non-pathogenic microorganisms, which would need to be evaluated in 

conjunction with clinical and radiological data to establish a probable diagnosis [26].   

The main issue with culture observation is its restricted ability to detect, which could result in 

incorrect negative findings in nearly half of mucormycosis instances [59], [65]. This is due to 

a number of factors, one of which is the homogenization or grinding of tissue specimens, 

which can harm the fragile hyphae of mucormycetes. Moreover, inexperience can also affect 

sensitivity[59], [66]. To get the best diagnostic results, specimen handling and adequate 

sampling are crucial. Therefore, in order to guarantee that all diagnostic procedures are 

performed accurately when there is a suspicion of a case, clinicians and the microbiology 

laboratory must work closely together and communicate effectively. 

Treatment 

It is imperative to take immediate action in order to treat mucormycosis, as it requires both 

medical and surgical intervention. Upon suspicion of ROCM, prompt consideration of 

empirical antifungal therapy and surgical debridement should be given due consideration, due 

to its risk factors, clinical presentation, and imaging findings[26]. A tripartite strategy 

involving reversal of immunosuppression, antifungal treatment, and thorough surgical 

debridement is commonly employed.  

First Line Therapy 

Liposomal amphotericin-B at high doses is used as first-line treatment. For better results, the 

best time to start liposomal amphotericin-B treatment is from the initial stages of diagnosis. 

In the study involving 80 clinical isolates of Mucormycetes, amphotericin B, posaconazole, 

itraconazole, and isavuconazole were found to be the most effective antifungal drugs. 

Liposomal amphotericin B has been shown to be effective in treating mucormycosis in a 

variety of organ involvement scenarios by numerous case series [66], [67], [68], [69], [70], 

[71], [72], [73], [74],[69],[75]. However, patients administered 10 mg/kg per day experienced 

notable, albeit mostly reversible, increases in serum creatinine levels [69],[71]. There was no 

observed increase in blood concentrations with doses exceeding 10 mg/kg per day [76]. 
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Adjunctive Therapy 

As a result of a severe lack of research with reliable data, adjunctive therapy is not 

recommended to treat mucormycosis symptoms. A few scientists used Deferasirox and 

hyperbaric oxygen to testMucorales. Only patients with type 2 diabetes had higher survival 

rates when exposed to hyperbaric oxygen; all other patients had very low survival rates. Case 

studies have shown that patients with mucormycosis who received recombinant interferon-γ, 

granulocyte macrophage colony-stimulating factor, and recombinant granulocyte colony-

stimulating factor in addition to liposomal amphotericin B (LFAB) survived [77], [77], [78], 

[80], [81]. Granulocytes are better equipped to combat mucormycosis pathogens when they 

are exposed to inflammatory cytokines like interferon-γ and granulocyte macrophage colony-

stimulating factor. However, it's unclear exactly what role recombinant cytokines play in the 

first stages of treating mucormycosis [82].  

Surgical Treatment 

The major task would be to remove the necrotic tissues surgically in curing mucormycosis. 

When paired with appropriate systemic antifungal medication, surgical intervention has been 

demonstrated to curecompared to antifungal drugs[83]. Reduced penetration and delivery of 

systemic antifungal medications to the infection site is caused by mucormycosis, which is 

caused by blood vessel thrombosis and subsequent tissue necrosis. In most cases of rhino-

orbital-cerebral mucormycosis (ROCM), therefore, successful management often depends on 

surgical excision of necrotic tissues. When it comes to the diagnosis and treatment of 

mucormycosis, the Mycoses Study Group Education and Research Consortium (MSGERC) 

and the European Confederation of Medical Mycology (ECMM) global guidelines strongly 

support the use of first-line systemic antifungal therapy in conjunction with prompt, 

comprehensive surgical intervention whenever possible[26].  A thorough review analysis 

revealed that patients who had surgery had a 78% survival rate as opposed to 22% for those 

who did not[84]. The entire orbit, including the eye, surrounding tissues, and structures 

behind the eye, must be removed during orbital exenteration. When there is an invasion of the 

orbit, ROCM is typically treated with this major surgical procedure. The most challenging 

aspect of managing ROCM is deciding whether to perform exenteration. While exenteration 

may be necessary to save a patient's life, it comes with the significant consequence of 

permanent facial disfigurement and lifelong impact on appearance. In the absence of clearly 

defined guidelines, the criteria and optimal timing for performing exenteration remain 

uncertain. The available evidence from literature is insufficient to offer physicians enough 

information to confidently determine when exenteration should be pursued [85]. A common 
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indication for exenteration is an orbit that is actively infiltrated and contains a blind, painful, 

immobile globe. Even in situations where the infection has progressed to the brain, the 

treatment of mucormycosis may be made simpler by eliminating the afflicted orbit, which 

frequently lowers the total fungal burden. An extensive review of invasive fungal sinusitis 

states that situations involving intraocular invasion, orbital apex syndrome, or central retinal 

artery thrombosis may require orbital exenteration more than others[86]. 

The prevalence of Mucorales in the region, hospitals, susceptible hosts with immune 

compromised or diabetic, negligence contribute to occurrence of mucromycosis. The early 

diagnosis prevents disease prognosis and if not diagnosed, mucormycosis can progress 

rapidly that could worsen the fatality.Although,advancement instrumentation in diagnosis, 

antifungal drugs and surgical procedures are used as a part of diagnosis and treatment. 

Additional studies are required to determine drug combination, dosage, duration for 

standardizing the therapies become important factors for managing RCOM. With a kind of 

advancement in diagnosis and treatment creates a less painful and ray of relief for patients. 

References 

  1. Azhar, A., Khan, W. H., Khan, P. A.,Alhosaini, K.,Owais, M.,and Ahmad, A. (2022). 

Mucormycosis and COVID-19 pandemic: Clinical and diagnostic approach. J 

InfectPublic Heal, 15(4), 466–479.https://doi.org/10.1016/j.jiph.2022.02.007 

2. Eucker, J., Sezer, O., Graf, B., andPossinger, K. (2001). Mucormycoses. Mycoses. 44(7-

8), 253–260. 

3. Reid, G., Lynch, J. P., Fishbein, M. C.,and Clark, N. M. (2020). 

Mucormycosis. SeminRespCritCare Medicine. 41(1), 99–114. https://doi.org/10.1055/s-

0039-3401992 

4. Mahalaxmi, I.,Jayaramayya, K., Venkatesan, D., Subramaniam, M. D., Renu, K., 

Vijayakumar, P.,et al. (2021). Mucormycosis: An opportunistic pathogen during COVID-

19. Environ Res.  201,111643. https://doi.org/10.1016/j.envres.2021.111643 

5. Sharma, A. and Goel, A. (2022). Mucormycosis: risk factors, diagnosis, treatments, and 

challenges during COVID-19 pandemic. Folia microbial. 67(3), 363–387. 

https://doi.org/10.1007/s12223-021-00934-5 

6. Monika, P. andChandraprabha, M. N. (2022). Risks of mucormycosis in the current 

Covid-19 pandemic: a clinical challenge in both immunocompromised and 

immunocompetent patients. MolBiolReps. 49(6), 4977–4988. 

https://doi.org/10.1007/s11033-022-07160-3 

https://doi.org/10.1016/j.jiph.2022.02.007
https://doi.org/10.1016/j.jiph.2022.02.007
https://doi.org/10.1055/s-0039-3401992
https://doi.org/10.1055/s-0039-3401992
https://doi.org/10.1016/j.envres.2021.111643
https://doi.org/10.1007/s12223-021-00934-5
https://doi.org/10.1007/s11033-022-07160-3


Page 10282 of 10289 

Roopa Prasad /Afr.J.Bio.Sc. 6(5)(2024).10270-10289 

 

7. Waldorf A. R. (1989). Pulmonary defense mechanisms against opportunistic fungal 

pathogens. Immunology series, 47, 243–271. 

8. Skiada, A.,Pavleas, I.,andDrogari-Apiranthitou, M. (2020). Epidemiology and Diagnosis 

of Mucormycosis: An Update. JFungi, 6(4), 265. https://doi.org/10.3390/jof6040265 

9. Slavin, M. A. and Chakrabarti, A. (2012). Opportunistic fungal infections in the Asia-

Pacific region. Med Mycol. 50(1), 18–25. https://doi.org/10.3109/13693786.2011.602989 

10. Lin, E.,Moua, T.,and Limper, A. H. (2017). Pulmonary mucormycosis: clinical features 

and outcomes. Infection, 45(4), 443–448. https://doi.org/10.1007/s15010-017-0991-6 

11. Prakash, H.and Chakrabarti, A. (2021). Epidemiology of Mucormycosis in 

India. Microorganisms, 9(3), 523. https://doi.org/10.3390/microorganisms9030523 

12. Karkhur, S.,Soni, D., Chauhan, K., Sarkar, D., Gautam, M., Verma, S.,Nyodu, R., Yadav, 

N.,and Sharma, B. (2023). Rhino-orbito-cerebral mucormycosis and its resurgence 

during COVID-19 pandemic: A review. Indian JOphthalmol, 71(1), 39–56. 

https://doi.org/10.4103/ijo.IJO_1219_22 

13. Petrikkos, G., Skiada, A., Sambatakou, H., Toskas, A., Vaiopoulos, G., Giannopoulou, 

M., andKatsilambros, N. (2003). Mucormycosis: Ten-year experience at a tertiary-care 

center in Greece. Eur J Clin Microbiol Infect Dis, 22, 753–756. 

https://doi.org/10.1007/s10096-003-1035-y 

14. Wali, U., Balkhair, A., and Al-Mujaini, A. (2012). Cerebro-rhino orbital mucormycosis: 

An update. J Infect Public Heal, 5(2), 116–126. 

https://doi.org/10.1016/j.jiph.2012.01.003 

15. Hosseini, S. M.S. andBorghei, P. (2005). Rhinocerebralmucormycosis: Pathways of 

spread. Eur Arch Otorhinolaryngol, 262, 932–938. https://doi.org/10.1007/s00405-005-

0919-0 

16. Silveira, F., and Nucci, M. (2001). Emergence of black moulds in fungal disease: 

epidemiology and therapy. CurrOpinInfectDis, 14(6), 679–684. 

https://doi.org/10.1097/00001432-200112000-00003 

17. Patel, A., Kaur, H., Xess, I., Michael, J. S., Savio, J., Rudramurthy, S.et al., (2020). A 

multicentre observational study on the epidemiology, risk factors, management and 

outcomes of mucormycosis in India. Clin Microbiol Infect, 26(7), 944.e9–944.e15. 

https://doi.org/10.1016/j.cmi.2019.11.021 

18. Cerdá-Olmedo E. (2001). Phycomyces and the biology of light and color. FEMS 

Microbiol Rev, 25(5), 503–512. https://doi.org/10.1111/j.1574-6976.2001.tb00588.x 

https://doi.org/10.3390/jof6040265
https://doi.org/10.3109/13693786.2011.602989
https://doi.org/10.1007/s15010-017-0991-6
https://doi.org/10.3390/microorganisms9030523
https://doi.org/10.4103/ijo.IJO_1219_22
https://doi.org/10.1007/s10096-003-1035-y
https://doi.org/10.1016/j.jiph.2012.01.003
https://doi.org/10.1007/s00405-005-0919-0
https://doi.org/10.1007/s00405-005-0919-0
https://doi.org/10.1097/00001432-200112000-00003
https://doi.org/10.1016/j.cmi.2019.11.021
https://doi.org/10.1111/j.1574-6976.2001.tb00588.x


Page 10283 of 10289 

Roopa Prasad /Afr.J.Bio.Sc. 6(5)(2024).10270-10289 

 

19. Walther, G., Wagner, L., andKurzai, O. (2019). Updates on the taxonomy of Mucorales 

with an emphasis on clinically important taxa. J Fungi, 5(4), 106. 

https://doi.org/10.3390/jof5040106 

20. Roden, M. M., Zaoutis, T. E., Buchanan, W. L., Knudsen, T. A., Sarkisova, T. A., 

Schaufele, R. L., et al. (2005). Epidemiology and outcome of zygomycosis: A review of 

929 reported cases. Clin Infect Dis: 41(5), 634–653. https://doi.org/10.1086/432579 

21. Lee, S. C., Ni, M., Li, W., Shertz, C., and Heitman, J. (2010). The evolution of sex: A 

perspective from the fungal kingdom. MicrobiolMol BiolRev, 74, 298–340. 

https://doi.org/10.1128/MMBR.00005-10 

22. Benny, G. L., Humber, R. A., and Morton, J. B. (2014). The Mycota: A comprehensive 

treatise on fungi as experimental systems for basic and applied research. The Mycota, 

113-176. 

23. Bullen, J. J., Rogers, H. J., Spalding, P. B., and Ward, C. G. (2006). Natural resistance, 

iron and infection: A challenge for clinical medicine. J Med Microbiol, 55(3), 251–258. 

https://doi.org/10.1099/jmm.0.46386-0 

24. Morales-Franco, B., Nava-Villalba, M., Medina-Guerrero, E. O., Sánchez-Nuño, Y. A., 

Davila-Villa, P., Anaya-Ambriz, E. J., & Charles-Niño, C. L. (2021). Host-Pathogen 

molecular factors contribute to the pathogenesis of Rhizopus spp. in diabetes 

mellitus. CurrTrop Med Rep, 8(1), 6–17. https://doi.org/10.1007/s40475-020-00222-1 

25. Frater, J. L., Hall, G. S., andProcop, G. W. (2001). Histologic features of zygomycosis: 

Emphasis on perineural invasion and fungal morphology. Arch Path Lab Med, 125(3), 

375–378. https://doi.org/10.5858/2001-125-0375-HFOZ 

26. Cornely, O. A., Alastruey-Izquierdo, A., Arenz, D., Chen, S. C. A., Dannaoui, E., 

Hochhegger, B., Hoenigl, M., et al., Global guideline for the diagnosis and management 

of mucormycosis: An initiative of the European Confederation of Medical Mycology in 

cooperation with the Mycoses Study Group Education and Research Consortium. Lancet 

Infect Dis, 19(12), e405–e421. https://doi.org/10.1016/S1473-3099(19)30312-3 

27. Chamilos, G., Lewis, R. E., &Kontoyiannis, D. P. (2008). Delaying amphotericin B-

based frontline therapy significantly increases mortality among patients with 

hematologic malignancy who have zygomycosis. Clin Infect Dis,47(4), 503–509. 

https://doi.org/10.1086/590004 

28. Sun, H. Y., and Singh, N. (2011). Mucormycosis: Its contemporary face and management 

strategies. LancetInfect Dis, 11(4), 301–311. https://doi.org/10.1016/S1473-

3099(10)70316-9 

https://doi.org/10.3390/jof5040106
https://doi.org/10.1086/432579
https://doi.org/10.1128/MMBR.00005-10
https://doi.org/10.1099/jmm.0.46386-0
https://doi.org/10.1007/s40475-020-00222-1
https://doi.org/10.5858/2001-125-0375-HFOZ
https://doi.org/10.1016/S1473-3099(19)30312-3
https://doi.org/10.1086/590004
https://doi.org/10.1016/S1473-3099(10)70316-9
https://doi.org/10.1016/S1473-3099(10)70316-9


Page 10284 of 10289 

Roopa Prasad /Afr.J.Bio.Sc. 6(5)(2024).10270-10289 

 

29. Muma, M.K.I., and Chipalo-Mutati G. (2010). Deadly orbital mucormycosis, rare yet 

possible infection. Med J Zambia, 37(4), 268–272. 

30. Auluck, A. (2007). Maxillary necrosis by mucormycosis: A case report and literature 

review. Med Oral Patol Oral Cir Bucal. 12(5), 360–364. 

31. Walia, V., Kaushik, D., Mittal, V., Kumar, K., Verma, R., Parashar, J., Akter, R., et al., 

(2021) Delineation of neuroprotective effects and possible benefits of 

antioxidantstherapy for the treatment of Alzheimer’s diseases by targeting 

mitochondrial-derived reactive oxygen species: bench to bedside. Mol Neurobiol, 1–24. 

32. Purohit, D., Jalwal, P., Manchanda, D., Saini, S., Verma, R., Kaushik, D., Pandey, P. 

(2022).Nanocapsules: An Emerging Drug Delivery System. Recent Pat Nanotechnol, 

17(3), 190 - 207. 

33. Zehravi, M., Kabir, J., Akter, R., Malik, S., Ashraf, G. M., Tagde P, et al.,(2022). A 

prospective viewpoint on neurological diseases and their biomarkers. Mol,27(11):3516. 

34. Lau, C. I., Wang, H. C., Yeh, H. L., and Li, C. H. (2011). Isolated orbito-cerebral 

mucormycosis. TheNeurol, 17(3), 151–153. https://doi.org/10.1097/NRL.0b013e31821 

73395 

35. Prakash, H., and Chakrabarti, A. (2019). Global Epidemiology of Mucormycosis. J. 

Fungi, 5(1), 26. https://doi.org/10.3390/jof5010026 

36. Wang, J., Li, Y., Luo, S., and Zheng, H. (2021). Rhinocerebralmucormycosis secondary 

to severe acute pancreatitis and diabetic ketoacidosis: A case report. Diagnostic 

Pathology, 16(1), 34. https://doi.org/10.1186/s13000-021-01094-3 

37. Kim, I. T., Shim, J. Y., and Jung, B. Y. (2001). Serous retinal detachment in a patient 

with rhino-orbital mucormycosis. JpnJOphthalmol, 45(3), 301–304. 

https://doi.org/10.1016/s0021-5155(01)00326-4 

38. Petrikkos, G., and Tsioutis, C. (2018). Recent Advances in the Pathogenesis of 

Mucormycoses. ClinTher, 40(6), 894–902. 

39. Hassan, M. I. A., and Voigt, K. (2019). Pathogenicity patterns of mucormycosis: 

Epidemiology, interaction with immune cells and virulence factors. Med Mycol.57, 

S245–S256. 

40. Fu, Y., Lee, H.,Collins, M., Tsai, H.F., Spellberg, B., Edwards, J. E. Jr., Kwon-Chung K. 

J., Ibrahim, A.S. (2004). Cloning and functional characterization of the Rhizopus oryzae 

high affinity iron permease (rFTR1) gene. FEMS Microbiol Lett,235(1), 169–176. 

https://doi.org/10.1097/NRL.0b013e31821%2073395
https://doi.org/10.1097/NRL.0b013e31821%2073395
https://doi.org/10.1097/NRL.0b013e31821%2073395
https://doi.org/10.3390/jof5010026
https://doi.org/10.1186/s13000-021-01094-3
https://doi.org/10.1016/s0021-5155(01)00326-4


Page 10285 of 10289 

Roopa Prasad /Afr.J.Bio.Sc. 6(5)(2024).10270-10289 

 

41. Gebremariam, T., Liu, M., Luo, G.,Bruno, V., Phan, Q.T., Waring, A.J., et al. (2014). 

CotH3 mediates fungal invasion of host cells during mucormycosis. J Clin Invest, 

124(1), 237–250. 

42. Patiño-Medina, J.A., Maldonado-Herrera, G., Pérez-Arques, C., Alejandre-Castañeda, V., 

Reyes-Mares. N.Y., Valle-Maldonado, M. I. et al. (2018). Control of morphology and 

virulence by ADP-ribosylation factors (Arf) in Mucor circinelloides. Curr Genet,64(4), 

853–869. 

43. Lackner. G., Partida-Martinez, L. P., and Hertweck, C. (2009). Endofungal bacteria as 

producers of mycotoxins. Trends Microbiol, 17(12), 570–576. 

44. Partida-Martinez, L. P., and Hertweck, C. (2005). Pathogenic fungus harbours 

endosymbiotic bacteria for toxin production. Nat. 437(7060), 884–888. 

45. Lamaris, G. A., Ben-Ami, R., Lewis, R. E., Chamilos, G., Samonis, G., Kontoyiannis, D. 

P. (2009). Increased virulence of Zygomycetes organisms following exposure to 

voriconazole: A study involving fly and murine models of zygomycosis. J Infect Dis, 

199(9), 1399–1406. 

46. Lewis, R.E., Liao, G., Wang, W., Prince, R. A, andKontoyiannis, D. P. (2011). 

Voriconazole pre-exposure selects for breakthrough mucormycosis in a mixed model of 

Aspergillus fumigatus-Rhizopus oryzae pulmonary infection. Virulence,2(4), 348–355. 

47. Schauwvlieghe, A.F., Rijnders, B.J., Philips, N., Verwijs, R., Vanderbeke, L., Van Tienen, 

C., et al. (2018). Invasive aspergillosis in patients admitted to the intensive care unit with 

severe influenza: a retrospective cohort study. Lancet Respir, 6, 782–792. 

48. Koehler, P., Bassetti, M., Chakrabarti, A., Chen, S.C.A., Colombo, A.L., Hoenigl, M., et 

al. (2021). Defining and managing COVID-19-associated pulmonary aspergillosis: The 

2020 ECMM/ISHAM consensus criteria for research and clinical guidance. Lancet Infect 

Dis. 21(6):e149-e162. 

49. Prattes, J., Wauters, J., Giacobbe, D.R., Salmanton-García, J., Maertens, J., Bourgeois, 

M., et al. (2019). Risk factors and outcome of pulmonary aspergillosis in critically ill 

coronavirus disease  patients– A multinational observational study by the European 

Confederation of Medical Mycology. Clin Microbiol Infect, 1–30. 

50. Millon L., Herbrecht R., Grenouillet F., Morio F., Alanio A., Letscher-Bru V., et al. 

(2016). Early diagnosis and monitoring of mucormycosis by detection of circulating 

DNA in serum: Retrospective analysis of 44 cases collected through the French 

Surveillance Network of Invasive Fungal Infections (RESSIF).Clin Microbiol 

Infect.22(9):810.e1-810.e8.  



Page 10286 of 10289 

Roopa Prasad /Afr.J.Bio.Sc. 6(5)(2024).10270-10289 

 

51. Lai, C. C., and Yu, W. L. (2021). COVID-19 associated with pulmonary aspergillosis:A 

literature review. J Microbiol Immunol Infect.54, 46–53. 

52. Sen, M., Lahane, S., Lahane, T.P., Parekh, R., and Honavar, S.G. (2021). Mucor in a 

viral land:A tale of two pathogens. Indian J Ophthalmol.69, 244–52. 

53. Therakathu, J., Prabhu, S., Irodi, A., Sudhakar, S.V., Yadav, V.K., Rupa, V. (2018). 

Imaging features of rhinocerebralmucormycosis:A study of 43 patients. Egypt J 

RadiolNucl Med.49, 447–52. 

54. Georgiadou, S.P, Sipsas, N.V, Marom, E.M, and Kontoyiannis, D.P. (2011). The 

diagnostic value of halo and reversed halo signs for invasive mold infections in 

compromised hosts. Clin Infect Dis,52, 1144–55. 

55. Legouge, C., Caillot, D., Chrétien, M.L., Lafon, I., Ferrant, E., Audia, S., et al. (2014). 

The reversed halo sign:Pathognomonic pattern of pulmonary mucormycosis in leukemic 

patients with neutropenia?Clin Infect Dis,58(5), 672–8. 

56. Chamilos, G., Marom, E.M., Lewis, R.E., Lionakis, M.S,Kontoyiannis, D.P. (2005). 

Predictors of pulmonary zygomycosis versus invasive pulmonary aspergillosis in 

patients with cancer. Clin Infect Dis, 41, 60–6. 

57. Guarner, J., and Brandt, M.E. (2011).Histopathologic diagnosis of fungal infections in 

the 21st Century. Clin. Microbiol. Rev,24, 247–280. doi: 10.1128/CMR.00053-10 

58. Ribes, J.A., Vanover-Sams, C.L., and Baker, D.J. (2000). Zygomycetes in human 

disease. Clin. Microbiol. Rev, 13, 236–301. doi: 10.1128/CMR.13.2.236 

59. Walsh, T.J., Gamaletsou, M.N., McGinnis, M.R., Hayden, R.T., andKontoyiannis, D.P. 

(2012). Early clinical and laboratory diagnosis of invasive pulmonary, extrapulmonary, 

and disseminated mucormycosis (Zygomycosis) Clin. Infect. Dis, 54:S55–S60. doi: 

10.1093/cid/cir868 

60. McDermott, N.E., Barrett, J., Hipp, J., Merino, M.J., Lee C.-C.R., Waterman P., 

Domingo, D.L., and Walsh, T.J. (2010). Successful treatment of periodontal 

mucormycosis: Report of a case and literature review. Oral Surg. Oral Med. Oral 

Pathol. Oral Radiol. Endod, 109:e64–e69. doi: 10.1016/j.tripleo.2009.11.012 

61. Jensen, H.E., Salonen, J., andEkfors, T.O. (1997). The use of immunohistochemistry to 

improve sensitivity and specificity in the diagnosis of systemic mycoses in patients with 

haematological malignancies. J. Patho, 181, 100–105.  

62. Jung, J., Park, Y.S., Sung, H., Song, J.S., Lee, S.O., Choi, S.H., Kim, Y.S., Woo, J.H., 

Kim, S.H. (2015). Using immunohistochemistry to assess the accuracy of 



Page 10287 of 10289 

Roopa Prasad /Afr.J.Bio.Sc. 6(5)(2024).10270-10289 

 

histomorphologic diagnosis of aspergillosis and mucormycosis. Clin. Infect. Dis, 61, 

1664–1670. 

63. Son, H.J., Song, J.S., Choi, S., Jung, J., Kim, M.J., Chong, Y.P., et al. (2020). A 

comparison of histomorphologic diagnosis with culture- and immunohistochemistry-

based diagnosis of invasive aspergillosis and mucormycosis. Infect. Dis, 52:279–283. 

doi: 10.1080/23744235.2020.1716063 

64. Cassagne, C., Ranque, S., Normand, A.C., Fourquet, P., Thiebault, S., Planard, C., 

Hendrickx, M., and Piarroux, R. (2011). Mould Routine Identification in the Clinical 

Laboratory by Matrix-Assisted Laser Desorption Ionization Time-Of-Flight Mass 

Spectrometry. PLoS ONE, 6:e28425. doi: 10.1371/journal.pone.0028425 

65. Lackner, M., Caramalho, R., and Lass-Flörl, C. (2014). Laboratory diagnosis of 

mucormycosis: Current status and future perspectives. Future Microbiol, 9, 683–695. 

66. Skiada, A., Pagano, L., Groll, A., Zimmerli, S., Dupont, B., Lagrou, K., et al. (2011). 

Zygomycosis in Europe: analysis of 230 cases accrued by the registry of the European 

Confederation of Medical Mycology (ECMM) Working Group on Zygomycosis between 

2005 and 2007. Clin Microbiol Infect, 17, 1859–67. 

67. Shoham, S., Magill, S.S., Merz, W.G., Gonzalez, C., Seibel, N., Buchanan, W.L., et al. 

(2010). Primary treatment of zygomycosis with liposomal amphotericin B: Analysis of 

28 cases. Med Mycol, 48, 511–17. 

68. Ruping, M.J., Heinz, W. J., Kindo, A.J., Rickerts, V., Lass-Flörl, C., Beisel, C., et al. 

(2010). Forty-one recent cases of invasive zygomycosis from a global clinical registry. J 

Antimicrob Chemother, 65, 296–302. 

69. Lanternier, F., Poiree, S., Elie, C., Garcia-Hermoso, D., Bakouboula, P., Sitbon, K, et al., 

(2015). Prospective pilot study of high-dose (10 mg/kg/day) liposomal amphotericin B 

(L-AMB)for the initial treatment of mucormycosis. J Antimicrob Chemother, 70, 3116–

23. 

70. Pagano, L., Valentini, C.G., Posteraro, B., et al. (2009).Zygomycosis in Italy: A survey of 

FIMUA-ECMM (FederazioneItaliana di Micopatologia Umana ed Animale and 

European Confederation of Medical Mycology). J Chemother, 21, 322–29. 

71. Cornely, O.A., Maertens, J., Bresnik, M., Ebrahimi, R., Ullmann, A.J., Bouza, E., et al. 

(2007), Liposomal amphotericin B as initial therapy for invasive mold infection: a 

randomized trial comparing a high-loading dose regimen with standard dosing 

(AmBiLoad trial). Clin Infect Dis, 44, 1289–97. 



Page 10288 of 10289 

Roopa Prasad /Afr.J.Bio.Sc. 6(5)(2024).10270-10289 

 

72. Stanzani, M., Vianelli, N., Cavo, M., Maritati, A., Morotti, M., and Lewis, R. E. (2017). 

Retrospective cohort analysis of liposomal amphotericin b nephrotoxicity in patients 

with hematological malignancies. Antimicrob Agents Chemother, 61. 

73. Kyvernitakis, A., Torres, H.A., Jiang, Y., Chamilos, G., Lewis, R.E., and Kontoyiannis, 

D.P. (2016). Initial use of combination treatment does not impact survival of 106 patients 

with haematologic malignancies and mucormycosis: A propensity score analysis. Clin 

Microbiol Infect, 22: 811. 

74. Pagano, L., Offidani, M., Fianchi, L., Nosari, A., Candoni, A., Picardi, M, et al. (2004). 

Mucormycosis in hematologic patients. Haematologica, 89, 207–14. 

75. Nosari, A., Oreste, P., Montillo, M., Carrafiello, G., Draisci, M., Muti, G., et al. (2000). 

Mucormycosis in hematologic malignancies: An emerging fungal infection. 

Haematologica,85, 1068–71. 

76. Walsh, T.J., Goodman, J.L., Pappas, P., Bekersky, I., Buell, D.N., Roden, M., et al. 

(2001). Safety, tolerance, and pharmacokinetics of high-dose liposomal amphotericin B 

(AmBisome) in patients infected with Aspergillus species and other filamentous fungi: 

maximum tolerated dose study. Antimicrob Agents Chemother, 45, 3487–96. 

77. Abzug, M.J., and Walsh, T.J. (2004). Interferon-γ and colony-stimulating factors as 

adjuvant therapy for refractory fungal infections in children. Pediatr Infect DisJ, 23,769–

73.  

78. Gonzalez, C.E., Couriel, D.R.,and Walsh, T.J. (1997). Disseminated zygomycosis in a 

neutropenic patient: Successful treatment with amphotericin B lipid complex and 

granulocyte colony-stimulating factor. Clin Infect Dis, 24, 192–6.  

79. Kullberg, B.J., and Anaissie, E.J. (1998). Cytokines as therapy for opportunistic fungal 

infections. Res Immunol, 149, 478– 488.  

80. Ma, B., Seymour, J.F., Januszewicz, H., and Slavin, M.A. (2001). Cure of pulmonary 

Rhizomucorpusillus infection in a patient with hairy-cell leukemia: Role of liposomal 

amphotericin B and GM-CSF. Leuk Lymphoma, 42, 1393–9.  

81. Mastroianni, A. (2004). Paranasal sinus mucormycosis in an immunocompetent host: 

Efficacy and safety of combination therapy with liposomal amphotericin B and adjuvant 

rHuGM-CSF. Infez Med, 12, 278–83.  

82. Gil-Lamaignere, C., Simitsopoulou, M., Roilides, E., Maloukou, A., Winn, R.M., and 

Walsh T.J. (2005). Interferon-γ and granulocyte-macrophage colony-stimulating factor 

augment the activity of polymorphonuclear leukocytes against medically important 

zygomycetes. J Infect Dis, 191, 1180–7. 



Page 10289 of 10289 

Roopa Prasad /Afr.J.Bio.Sc. 6(5)(2024).10270-10289 

 

83. Sipsas, N. V., Gamaletsou, M. N., Anastasopoulou, A., andKontoyiannis, D. P. (2018). 

Therapy of Mucormycosis. J fungi, 4(3), 90. https://doi.org/10.3390/jof4030090 

84. Spellberg, B., Edwards, J., Jr, and Ibrahim, A. (2005). Novel perspectives on 

mucormycosis: Pathophysiology, presentation, and management. Clin Microbial 

Rev, 18(3), 556–569. https://doi.org/10.1128/CMR.18.3.556-569.2005 

85. Plowes, Hernández, O., Prado Calleros, H. M., SoberónMarmissolle Daguerre, G. S., 

andSadek González, A. (2015). Rhino-orbito-cerebral mucormycosis. Management 

strategies to avoid or limit intracraneal affection and improve survival. Acta 

OtorrinolaringolEsp, 66(6),348–352. https://doi.org/10.1016/j.otorri.2015.01.007 

86. Blitzer, A., Lawson, W., Meyers, B. R., and Biller, H. F. (1980). Patient survival factors 

in paranasal sinus mucormycosis. The Laryngoscope, 90(4), 635–648. 

https://doi.org/10.1288/00005537-198004000-00010 

87. Gupta, S., Goil, P., Mohammad, A., andEscandón, J. M. (2022). Mucormycosis 

Management in COVID-19 Era: Is immediate surgical debridement and reconstruction 

the answer? ArchPlastSurg, 49(3), 397–404. https://doi.org/10.1055/s-0042-1748654 

 

 

https://doi.org/10.3390/jof4030090
https://doi.org/10.1128/CMR.18.3.556-569.2005
https://doi.org/10.1016/j.otorri.2015.01.007
https://doi.org/10.1288/00005537-198004000-00010

