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Abstract 

Mucormycosis is a fatal, life-threatening fungal infection occurring in humans that is associated with 

considerable morbidity and mortality. It is caused by a group of ubiquitous saprophytic molds, which typically 

affect patients with weak immune defences such as diabetes mellitus, diabetic ketoacidosis, malignant 

hematological diseases, post-hematopoietic stem cell or solid organ transplants, as well as those with 

neutropenia. Mucormycosis is mostly related to the current COVID-19 epidemic and the overuse of steroids but 

can also be caused by haemato-oncological conditions and other health conditions, such as unbalanced diabetes 

or caustic injuries. It mostly impacts the nose and sinuses, affecting the eyes and other parts of the body. 

Immediate treatment of mucormycosis is required, consisting of reversal of underlying risk factors, prompt 

antifungal therapy (preferably as lipid formulations of amphotericin B or isavuconazole), and early surgical 

debridement. However, the stringent neutropenic and metabolic status of these patients prevents early diagnosis 

and withholds aggressive antifungal and surgical treatments. The ability of mucormycosis to invade blood 

vessels and cause angioinvasion, thrombosis, tissue infarction, and the formation of fungal emboli, increases 

mortality among patients. New surveillance strategies, novel preventive strategies, new applicative detection 

techniques, novel antifungal agents, or screening for effective agent repurposing are immediately needed to 

pave the way to enhance the survival of these high-risk patient populations from this deadly infection and reduce 

the global burden. The present review aimed to provide an exhaustive overview of mucormycosis, including 

basic information, etiology, epidemiology and incidence, pathogenesis, risk factors, clinical manifestations, 

diagnosis modalities, and treatment. 
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1. Introduction 

Mucormycosis is a rare but deadly fungal infection. It is caused by filamentous fungi belonging to the 

order Mucorales including Rhizopus, Mucor, Rhizomucor, Absidia, and other genera of 

Cunninghamella, among others [1]. Mucormycosis is not a recent illness; rather, it has long existed 

but was not well-known. Although it is an unusual angio-obtrusive illness, we cannot rationalize it as 

a recently formed [2], but one primary cause of the recent cases of mucormycosis is the COVID-19 

infection [3].  

Mucormycosis is a severe fungal infection caused by mucormycetes molds, that has five main 

clinical forms, which are gastrointestinal, rhinocerebral, pulmonary, cutaneous, and disseminated, and 

the rare form, miscellaneous form. Although mucormycosis is rare, it has become a concern to 

healthcare providers due to the increase in cases following COVID-19, substantially influencing the 
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number of cases and the severity of the disease. This has led to the "COVID-19 associated 

mucormycosis (CAM)" terminology. The association between anxiety, depression, and post-COVID-

19 mucormycosis has been studied, demonstrating that during the course of their illness, patients 

experienced significant psychological distress [4].  

CAM presents multiple challenges in treatment, including resistance to antifungals, delayed 

diagnosis, and the difficulty in simultaneous treatment of COVID-19 related co-morbidities. Early 

recognition and effective management of patients with CAM are essential. Generally, the first line of 

treatment includes Amphotericin B and surgical debridement. However, due to the limitations of these 

treatments, healthcare providers and researchers are exploring alternative treatments and adjunct 

therapy in an effort to improve treatment outcomes and patient prognosis [5]. The present review aimed 

to provide an exhaustive overview of mucormycosis, including basic information, etiology, 

epidemiology and incidence, pathogenesis, risk factors, clinical manifestations, diagnosis modalities, 

and treatment. 

2. Epidemiology and Incidence  

Despite major advancements in the treatment of immunocompromised hosts, the incidence of 

mucormycosis has increased over recent decades owing to the increasing number of organ transplant 

and cancer, diabetic patients, and other emerging risk factors, new diagnostic tools allowing early 

diagnosis, and the existence of a highly susceptible population [6]. In several large epidemiological 

studies reported between 1935 and 1964, widespread geographic variation in the incidence of 

mucormycosis was reported, with a high incidence in India and Austria, today, with the advent of 

modern diagnostic modalities and the ability to isolate and characterize the offending organisms 

beyond the genus level, more cases are being reported from all over the world [7].  

Studies conducted in Europe, India, and Brazil confirm the widespread geographic distribution of 

the disease, Mucormycosis, as a complication in patients with poorly controlled diabetes, has a 

particular predilection for the Indian subcontinent. The rhinocerebral form seems to be the most 

common variant of the disease in the Indian subcontinent, whereas in Western countries, pulmonary 

mucormycosis seems to be more common [8]. In Iraq-Basrah, there were 84.3% of affected patients 

were immuno-compromised, and the main single risk factor was diabetes mellitus with 44.4% of the 

study group [9], in addition to that the majority of mucormycosis infections were observed in patients 

with cancers [10].  

The incidence rate of mucormycosis among female patients undergoing gastric bypass surgery is 

significantly higher than that for females in the general population or for males undergoing gastric 

bypass surgery. The incidence of mucormycosis is higher among kidney transplant patients than for 

other solid organ transplants. In other transplant patients, central nervous system mucormycosis may 

present differently than in other patient populations [11]. The incidence of mucormycosis was low until 

the late 1990s. However, thereafter, the rates began to increase. In 2006, it had an incidence of 

approximately 1.7 per 1,000,000 patients per year. Additionally, The incidence of mucormycosis cases 

remained relatively stable from 2006 to the end of the study period in 2015 [12]. The 1-year relative 

survival of mucormycosis appears to have increased for all years after 2009, but the ranges have wide 

confidence intervals, which makes the analysis more uncertain [13]. The 5-year relative survival of 

mucormycosis has declined modestly for all years since 2004. The 1-year mortality rate of 
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mucormycosis is close to 70%. The 5-year mortality rate of mucormycosis has been upward of 80% 

for most years since 2005 [14]. 

3. Pathogenesis 

The mode through which a patient might contract the black fungus involves sporangiospores entering 

through ingestion, inhalation, or through cuts or injuries. In addition, they can enter the body through 

medical devices, a lack of proper ventilation, or the use of oxygen concentrators that are not 

overcrowded [15]. One of the main features of mucormycosis is tissue necrosis, which presents itself 

frequently and can often necessitate significant and repetitive debridement procedures. Dissemination 

occurs in roughly one-third of mucormycosis cases. The angioinvasive nature of the fungus may cause 

extensive local infections that cause damage to the respiratory, cerebral, and gastrointestinal vascular 

systems [16].  

The pathogenesis of mucormycosis is multifactorial and involves the filamentous growth of the 

fungus, iron uptake, and its ability to induce angioinvasion and tissue necrosis. Mucorales produce 

similar types of extracellular proteolytic enzymes. Some extracellular enzymes such as acid and 

alkaline proteinases, elastase, laminate, phospholipases, and phospholase B have been documented in 

different genera of Mucorales which could break down the structural components of human body 

tissues to facilitate tissue invasion by Mucorales. Take, for example, Rhizopus elastase (RE) could 

impair the phagocytic function of neutrophils and induce neutrophil apoptosis by degrading the elastin 

of the host tissue [17]. Protein kinase C (PKC) is a family of protein kinases that are activated by 

increased intracellular Ca2+ and diacylglycerol. PKC activates NADPH oxidase in phagocytic cells to 

generate reactive oxygen species (ROS) that kill phagocytosed organisms. RE may diminish the ability 

of neutrophils to kill Rhizopus/Mucorales spores by down-regulating the signaling channel of PKC, 

inhibiting the ROS burst, and enhancing the phagocytosis of spores. Mucorales can produce several 

metalloproteinases and their substrates are found to be on the surface of endothelial cells, suggesting 

that these enzymes may candidly digest the protein components on the endothelial surface [18]. 

Furthermore, the innate immune system cells, including monocytes, macrophages, neutrophils, 

natural killer cells, and platelets, play a critical role in dealing with fungal infections. Mucorales 

employ various strategies to evade innate immunity: iron assimilation (high affinity iron permeases), 

escape from macrophage killing with phospholipases, enhanced resistance to neutrophil-pseudohypha-

mediated destruction (as do C. albicans), and prevention of defensin- or calprotectins-mediated killing. 

Mucorales secrete proteases to destroy platelets, to efface immune surveillance, and to adhere 

endothelium (further use fibrin and other matrix elements to generate new hyphae) and then penetrate 

tissues [19]. At any of these steps, the innate immunity could block fungal growth and limit the 

infection. Only a few drugs are able to affect the metabolism of different fungal cells. Stimulation of 

protective pro-inflammatory Th17 response significantly improves the prognosis of mucormycosis. 

These results are reliable proof of the effectiveness of the immune response in host protection against 

Mucorales [20]. 

The etiology of mucormycosis is significantly influenced by iron metabolism [21]. Mucormycosis 

can perform a variety of enzymatic functions in addition to obtaining iron from the host for life and 

growth. When Rhizopus oryzae was used to assess iron sequester activity, it was shown that 

mucormycosis grew extremely slowly in serum without iron but quickly in a medium with iron [22]. 



Osol Journal of Medical Sciences (OJMS) ISSN:3005 - 9097 

DOI: 10.69946/ojms/2024.02.02.06, pp(47-55) 
 

50 
 

According to studies, some iron chelators function as siderophores by transferring iron to fungal cells 

to promote their growth, while others act as inhibitors of Rhizopus growth by capturing free iron. As a 

result, patients receiving iron treatments, such as deferoxamine for iron overload, are more likely to 

contract mucormycosis [23]. 

4. Risk Factors  

The development of mucormycosis has been associated with various risk factors, as shown in Fig. 1. 

The classical risk factors for mucormycosis include poorly controlled diabetes mellitus, iron overload, 

and profound and prolonged neutropenia. Reports over the last few decades suggest that other clinical 

risk factors are emerging, including the use of corticosteroids, previous voriconazole prophylactic 

therapy, and the presence of trauma [24]. 

 

Fig. 1. Risk factors involved in mucormycosis development 

Physical damage or trauma may involve patients with open wounds from traumatic injuries or 

burns, patients with soft-tissue wounds, patients with severe lacerations, particularly with the presence 

of metal or other foreign materials, and post-surgical intra-abdominal wounds. Other risk factors 

concern malnutrition, primarily among females related to gastric bypass surgery, and chronic liver or 

renal disease [25]. Patients with various types of iron overload have an increased risk for 

mucormycosis. In one study, one-third of patients had known iron overload at the time of their 

mucormycosis infection, which is usually related to deferoxamine treatment for thalassemia or 

myeloproliferative disease. Iron overload associated with transfusion of packed red blood cells and 

iron-chelation therapy for sickle cell anemia, aplastic anemia, myelodysplasia, or other conditions also 

may contribute to the susceptibility [26].  
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Diabetes mellitus is the most common risk factor for rhinomaxillary and rhinocerebral 

mucormycosis, but managing patients with uncontrolled diabetes is a significant challenge. Patients 

with hematologic malignancies and neutropenia have an increased risk for pulmonary mucormycosis, 

and those with burns or soft tissue injury are at risk for cutaneous mucormycosis [27,9]. Diabetic 

ketoacidosis, usually occurring in a patient who has not previously been known to have diabetes 

mellitus, forms a very recognizable subgroup. This may be associated with or complicated by 

pancreatitis. Severe neutropenia is found in many patients and usually represents the progression of 

the neutropenia induced by a cytotoxic regimen antecedent to a diagnosis of leukemia or a similar 

hematological condition [28]. Mucormycosis is more common in hematological malignancies and in 

recipients of bone and solid organ cell transplants than diabetic subjects [29]. 

Additionally, prolonged neutropenia, mitotic chemotherapy, graft-versus-host-disease, prolonged 

use of corticosteroids, along with broad-spectrum antimicrobial agents, such as limited brilliant 

complex of therapeutic dimethyl (DMP) to invasive treatment, and specific alpha-delta drugs 

(interaction facility cancimen therapy) or the delay in providing interferon-gamma-1b (IFN-gamma 1-

inn) therapy to pharmacological or therapeutic neupogen are the other most common underlying 

conditions [30]. 

5. Clinical Manifestations 

There are six different mucormycosis types based on the anatomical regions involved including "rhino-

orbito-cerebral, pure pulmonary, cutaneous and subcutaneous, disseminated, gastrointestinal 

involvement, and other rare forms, like liver, joint, endocardium, and cardiovascular mucormycosis" 

Table (1). 

Table 1: Types of Mucormycosis 

References 
Types of 

mucormycosis 
Atypical risk factors Percentage 

[31, 32] Rhino-orbital-cerebral 
Diabetes mellitus, Malignancy, and organ 

transplant 
25-39% 

[33,34] Pulmonary 
neutropenia, lung transplantation, and 

chemotherapy 
24-30% 

[35] Cutaneous/ soft tissue Trauma and burns 19-26% 

[36] Disseminated Iron overload 15-23% 

[37,38] Gastrointestinal 
uncontrolled diabetes, immunosuppression, 

premature birth, and malnutrition 
2-11% 

[39] 

Miscellaneous (bone or 

joints, heart, and 

peritoneum) 

immunosuppressed individuals, infected 

medical equipment (catheters, sticky tapes), 

and traumatic injections during surgery 

Rare 
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6. Diagnostic Modalities and Challenges 

The diagnostic techniques for mucormycosis include determining clinical features, early-stage "use of 

computed tomography (CT), magnetic resonance imaging modalities, expert evaluation of histological 

and cytological provision, best use of clinical microbiological technique, and molecular detection." 

When assessing a patient's risk of developing invasive mucormycosis, host factor identification is 

crucial. Direct investigation, calcofluor, "Periodic acid-Schiff (PAS)" stains, histological analysis, 

"Gomori methenamine silver stain", culture, molecular techniques, and fluorescence in situ 

hybridization are among the laboratory methods for identifying mucor [40]. 

Simple computed tomography of the thorax is utilized to diagnose pulmonary mucormycosis, while 

magnetic resonance imaging of the paranasal sinuses and a cerebral contrast study are the radiological 

tests employed for the diagnosis of rhino orbital-cerebral mucormycosis. A biopsy of the afflicted 

tissues is critical for the histopathological diagnosis of mucormycosis. To confirm the infection, tissue 

sections stained with Hematoxylin-eosin (HE), Grocott-Gomori methenamine-silver (GMS), Periodic 

acid-Schiff (PAS), or both may show tissue penetration of unseparated hyphae. Giemsa staining and 

fresh or calcofluor white may be used for microscopic investigation, which is crucial for the early 

identification of mucormycosis [41]. 

7. Treatment and Management 

Mucormycosis is treated by early detection, fast antifungal medication, surgical debridement, and the 

elimination of underlying predisposing risk factors [42]. Amphotericin B is considered the first-line 

therapy for mucormycosis, as it has broad-spectrum activity against various fungi, including 

Mucorales species. However, due to its nephrotoxicity and other side effects, lipid formulations of 

amphotericin B, such as liposomal amphotericin B, are often preferred for mucormycosis treatment . 

In cases of intolerance or resistance to amphotericin B, other antifungal agents such as posaconazole, 

isavuconazole, and echinocandins may be considered as alternative or adjunctive therapies [43]. For 

further therapy, recombinant cytokines, transfusions of granulocytes and prosthetic obturators, or the 

adjuvant use of hyperbaric oxygen are also utilized [44]. To prevent the infection from spreading 

further, the affected tissue must be surgically debrided right away. When necrotic tissue is present, 

aggressive surgical debridement is immediately carried out, resections of the face, partial 

pneumonectomy, colectomy, and other procedures are included, depending on the condition of the 

illness site, treatment with surgery is recommended for localized pulmonary lesions, cerebral 

disseminated, and rhino-orbital forms as well [42]. 

Regarding acute treatment, it has been established that all causative Mucorales species are resistant 

to some antifungal drugs, Therefore, treatment of mucormycosis relies on prompt and extensive 

surgical debridement of the infected tissue, effective control of hyperglycemia, and systemic antifungal 

therapy with liposomal amphotericin B given at 5 mg/kg/day three to four times per day. Note that 

despite the overwhelming evidence in support of liposomal amphotericin B, new drugs, such as 

isavuconazole, when given in licensed doses, and posaconazole, in the form of its delayed-release 

tablet, have also shown similar efficacy in large cohorts of patients with mucormycosis [45]. 
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8. Conclusion 

Mucormycosis is a rare but serious fungal infection that impacts the sinuses, lungs, and sometimes the 

brain. This infection can also affect the skin when fungus enters through a cut, burn, or other type of 

injury to the skin, mucormycosis spreads quickly and requires urgent treatment, often involving 

aggressive surgery to remove infected tissue. It can also affect several parts of the body, but the most 

commonly reported are the rhino cerebral, pulmonary, cutaneous, gastrointestinal, and disseminated 

types. The disease's clinical manifestations, outcomes, and risk factors allow for the classification of 

human mucormycosis into different hosts. Thus, early recognition and management lead to an 

improved prognosis for affected individuals. 
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