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ABSTRACT 

As a rare "opportunistic" fungal disease, the black fungus 

infection has had a significant impact on post-COVID-19 

recoveries and has placed an additional strain on our medical 

and healthcare management systems. Following the initial 

phase of COVID-19, the second wave affected many Indians 

with a mysterious fungal infection known as Mucormycosis. In 

this review, we examined the clinical pathogenesis, signs, 

symptoms, and treatment options for black fungus. The 

findings indicated that the use of immunosuppressants to treat 

COVID-19 also heightens the risk of infection with 

mucormycosis. Patients suffering from hyperglycemia, 

ketoacidosis, solid organ or bone marrow transplants, liver 

cirrhosis, and neutropenia are particularly vulnerable to  

Mucormycosis molds. Early diagnosis, elimination of predisposing factors, prompt antifungal 

treatment combined with surgical removal of all infected tissues, and adjunctive therapies are 

four critical components in the fight against Mucormycosis. Consequently, millions of lives 

have already been lost. Due to mutations, the virus is continuously altering its characteristics, 

including the transmission rate, virulence, pathogenesis, and clinical manifestations. A recent 

study found that some COVID-19 patients were also co-infected with a fungal disease known 

as mucormycosis (black fungus). India has officially classified the black fungus outbreak 

among COVID-19 patients as an epidemic, with only a few cases reported in other nations. 

The immune system is compromised by COVID-19 treatments, making it more susceptible to 

infections such as black fungus (mucormycosis). COVID-19, caused by the B.1.617 strain of 

the SARS-CoV-2 virus, has been prevalent in India since April 2021. Mucormycosis is a rare 

fungal infection triggered by exposure to a fungus known as mucormycete. 
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INTRODUCTION 

Mucormycosis is a fungal infection that arises from Mucorales. Among the three genera, 

namely Rhizopus, Rhizomucor, and Mucor, they account for 75% of mucormycosis cases 

(Kontoyiannis et al., 2010). This infection manifests in the upper airways as granulomatous 

invasion and may progressively extend into the sinuses and/or brain tissue. As a rare 

"opportunistic" fungal disease, the black fungus infection has significantly affected post-

COVID-19 recovery efforts and has placed an additional strain on our medical and healthcare 

management systems. Coupled with the uncertain treatment options available at the onset of 

the pandemic, the indiscriminate use of various medications, including steroids and 

antibiotics, has contributed to the rising incidence of complications associated with black 

fungus. However, the ongoing low oxygen levels in the blood, combined with elevated iron 

levels and the extended hospitalization of COVID-19 patients reliant on mechanical 

ventilation, are primary factors leading to the contraction of the black fungus infection. Black 

fungus refers to a group of molds commonly identified as mucormycosis, while the resulting 

infection is known as mucormycosis. Reports indicate that mucormycosis is more frequently 

observed in COVID-19 patients with pre-existing medical conditions such as hyperglycemia, 

particularly those receiving steroid treatments. Mucormycosis typically spreads via the 

respiratory tract, primarily damaging facial structures, resulting in discoloration or blackening 

of the nose, and may lead to blurred or double vision. Additionally, infected individuals often 

experience chest pain, difficulty breathing, and hemoptysis (coughing up blood). Although it 

is not contagious, the prognosis of the disease can be dire, as it may lead to gastrointestinal 

bleeding and severe respiratory distress. Furthermore, if the infection spreads systemically, 

there is a significantly increased risk of impacting vital organs such as the spleen and heart. 

Given the significant population density and the rapid spread of mucormycosis, we have 

endeavored to present an epidemiological overview of black fungus infections in India in the 

initial section of the review. In the subsequent section, we have concentrated on compiling a 

thorough fact check regarding the current circumstances from an immunological 

standpoint.
[1]

 

 

Mucormycosis and COVID-19 

Mucormycosis is a fungal infection that impacts the sinuses and lungs following the 
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inhalation of fungal spores present in the air. Historically, this infection has been infrequent, 

primarily affecting individuals with poorly managed diabetes. However, numerous hospitals 

throughout India have recently reported an increase in cases of COVID-19-associated 

mucormycosis (CAM). Due to the COVID-19 virus's ability to infiltrate the pancreas and 

elevate blood sugar levels, which promotes fungal proliferation, CAM has also been observed 

in individuals who were recently diagnosed with diabetes. The virus may penetrate and 

subsequently damage insulin-producing cells, as the pancreas, which is responsible for 

regulating blood sugar, contains a high concentration of angiotensin-converting enzyme 2 

(ACE2). The ACE2 protein is an enzyme that plays a role in blood pressure regulation and is 

believed to serve as the virus's “entry point” into the host. The journal Nature recounts, 

among other cases, the story of an 18-year-old student who was infected by his parents but 

remained asymptomatic until a few days later when he experienced severe fatigue and an 

intense thirst. The diagnosis revealed that he had developed Type 1 diabetes.
[2]

 

 

Mucormycosis is a rare, invasive fungal opportunistic infection that poses a significant risk to 

life. It arises from exposure to mucor mold, which is present in soil, air, and even within 

human nasal passages and mucus. As the infection advances through the respiratory system, 

it damages facial structures. Patients may succumb to the illness within days of its onset, and 

in some instances, medical professionals have been compelled to surgically remove eyes and 

upper jaws to halt the potentially fatal spread of the infection. Treating mucormycosis 

requires a coordinated effort among eye surgeons, ENT specialists, general surgeons, and 

neurosurgeons. Symptoms of rhinocerebral mucormycosis (affecting the sinuses and brain) 

include unilateral facial swelling, lesions, nasal or sinus congestion, and fever.
[3]

 

 

 

Fig. 1: Mucormycosis. 
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Types of Mucormycosis 

1. Rhinocerebral (sinus and brain) mucormycosis 

2. Pulmonary (lung) mucormycosis 

3. Cutaneous (skin) mucormycosis 

4. Gastrointestinal mucormycosis 

5. Disseminated mucormycosis. 

 

 Rhinocerebral (sinus and brain) mucormycosis 

Rhinocerebral mucormycosis, which is also referred to as zygomycosis, is an infection that 

impacts the nose and paranasal sinuses, and it has the potential to extend to the brain.
[4]

 This 

type of mucormycosis is prevalent among individuals with uncontrolled diabetes and those 

who have received a kidney transplant. Initially, the infection begins in the nasal cavity and 

subsequently spreads to the adjacent paranasal sinuses. Following this, implantation occurs in 

that region, leading to a more rapid growth rate within the sinuses and nasal cavity. The damp 

and humid conditions present in the nasal cavity and paranasal sinuses are conducive to the 

proliferation and invasion of fungi. Angioinvasion represents another pathway through which 

the infection can access the brain. In such instances, the progression is exceedingly swift and 

exhibits a distinct model of pathogenesis. Symptoms of rhino cerebral mucormycosis include 

the presence of black lesions on the upper interior of the buccal cavity, accompanied by mild 

to severe fever. More severe outcomes, such as brain infarction, hematoma, and orbital apex 

syndrome, are not uncommon.
[5]

 Given that vascular invasion is a significant feature of this 

type of infection, the development of intravascular thrombi frequently results in brain 

infarction and ischemia.
[6]

 

 

Pulmonary (lung) mucormycosis 

Pulmonary mucormycosis primarily affects the lungs of individuals suffering from black 

fungus. This form of mucormycosis is the most prevalent among those who have undergone 

stem cell or organ transplants, including cancer patients.
[7]

 The condition may arise from the 

inhalation of spores or through lymphatic and hematogenous dissemination. Mucorales 

typically enter the body via the respiratory tract, where the fungi can easily invade veins, 

arteries, and lymphatics, leading to infarction and thrombosis, which can be life-

threatening.
[8]

 Individuals with hematological malignancies, diabetes mellitus, or those who 

have received organ transplants and hematopoietic stem cell transplants are particularly 

susceptible to invasive mucormycosis. Additionally, patients undergoing corticosteroid-based 
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therapy, chelation therapy, and those who are neonatally premature may also be at risk for 

infection. Furthermore, in low-income countries such as India, malnutrition poses a 

significant challenge that can contribute to the development of mucormycosis infection.
[9]

 

 

 

Fig. 2: Pulmonary mucormycosis. 

 

 Gastrointestinal mucormycosis 

Gastrointestinal mucormycosis primarily impacts the stomach and intestines, with a notably 

high incidence among newborns, particularly those who are premature and under 1 month 

old.
[10]

 There has been a documented prevalence of gastrointestinal mucormycosis in 

developed countries. Nevertheless, in recent years, the global incidence of gastric and 

gastrointestinal mucormycosis has risen.
[11]

 Additionally, other uncommon instances of 

gastrointestinal mucormycosis have been observed in immunocompromised individuals, 

including those with AIDS, systemic lupus erythematosus, and those who have received 

organ transplants.
[12]

 

 

Some patients exhibiting hepatic mucormycosis indicate a potential link to the consumption 

of herbal medications.
[13]

 A study conducted by Morton and colleagues revealed a significant 

rise in this infection during the 21st century.
[14]

 Recently, an outbreak of gastric 

mucormycosis was reported, attributed to the contamination of wooden applicators used for 

mixing medications for patients with nasogastric feeding tubes.
[15] 

These patients experienced 

severe gastric hemorrhages. 
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Fig. 3: Gastrointestinal mucormycosis. 

 

 Cutaneous (skin) mucormycosis 

This particular infection predominantly impacts the skin, particularly in instances of skin 

injury or surgical procedures. It is recognized as one of the most prevalent forms of 

mucormycosis, occurring even among individuals with a history of immunocompromising 

conditions.
[16]

 

 

Cutaneous mucormycosis is relatively a newly emerging fungal infection caused by fungi 

from the phylum Glomeromycota. The clinical manifestations are generally nonspecific; 

however, a rapidly progressing necrosis suggests the presence of this infection. In relation to 

cutaneous mucormycosis, the strains that are most commonly isolated include Rhizopus 

oryzae, Apophysomyces elegans, and Lichtheimia corymbifera.
[17]

 Other identified isolates 

responsible for this condition include Saksenaea vasiformis, Mucor sp, Cunninghamella 

bertholletiae, Rhizopus microspores, and Rhizomucor spp.
[18]

 There are reports indicating 

that this type of fungus is linked to nitroglycerine patches and vascular devices.
[19]

 

 

Symptoms of Mucormycosis 

The condition is characterized by black fungus, accompanied by nasal congestion and 

nosebleeds, eye inflammation, and drooping eyelids, all of which can ultimately result in 

vision loss. In such cases, it may be necessary to remove the eye to avert the infection from 

advancing to the brain. Furthermore, in certain instances, the jaw may also need to be excised 

to hinder the spread of the infection, alongside symptoms such as elevated temperature, facial 

swelling, skin ulcers, darkening around the mouth, chest pain, difficulty in breathing, double 

vision, and expectoration of blood, as illustrated in Figure 2.
[20]
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Symptoms can differ based on the organ that is impacted. 

 

In instances of Rhinocerebral mucormycosis, one may experience swelling on one side of the 

face, head pain, nasal or sinus congestion, and darkening of the nose's tip.
[21]

 In cases of 

gastrointestinal mucormycosis, symptoms manifest as abdominal pain, nausea, and vomiting, 

along with gastrointestinal bleeding.
[22]

 In cutaneous mucormycosis, the infection manifests 

as blisters and ulcers that rapidly enlarge and become red, often accompanied by a high fever. 

Their color may alter, signifying decay due to insufficient blood circulation, which 

necessitates their excision to prevent damage to surrounding organs.
[23]

 

 

 

Fig. 4: Black fungus symptoms. 

 

The Mechanism of Mucormycosis 

Steel is a crucial element for cellular growth and innovation, as it plays a role in various 

essential processes within the battery. Recent evidence has demonstrated that the level of 

available, unrestricted steel in plasma is recognized as a vital component in the development 

of specific predisposing factors that lead individuals to ketoacidosis. Metal is associated with 

complete blood, which includes peptides found in mammalian serum, such as serum ferritin, 

body iron, and lactoferrin, which also facilitate the transfer of steel throughout the body.
[24]

 

 

The absorption characteristics of metals inhibit similar negative effects as unrestricted metals. 

This occurs after certain events. It has been shown that the development of specific 

geobacillus isolates is reduced in normal blood unless metals are introd Limiting metal 

availability in circulating blood serves as a protective measure for the host group, particularly 

against normal pathogenic organisms and their activities. This is due to the fact that 

individuals with certain functions are now more susceptible to processes in which traditional 

healthy individuals are involved. The diagnostic findings indicate that a specific iron 

absorption plays a role in the pathobiology of diseases, lending more credence to this theory. 
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The injection of plasma containing extracellular metals has been permitted. Oryzae has 

successfully thrived in significantly acidified conditions, but not under potassium hydroxide 

conditions in an acidic environment. This same iron-binding potential has diminished, 

suggesting that an acidic environment reduces transferrin's ability to bind metals while also 

affecting its capacity to convert ferrous ions from transferrin through proton-mediated 

transfer. Researchers studying living organisms have indicated that treating rats with metal 

chelating agents such as deferiprone and deferasirox, which are not utilized by various 

xenosiderophores, has provided protection to individuals previously exposed to infectious 

diseases. Conversely, not all activities encompass the complete system, which has proven to 

be extremely vulnerable in order to render metals functionally equivalent
[25]

 diseases. 

 

 

Fig. 5: Transmission of mucormycosis. 

 

 

Fig. 6: Mechanism of Mucormycosis. 
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Clinical pathogenesis 

Mucormycetes spores can indeed penetrate the body of a susceptible individual through the 

nose, mouth, tongue, or damaged skin, resulting in rhino-orbito-cerebral, digestive, and 

cutaneous wound infections. Furthermore, mucormycosis can lead to the formation of 

capillary blood clots, which may result in tissue necrosis. The analysis of horn brain 

mucormycosis remains the most prevalent among all cases of mucormycosis. This condition 

is particularly common in patients suffering from uncontrolled diabetes and blood cancer. 

Occasionally, the progression of rhino-cerebral mucormycosis can affect the nervous system, 

potentially leading to death. The respiratory system and nasal passages are also common sites 

of infection. The fatality rate associated with lung infections exceeds 60%. Depending on the 

severity of hyperinflammation and virological factors, clinicians often resort to the use of 

immunosuppressants and steroids as a potentially life-saving intervention for critically ill 

patient populations. Steroids help alleviate inflammation in the respiratory system, and these 

performance-enhancing drugs also diminish the innate immune response, which results in 

increased blood serum glucose levels in both diabetic and non-diabetic individuals. 

According to medical professionals, immunosuppressed patients are generally more 

susceptible to mucormycosis and black fungus.
[26]

 This was identified as a specific muscle 

and adipose connective tissue that discharges plates, which were inoculated to modulate 

glucose metabolism. Additionally, there is an extreme discharge of inflammation cytokines 

that leads to hyperinflammation. Adipocytes in connective tissue, particularly in overweight 

individuals, stimulate mitochondrial production and reactive oxygen species (ROS). In terms 

of glycaemic control, higher levels of ROS can actually increase the quantity of beneficial 

proteins and initiate protein kinase activity. Consequently, COVID-19 patients who are 

overweight are more vulnerable to attacks by mucormycosis. Individuals with severe inner 

ear conditions and those undergoing transplantation, as well as those with cirrhosis or 

neutropenia, are at a greater risk of being affected by mucormycosis. Although these patients 

exhibit a lower variety of myocytes and white blood cells capable of inhibiting mucormycetes 

mold, it is noteworthy that COVID-19 patients with a reduced number of monocytes and 

neutrophils have a higher likelihood of contamination with mucormycosis. As previously 

discussed, the risk of developing mucormycosis is primarily associated with individuals 

suffering from diabetes, ketoacidosis, decreased immunity, and those receiving 

immunosuppressants or corticosteroids, even in the context of COVID-19. The research 

aimed at developing an immunization against mucormycosis microbes is largely linked to 

groundwater pollution affecting soil and water. If COVID-19 is indeed a potential source, it 
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may be transmitted through liquids such as humidifiers used during supplemental oxygen 

therapy, especially when patients are breathing in that environment. This infectious disease 

can be extremely dangerous, with a mortality rate ranging from 38% to 80%.
[27]

 

 

Diagnosis 

The diagnosis of mucormycosis presents a significant challenge; however, it can be achieved 

through the identification of distinctive symptoms, a comprehensive patient history, an 

extensive clinical assessment, and specialized testing. A dedicated physician is capable of 

making this diagnosis. It is important to note that mucormycosis does not yield results in any 

antigen detection tests, as the galactomannan antigen test is specifically designed for the 

detection of aspergillosis.
[28]

 

 

 

Fig. 7: In severe Covid-19 situation patient could develop dysfunction of immune system 

with decrease in lymphocyte counts and exponentially rise in inflammatory. 

 

 

Fig. 8: The entry of SARS-CoV-2 is possible via spike protein available on the envelope which 

binds with angiotensin converting enzyme 2 (ACE 2), which are. 
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Direct microscopy (wet mounts method) of infected tissue using fluorescent brighteners such 

as Blankophor and Calcofluor white combined with potassium hydroxide is also employed 

for the swift diagnosis and visualization of characteristic fungal hyphae. Culturing the 

specimen is another crucial method, as mucorales can grow rapidly at temperatures ranging 

from 24 to 37◦C within a period of 24 to 48 hours. The tissue culture method facilitates 

identification down to the genus and species level.
[29]

 

 

Treatment 

Table 1: First-line anti fungal agents for mucormycosis. 

Drug Recommend doses Advantage and supporting studies Disadvantage 

AMB 1.0-1.5 mg/kg/ day 

>5 decades clinical ex-perience, only 

licensed agent for treatment of 

mucormycosis 

Highly toxic, poor 

CNS 

penetration 

LAMB 5-10 mg/kg/day 
Improved CNS pen- etration compared 

to AMB 
Expensive 

ABLC 5-7.5 mg/kg/ day 

Less nephrotoxic than AMB; murine 

and retrospective clinical data suggest 

benefit of combination therapy with 

echinocandins 

More neph- 

rotoxic than 

LAMB 

 

The effective management of mucormycosis necessitates early detection, addressing risk 

factors and underlying health conditions, surgical debridement, and the swift administration 

of intravenous antifungals, primarily. 

 

Amphotericin B: first line drug. 

This process involves the immediate management of hyperglycemia, acidosis, and the 

discontinuation of immunosuppressive medications whenever feasible. Amphotericin B is 

regarded as the primary treatment for mucormycosis. The lipid formulation of amphotericin 

B is given in high doses intravenously once daily as the initial treatment. The starting dose is 

typically 5 mg/kg IV daily, with a maximum allowable dose of 10 mg/kg IV. The length of 

treatment is contingent upon the clinical status of the patient. Surgical debridement of the 

infected tissue must be conducted urgently to prevent further infection spread. Immediate 

aggressive surgical debridement of necrotic tissue is essential. This may require radical facial 

resections, partial pneumonectomy, colectomy, etc., depending on the location of the disease. 

Similar to necrotizing fasciitis, this situation demands very aggressive surgical intervention 

and often results in significant morbidity. Unless the immune status is restored, the prognosis 

remains unfortunately poor, even with the most intensive therapies and drastic surgical 

measures. 
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Posaconazole or Isavuconazole: Second line drug. has shown some promise as a second-

line treatment for mucormycosis. For salvage therapy, posaconazole 200 mg IV four times 

daily is advised. The guidelines do not endorse the combination of amphotericin and 

posaconazole. Additional adjunctive treatments include hyperbaric oxygen therapy. The 

elevated oxygen pressure enhances the capacity of neutrophils to eliminate the organism and 

promotes wound healing.
[30][31]

 

 

 

Fig. 9: Treatment of black fungus. 

 

 

Fig. 10: Before and after of black fungus. 

 

PATHOPHYSIOLOGY 

Mucormycosis commonly referred to as "black fungus," is a potentially fatal condition that 

can lead to visual disturbances, heart failure, and respiratory complications. The emergence 
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of new health risks and causative organisms, along with the challenges in managing the 

disease, pose significant concerns regarding mucormycosis nationwide. It is particularly 

prevalent among individuals suffering from COVID-19. Mucormycosis is a specific fungal 

infection that primarily affects immunocompromised patient populations, primarily caused by 

mold species such as Mucor, Rhizopus, and Rhizomucor, which belong to the Zygomycetes 

class and the Mucorales order. The most common health risk associated with this condition is 

diabetes mellitus, followed by hematological malignancies and solid organ transplants. A 

thorough understanding of underlying genetic factors, surgical excision of necrotic tissue, and 

effective antimicrobial therapy are essential for the diagnosis of mucormycosis. This 

evaluation discusses epidemiological studies, pathogenicity, symptoms of black fungus, its 

association with COVID- 19, as well as diagnosis and treatment strategies.
[32]

 Mucormycosis 

is recognized as one of the most effectively functioning yet also severe forms of fungal 

infectious disease. It typically initiates within the oral cavity and nasal sinus passages 

following the inhalation of pathogenic organisms. This condition is attributed to life forms 

classified under the mucormycotina, including various taxonomic classifications such as 

pleurotus and rhizomucor. The reported prevalence of mucormycosis is approximately 1.7 

cases per 1,000,000 individuals annually. 

 

Mucormycosis affecting the zygomatic arch is considered rare due to the abundant blood 

supply in maxillofacial regions; however, more virulent fungi, such as pleurotus, may 

overcome this challenge. The common manifestation of this infectious disease can be 

observed in the rhinomaxillary region, particularly in immunosuppressed patients, including 

those with diabetes mellitus. Therefore, early detection of this potentially life-threatening 

condition and prompt diagnosis is crucial for reducing the mortality rate associated with it.
[33]
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