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Introduction: Since its inception in late 2019s, COVID-19 has devastated the human health 

worldwide while also heavily impacting the global economy. SARS-CoV-2 has affected over 

220 countries and territories, with approximately 6,013,000 deaths so far across the globe. In the 

‘second wave’ of SARS-CoV-2 and its variants-mediated COVID-19 that affects the global 

population , the deadly rise of myriads of manifestations and complications and, specifically, the 

rise of fatal fungal infection, the mucormycosi (also known as black fungus) s, had put the lives 

of COVID-19 patients further at high risk.  

COVID-19 and mucormycosis are causing comorbid conditions to worsen the extent of infection 

and mortality rates. Aggressive mucormycosis may infect nose, eyes and sometimes the brain. In 

severe cases, eyes have to be removed to save the life of patients.  

Etiologically, mucormycosis is a serious fungal infection caused caused by a number of mold 

fungi classified in the class of Zygomycetes and the order of Mucorales. These fungi are widely 

distributed in the environment, with particularly higher prevalence in moist soils, decaying plants 

and foods, bird and animal feces, water and air around construction sites. Mucorales are rare but 

opportunistic pathogens and primarily affect immunocompromised people. Their invasion in 

blood vessels leads to tissue necrosis.  

Despite official treatment protocols using evidence-based therapies, doctors in Iraq and many 

other countries have typically prescribed a cocktail of medications in high does including 

azithromycin, vitamin C, vitamin D, zinc, and sometime steroides, despite the lack of available 

evidence-based research for some of these medications. This trend of blanket treatment, coupled 

with the rising incidence of self-medication, due to the wide availability of these medications and 

poor regulation of prescription-based drugs, may be considered as risk factors for mucormycosis.     

Self-medication, drugs overuse, and dysbiosis of gut and nasal microbiomes affect the immune 

system. During COVID-19, many countries have reported remarkably high incidences of self-

medication and home remedies among infected as well as uninfected people, which may have 

had high probabilities of incorrect dosages.  

Zinc: During Covid-19, in an attempt to prevent/ameliorate viral infection, an increasing number 

of people have been taking Zn disproportionately through vitamins and other dietary 

supplements.  
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Among the different medications prescribed by healthcare professionals, great attention has been 

given to zinc as a contributory factor in the rise of mucormycosis cases. Zinc has typically been 

prescribed to patients in high doses. Although there is no evidence of a direct relationship 

between zinc and mucormycosis, zinc is important in the fungal metabolism, and zinc starvation 

places increased stress on fungal development by interfering with zinc-binding proteins that act 

as transcription factors. Furthermore, the efficacy of amphotericin B and posaconazole against 

mucormycosis may increase when paired with zinc chelators, thereby demonstrating the vital 

role of zinc in the growth and development of Mucorales.  

Vitamins: The excess of vitamin A is known to attenuate humoral immunity (by impairing the 

antibody response against Newcastle disease virus) and hamper vitamin D absorption. Excessive 

usage of typical vitamins is likely to cause toxicity and adversely affect the immune system and 

the utilization of other vitamins.  

Antibiotics: The inappropriate use of broad-spectrum antibiotics in patients with COVID-19 

may also increase Covid-19 associated mucormycosis risk. Both broad-spectrum antibiotics and 

antifungal prophylaxis interrupt the healthy sinonasal microbiome, possibly enabling 

opportunistic infections.  

Several experts have questioned the use of antibiotics, such as azithromycin, which is prescribed 

for the treatment of even mildly ill COVID-19 patients. Antibiotics offer little to no benefit and 

may even be counterproductive. Also, undue use of antibiotics may disturb the normal 

commensals that would otherwise protect from opportunistic infections such as mucormycosis. A 

randomized control trial by the RECOVERY collaborative group10 studied the use of 

azithromycin in COVID-19 patients across 176 hospitals in the United Kingdom and determined 

that azithromycin did not improve survival in COVID-19 patients. Antibiotics had been used by 

100% of the COVID-19 patients.   

Antifungals: The use of an antifungal agent, voriconazole, in Mucorales-related infections does 

not yield efficacy; instead, it can lead to breakthrough mucormycosis infection.   

Steroides: Abuse of steroids: WHO strongly recommends corticosteroids to be given orally or 

intravenously for the treatment of patients with severe and critical COVID-19 once daily for 7-10 

days and advised to not to be given for the patients with non-severe COVID-19. Steroids are an 

admirable treatment, if used judiciously and in the appropriate condition. Experts believe that the 

improper use of corticosteroids (i.e. dexamethasone, hydrocortisone or prednisone) in Covid-19 

patients is the primary reason for black fungus infection. The chronic usage or over dose of 

steroids will suppress the body’s immune response and make the patient more prone to other 

infections like mucormycosis or black fungus infection, and 71.4% of COVID-19 cases reported 

in a systematic review had received corticosteroids.  

Steroids function mainly through interaction with glucocorticoid receptors, or by causing defects 

in the function of macrophages and neutrophils, which down regulates the expression of 
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proinflammatory cytokines such as tumor necrosis factor (TNF)-α, IL-1β, IL-6, IL-8, and IL-12 

secreted by macrophages thereby leading to immunosupression.  

In addition, steroides induced hyperglycemia in patients with diabetes and lymphopenia, and T 

lymphocyte dysregulation (causing decreased T lymphocytes, CD4þ and CD8þ T cells), create a 

favorable environment for the growth of Mucormycetes. These factors are enhanced by the 

increased use of steroids in large doses, even across the mildest COVID-19 cases.  

Tocilizumab therapy : COVID-19 infection induces a dose-dependent production of IL-6 pro-

inflammatory cytokine from bronchial epithelial cells. To control the levels of IL-6 in these 

particular patients, tocilizumab, an FDA approved drug, has been prescribed along with 

dexamethasone. Tocilizumab is a recombinant humanized anti-IL-6 receptor monoclonal 

antibody. Chronic usage of this therapy to control inflammation triggered by severe acute 

respiratory syndrome-associated corona virus (SARS-CoV) weakens the patient’s immune 

response. In this way tocilizumab increases the risk of mucormycosis in postCOVID-19 patients.  

Steam inhalation and contaminated equipment: Steam inhalation is also suspected to be 

contributory agents to the rise in COVID-19–associated mucormycosis cases, due to poor quality 

of water and unsterilized equipment used in such procedures. Such procedures can facilitate the 

transport of fungal spores into the respiratory tract via inhalation, where the spores can develop. 

Furthermore, steam inhalation can also cause scald injuries to the respiratory tract, thereby 

reducing the efficacy of local immune responses, which in turn facilitates the development of 

foreign pathogens. In addition, repeated steaming, which may distress the nasal tract’s beneficial 

microbiome. Nasal microbial imbalance (dysbiosis) may suppress local immunity and thus may 

provide opportunity for fungal infection. [2] However, despite advisories against steam 

inhalation due to lack of evidence citing its benefits, it has been used widely as routine treatment 

of the upper respiratory tract infections.  

The unhygienic handling of oxygen or inferior tubing, contaminated masks, an impure water 

source used in humidifiers, and the use of the same oxygen mask for more than 2 patients for a 

longer period are also reported to be the causes of concern. However, the involvement of 

humidifier water as the source is debatable. It is noteworthy that the passage of oxygen makes 

humidifier water agitated, thus preventing Mucorales to produce spores. Since there is increased 

use of industrial oxygen during this crisis, appropriate handling is crucial for patient safety.   

Recommendations: COVID-19 treatment guidelines need to be updated, and uniform 

compliance of these guidelines needs to be ensured to prevent dire complications such as 

mucormycosis. This is especially important in such pandemic outbreak, where resources may be 

scarce at any time and life-saving medications for mucormycosis, such as amphotericin B, may 

be unavailable and the cost of such therapies is high.  
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