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Abstract

Opportunistic infections, such as mucormycosis, in coronavirus disease 2019 (COVID-19) patients has become a new health chal-
lenge. Since opportunistic infections can exacerbate COVID-19 patients’ status, it is vital to identify the risk factors to prevent, di-
agnose, and treat them as soon as possible. Viral, fungal, environmental, and host factors may be responsible for this situation.
Long hospital stays, impaired host immune system function due to viral infection, and excessive consumption of glucocorticoids in
managing COVID-19 patients are the main risk factors for the increased risk of mucormycosis in COVID-19 patients. Educating health
care workers and considering the association between mucormycosis of the paranasal sinuses and different strains of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) as the cause of COVID-19 can help prevent invasive fungal sinusitis in COVID-19
patients.
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1. Context

Coronavirus disease 2019 (COVID-19) pandemic caused
by a novel coronavirus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), emerged in late 2019 in Wuhan,
China, and soon spread throughout the world (1). As differ-
ent factors like age, gender, co-morbidities, education sta-
tus, and viral load play a role in COVID-19 severity, SARS-CoV-
2-infected patients reveal a wide range of clinical features
from asymptomatic infection or mild upper respiratory
tract symptoms to multiple organ failure (MOF) and even
death (2). In COVID-19 patients, especially those who are
critically ill, bacterial or fungal opportunistic co-infections
with worse outcomes and higher mortality rates have been
reported and evolved into a new concern (3).

Mucormycosis is an invasive fungal infection com-
monly caused by Rhizopus and Rhizomucor genus belong-
ing to the Mucorales order. Immunocompromised people
have higher risks of contracting Mucorales infection, and in
several reports (4, 5), these infections have been diagnosed
concurrently with COVID-19 infection (6-8). During the last
two to three months, several reports have shown concur-
rent mucormycosis (Black fungus’ disease) with COVID-19
(9), and recently it has been reported in Iran among COVID-
19 patients (10, 11).

The occurrence of this mycose in COVID-19 patients in
Iran and its widespread coverage in the social media have
caused social concerns (12, 13). The inhalation of spores
or inoculation of wounds may result in Mucorales infec-
tion (14, 15). Because of vascular invasion and tissue infarc-
tion, this aggressive infection leads to death in 50% of in-
fected people and leaves survivors with severe long-term
consequences such as ocular traumas (14). Severe and irre-
versible consequences of opportunistic infections and the
frequent reports of mucormycosis in COVID-19 emphasize
the need for identifying the risk factors for mucormycosis
in COVID-19 patients and determining its prevention, diag-
nosis, and therapeutic strategies. Thus, in this study, we
reviewed the host, environmental, and microbial risk fac-
tors to make preventative decisions about opportunistic
co-infections in COVID-19 patients and reduce their compli-
cations.

2. Evidence Acquisition

2.1. SARS-CoV-2 Transmission
SARS-CoV-2 is a highly transmissible zoonotic novel

coronavirus with the reproduction rate of 3.28 (16). Hu-
mans were initially exposed to SARS-CoV-2 at Wuhan’s Hua-
nan seafood market, and while the intermediate host of
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SARS-CoV-2 is unknown, bats are considered as the natu-
ral reservoirs of SARS-CoV-2 due to the high sequence ho-
mology of their coronavirus strains with SARS-CoV-2 (17).
As a result of the rapid spread of SARS-CoV-2 to over a hun-
dred nations around the world, on March 11, 2020, COVID-
19 was declared a pandemic by the World Health Organiza-
tion (18).

SARS-CoV-2 may transmit among humans and even
from humans to animals in different ways. Notably, close
contact with respiratory droplets and airborne transmis-
sion routes are the major ones (2, 19). As these trans-
mission routes accelerate transmission from a small num-
ber of infected cases to many other people in indoor
crowded spaces with poor ventilation, keeping social dis-
tancing and following health protocols are recommended
(20). Other forms of transmission like fomite transmis-
sion and fecal-oral ways have been also reported in sev-
eral studies, which emphasizes the importance of adher-
ing to health rules (21, 22). Although 80% of COVID-19 pa-
tients are asymptomatic or only have mild upper respira-
tory symptoms, in 20% of cases pneumonia is followed by
fever, cough, shortness of breath, nausea, acute respira-
tory distress syndrome (ARDS), and MOF (23). The rising
incidence of fatal coinfections like mucormycosis in pa-
tients with COVID-19 is now becoming another challenge
for health systems (3).

2.2. Mucormycosis and Its Clinical Features

Human zygomycosis is caused by two Zygomycetes or-
ders, namely Mucorales and Entomophthorales. Mucorales
are divided into six families, each of which can cause cu-
taneous or deep infections known as mucormycosis in hu-
mans, particularly those who are immunocompromised
(24). Oral, nasal, and cutaneous routes are the possi-
ble forms of mucormycosis transmission and as it can-
not spread between people or between people and ani-
mals it is not contagious (25). Inhaling fungal spores that
are commonly found in soil, plants, and decaying fruits in
the environment causes individuals to contract lung/sinus
mucormycosis. A skin infection also can arise after the
fungus entry to the skin through a burn blister or other
types of skin injury (14, 15, 26). As the fungus can spread
through the bloodstream and invade other tissues, mu-
cormycosis is majorly characterized by vascular invasion
and is categorized into the six groups of rhinocerebral, pul-
monary, cutaneous, gastrointestinal, disseminated, and
rare presentations as a result of thrombosis and tissue in-
farction/necrosis of particular anatomic sites (27).

The most common form of mucormycosis is rhinocere-
bral involvement, which affects the sinuses, nose, eyes, and
brain (28). The symptoms could vary based on the infected
site, but facial pain, headache, jaw pain, blurring of vision,

double vision, cough, dyspnea, fever, and blackened skin
lesions on the nasal bridge or upper inside of the mouth
are the common signs and symptoms of mucormycosis,
but a conclusive diagnosis requires histology examination
and microbiological investigations (29). The major ther-
apeutic techniques for slowing fungal invasion are anti-
fungal medicines and rigorous surgical debridement of
the infected region (30). Despite the use of various thera-
peutic approaches, the death rate for mucormycosis varies
depending on the patient’s underlying illnesses, stage of
infection, fungus species, and affected anatomical loca-
tion, but the overall mortality rate is reported to be 50%
(31). Because of the high mortality rate, long-term con-
sequences of aggressive therapeutic surgeries, and rising
prevalence of mucormycosis in COVID-19 patients, identify-
ing mucormycosis risk factors can help in developing pre-
ventative, diagnostic, and therapeutic strategies for this
time-sensitive opportunistic infection.

2.3. Host Risk Factors

The following are the key host risk factors that increase
mucormycosis susceptibility in COVID-19 patients.

2.3.1. Corticosteroid Usage

Glucocorticoids are often used to manage inflamma-
tory and autoimmune diseases. They have been also
demonstrated to enhance the survival rate in hypoxemic
COVID-19 patients in the absence of specific and effec-
tive anti-COVID-19 medications. Due to the beneficial sur-
vival effects, inexpensiveness, and wide accessibility of
glucocorticoids, they have been used with other inter-
ventions such as remdesivir, tocilizumab, and mechani-
cal ventilatory support for managing COVID-19 patients
(32). However, glucocorticoids suppress both the innate
and adaptive immune systems and increase the risk of
infections, especially opportunistic ones, by suppressing
pro-inflammatory mediators, impairing immune cell mi-
gration and phagocytic utility, and up-regulating anti-
inflammatory factors (33). They also induce hyperglycemia
by prompting insulin resistance that facilitates the ger-
mination of Mucorales spores and worsens the infection.
Overall, 76.3% of COVID-19 individuals diagnosed with mu-
cormycosis had a history of corticosteroid usage (34). Thus,
there is a need to limit the excessive administration and us-
age of glucocorticoids in COVID-19 patients.

2.3.2. Immunocompromising States

Owing to strong immune system functionality, healthy
individuals appear to have a low chance of improving mu-
cormycosis. Phagocytes of the innate immunity are the
first line of defense when the spores enter the body and
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then the adaptive immune system limits this invasive fun-
gal infection (35). As in COVID-19 patients, there is a re-
duction in the cluster of differentiation (CD)4-positive and
CD8-positive T cell levels and impaired innate immune
responses, secondary opportunistic fungal infections are
common to be diagnosed (34). Pre-existing hereditary
or acquired immunodeficiencies in COVID-19 patients can
also elevate the risk of mucormycosis in them (36).

2.3.3. Diabetes

Diabetes mellitus is a group of metabolic syndromes
marked by persistent hyperglycemia caused by impaired
insulin production, activity, or both (37, 38). Apart from the
conventional consequences of diabetes like neuropathy or
nephropathy, its effects on T cell response, inflammatory
cytokines, neutrophil function, and humoral immune ac-
tivity are associated with immunosuppression (39). Dia-
betes is one of the risk factors for COVID-19 severity, which
prolongs the hospitalization and recovery period and in-
creases the probability of immunosuppressive medication
for patients with moderate to severe forms of COVID-19
(40, 41). Due to these reasons, secondary infections have a
significantly higher probability of developing in diabetic
COVID-19 patients with or without diabetic ketoacidosis.
Mucormycosis is observed to be more common in people
with uncontrolled diabetes and hyperglycemic conditions
(38). In a study reported by Corzo-Leon et al. in 2017, 68% of
patients with mucormycosis were diabetic (42).

2.3.4. Malignancy

Cancer is a genetic disorder that is eventually the out-
come of environmental circumstances. Mutations in DNA,
especially in proto-oncogenes or tumor suppressor genes’
regions, can lead to uncontrolled proliferation of cells (43).
Cancer cells can modulate the immunological responses
through several strategies, like spreading into the bone
marrow and impairing white blood cell proliferation. Even
cancer therapies, such as chemotherapy, radiotherapy, and
high-dose corticosteroids, can potentially eliminate the
immune response (44). Because neutrophils are vital in the
host defense against Mucorales, cancer or chemotherapy-
induced neutropenic patients are more likely to develop
mucormycosis (45). Furthermore, since the onset of severe
forms of COVID-19, which are linked to long-term hospital
stays and immuno-suppressive treatments, is more com-
mon in cancer patients, focused susceptibility to clinical
status is essential (2, 46).

2.3.5. Malnutrition

Malnutrition is defined as an imbalance between the
required and received nutrients. It can be classified as
protein-energy malnutrition or micronutrient deficiency

that increases susceptibility to a variety of infections and
typically delays recovery (47). It has been reported that vita-
min B12, folic acid deficiency (micronutrient deficiency), or
severe protein-calorie malnutrition (protein-energy mal-
nutrition) can negatively impact immune responses and
can be associated with neutropenia (48). According to
the study, mucormycosis, particularly the gastrointestinal
variant, has been linked to severe malnutrition (49).

2.3.6. High Body Mass Index

Body mass index (BMI) is the most widely used metric
for determining anthropometric height/weight features
in humans. It is calculated by dividing weight in kilo-
grams by height in meters squared. By BMI index peo-
ple are divided into underweight (BMI under18.5 kg/m2),
normal weight (BMI 18.5 to 25), overweight (BMI 25 to 30),
and obese (BMI over 30) (50). Obesity is a low-grade in-
flammatory disease that has been associated with poor
immunological function and reduction in lung capacity.
Thus, obese patients are at an increased risk of aggravat-
ing bacterial, viral, and fungal respiratory infections due to
the chronic systematic inflammation and the higher risk
of immune exhaustion (51). Also, obesity is a key risk fac-
tor for comorbidities linked to COVID-19 severity, such as
diabetes, hypertension, and cardiovascular diseases (52).
According to research, compared with non-obese COVID-19
patients, obese ones were at 2.26-fold risk of developing se-
vere forms of infection (P = 0.006) and 1.51-fold risk of in-
creased mortality (P = 0.006) (53).

2.3.7. Other Host Factors

Renal diseases, older age, and secondary infections are
other risk factors for mucormycosis because of impaired
immune system function. There have been reports of fa-
tal occurrences of systemic mucormycosis associated with
acute or chronic renal failures (54) (Figure 1).

2.4. Environmental Risk Factors

2.4.1. Crowding

Although mucormycosis is not contagious as crowd-
ing is a major route of transmission of respiratory infec-
tions and COVID-19, it can indirectly increase the risk of
mucormycosis by increasing the proportion of infected
people and individuals with severe respiratory infections
and decreased lung capacity (2).

2.4.2. Weather

Climatic conditions play an important role in increas-
ing the risk of various pathogenic infections. In mucormy-
cosis, the relationship between temperature and humidity
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Figure 1. Risk factors for mucormycosis in COVID-19 patients

has been investigated, and it has been found more com-
mon in summer and fall than in winter or spring. Accord-
ing to studies, the most prevalent season for the incidence
of mucormycosis was winter. This discrepancy can be at-
tributed to the fact that winter in their studied regions was
like autumn in Middle Eastern nations (55).

2.4.3. Lack of Information of Health Workers

Proper and sufficient training is a critical aspect in pre-
vention and timely diagnosis and treatment of mucormy-
cosis. Poor education about caring for people with skin
wounds, such as burns and skin lesions, as well as poor
information about the potency of dust, soil, and even wa-
ter for infecting people with Mucorales can lead to uncon-
scious transmission and worsening disease status (2).

2.4.4. Shortage of Anti-fungal Drugs

Amphotericin B is an antifungal medication that is
used to treat serious, life-threatening mucormycosis. The
shortage of antifungal drugs in India has led to an exacer-
bation of mucormycosis progression in COVID-19 patients.
Also, a shortage of anti-fungal medications can lead to in-
creased commuting that is one of the risk factors of COVID-
19 and secondary infections (56-58).

2.4.5. Lack of Oxygen Supply

Countries are struggling to provide medical oxygen
due to the increased transmissibility of novel SARS-CoV-
2 variants, the increased number of newly infected pa-
tients, and the requirement for oxygenation and ventila-
tion for managing hypoxic COVID-19 patients. Hypoxia in
COVID-19 patients can worsen their condition and cause
immune system impairment. Hypoxia, hyperglycemia,
and immunosuppression give mucormycosis the chance
to thrive, and in vitro analyses have shown the suppression
of fungal growth in hyperbaric oxygen conditions (59).
One of the key points about hyperbaric oxygen therapy is
humidification because hyperbaric oxygenation without
humidification can cause damage to the inner lining of the
lungs. This humidification should be done with frequently
changing sterilized water because non-sterilized water is
potentially a source of mucormycosis (60).

2.4.6. Other Environmental Factors

As shown in Figure 1, poor ventilation, poverty, and low
hygiene practice, especially in hospitals, can lead to an in-
creased risk of developing mucormycosis and COVID-19.
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2.5. Microbial Risk Factors

Microbial factors associated with developing mu-
cormycosis in COVID-19 patients can be divided into viral
and fungal factors.

2.5.1. Viral Factors

There is some evidence for the association between
SARS-CoV-2 strains and mucormycosis development (61,
62). COVID-19 prevalence and severity are linked to param-
eters such as transmissibility, viral load, and the develop-
ment of novel strains of SARS-CoV-2, such as delta and delta
plus, particularly from India (2, 63). Also, it has been re-
ported that the use of steroids, such as prednisolone and
antibiotics, and some traditional medicines could play a
role in increased opportunistic mycoses during the COVID-
19 epidemic (61). Besides the above factors, complex im-
mune dysregulation in COVID-19 patients with severe res-
piratory failure would create a suitable condition for in-
vasive mycoses, like mucormycosis and aspergillosis (64).
These factors can eventually be associated with impaired
immune system function, long-term hospitalization, and
raised risk of secondary infections, such as mucormycosis
(2).

2.5.2. Fungal Factors

Mucorales have various characteristics that allow them
to avoid recognition by the host immune system. Differ-
ent species of opportunistic fungi like the Mucorales, As-
pergillus (Mucor, Rhizomucor, Rhizopus, Saksenaea, Cunning-
hamella, Apophysomyces, Absidia, Aspergillus fumigates, A.
flavous, and A. tereus) are microflora of the atmosphere
(65); therefore, at-risk individuals such as COVID-19 pa-
tients could be contaminated with these species during in-
halation of etiologic agents of invasive mycoses, including
spores of Aspergillus and Mucorales (66). The rapid growth
of all these species in human tissues and phospholipase B
secretion are also considered as important factors for the
pathogenesis of these species in COVID-19 patients (67, 68).
According to research, they develop resistance to host in-
nate immune system activity by compromising phagocytic
activity (69, 70). They can also proliferate in harsh settings,
such as hypoxia, and this increased fungal load can lead to
more infracted tissues and organs (71), as shown in Figure
1.

3. Conclusions

It can be concluded that as mucormycosis has a close
linkage to diabetes, using cortone and conditions that
modulate the immune system, identifying COVID-19 pa-
tients with risk factors for mucormycosis, and reducing

corticosteroids administration in non-vital conditions can
help in the prevention, fast diagnosis, and treatment of
this opportunistic infection. Providing anti-fungal and
oxygen supply and re-informing medical staff and individ-
uals about the transmission routes of Mucorales and caring
for skin wounds, especially burns, can limit the prevalence
of this infection. Eventually, finding the role of viral factors
in SARS-CoV-2 and Mucorales infection immune pathogen-
esis can help reduce the mortality rate of mucormycosis in
COVID-19 patients.
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