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Abstract
Although mucormycosis may have reached an epidemic situation during the COVID-19 pandemic, the term was much 
more familiar even before the COVID-19 period. The year 2020 showed an outbreak of novel coronavirus (SARS-CoV-2) 
which affected millions of people all over the world. One of the noticeable complications observed to be associated with 
this disease is mucormycosis. It is an opportunistic infection caused by members of the Order Mucorales existing worldwide 
and has been commonly reported as a laboratory contaminant for a long time. However, nowadays due to the changes in the 
host environment, they have been emerging as potent opportunistic pathogens responsible for causing primary infections 
or coinfections with other diseases eventually resulting in morbidity and even mortality in severe cases. Although immuno-
compromised patients are more susceptible to this infection, few cases have been reported in immunocompetent individuals. 
Various risk factors which are responsible for the acquisition of mucormycosis include diabetes mellitus type 2, ketoacidosis, 
hematological malignancies, organ transplants, and chemotherapy recipients. Among the various etiological agents, Rhizopus 
is found to be the most common, and rhino-cerebral to be the most frequent clinical presentation. As far as pathogenesis is 
concerned, host cell invasion, thrombosis, and necrosis are the main events in the progression of this disease. The aim of the 
present review is to address a complete spectrum of mucormycosis and COVID-19-associated mucormycosis (CAM) in a 
single article. Both global and Indian scenarios of mucormycosis are taken into account while framing this review.

Introduction

The novel coronavirus 2019 commonly known as COVID-
19 showed its first instance in China (Wuhan, Hubei) in 
December 2019, later spreading all over the world, mak-
ing it a global pandemic [1]. This infection is caused by a 
novel virus, SARS-CoV-2 (Severe acute respiratory symp-
tom coronavirus 2), which has been identified as a sister/ 
closely related to the earlier reported human SARS-CoV 
virus [2]. This infection dominated the health sector globally 
by the end of 2019 and the entire of 2020, with many associ-
ated comorbidities such as strokes, coronary and systemic 
vasculitis, severe pneumonia, kidney failure, and cardio-
myopathy [3]. As of March 23rd, 2023 about 761,071,826 
cases were positive with 44,696,984 cases from India [4] 

Of these, 6,879,677 people have succumbed to this deadly 
disease worldwide, with 530, 808 mortalities reported from 
India [4].

As SARS-CoV-2 was a novel virus, therefore data regard-
ing collective signs and symptoms, and the associated risk 
factors which could enhance the probability of co-infections 
were not readily available and is still insufficient. Lack of 
immediate effective vaccine and antiviral therapy has led 
to various treatment options to combat COVID-19 infec-
tion. For instance, the use of immunosuppressive drugs 
and systemic glucocorticoids to treat critically ill patients 
have showed improvement in the survival rate of COVID-
19 patients [5]. However, unfortunately, their excessive use 
has eventually led to the uncontrolled hyperglycemic condi-
tion as well as secondary infections caused either by bacteria 
(Mycoplasma pneumoniae, Pseudomonas aeruginosa, and 
Haemophilus influenzae) or fungi (aspergillosis and candidi-
asis) [6, 7]. One such fungal infection, mucormycosis, has 
emerged at an unprecedented rate in various states of India, 
raising alarm bells throughout the world and thereby posing 
a serious threat to human health.
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Mucormycosis is an opportunistic fungal angioinvasive 
(marked by or causing infiltration of blood vessels) disor-
der caused by filamentous fungi such as Mucor, Rhizopus, 
Absidia, Rhizomucor, and Cunninghamella belonging to 
the Order Mucorales and Phylum Mucoromycota. These 
species are ubiquitous, widely distributed in the environ-
ment, and are frequently found in soil, dead and decaying 
organic substrates, such as rotten fruit, vegetables, animal 
excreta, and compost. It is the third most frequent invasive 
fungal infection after candidiasis and aspergillosis associ-
ated with high morbidity and mortality [8]. The members 
of Order Mucorales have a unique characteristic of angio-
invasion, also known as vascular invasion, which results 
in vasculitis and thrombosis of blood vessels that eventu-
ally lead to necrosis and infarction [9]. Based on the site 
of infection, mucormycosis can be categorized as rhino-
cerebral, pulmonary, cutaneous, central nervous system, 
renal and others.

The entry of these molds into the human body is common 
either through the skin or respiratory tract, less commonly 
through gastrointestinal route, which ultimately results in a 
severe inflammatory response [10]. Environmental habitat, 
both outdoor and indoor, and various contaminated food 
items possibly have contributed to the proliferation of Muc-
orales in a diverse range of environmental conditions [11]. 
Studies have also reported that Mucorales-contaminated 
foodstuff could be a possible source of acquiring mucor-
mycosis, especially in immunocompromised patients [12]. 
Since they require high moisture content for their growth and 
development, conditions like humidity and high temperature 
in tropical and sub-tropical countries provide a congenial 
environment for their prevalence.

Various risk factors are associated with the acquisition 
of mucormycosis, with diabetic ketoacidosis and the use 
of steroids being the most common. Others include acidic 
medium either due to metabolic acidosis or diabetic ketoaci-
dosis, increased ferritin, and prolonged hospitalization (with 
or without mechanical ventilators). Moreover, decreased 
phagocytic activity of WBC (due to immune suppression 
caused by SARS-CoV-2) also aided in the acquisition of 
fungal infections such as mucormycosis in patients suffering 
or recovering from COVID-19 infection [13]. Despite imme-
diate medical and surgical interventions, the mortality rates 
due to CAM (Covid-19-associated mucormycosis) remained 
high almost exceeding 50% [14].

In recent years, mucormycosis has been commonly con-
sidered a community-acquired disease and has been recog-
nized as a nosocomial disease, which could be attributed to 
the release of a large number of fungal spores in healthcare-
associated devices and contaminated air filters [15, 16]. 
For instance, in one such study from India, the origin of 
mucormycosis in 9% of all the cases studied was found to be 

nosocomial [17]. Similarly, another study revealed 15.4% of 
cases of acquired nosocomial infections [18].

Although mucormycosis has been mostly found to be 
associated with individuals with immunocompromised sta-
tus, there are reports of such infections in immunocompetent 
patients, the incidence of the latter is however rare [19–21]. 
In addition, outbreaks of mucormycosis have often been 
linked to natural disasters like tsunami, tornado, or a vol-
canic eruption [22–24]. Variation was seen in the average 
time gap between COVID-19 diagnosis and emergence of 
mucormycosis. In one case, the average time gap between 
the diagnosis of COVID-19 and first-emergence of mucor-
mycosis was 15 days [25, 26]. However, in other cases, 
a time gap of 42 days or 90 days has been observed [25, 26]. 
The mortality rate associated with mucormycosis is around 
20–50% in cases of localized infection (mainly because of 
delay in diagnosis, seeking medical facilities, and therapy) 
while in cases of disseminated infection the mortality rate 
varies from 70 to 80% [17, 19, 27, 28].

Even prior to the emergence of COVID-19, an alarming 
rise in the number of cases of mucormycosis in developing 
countries, including India was reported [17, 29, 30]. A sur-
vey of published literature revealed a significant variation 
between developed and developing countries with respect 
to etiological agents, risk factors, clinical presentations, and 
prevalence of mucormycosis [31, 32]. The latter has also 
been shown to vary with respect to seasonal variation in 
terms of rainfall, temperature, and humidity [33].

In recent times, an upsurge in the number of cases of 
mucormycosis all over the world, especially in the patients 
of COVID-19 and those with underlying diabetes is a mat-
ter of concern and research. COVID-19 pandemic has led 
to a substantial loss of health and economy worldwide. In 
fact, increased frequency of incidences of diseases associ-
ated with COVID-19 such as CAM, further complicated 
the management of COVID-19 disease. This review article 
encompasses an updated summary of the available infor-
mation on COVID-19-associated mucormycosis from their 
historical aspects, mode of acquisition of fungal spores, epi-
demiology, etiological agents, various risk factors associ-
ated, pathogenesis, types of mucormycosis and their clinical 
presentation, seasonal variation, diagnosis, treatment, and 
future prospects in the management of CAM (nanotechnol-
ogy, MALDI–TOF–MS, T2 Magnetic Resonance, biosen-
sors, probiotics, the possible role of zinc and statin in CAM 
therapy). We have focused on the incidence of mucormy-
cosis at the global level as well as in India along with the 
post-COVID-19 scenario.

Historical Aspects

The disease mucormycosis was first reported by Friedrich 
Kuchenmeister in 1855 [34]. Furbinger (1876) first described 
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the disease involving the lungs (pulmonary mucormycosis) 
in a patient who died due to cancer, with his right lung show-
ing fungal hyphae and sporangia of Mucorales [35]. Later, 
Lichtheism (1884) established the occurrence of disease 
in rabbits caused by two fungal species, Lichtheimia and 
Rhizopus [14]. Similarly, Arnold Paltauf (1885) coined the 
term “Mycosis mucorina” for disseminated mucormycosis 
and published the first case of human disease by Mucor-
ales [36]. In 1943, three cases were reported affecting the 
eyes, sinus, and brain showing the association of the disease 
with diabetes (poorly controlled) [37]. In 1957, an Ameri-
can pathologist, Baker coined the term “mucormycosis” for 
the infections caused by the genus Rhizopus [38]. In India, 
Balasubrahmanyan and Chaudhuri (1963) reported the first 
case of mucormycosis (pulmonary mucormycosis) [39]. 
Later, Grover et al. (1966) made the first antemortem clini-
cal diagnosis of the disease followed by the identification of 
fungal agent during postmortem [40]. Similarly, Hazarika 
et al. (1984) came up with the description of a case of rhino-
cerebral mucormycosis [41]. Since then, several mucormy-
cosis cases have been reported to be increasing worldwide. 
Recently, this disease has become a health emergency due 
to  its emergence and prevalence in COVID-19 patients, 
especially in India. Due to the upsurge in the number of 
cases of mucormycosis, many Indian state governments have 
acknowledged it as an epidemic and its association with 
immunocompromised patients affected by COVID-19 [42].

Mode of Acquisition of Fungal Spores

Inhalation of the fungal spores which are produced abun-
dantly is the primary cause of exposure and acquiring 
mycormycosis [43]. Various other modes include acquisition 
through ingestion of spores or via injured skin by trauma, 
direct injection, catheters or burns [44]. Ingestion of bread 
products, fermented milk, and other substrates contaminated 
with fungal species are likely to have a role in causing gas-
trointestinal mucormycosis [45]. In developing countries, 
like India water used in oxygen humidifiers can also be one 
of the potential sources of dissemination of fungal spores 
(including Mucorales) [16].

Epidemiology

As far as the epidemiology of mucormycosis in India is 
concerned, variations have been observed with respect to 
other countries of the world, including the United States 
and European countries [17, 19, 29, 46]. For example, in a 
population-based study (1992–1993) in San Francisco (Cali-
fornia), the annual incidence was reported to be 1.7 cases/
million persons i.e., 500 cases/year [47]. On the other hand, 
a study from Spain revealed a lower incidence of mucormy-
cosis with 0.43 cases per million [8]. From France, during 

the analysis of hospital records, an incidence of 0.7 cases per 
million was reported in the year 1996 rising to 2.6 per mil-
lion in 2006 [48]. Later, Roden et al. (2005) made the first 
extensive review in which 929 published cases (1940–2003) 
were analyzed, where in addition to mucormycosis, cases of 
entomophthoramycosis were also included [27]. Similarly, 
Diwakar et al. (2007) reviewed 461 cases of mucormycosis 
in India, where 70% of the cases were reported from a single 
medical center [49].

In a similar study from Belgium, an upsurge in the num-
ber of cases of mucormycosis from 0.019 per 10,000 patients 
during 2000 to 0.148 per 10,000 patients during 2009 was 
observed [50]. Studies and surveys have reported an increas-
ing number of cases of mucormycosis from 1969 to 1989 
(0.01–0.16%) and 2008–2014 (9.7–23.7%) from Japan and 
Iran, respectively [51, 52].

However,  in India, population-based studies are lack-
ing, thus making it difficult to calculate the exact number of 
cases. Based on the availability of data from certain groups 
of patients, a greater incidence of mucormycosis in India 
has been reflected. As per a study, 35 cases out of 22,316 
screened diabetic patients were reported to be positive for 
mucormycosis [53]. A prevalence rate of 1.2% mucormyco-
sis was observed in patients who had undergone renal trans-
plantion [54] and 20% in patients with enterocolitis [55]. 
In addition, three consecutive studies on mucomycosis dur-
ing 1990–1999, 2000–2004, and 2006–2007 involving 12.9 
cases/year, 35.6 cases/year, and 50 cases/year, respectively, 
clearly showed the rise in the number of cases of mucormy-
cosis [17, 31, 32]. However, recently in a multicenter study 
during 2013–2015, 89 cases of mucormycosis per year were 
reported [20].

Etiological Agents

The Order Mucorales include 55 genera and 261 species, 
of which 38 genera are of medical interest and are involved 
in causing human infections(mucormycosis) [56, 57]. The 
spectrum of fungal species responsible for causing mucor-
mycosis is broad. These include Mucor irregularis [58], 
Rhizopus arrhizus [59], Apophysomyces variabilis [60], R. 
microsporus [61], R. homothallica [62], and Thamnostylum 
lucknowense [63]. Of these, R. arrhizus is the most dominant 
etiological agent worldwide [59, 64]. The second most fre-
quent etiological agent is Lichtheimia corymbifera followed 
by Mucor racemosus [17] Though Apophysomyces elegans 
is a less commonly isolated species worldwide, in India, it 
is the second most commonly isolated causal agent and is 
responsible for many cutaneous and subcutaneous infections 
in humans [17, 32] Moreover, this species has also been 
reported to cause renal, pulmonary, and disseminated or sys-
temic mucormycosis [64]. Recently, Singh et al. (2021) have 
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highlighted the significance of the genus Syncephalastrum 
as the causal agent of mucormycosis [13].

In a global review, it was reported that Mucor, Lich-
theimia, and Rhizopus contributed to 75% of all the cases 
studied [24]. There are also reports that Rhizopus microspo-
rus, Cunninghamella bertholletiae, and Rhizomucor pusil-
lus, though rare, can also initiate mucormycosis in healthy 
or immunocompetent individuals [65–67]. In India, there are 
reports of increasing cases of mucormycosis due to Rhizopus 
homothallica and Rhizopus microsporus [20, 21, 68]. The 
prevalence rate of mucormycotic agents has been found to 
vary with respect to geographical location. For example, in 
a study from Europe, Rhizopus and Lichtheimia were iso-
lated in 34% and 19% of cases, respectively [19], whereas, 
in another similar study from France, the prevalence rate of 
Rhizopus and Lichtheimia was 52% and 29%, respectively 
[69]. The various etiological agents isolated from different 
geographical locations are depicted in Fig. 1.

Risk Factors

The various risk factors associated with this infection show 
variation with respect to different countries. For example, in 
India, the disease is prevalent in patients with uncontrolled 
diabetes with or without ketoacidosis (ketosis = accumula-
tion of ketone bodies in blood;  acidosis = increased acidity 
in blood). However, in a study (2006), type I diabetes show-
ing a prevalence rate of 10–15% has also been observed [32]. 
In developed countries, like USA and Europe its prevalence 
is common in patients with hematological malignancies, or 
those undergoing chemotherapy and transplant recipient [48, 
60, 71]. After China, India has the second largest population 

of 77 million diabetic patients, which could be one of the 
reasons for diabetes being the most prevalent risk factor for 
mucormycosis [72]. Also, the most susceptible patients for 
mucormycosis include those with uncontrolled hyperglyce-
mia along with ketoacidosis [73] but those with metaboli-
cally controlled diabetes rarely suffer from mucormycosis 
[53].

Similarly, other countries like Iran and Mexico have also 
shown diabetes to be a predominant risk factor for mucor-
mycosis [74, 75]. In addition, studies from trans-European 
countries, such as France, Belgium, and Italy have also 
revealed diabetes as a risk factor with prevalence rates of 
17%, 16%, 6%, and 18%, respectively [19, 48, 50, 76]. Other 
predisposing factors that contribute to mucormycosis involve 
immunocompromised status, stem cell transplants, neutro-
penia, illicit intravenous drug use, use of corticosteroids, 
malnourishment, and iron overload [16, 77, 78]. On the other 
hand, there are also few reports on HIV as one of the pre-
disposing factors for mucormycosis [77]. In recent years, 
chronic kidney disorder has emerged as a new risk factor 
for mucormycosis [20, 32]. The prevalence of this risk fac-
tor in patients varied from 9 to 32% [17, 20, 21]. In Turkey, 
a similar study revealed that 18% of mucormycotic patients 
had underlying chronic renal insufficiency [79]. A study 
conducted in India (2013–2015) revealed that in addition to 
uncontrolled diabetes (56.8%), trauma (10.2%) was among 
the most common risk factors [20, 77]. Similarly, French 
investigators have also reported trauma as an emerging 
risk factor for mucormycosis [80]. Also, some studies have 
claimed that prolonged stays in hospitals with or without 
mechanical ventilators may also make patients susceptible 
to mucormycosis [13].

Fig. 1   Etiological agents of 
Mucormycosis as per various 
studies in India and abroad
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As discussed earlier, one of the probable contributing fac-
tors to COVID-19-associated mucormycosis can be inappro-
priate and overuse of antibiotics especially during the first 
phase of COVID-19 pandemic. India is the top consumer of 
antibiotics worldwide [81]. As per a study in India, approxi-
mately 216 million doses of antibiotics were used to treat 
COVID-19 patients, of which azithromycin usage alone was 
6.2 million [82]. Various mechanisms by which different risk 
factors can enhance the susceptibility of patients to mucor-
mycosis are shown in Fig. 2.

Pathogenesis

Phagocytes (Greek phagein = to eat, cyte = cell) play a 
crucial role in innate immunity by eliminating pathogenic 
microbes such as fungi, bacteria, and dead and dying cells 
by the process of phagocytosis. Experimental and clinical 
data support the idea that individuals lacking phagocytes 
(immune cells) or having impaired function pose a high risk 
of mucormycosis. Both mononuclear and polymorphonu-
clear phagocytes of the host are involved in killing pathogens 
belonging to the group Mucorales by producing oxidative 
metabolites and defensins (cationic peptides) [83]. Underly-
ing conditions, such as hyperglycemia and low/acidic pH of 
the serum (blood plasma without clotting factors) in patients 

with diabetic ketoacidosis lead to dysfunctional phagocytes. 
This is accompanied by hindered chemotaxis which results 
in the defective killing of pathogen (intracellular) via both 
non-oxidative and oxidative mechanisms [84]. The exact 
mechanisms responsible for impaired or dysfunctional 
phagocytes in patients with diabetic mellitus and ketoaci-
dosis are not known and still need elaborative explorations. 
However, it has been observed that in a group of hematologi-
cal patients suffering from mucormycosis, Mucorales spe-
cific T cells (CD4 + and CD8 +) present in the host produces 
cytokines such as IL-4, IL-10, IL-17, and IFN-γ which are 
specifically involved in the damage of hyphae of the fungal 
agent [85].

It has recently been observed that an increased level of 
available serum iron is associated with enhanced suscepti-
bility to mucormycosis. Studies have demonstrated that the 
amount of available unbound iron in serum plays a criti-
cal role in making the patient (with diabetic ketoacidosis) 
prone [86]. Usually in the host, iron bind to the carrier pro-
teins viz., ferritin, transferrin, and lactoferrin which protects 
against the toxic effects of free iron [87]. Opportunistic 
fungi, such as members of Mucorales can access iron from 
the mammalian host either by employing high-affinity iron 
permeases or by secreting low-molecular weight iron chela-
tors or iron carriers known as siderophores [87]. This has 

Fig. 2   Mechanisms by which different risk factors enhance the susceptibility of patients to mucormycosis (↑↑= Increase; ↓↓= Decrease; DKA 
diabetic ketoacidosis)
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been exemplified by experiments performed on animal mod-
els that have revealed that extraordinary iron is essential for 
the pathogenicity of Rhizopus sp. and also that the enhanced 
iron uptake by the pathogenic fungi is directly proportional 
to its growth and proliferation in the host [86].

As the growth of R. oryzae has been observed to be poor 
in normal serum and gets accelerated with the addition of 
exogenous iron, the major universal host defense mecha-
nism against pathogenic microbes, particularly in Mucor-
ales is therefore, by limiting the iron availability to them 
[86]. Many similar studies have confirmed that patients with 
systemic acidosis mainly diabetic ketoacidosis are at higher 
risk. This has been implicated in the higher levels of avail-
able serum iron which may probably be due to the acidosis 
that causes the release of iron from the carrier proteins in 
the host [88]. As per one of the studies, neutrophils when get 
exposed to the hyphae of R. oryzae marks the upregulation 
in the expression of Toll-like receptor 2 and proinflamma-
tory gene expression along with rapid activation of genes 
related to NF-kB pathway [89].

As discussed earlier, an important event in mucormycosis 
is the extensive angioinvasion which is characterized by the 
formation of blood clot within a vessel (vessel thrombosis) 
and further death of the body tissues (tissue necrosis). This 
event of angioinvasion is associated with the potential of 
members of Mucorales to spread or disseminate hematog-
enously from their original infection site to other organs in 
their host. Therefore, the most crucial step in the microbe’s 
pathogenetic strategy is to damage the blood vessel followed 
by penetration through the endothelial cells lining them. For 
instance, the ability of R. oryzae spores to adhere to the sub-
endothelial matrix proteins, such as type IV collagen and 
laminin have been observed [90]. However, this study was 
conducted in-vitro and pregerminated spores (germlings) 
didn’t show the same results. In a similar study, spores and 
hyphae of R. oryzae showed variation with respect to adher-
ence to the subendothelial matrix protein [91]. For example, 
spores of this fungus showed significantly better adherence 
as compared to the hyphae but there was no such variation 
while adhering to the human umbilical endothelial vein. This 
indicates that the adhesins proteins of R. oryzae binding to 
endothelial cells and those binding to subendothelial matrix 
protein were dissimilar [91]. Pathogenesis of the Order Muc-
orales in immunocompromised and immunocompetent host 
is shown in Fig. 3.

Deep insights into the molecular mechanisms of mucor-
mycosis have been revealed by many researchers. For 
example, it has been observed that the unique interaction 
between GPR78, glucose protein receptor 78 which is pre-
sent on the surface of the host endothelial cell and Cot H 
(present on the surface of spore/germling of Mucorales) 
lead to host cell damage and further dissemination of the 
fungi hematogenously [92]. Moreover, high levels of iron, 

glucose, or BHB (ketone bodies) support fungal growth 
and increase the expression of Cot H and GRP78 which 
eventually enhances the capability of Mucorales to occupy 
their host tissues. However, the interaction between 
GPR78 and Cot H is not the only mechanism responsible 
for the invasive infection by Mucorales. Certain second-
ary metabolites (excreted directly by Mucorales) help the 
pathogen to facilitate its interaction with the host [93]. The 
ability of Mucorales with pathways for the synthesis of 
secondary metabolites, such as L-tryptophan dimethylallyl 
transferases, polyketide synthases and non-ribosomal pep-
tide synthetases have been reported [94]. The interaction 
of Mucorales with the endothelial cells of the host which 
eventually leads to the spread of fungal infection and the 
effect of some host factors on these interactions and the 
immune response is shown in Fig. 4.

Types of Mucormycosis and Their Clinical 
Presentation

The clinical presentation of mucormycosis varies with 
respect to the location of the disease and it can manifest 
different sites of human body. As per a survey in Spain, 
the most frequently affected site was observed to be the 
sinuses with a prevalence rate of 39% [8]. It is followed 
by the lungs (24%), skin or cutaneous (19%), brain (9%), 
gastrointestinal tract (7%), disseminated form (6%), and 
other sites (6%) [8]. On the contrary, in India the most 
common clinical type was found to be rhino-orbito- cer-
ebral with a prevalence rate of 48–55% followed by cases 
of cutaneous (13–15%), pulmonary (7–17%), disseminated 
(5–12%), gastrointestinal (5–13%), and renal mucormyco-
sis (5–14%) [17, 31–33]. In Europe, a study involving 230 
cases of zygomycosis found pulmonary mucormycosis to 
be the most common clinical presentation [19].

The different clinical types of mucormycosis and the 
associated clinical symptoms of mucormycosis are briefly 
discussed as follows:

Rhino‑Cerebral Mucormycosis

Most of the published studies have reported rhino-cerebral 
mucormycosis to be one of the most common clinical types 
especially in diabetic patients [18, 31, 32, 48]. Clinical 
manifestation initiates with necrosis of the sinuses or pal-
ate that later may advance toward the orbit before reach-
ing the intracranial structures. Frequent symptoms include 
fever, proptosis, epistaxis, amaurosis, obnubilation, inva-
sion of the trigeminal nerve, and facial paralysis [95]. In 
severe or unresolved cases, thrombosis of the cavernous 
sinuses and cranial invasion may occur. Rhino-cerebral 
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mucormycosis exhibit a mortality rate ranging from 30 to 
69% [33, 96, 97].

Pulmonary or Respiratory Mucormycosis

Infection of the lungs, due to inhalation of fungal spores is 
another common type of mucormycosis. Clinical symptoms 
of this type of pulmonary mucormycosis include fever, pleu-
ral pain, and hemoptysis [98]. The radiological results show 
similarity with that of invasive aspergillosis. In both cases, 
vascular necrosis and thrombosis eventually lead to the 
necrosis of the tissues. Other clinical presentations include 
pulmonary nodules, cuneiform pulmonary infiltrates, and 
cavitated lesions [99]. The mortality rate associated with 
this type of mucormycosis is around 60% [99].

Central Nervous System

This type of mucormycosis can be a part of the advance-
ment of the disease through the rhino-orbital route or may 
be the clinical manifestation restricted to the central nerv-
ous system [100]. More the delay in diagnosing the dis-
ease, the greater the chances of mortality.

Cutaneous Mucormycosis

Over the last few years, there has been an upsurge in the 
cases of cutaneous and soft tissue mucormycosis. Clinical 
manifestation may occur either on intact skin or broken 
skin due to rupture of the protective epidermal barriers 
through burns, trauma, and surgery [99]. Other possible 
routes that have been implicated include insect bites, or 
catheter insertion sites, or intramuscular injections [101]. 
In this type, lesions are visible on the affected areas, hence 

Fig. 3   Pathogenesis of Mucorales a) in an immunocompetent host 
active defense mechanism inhibit the fungi from proliferation, caus-
ing infection and its spread to other parts of the body. Neutrophils 
play a crucial role in the process. Under normal pH, no free iron is 
available due to their sequestration by the IBP (Iron binding protein). 
Endothelial cells remain intact, functional and regulate permeability 
and the vascular tone b) in an immunocompromised host (due to dia-
betes, corticosteroid therapy or other conditions) host defense mecha-

nism becomes defective. Neutropenia and functional defects in neu-
trophils result in uncontrolled fungal proliferation. Under acidic/high 
pH condition (due to diabetes ketoacidosis), free iron is available due 
to the release of iron from IBP which further supports the multiplica-
tion of the fungus. Function of endothelial cell also get disturbed and 
the fungus eventually penetrate the endothelial cells through angioin-
vasion, thrombosis, ischemia, necrosis and eventually disseminate to 
various body parts.
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they can be diagnosed early and thereby lowering the rate 
of mortality in patients with cutaneous mucormycosis.

Renal Mucormycosis

Though rare, some of the studies in the literature have 
reported cases of renal mucormycosis (where kidneys 
are affected). For instance, in a study, around 22% cases 
of disseminated mucormycosis were observed where 

kidneys were involved [102]. Clinical symptoms include 
hematuria or anuria, fever, and flank pain [17]. On the 
other hand, in India patients suffering from renal mucor-
mycosis have been reported to be healthy and without 
any underlying disease [17, 31, 32] while case reports in 
China showed some risk factors or immunocompromised 
status of the individuals (except pediatric population) 
[103]. Moreover, cases of isolated renal mucormycosis 
have been reported in developing countries like Egypt, 
Singapore, India, Kuwait, and Saudi Arabia having warm 

Fig. 4   The interaction of Mucorales with the endothelial cells leading 
to the spread of fungal infection and the effect of some host factors 
on these interactions and immune response. A) High glucose content 
(hyperglycemia) and acidifying factors such as ketoacidosis leads to 
the release of iron bound to serum sequestering proteins via the pro-
cess of glycosylation and protonation, respectively. B) Free iron and 
ketone bodies (such as BHB (hydroxy butyrate) support the fungal 
proliferation by negatively affecting the immune response of the host 

but NaHCO3 reverse the negative affect by neutralizing acidity and 
preventing the release of iron from SSP. C) Stress elicited due to free 
iron, BHB, and high glucose enhances the expression of glucose-reg-
ulator protein (GRP78). D)  Moreover, high glucose, BHB, and free 
iron also enhances the expression of Cot H, located on the surface 
of fungal cell. E) Interaction between these two receptors eventually 
result in invasion of the endothelium and proliferation of fungi.
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climates and in patients using intravenous drugs [104, 
105].

Miscellaneous/Other Types

In addition to the types described above, mucormycosis can 
also affect the digestive route/tract. As per a study involv-
ing 25 published case reports, the mortality rate in patients 
with other types of mucormycosis was 98% [99]. Some stud-
ies have reported that endocarditis in natural or prosthetic 
valves may eventually cause mucormycosis resulting in 
invasion and blockage of the vessels [106]. Clinical symp-
toms in this type of mucormycosis are rare and extremely 
high rate of mortality has been observed [107]. Another rare 
form is osteomyelitis mucormycosis affecting the joints of 
the patient [108]. A survey of the literature showed other 
uncommon types which include peritoneal mucormycosis 
[109] hepatic mucormycosis [110], and gastrointestinal 
mucormycosis [111]. Different types of mucormycosis 
(based on the site of infection) in various studies in India 
and abroad are shown in Fig. 5.

Gender

Although fungal infections including mucormycosis can 
occur in both genders, their prevalence has been observed 
to be more in males compared to females. A global review 
by Roden et al. (2005) highlighted the predominance of 
mucormycosis in males (65%) [27]. Similarly, another study 
revealed 72% of the cases of mucormycosis studied were of 
males and 28% of females [18]. In India, studies by Sach-
deva (2013) and Patel et al. (2020) also supported the male 
preponderance in cases of mucormycosis [21, 112]. In a 
study over a period of 5 years (2010–2014) by Chander et al. 
(2018) similar trend was observed with 55 cases of males 
and 27 of females [113]. A study from Mexico reported 
cases of mucormycosis were greater in males [88]. In some 
of the studies from Iran, male dominance was observed 
[114] but other studies from Iran have shown females to be 
more commonly affected than males [73, 114].

Environmental Factors

In tropical and sub-tropical countries, variations in humid-
ity and temperature in different seasons directly affect the 
growth and proliferation of Mucorales and eventually lead-
ing to the fluctuations in the number of mucormycosis cases. 

Fig. 5   Different types of 
mucormycosis (based on site of 
infection) in various studies in 
India and abroad.
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For example, in India post-rainy season and autumn months 
have been reported to be more favorable for the incidence 
of mucormycosis [33]. This could be ascribed to a greater 
load of air borne spores of fungi in the autumn season 
compared to the summer season. In countries like Japan, 
Iran, and Israel, it has been reported to be more frequent in 
autumn season [115, 116]. Similarly, in Middle East coun-
tries autumn was found to be the most favorable season 
while in Europe the incidence of mucormycosis reached its 
peak in autumn and winter season. In Khuzestan, Iran the 
incidence was also observed to be maximum in the winter 
season (40%) and least in the spring season (15%) [114]. 
Another study found a negative correlation with temperature 
while a positive one with humidity [117].

Although clinically relevant Mucorales species occupy 
diverse ecological niches, data on the distribution of their 
spores in patients’ residential areas and the contribution of 
environmental contamination in causing the disease and 
eventually its outbreak are not well documented. However, 
in one of the studies, the distribution of mucoralean spores 
in the residential environment of a patient was evaluated. It 
was found that in the majority (68%) of the cases Mucor-
ales species isolated from the clinical samples and that of 
patient’s environment were the same [118]. Similarly, a mul-
ticenter study was conducted in a hospital to assess the role 
of the hospital environment in the CAM outbreak [119]. It 
revealed that Mucorales species were isolated from outdoor 
air samples, indoor air samples, and air conditioning vents 
with a prevalence rate of 53.8%, 21.7%, and 11.1%, respec-
tively [119].

Recently, a review highlighted the impact of improper 
waste disposal during COVID-19 and various safe, secure, 
and innovative disposal [120]. Contaminated PPE (personnel 
protective equipments) such as gloves, facemasks, when not 
disposed off appropriately ended up as hazardous biological 
waste posing danger to the well-being of individuals and 
adversely affect the environment [120]. In addition, viral-
loaded waste, when not dumped properly may reach the open 
fields, where the ragpickers may get exposed, get infected, 
and even further spread the virus [121].

Diagnosis

Early diagnosis can help in improving the outcome of 
mucormycosis. It has been established that early diagnosis 
either help in enhancing the survival of the patient [109] 
or may reduce the requirement for disfigurement and surgi-
cal resection, thereby further lessening the sufferings and 
complications [122]. However, the diagnosis at an early 
stage remains baffling due to the absence of appropriate 
diagnostic tools and biomarkers and also that sample collec-
tion from deep tissues is not easy [123]. Although recently 
PCR showed good results in the evaluation and diagnosis of 

mucormycosis at an early stage but a standard commercial 
kit for routine use is still lacking [124].

The pathological hallmark of mucormycosis include cell 
invasion, thrombosis and necrosis of the tissues underly-
ing them. Therefore, correct mycological identification with 
characters specific to Mucorales will help in distinguishing 
them from other fungal infections. Smith and Krichner’s 
(1950) proposed a criteria for the diagnosis of mucormycosis 
that is still considered standard which include clinical signs 
like (a) facial pain and blood tinged nasal discharge, both on 
same side of the face (b) black necrotic nasal turbinate (eas-
ily mistaken for dried blood) (c) soft periorbital or perinasal 
swelling with discoloration and induration (d) lethargy and 
loss of corneal reflex, mostly observed late in the process of 
invasion by a fungal pathogen (e) ptosis of the eyelid, prop-
tosis of the eyeball and complete ophthalmoplegia (d) cra-
nial nerve palsies not related to documented lesions [125].

Most of the species of Mucorales are fast growing 
and are capable of growing at 37 °C temperature within 
24–48 h. For their identification purpose, growth, tempera-
ture, cultural, and microscopic characteristics are taken 
into consideration [122]. In addition, DNA sequencing 
(ITS) helps in the identification of unidentified fungal 
isolates and confirming the identity of already identified 
fungal species [126]. The trio of histopathology, direct 
microscopy and cultural studies can be helpful in routine 
laboratory diagnosis. Histopathology proves beneficial 
especially in the case of pulmonary mucormycosis as it 
demarcates the presence of fungus as a pathogen from a 
contaminant in culture and is vital in delining if there is 
blood vessel invasion [127].

Direct microscopy with KOH using fluorescent dyes 
such as, calcofluor or blankophor white is an inexpensive 
method for rapid diagnosis of fungal infection and clearly 
defining surgical margins for fungal infection (invasive) 
during operations [122]. Though it is not possible to iden-
tify the fungus upto species level using direct microscopy 
but characteristic fungal hyphae with enhanced visuali-
zation (due to fluorescent dyes) help in confirming the 
presence of fungi and hence the fungal infection. Moreo-
ver, immunohistochemistry (using monoclonal antibod-
ies) against R. arrhizus can also help in distinguishing 
mucormycosis from aspergillosis and has proved beneficial 
in diagnosis even when the culture is negative [128]. In 
molecular methods, ITS sequencing is a reliable method 
and is recommended for the identification of Mucorales 
upto species level [126]. In addition, PCR-based tech-
niques have also been developed for the detection of 
Mucorales in the affected tissues [129].

As the clinical signs and symptoms of mucormyco-
sis are not specific, therefore as per some of the studies 
autopsy is considered the gold standard method for diag-
nosis. Based on the autopsy, in Japan, 4% of the total cases 
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of invasive fungal infection [52] while in USA 7% of cases 
were found to be of mucormycosis [89]. Computed tomog-
raphy (chest and sinus) and MRI imaging have also been 
proven to be beneficial in diagnosing the disease especially 
when multiple infarcts are visible [18].

For the management of mucormycosis, guidelines at 
the national and global level stressing the optimum use 
of steroids and controlling diabetes followed by surgical 
intervention (guided by radiology) were provided [130]. 
Globally, the most commonly followed guidelines on 
mucormycosis in the year 2019 were of the European Con-
federation of Medical Mycology (ECMM) and Mycoses 
Study Group Education and Research Consortium which 
helped in spreading awareness among people regarding the 
screening, diagnosis, and management of mucormycosis 
[131].

Treatment

As we are well versed with the phrase “prevention is bet-
ter than cure.” Likewise, proper precautions and sympto-
matic management would lessen the probability of acquiring 
acute mucormycosis. For the management of such disease 
in the best possible way, surgical debridement along with 
medical treatment (antifungal treatment) and controlling 
the predisposing factors can prove beneficial in saving the 
lives of the patients [31, 75]. In one of the studies in India 
involving 53 patients, 16 patients survived following sur-
gery and conventional amphotericin B therapy, 5 survived 
due to surgery only, 56% survived by surgery + liposomal 
amphotericin B therapy, 3 survived by amphotericin B treat-
ment + surgery + controlling underlying disease and 1 sur-
vived by amphotericin B treatment + controlling underlying 
diseases [17]. In most of the cases, amphotericin B was the 
only antifungal to be licensed and verified to be the drug 
of choice. However, lipid formulations of amphotericin B 
are known to cause less kidney dysfunction as compared to 
conventional amphotericin B [132]. As per one of the studies 
in India, 50% of the patients suffering from mucormycosis 
survived when treated with the antifungal drug amphotericin 
B (conventional or liposomal formulations) [113].

Other antifungal drugs, such as posaconazole have also 
gained popularity in the recent times and can be used in 
place of amphotericin B [133]. Similarly, isavuconazole 
can be used as primary and in salvage therapy as it shows 
the same results as shown by amphotericin B [134]. In 
second-line treatment combination of lipid amphotericin B 
with caspofungin or posaconazole, is also recommended 
[133]. Although drugs, amphotericin B and posaconazole 
were found to be the most effective against fungal infection 
especially during COVID times, an in-vitro study reported 
species-specific variations [135]. Therefore, correct identi-
fication of fungal species is important for accurate diagnosis 

of the disease and also for developing species-specific anti-
fungal preparations.

Hyperbaric oxygen, especially in diabetic patients has 
been recommended as a promising treatment for mucormy-
cosis [136]. Oxygen in high concentration possess antifungal 
property and can hinder the growth of fungal species caus-
ing this disease in in-vitro studies (Mucorales). In addition, 
it can enhance the activity of neutrophil cells and wound 
healing process by supplying an improved flow of oxygen to 
ischemic tissues [136, 137]. In a study, the survival rate of 
patients using standard therapy of mucormycosis increased 
from 22 to 83% when hyperbaric oxygen was used along 
with standard therapy [136]. However, due to the limited 
clinical and experimental data the use of hyperbaric oxygen 
in treating mucormycosis is limited.

As discussed above, the most likely phenomenon help-
ing the fungus to survive therapy is ischemic necrosis due 
to angioinvasion by the respective mucormycetes. Hence, 
surgery is considered essential to reduce a load of fungus in 
the damaged tissues. It also enhances the entry of antifungal 
drugs in sufficient concentrations by removing the necrotic 
tissue in massive amounts. Moreover, awareness of the gen-
eral public about mucormycosis and related complications 
can lessen the possibility of fungal infection, particularly by 
the members of Mucorales. As discussed, uncontrolled dia-
betes and hyperglycemic conditions are mainly responsible 
for mucormycosis, thus controlled glycemic level and other 
predisposing factors can help in managing mucormycosis 
[138].

Future Prospects for Management of Mucormycosis

Despite the use of nanotechnology in medicine since 1980’s, 
its adequate usage in fungal diagnostic purpose has not 
been made. Recently, studies have reported the use of gold 
nanoparticles in detecting A. niger causing cutaneous fun-
gal infections in humans in a short time [139]. Similarly, 
for the effective treatment of human fungi infections, a 
novel nanoemulsion formulation was utilized which also 
minimized the risk of drug resistance development [140]. 
Therefore, Myconanotechnology is an emerging field to 
tackle fungal infections by making use of nanotechnology 
and have scope in treating mucormycosis as well [141]. For 
the rapid identification of species-specific fungal peptides, 
MALDI–TOF–MS (Matrix-assisted laser desorption ioni-
zation-time of flight mass spectrometry) is a commercially 
available technique which requires 30 min to identify the 
fungal isolate [142]. Another commercially available tech-
nique is T2MR (T2 Magnetic Resonance) for the detection 
of pathogenic Candida species within 5 h [143]. There-
fore, the above-mentioned techniques can also prove useful 
tools for rapid detection of mucormycosis so that treatment 
can be initiated at an early stage. Similarly, biosensors are 
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self-contained integrated analytical devices that detects and 
measures chemical and biological reactions by generating 
electrochemical or optical signals proportional to the con-
centration of a bio-analyte. Some of the studies have used 
biosensor technologies for the direct detection of fungal 
pathogenic species such as A. fumigatus and C. albicans 
[144, 145]. As biosensors have not been extensively explored 
for detecting fungal isolates, therefore making use of biosen-
sors for fungal diagnostic purpose could be an active area for 
research especially with respect to rapid detection of mucor-
mycosis. Moreover, it would also prove helpful in following 
the treatment response based on specific marker analytes.

Probiotics are living entities that, when administered 
orally in an appropriate quantity, provide a health benefit to 
the host [146]. The emerging studies suggest their potential 
for regulating the host’s immune response. Besides show-
ing anti-inflammatory activity, they also possess antimy-
cotoxigenic and antifungal activities [147, 148]. In both 
animal experiments and clinical trials, the effectiveness of 
probiotic bacteria in the treatment of oral candidiasis has 
been shown [149]. The probable mechanism could be the 
competition between the probiotic species and the human 
pathogen for food and binding receptors, which eventually 
upsets the growth of Candida species [149]. There are also 
reports on experimental studies stressing on the significance 
of probiotics in treating COVID-19 infections [146]. How-
ever, despite their well-known role as antifungal agents, no 
experimental evidence or reports assessing their role in treat-
ing CAM are available in the literature to date. Therefore, 
future research focusing on the use of probiotics either singly 
or as an adjunct to the existing management strategies could 
prove beneficial in the effective treatment of CAM.

Whether Zinc Has an Association with CAM?

There is no clear explanation for the rapid increase in mucor-
mycosis associated with COVID-19 pandemic. One of the 
speculations in this regard include zinc supplement used for 
the management of COVID-19 that might have initiated the 
growth and proliferation of Mucorales, eventually resulting 
in CAM [150]. There are reports in literature revealing the 
role of zinc in the virulence of harmful fungi, such as Asper-
gillus, Candida. Zinc, a micronutrient known to regulate the 
fungal proteins, is involved in the infection of mammalian 
hosts and thereby influences various mechanisms responsi-
ble for fungal pathogenesis [151].

Both in-vitro and in-vivo studies have revealed the ability 
of zinc chelators in restricting the growth of different fungi, 
including members of Mucorales [152]. In addition, dep-
rivation of zinc by the mammalian host showed antifungal 
activity [153]. Using large doses of zinc for a long term is 
found to be associated with adverse effects, which include 
neurological deficit and copper deficiency [154].

Recently, in a preliminary in-vitro study, the contribution 
of zinc in the multiplication of R. arrhizus (isolated from 
CAM patients) has been evaluated [155]. However, large- 
scale in-vivo studies are required to ascertain the above 
hypothesis.

Introducing Statin into CAM Therapy

The therapeutic benefit of involving statin into CAM 
therapy came into light in the recent times [156]. Several 
in-vitro studies have shown the positive response of statin 
against various pathogenic fungi. For example, rosuvastatin 
and fluvastatin were effective against Rhizopus and Rhizomu-
cor, while lovastatin resulted in apoptosis of Mucor rac-
emosus [130]. Combination therapy involving amphotericin 
B and lovastatin/atorvastatin had better efficacy against R. 
arrhizus as compared to amphotericin B alone [157] The 
probable role of statin include the induction of cytoprotec-
tive GRP 78 expression, lowering the risk of infection and 
synergizing or coordinating the level of anti-CAM drugs in 
plasma [130]. However, more extensive in-vivo studies and 
clinical trials are required to prove the worthiness of statin 
against CAM.

Global Scenario

Globally, the incidence of mucormycosis ranges from 0.005 
to 1.7 per million population while the estimated prevalence 
of mucormycosis (0.02 to 9.5 per 100,000 persons) in India 
is 80 times more as compared to the global data [57, 113]. 
The prevalence of 14 cases per 100,000 people was esti-
mated based on a computational model in India [12]. From 
India, a rising trend of mucormycosis was observed during 
the periods of 1990–1999, 2000–2004, and 2006–2007 with 
an annual incidence of 12.9 cases, 35.6 cases, and 50 cases 
per year, respectively [17, 31, 32]. In a study from Tamil 
Nadu over a period of 10 years (2005–2015), an annual inci-
dence of 18.4 cases per year was reported [158] while the 
same state during 2015–2019 showed an annual incidence 
of 9.5 cases per year [159].

There has been an upsurge in the incidence of mucor-
mycosis worldwide with higher number of cases in India, 
and China especially in patients with uncontrolled diabetes 
[57]. As per a systematic review and meta-analysis of 851 
cases (2000–2007), Europe has a higher burden (34%) of 
mucormycosis compared to Asia (31%) followed by North 
or South America (28%), Africa (3%), New Zealand and 
Australia (3%) [24]. In another study, the incidence of 16 
cases per 1000 patients having diabetes (35 cases suffering 
from mucormycosis with diabetes out of total 22,316 cases) 
was reported [53]. Recently, in a study by Prakash et al. 
(2019), a high prevalence of diabetic ketoacidosis (90%) was 
reported in North India compared to South India, where the 
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Table 1   Indian scenario of mucormycosis in COVID-19 patients

NM not mentioned; DM diabetes mellitus; CNS central nervous system; CKD chronic kidney disease; HIV human immunodeficiency virus

Place Number 
of cases

Age (years) Sex (Male/
Female)

Comorbidities Treatment (Ster-
oid/Antifungal 
drugs)

Site of mucor-
mycosis

Outcome References

Ahmedabad 2 25–47 M DM, Hyperten-
sion

– Nasal/Sinus, 
Orbit, CNS

Death [171]

Bangalore 17 39–73 M = 15
F = 2

DM:15 Steriod: 15 Nasal/sinus, 
orbit, CNS, 
Bone

Death = 7, Sur-
vived = 9

[7]

1 66 M Diabetes Liposomal 
Amphotericin 
B, Systematic 
Steriod

Nasal/Sinus, 
Orbit, CNS

Survived [172]

10 37–78 M = 9
F = 1

DM:8 Remdesirvir, 
Tocilizumab, 
Steroid

Nasal/sinus, 
orbit, Bone

Death = 4
Improved = 5
LPU = 1

[173]

11 30–74 NM DM, Cancer Amphotericin Nasal/sinus, 
orbit, CNS

Death = 2, Left 
against medi-
cal advice = 5

Improved = 4

[174]

Chandigarh 1 55 M DM, Hyper-
tension and 
ischemic car-
diomyopathy

Liposomal 
Amphotericin 
B

Lung Improved [175]

Karnataka 1 34 M = 1 DM type 2, 
Hypertension

Amphotericin B, 
Posaconazole

Sinonasal Improved [176]

Mangalore 1 32 F Diabetes Amphotericin B Nasal/sinus, 
orbit

Improved [177]

1 Middle aged F DM Amphotericin B Nasal/sinus, 
orbit, CNS

Improved [178]

Mumbai 1 38 M NM Steroid, Remde-
sevir

Nasal/sinus, 
orbit

Improved [179]

6 46.2–73.9 M DM Steroid Nasal/sinus, 
orbit, CNS

Improved [26]

1 60 M DM Steroid, Tocili-
zumab

Nasal/Sinus, 
Orbit

Death [180]

Jaipur 23 NM M = 15
F = 8

DM:21 Steroid Nasal/Sinus, 
Orbit, CNS

Active = 21
Lost to follow 

up = 2

[181]

Puducherry 10 27–67 M = 8
F = 2

DM with 
ketoacidosis in 
9 cases

Steroid, Remde-
sivir

Nasal/Sinus, 
Orbit, CNS

Unchanged = 4, 
Death = 4, 
Improved = 2

[182]

Rajasthan 5 52–70 M = 1
F = 4

DM, Hyperten-
sion

Amphotericin B, 
Posaconazole

Nasal/Sinus, 
Orbit, CNS

Survived = 3
Death = 2

[183]

South India 52 34–77 M = 38
F = 20

DM Steroid, Ampho-
tericin B

Nasal, Parana-
sal, Sinuses, 
Orbital, 
cerebral, Pul-
monary

Survived = 38
Death = 7
Lost follow 

up = 7

[184]

Varanasi 208 NM M = 136
F = 72

DM, Hyperten-
sion, CKD, 
HIV

Ivermectin, Ster-
oid, Ampho-
tericin B, 
Posaconazole

Rhino-orbital 
cerebral, 
Pulmonary, 
Gastrointes-
tinal

Survived = 148
Death = 60

[185]

West Bengal 1 25 F NM Amphotericin B, 
posaconazole

Rhino-orbital 
cerebral

Survived [186]
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Table 2   Global scenario of mucormycosis in COVID-19 patients

Place Number 
of cases

Age in years Sex (Male/
Female)

Comorbidities Treatment (Ster-
oid/Antifungal 
drugs)

Site of mucor-
mycosis

Outcome References

Australia 1 53 M Blood cancer 
(Leukemia)

– Lung Death [187]

Brazil 1 86 M Arterial hyper-
tension

– Gastrointestinal 
tract

Death [188]

1 56 M DM with 
ketoacidosis

Amphotericin B Rhino-orbital  
cerebral

Death [189]

Egypt 8 41–67 M = 5
F = 8

DM, hyperten-
sion, CKD, 
cerebral 
infraction

Amphotericin 
B, Itracona-
zole

Nasal/Sinus Improved = 5
Death = 3

[190]

36 22–73 M = 19
F = 17

DM, malig-
nancy, asthma, 
hypothyroid-
ism,

CKD, systemic 
lupus ery-
thematosus, 
hypertension

Amphotericin, 
B, Voricona-
zole, Posa-
conazole

Nasal/Sinus, 
orbit, CNS

Survived = 23
Died = 13

[191]

7 47–68 M = 5
F = 2

DM, hyper-
tension, 
cardiovascular 
disease

Liposomal 
Amphotericin 
B, Steriod

Nasal/Sinus, 
CNS

Improved [192]

33 18–94 M = 21
F = 12

DM, hyperten-
sion, Renal 
disease, Liver 
disease, Car-
diac disease

Amphotericin 
B, Steroid

Rhino-orbital 
cerebral, 
Rhino-orbital

Survived = 3
Died = 30

[193]

France 1 55 M Cancer (Lym-
phoma)

– Lung Death [194]

11 25–79 M = 16
F = 1

DM, lung 
carcinoma, 
neutropenia, 
agammsglobu-
linemia, 
hemtological 
malignancy, 
chronic 
obstructive 
pulmonary 
disease

Liposomal 
Amphotericin 
B, Corti-
costeriod, 
Isavuconazole 
Tocilizumab

Lung, Rhino-
orbital cere-
bral, Stomach, 
Disseminated

Alive = 2
Death = 15

[195]

Germany 2 44–61 F Obesity, liver 
cirrhosis

Steroid Gastro-intesti-
nal, lungs

Death [196]

Iran 1 61 M Newly detected 
diabetes

Steroid, Remde-
sivir

Nasal/sinus, 
orbit, CNS

Improved [197]

2 M = 54
F = 40

M = 1
F = 1

DM Steriod Rhino-orbital Death = 1
Recovered = 1

[198]

15 14–71 M = 10
F = 5

DM, hyper-
tension, 
cardiovascular 
disease, cir-
rhotic liver

Steriod, 
Amphotericin 
B

Sinus, orbit Survived = 8
Death = 7

[160]

1 59 M - Steriod, 
Amphotericin 
B

Rhino-facial Death [199]
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prevalence was only 10%. In a review on mucormycosis, 
101 cases of CAM patients were considered [20]. It included 
cases from India (82), USA (9), Iran (3), and one case each 
from UK, Brazil, Italy, France, Turkey, Austria, and Mex-
ico [13]. Likewise, 15 more cases were reported from Iran 
(April to September, 2020). In 2021, from India, 2826 cases 
were reported from 98 centers (January 1 to May 26, 2021) 
reflecting the upsurge in the number of cases and thereby 
increasing the burden of disease [26, 160].

Diabetes has also been reported as one of the most 
important risk factors worldwide with the prevalence rate 
of around 70% in different countries, such as Mexico with 
72% [75, 88] and Iran with 74% [69]. However, in India, 

three major case series reported diabetes as risk factor in 
50% of patients with mucormycosis [17, 31, 32]. In Euro-
pean countries, like Italy (18%), France (23%), and Greece 
(29%) a lower prevalence rate of diabetes as the risk factor 
varying from 17 to 29% has been observed [15, 76, 161]. 
As per WHO, the incidence is higher in patients with pre-
existing diabetes or those using systemic corticosteroids and 
in patients with COVID-19 or those who got recovered from 
the infection.

DM diabetes mellitus; CNS central nervous system; CKD chronic kidney disease

Table 2   (continued)

Place Number 
of cases

Age in years Sex (Male/
Female)

Comorbidities Treatment (Ster-
oid/Antifungal 
drugs)

Site of mucor-
mycosis

Outcome References

Oman 10 16–67 M = 7
F = 3

DM, obesity, 
myelifibrosis, 
CKD,

AmBisome, 
posaconazole

Rhino-orbital Death = 6 Dis-
charged and no 
follow up = 4

[200]

Italy 1 66 M Arterial Hyper-
tension and 
urinary tract 
infection

– Nasal/sinus, 
Lung

Death [201]

Mexico 1 24 F DM with 
ketoacidosis

Steroid Nasal/sinus, 
orbit

Death [202]

Netherland 4 Late 50’s-early 
70’s

M = 4 DM, chronic 
lymphocytic 
leukemia

Amphotericin 
B, Vori-
conazole, 
Isavuconazole, 
Posaconazole

Lung, sinus Survived = 1 
Death = 3

[203]

Turkey 1 56 F DM with 
ketoacidosis

Steroid Nasal/sinus, 
orbit, CNS

Death [204]

UK 1 22 M Obesity – Lung Death [205]
USA 1 33 F _ – Nasal/sinus, 

orbit
Improved [206]

1 60 M DM Steroid, Remde-
sivir

Nasal/sinus, 
orbit

Death [19]

1 49 M _ Steroid, Remde-
sivir

Nasal/sinus, 
orbit

Death [207]

1 41 M DM with 
Ketoacidosis

Steroid Nasal/sinus, 
CNS

Recovered [208]

1 56 M _ Steroid, Tocili-
zumab

Lung Death [209]

1 68 M DM, heart trans-
plant

Steroid Skin Death [25]

1 79 M DM Steroid, Remde-
sivir

Lung Improved [210]

1 36–48 M DM with 
ketoacidosis

Steroid, Remde-
sivir

Nasal/Sinus, 
Orbit, CNS

Death = 1 
Unchanged = 1

[211]
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Scenario After COVID‑19

COVID-19 is a fatal viral disease associated with a wide 
spectrum of opportunistic bacterial and fungal infections 
[162]. Cases of co-infection due to Candida and Aspergil-
lus have been reported post-COVID-19 pandemic [128]. 
This has been observed with an upsurge in the number of 
cases of mucormycosis in COVID-19 patients from differ-
ent countries and more from India. This can be due to a 
number of factors altogether forming a congenial and ideal 
environment, such as hypoxia (low oxygen level), hyper-
glycemia (high glucose either due to diabetes, or new-onset 
hyperglycemia or steroid-induced hyperglycemia), increased 
ferritins (leading to high iron levels), acidosis (metabolic or 
diabetic leading to acidic medium) and immunosuppression 
conditions for the growth of Mucorales spores. These condi-
tions may lead to reduced activity of WBCs and hence their 
immunity (either due to SARS-COV-2 medication or steroid 
mediated or background comorbidities) [13].

So far, India has the highest burden of mucormycosis 
with nearly 140 cases per million population in compari-
son to other countries [20]. A survey of published literature 
from December 2019 to April 2021, showed that India has 
contributed around 71% of global cases of mucormycosis in 
COVID-19 patients [163]. This could be possible as India 
has the second largest population with diabetes mellitus 
after China, which remain the leading risk factor in India 
associated with the fungal infection including mucormy-
cosis [164]. Another reason could be the prolonged use of 
corticosteroids which is often linked to various opportun-
istic fungal infections such as aspergillosis and mucormy-
cosis. Although rare, a few cases of mucormycosis are also 
reported to be due to short-term steroid therapy (5–14 days) 
[165]. Globally, the mortality rate of 46% has been found in 
COVID-19 patients with diabetes mellitus as the risk fac-
tor [24]. As of July 15, 2021, from India 45,432, cases of 
mucormycosis have been reported of which 84.4% cases 
had a history of COVID-19. Of the total affected people 
in India, 21,085 individuals are under treatment and 4,252 
have died due to mucormycosis associated with COVID-
19. In the reported cases, rhinocerebral has been the most 
common presentation (77.6%) followed by cutaneous (4.3%) 
and pulmonary (3%) infections [166]. In one of the studies 
from India six cases of mucormycosis (rhino-orbital cer-
ebral mucormycosis) following COVID-19 infections were 
reported recently [26]. In the year 2022 Mumbai recorded 
the first case of mucormycosis in a 70 years old male amidst 
the third wave of corona virus [167]. Recently, a systemic 
review on mucormycosis in mainland China has been pre-
sented by Wie et al. (2022) [168]. In India, a clinico-myco-
logical study over a period of 10 months reported 42.66% 
cases of mucormycosis in post-COVID-19 patients, where 
the most common etiological agent was R arrhizus and 

rhino-orbital-cerebral as predominant clinical form [169]. 
Likewise, a rare case of post-COVID-19 mucormycosis of 
kidney was reported in a 34 years old male from Delhi [170]. 
Indian and Global scenarios of mucormycosis in COVID-19 
patients is represented in Tables 1 and 2, respectively. 

Conclusion

As per the data available so far, it seems that the trio con-
ditions of diabetes, excessive use of corticosteroids, and 
COVID-19 provided a congenial environment for the emer-
gence of mucormycosis in recent times. Despite the increase 
in awareness among physicians regarding mucormycosis, 
associated morbidity and mortality are still increasing prob-
ably due to patients’ delay in seeking medical facilities, as a 
result of which diagnosis could not be established on time. 
Judicious use of steroids is the need of the hour to avoid the 
rise in fungal infections and also to check the increase in 
blood glucose. A coordinated effort i.e., proper awareness 
and precautions on the part of individuals, and expertise and 
competence in mycological diagnosis on the part of clini-
cians can help in curbing the higher incidence of such infec-
tions. Early recognition, diagnosis, and subsequent appropri-
ate antifungal treatment or surgical debridement or both are 
essential for improving the outcome of individuals suffering 
from mucormycosis.

For the development of effective treatment strategies, 
novel antifungal drug discovery with potential to cure 
mucormycosis, multicenter studies and registries are of 
supreme importance. Moreover, in order to better under-
stand the pathogenesis of COVID-19- associated mucor-
mycosis, detailed and elaborative studies for evaluating 
the possible link between COVID-19 and mucormycosis 
need to be established. Various other possible factors 
(environmental or genetic) contributing to the outbreak 
of mucormycosis during COVID period and difference 
in pathogenicity and virulence of fungal strains causing 
mucormycosis isolated during COVID-19 period and 
those isolated before the pandemic need to be evaluated. 
Moreover, large-scale studies on the association of zinc 
with mucormycosis or the use of statin to cure mucormy-
cosis and to ascertain the role of mechanical ventilation in 
enhancing the role of mucormycosis need to be conducted. 
Various techniques such as, nanotechnology, biosensors, 
and probiotics can prove beneficial in tackling mucormy-
cosis. Also, the discovery of new and novel diagnostic 
biomarkers for early diagnosis of the disease is required 
urgently so that treatment can be initiated accordingly, 
improving the patients chances of survival.
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