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ABSTRACT

Mucormycosis is a rare but life-threatening disease with high morbidity and mortality and is difficult to diag-
nose. Mucormycosis, is a severe but rare fungal infection caused by a group of molds called mucormycetes.
Diabetes, use of corticosteroids, metabolic/diabetic acidosis and Covid-19 mediated immunosuppression are
reported in more than 70% of cases in mucormycosis patients. Coexisting mucormycosis, Covid-19 along
with diabetes mellitus increase the likelihood of mortality. Despite its occurrence since the beginning of the
pandemic, there are still unanswered concerns regarding the origin of this fungal infection and mortality
rate and/or relation with diabetic patients. In this review, we describe the detailed view of causative patho-
gens responsible for mucormycosis, diabetes mellitus and Covid-19 association along with the morbidity
cases during the latest Covid-19 crisis. In the case of mucormycosis diagnosis, imaging, histopathological con-
firmation, fungal culture and molecular identification methods should be considered. Once mucormycosis is
diagnosed, a combined treating method consisting of antifungals administration like amphotericin B, surgical
intervention is needed for the reversal of the underlying condition. Early detection of this potentially life-

threatening infection and timely care is needed in lowering mortality rates.

© 2022 SFMM. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction

Phycomycosis or zygomycosis was first described in 1885 and
later coined as Mucormycosis in 1957 by Baker [1] an American
pathologist for infection caused by Rhizopus spp. Mucormycosis is a
fatal fungal infection caused mainly by the genus by Rhizopus spp,
Mucor spp, Rhizomucor spp, Cunninghamella spp and Lichthemia
spp where Rhizopus spp is responsible for almost 60% of the total
infection [2].

Recently, mucormycosis in people with Covid-19 have been increas-
ingly reported worldwide, in particular from India. The primary cause
of facilitating mucorales spores to germinate in patients with mucor-
mycosis associated with Covid-19 is due to low oxygen condition,
favorable acidic medium, high glucose level and low phagocytic activity
due to immunosuppression (SARS-CoV-2 mediated) along with several
other risk factors including background comorbidities and prolonged
hospitalization. The mucormycosis varied from 0.005 to 1.7 per million
people all over the world, while its prevalence is nearly 80 times higher
(0.14 per 1000) in India [3—5]. Although hematological malignancies
and organ transplant take the lead in mucormycosis, diabetes mellitus
(DM) remains the leading risk factor associated with mucormycosis
globally, with an overall mortality of 46% [6—7]. India is the second
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largest population with diabetes mellitus (DM) and diabetes has been
the most common risk factor linked with mucormycosis, which may
the reason behind this huge prevalence of this infection [8]. In the cur-
rent scenario of Covid-19 pandemic where corticosteroids are often
being used, a rise in cases of mucormycosis in people with Covid-19
with DM has been observed especially in India [9]. Seeing all these
reports and cases mucormycosis with Covid-19 with DM may need to
be evaluated as an emerging disease association. These findings need a
relook in the context of Covid-19 pandemic where rapid spreading of
mucormycosis is an alarming concern and even a delay of 12 h in the
diagnosis could be fatal [10]. This concern directed us to write a sys-
tematic review where we describe in detail disease specific mucormy-
cosis causing fungal strain and published case reports/series of
mucormycosis in people with Covid-19 and to find its association with
diabetes mellitus. We additionally discussed a mechanistic explanation
as to why mucormycosis could be increasingly linked to Covid-19 and
diabetes mellitus and possible ways to stay far from this infection.
Along with it we also mention the mucormycosis infected patient’s
symptoms, details diagnosis processes, what to do/don’t to overcome
its attack and possible treatments.

2. Fungal diversity caused by mucormycosis

In current days one of the most alarming concerns as fungal
coinfections in Covid-19 pandemic is the mucormycosis. This
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Fig. 1. Phylogenetic tree based mucormycosis diversity/distance visualization. 16S rRNA gene sequences were collected from NCBI Nucleotide database with accession number. Tree
was constructed on MEGA X software through Neighbor-joining tree and 1000 Bootstrap method.

infection is mainly caused by the fungi of the order Mucorales [11
—12]. Previous reports said that the major pathogens responsible
for this infection are Rhizopus spp, Mucor spp and Lichtheimia spp,
along with Rhizomucor spp, Cunninghamella spp, Apophysomyces
spp and Saksenaea spp (Fig. 1) [13—15]. The major pathogen
responsible for the infection was identified as Lichtheimia spp. in
Spain [16]. There are several reports which state that among
different kinds of mucormycosis, pulmonary mucormycosis, cuta-
neous, soft-tissue mucormycosis and rhino-orbito-cerebral mucor-
mycosis are the major ones that have the most severe clinical
manifestation [17]. Cutaneous or soft tissue mucormycosis which
is caused by Apophysomyces variabilis is the most commonly
observed mucormycosis caused as a coinfection during skin dis-
ruption due to traumatic injury like from natural disasters, motor
vehicle accidents, improvised explosive devices in theatres of war/
iatrogenic sources, surgery/burns in immunocompetent patients
[18-23]. Lichtheimia corymbifera is another pathogen responsible
for a special skin lesion called ‘black eschar’ often found in
patients suffering from mucormycosis [17]. Most diabetic patients
are susceptible to rhino-orbito-cerebral mucormycosis whereas
pulmonary mucormycosis typically develops in patients with neu-
tropenia and graft-versus-host disease [13, 24]. Besides that, skin
damage is another major clinical manifestation associated with
mucormycosis which is caused by R. pusillus, M. circinelloides, L.
corymbifera and S. vasitormis etc. [16]. Finally it was reported that
the Rhizopus spp is a most common type and along with it Mucor
spp, Lichtheimia spp, Rhizomucor spp, Cunninghamella spp, Apophy-
somyces spp and Saksenaea spp were responsible for mucormyco-
sis cases found in Covid-19 affected DM patients [17].

3. Coincidence or reality behind ‘mucormycosis’, diabetes
mellitus and Covid-19 association

Recently, multiple cases of mucormycosis in persons infected with
Covid-19 have been recorded all over the world, particularly in India.
This infection varied from 0.005 to 1.7 per million people all over the
world, while its prevalence is nearly 80 times higher (0.14 per 1000)
in India [3—5]. Although, DM is the leading risk factor associated with
mucormycosis globally with a 46% mortality rate [7] and this number
may appear to be triggered by Covid-19 because of the following rea-
sons (Fig. 2):

a) Low pH, due to diabetic ketoacidosis (DKA) is a fertile medium for
mucorales spores to germinate. Moreover, intake of corticoste-
roids reduces the phagocytic activity of WBC like bronchoalveolar
macrophages migration, ingestion and phagolysosome fusion
may be the reason for diabetic people vulnerable to mucormyco-
sis. In addition, enhances the expression of fungal ligand spore

coating homolog (CotH) protein and glucose-regulator protein 78

(GRP-78) of endothelium cells enabling angio-invasion and tissue

necrosis.

In Hyperglycemia, glycosylation of transferring, ferritin, and

reduced iron binding capacity increase free iron level, which is an

excellent resource for mucormycosis. An Increase in cytokines

(cytokine storm) in patients with Covid-19 especially interleukin-

6, increases free iron by increasing ferritin levels due to decreased

iron transport may be a probable cause for higher risk of infection

to the patient associated with Covid-19.

c) Covid-19 often causes endothelialitis, endothelial damage, throm-
bosis, lymphopenia, and reduction in CD4+ and CD8+ level and
thus predisposes to mucormycosis [26].

d) In addition, Rhizopus species have an active ketone reductase sys-
tem, which helps Rhizopus to grow in the acidic/glucose-rich
environment seen in ketoacidosis conditions of diabetic patients
[27].

e) From reports, it was observed that in extensive mucormycosis,
patients had elevated levels of glycated hemoglobin (HbAlc >
10%) of a diabetic patient and were also Covid-19 positive [28].

f) Covid-19 is an optimum environment of low oxygen condition
which favors the growth of mucorales which are responsible for
mucormycosis as well [25].

=

According to news, there are too many cases (140 cases per mil-
lion populations) but very few are reported in the literature from
India [6, 29, 30]. During the second wave of the Covid-19 pandemic
continues (until 19 May 2021) approximately 5500 people were
affected with Covid-19 associated mucormycosis in India, resulting in
126 casualties [29]. In another literature a total of 81.2% cases of
mucormycosis patients with Covid-19 were reported from India, 8.9%
cases from the USA, 3.1% cases from Iran and only 18.8% cases as of
now were reported from other parts of the world like UK [25, 31-41].
Reports showed mucormycosis was predominantly seen in males
(78.9%), both in people who were active (59.4%) or recovered (those
patients who were either discharged from hospital or in-hospital)
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Fig. 2. Molecular level interaction of diabetes mellitus and Covid-19 with mucormycosis.

(40.6%) from Covid-19. Besides that, it was also observed from the
report’s hyperglycemia was the most prevalent risk factor observed
in the majority of cases (83.3%) of mucormycosis in people with
Covid-19 followed by cancer (3.0%) and post-transplant (1%) globally.
According to literature surveys and reports unarguably it is con-
firmed that diabetes mellitus is a major risk factor for mucormycosis.

4. Symptoms of mucormycosis with Covid-19

This fungal infection starts in the sinus and progresses to the eyes
in Covid-19 patients. In the next 24 h, the mucormycosis will spread
to the brain [2]. According to the Centers for Disease Control and Pre-
vention (CDC) the symptoms of mucormycosis differ based on where
the infection develops. One-sided facial swelling, nasal/sinus inflam-
mation, cough, fever, and dark lesions on the nasal bridge or upper
interior of the mouth are major signs and symptoms that quickly
convert into the signs of rhinocerebral mucormycosis. Fever, chest
pressure, cough, and shortness of breath are the pulmonary mucor-
mycosis specific symptoms. Improved results in mucormycosis
patients are fully dependent on early identification and diagnosis of
the infection, as well as timely delivery of effective antifungal therapy
[17].

5. Diagnosis methods

The capability of diagnosing mucormycosis truly depends on the
availability of techniques and trained personnel. Mucormycosis
suspected patients should be referred to the highest care level
immediately.

In patients with hematological malignancy, suspected pulmonary
mucormycosis, eye and brain pulmonary CT scan or MRI should be
conducted in lieu of a CT scan due to substantially greater sensitivity
[17]. In diabetic patients, cranial CT or MRI is strongly recommended
to determine if sinusitis with facial pain, sinusitis, proptosis and oph-
thalmoplegia symptoms. If sinusitis is diagnosed, endoscopy is
needed to diagnose mucormycosis. Mucormycosis is usually sus-
pected based on direct microscopy of clinical specimens stained with
fluorescent dye blankophor (Tanatax Chemicals, Ede, The Nether-
lands) or calcofluor white (Sigma Aldrich, St Louis, MO, USA) [42].
However, based on these characteristics distinguishing of Mucorales
from other moulds is sometimes difficult. Therefore, it is strongly

suggested to confirm the diagnosis of mucormycosis in tissue by
culture or by application of molecular or in-situ identification
techniques.

The application of immunohistochemistry with commercially
available monoclonal antibodies or PCR techniques on either fresh or
formalin-fixed paraffin-embedded tissue is highly specific, although
a variation in sensitivity has been reported, in addition, these tests
might not be widely available [43—46]. Molecular identification of
internal transcribed spacer (ITS) sequencing is strongly supported
followed by Matrix assisted laser desorption ionization time of flight
(MALDI-TOF) identification is moderately supported and preferred
over morphology [17].

6. Feasible treatments for mucormycosis in Indian scenario

Mucormycosis remains a therapeutic challenge in India. In India in
conjunction with surgical interventions lipid formulation of ampho-
tericin B was widely administered to treat the infection. Along with
that, removal of prejudicing factors for infection such as hyperglyce-
mia, metabolic acidosis, immunosuppressive drugs and neutropenia,
is also vital. In several patients, infected tissues or organs were
removed to stop the infection and save lives [47]. So far, only three
potential antifungal drugs like amphotericin B, posaconazole, and isa-
vuconazole are available for the efficient treatment of this infection.
While amphotericin B and posaconazole were the most effective anti-
fungal drugs, but their effectiveness varies depending on the species
[47]. Therefore, accurate species identification is crucial not only for
the correct diagnosis of the disease but also for their treatment.
Therefore, accurate and rapid species identification is urgently
needed to save patients’ lives in the mucormycosis outbreak among
COVID-19 patients.

7. Conclusion

The Alarming rise of mucormycosis in the global scenario appears
to be an unholy intersection of diabetes and Covid-19. Rhizopus spp is
the most common species and along with it Mucor spp, Lichtheimia
spp, Rhizomucor spp, Cunninghamella spp, Apophysomyces spp and
Saksenaea spp were responsible for mucormycosis cases found in
Covid-19 affected DM patients. The reason which facilitates Mucor-
ales spores to infect people affected with Covid-19 along with
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diabetes mellitus is an optimum environment of low oxygen condi-
tion, diabetes/hyperglycemia, metabolic/diabetic acidosis, increased
ferritins and decreased phagocytic activity of white blood cells was
achieved due to Covid-19 mediated immunosuppression. There are
several techniques to diagnose the pathogen that can be used by a
diagnosis lab according to their available/suitable procedure but our
recommendation is using more than one technique for better confir-
mation. There have been significant challenges in treatment modality
and outcome due to the Covid-19 pandemic. The possible key behind
the successful recovery from this deadliest infection is an early and
timely diagnosis, as well as an effort to recover from the predisposing
factors. All efforts should be made to use proper antifungal therapy,
control diabetes and proper evidence-based medication for Covid-19
patients is recommended to minimize the fatality of mucormycosis.
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