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In the case of hospitalised COVID-19 patients, especially aging peo-
ple and those with severe symptoms who require a ventilator, cortico-
steroids are given in an attempt to alleviate some of the symptoms.
However, steroids are known to lower immunity and raise blood sugar
levels, and they tend to increase clotting factors and fibrinogen con-
centrations in patients. This situation provides an opportunity for
pathogens to evade the human immune system and infect the host.
According to a recent study, the number of cases of mucormycosis (also
known as zygomycosis, black fungus) have increased in COVID-19 pa-
tients who are either hospitalised or have recovered [1]. Mucormycosis
affects the nose, eyes, and brain [2] and is a potentially fatal intrusive
fungal infection that frequently affects immunodeficient individuals.
People with type-2 diabetes with blood sugar levels higher than 220
mg/dL, autoimmune disorders, iatrogenic immunosuppression, or he-
matological cancers, and organ transplant recipients are especially
vulnerable to mucormycosis [3]. Mucormycosis invades sinus tissues
within 3 to 4 weeks [4], and rhinocerebral mucormycosis can manifest
with unusual signs and symptoms comparable to severe sinusitis, such as
nasal blockage, crusting, proptosis, facial oedema, ptosis, chemosis,
ophthalmoplegia, in addition to headache, fever, and other neurological
symptoms [5]. Black eschar is common in the nasal cavity or over the
hard palate region and penetration of blood vessels, vasculitis with
thrombosis, tissue infarction, haemorrhage, and acute neutrophilic in-
filtrates are histopathological characteristics [6]. Without early identi-
fication and treatment, the condition may proceed rapidly, with
reported fatality rates from intra-orbital and cerebral complications of
50-80%. Even with quick diagnosis, treatment of underlying conditions,
and vigorous medical and surgical interventions, therapy is frequently
non-effective, resulting in spread and eventual death [7]. There are
several hypotheses as to what else may contribute to mucormycosis
infections. Some are unlikely, such as the use of industrial oxygen or
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ventilation systems, age-related immune complications and non-sterile
water, whilst others believe that steam inhalation may play a role by
impacting the mucosa, in addition to zinc supplementation being a
fungal growth promoter [8].

A complicated interaction of variables such as type-2 diabetes with
or without diabetic ketoacidosis (DKA), chronic kidney disease, prior
pulmonary issues, use of immunosuppressive medications, nosocomial
infection sources, and immune system modifications caused by COVID-
19 itself may result in secondary infections, which are becoming more
recognised due to their influence on morbidity and death. COVID-19
patients admitted to an ICU, and those requiring a ventilator, or those
with prolonged hospital admission (up to 50 days) are more likely to
present with fungal co-infections [9]. In addition, use of coritcosteroids
during COVID-19 treatment may further reduce immune responses,
allowing opportunistic fungal infections. It is therefore vital to be aware
that COVID-19 patients, particularly those who are critically ill, may
acquire secondary fungal infections and early detection is critical [10].
Other contributing factors which increase susceptibility to secondary
infections include increase interleukin (IL)-1 and IL-6 along with tumor
necrosis factor-alfa, while decreased levels of CD4 and CD8 T cells and
persistent lymphopenia are also contributors [11]. The conclusion is
made based on the 13 cross-sectional studies conducted in the China
enrolling 20 to 200 confirmed cases of COVID-19 [12]. Patients with
ketoacidosis present with low cytosolic pH which aids in the growth of
mucor spores and corticosteroid usage further decreases the immune
response to the fungus [13]. In addition, high blood glucose levels lead
to transferrin and ferritin to glycosylate, which lowers iron coupling and
allows for more free iron, which ultimately causes tissue damage due to
generation of large amounts of reactive oxygen species [14].

Mucormyecosis is rare, accounting for 1.8 cases per 1 million per year
worldwide; however, during the COVID-19 pandemic more cases have
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Table 1.

Global picture of mucormycosis as a post-COVID-19 complication.
Country Number of confirmed Number of confirmed References

cases deaths
USA 36 9 [24,25]
UK 7250 58 [26]
India 40,854 3129 [13,
15-17]

France 79 [21,27]
Brazil 36 - [28]
Bangladesh 2 1 [29]
Nepal 11 2 [30]

been reported (Table 1). With the emergence of the second COVID-19
wave in India in particular, a significant rise in the number of mucor-
mycosis cases has been reported, with over 40,854 reported cases and
3129 deaths thus far [13,15-17]. Of these reported cases, 86% were
COVID-19 positive, of whom 64.1% were comorbid diabetic whilst 32%
were aged 18-45 and 68% aged above 45, accounting for 27,546 cases
[17]. The cases were reported in the 28 states of India with the highest
numbers of cases reported in Gujarat (5486) and Maharashtra (6339)
[18]. In a retrospective study, it was noted that patients with uncon-
trolled type-2 diabetes were more prone to such opportunistic infections
following prolonged ventilator use in hospital [19].

In another study analysis of 101 mucormycosis patients with COVID-
19, 80% were diabetic and 78.9% were male [13]. In addition, a case
report described a 33-year-old woman with mucormycosis and orbital
compartment syndrome who had recovered from COVID-19 and who
had a history of asthma and hypertension and upon presentation in
hospital had very high blood glucose levels [20]. Similarly, in a retro-
spective analysis of six male COVID-19 patients in India who developed
rhino-orbital mucormycosis, all were diabetic and their mean age was
60.5 + 12 [19]. A middle-aged diabetic women with non-diabetic
ketoacidosis having left eye complete ptosis and facial pain with no
signs of rhinitis or sinusitis was also positive for mucormycosis [21]. In a
post-mortem prospective study, 10 patients with a confirmed diagnosis

SARS-CoV-2
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of SARS-CoV-2 showed a number of clinical manifestations, including
thrombosis, acute tubular injury, lung damage, CD8+ T cell depletion,
as well as unexpected findings, including inflammation around the
heart, pancreas, and brain, and one of the 10 had disseminated
mucormycosis [22]. The median age of this cohort was 73 years. These
findings demonstrate the importance of early diagnosis of clinical
damage due to COVID-19. Furthermore, a report of 10 cases of mucor-
mycosis in India noted five cases of DKA, with three of them developing
DKA during their hospital stay [16]. A case report in Iran described a
44-year-old diabetic woman with a 5-day history of fever, facial
swelling, malaise, toothache, dry cough and partial dyspnoea who was
diagnosed with mucormycosis and treated with liposomal amphotericin
B [23]. Currently, there is one active clinical trial [NCT04368221], at
Rennes University Hospital in France, evaluating the pervasiveness of
fungal co-infections in patients with COVID-19 who are immunocom-
promised and on oxygen for ventilation in ICU.

Once diagnosis of mucormycosis is confirmed, surgical intervention
in the affected area is required to enhance survival, but it is not a cure
(Fig. 1) [31]. To begin, amphotericin-B deoxycholate, an anti-fungal
treatment, is favoured due to lower toxic effects to the kidneys [32];
patients with infections tolerant to amphotericin are usually prescribed
posaconazole. Even with rigorous surgery and intravenous anti-fungal
treatments, the prognosis remains dismal, with documented fatality
rates of 33-80%, rising to 100% in disseminated infections [5].

The cause of the outburst of mucormycosis remains a mystery. It is
imperative for health professionals to be on the lookout for mucormy-
cosis in COVID-19 patients, particularly those with type-2 diabetes,
aging people, and those with facial or orbital pain or black or blood-
stained sinus drainage [33]. India has contributed to almost 70% of
the global cases of mucormycosis since the emergence of COVID-19
[34]. The rise in mucormycosis in India reflects the triumvirate of
type-2 diabetes, widespread corticosteroid use, and SARS-CoV-2 infec-
tion; the rate increases considerably in those above 45 years of age. More
recently, in India new threats have surfaced, including white and yellow
fungus, bacterial infections, and a number of opportunistic respiratory
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Fig. 1. Mucormycosis — an opportunistic infection in the immunocompromised individual.
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co-infections in patients with severe COVID-19 admitted to ICU [35]. All
steps should be taken cautiously in order to maintain optimal blood
glucose levels, and with sensible assessment-based corticosteroid usage.
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