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Introduction: Recently, the Indian subcontinent has been hard hit by the second wave of COVID-19.

Along with it, the region has become a hot spot for mucormycosis infection in patients with COVID-19.

The aim of this paper is to provide a scientific overview on the status of mucormycosis in pre-COVID-19

era and on how COVID-19 could have directly or indirectly expose the hidden burden of mucormycosis

globally.

Materials and methods: This paper is structured as a narrative review and is based on relevant published

literature on both COVID-19 and mucormycosis.

Conclusion: Mucormycosis in the pre-COVID-19 era was almost a neglected entity. It was because the risk

factors for both - More severe COVID-19 infections and Mucormycosis are almost similar — COVID-19

might have helped to expose the true magnitude of the mucormycosis and flagging it as a major public

health concern requiring a revisit by medical science.
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INTRODUCTION

Increasing reports on the incidence of

mucormycosis, commonly known as the
“black fungus” in coronavirus disease of
2019 (COVID-19) patients, has been catching
the attention of treating physicians and
ophthalmologists. Although mostly isolated
to India, it has become a major public health
concern- especially considering its case fatality

rate.

Given the rapidity at which the cases are being
reported, we believe it is primarily important
to understand how these infections could be
interconnected. While it is beyond the scope
of this review to comment on associations,
correlations or treatment strategies, it tries to
summarize the basics and attempts to improve
the understanding towards mucormycosis in
relation to COVID-19. It also shortly highlights
critical, evidence-based reports regarding the
possibilities on why these two entities could be
both- dependent or mutually exclusive events
and also regarding the status of mucormycosis
in the region during the pre-COVID era (Soutik
B, 2021).

Mucormycosis

Mucormycosis is an angio-invasive fungal
infection with a remarkably high morbidity
and mortality. A rise in its incidence has
been observed in recent years - which is
mainly thought to be due to an increase in the

susceptible population living longer, contributed
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by better understanding of various diseases and

advancements in their treatment.

The upsurge has been perceived globally, more
alarmingly in the Asian continent (Prakash H and
Chakrabarti A, 2019). While diabetes mellitus
(DM) remains the most common cause, post-
tuberculosis status and chronic renal failure have
emerged as new risk groups (Rammaert et al,
2012). The rhino-orbito cerebral mucormycosis
(ROCM) predominates in patients with DM,
whereas pulmonary mucormycosis is the most
common variant in patients with hematological
malignancy and solid organ transplant (Jeong et
al, 2019). Likewise, cutaneous mucormycosis
and isolated renal mucormycosis are mostly
seen in immunocompetent patients - with the

latter being reported only from China and India.

COVID-19 and Mucormycosis : Exposing
the concealed

The general apprehension worldwide due to the
pandemic is being further fueled by the recent
reports regarding an increase in the incidence of
mucormycosis among patients with COVID-19.
There are already several factors which are
responsible for the spike in incidence of rhino-
orbito-cerebral mucormycosis. These mainly
include diabetes, long term use of steroids
and  immunosuppressants,  hematological
malignancies, solid organ transplantation, other
immunocompromising diseases, malnutrition,
inborn errors of hemoglobin and iron metabolism

(Sen et al, 2021).
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Not so surprisingly, many of these risk factors
are the same as those known to make COVID-19
patients more serious — often requiring intensive
care unit admission or mechanical ventilation
(Mekonnen et al, 2021). Furthermore, the use
of high dose steroids in these patients with risk
factors provides an opportunity for favorable
growth of ubiquitous filamentous fungi- Mucor
(Khatiwada et al, 2012).

Pre-COVID status of mucormycosis

It is very important to understand that even
prior to the COVID-19 outbreak, cases of
mucormycosis had been increasingly reported
worldwide with a fourfold rise in the last four
decades (Prakash H and Chakrabarti A, 2019).
In a retrospective study in the United States of
America, mucormycosis related hospitalization
was found to be 0.12 per 10,00 discharges from
January 2005 to June 2014 (Kontoyiannis et al,
2016).

Various countries from Europe too reported cases
in accordance to this. In Spain, mucormycosis
cases were seen to have increased from a
prevalence of 1.2 cases/10,000 admissions
between 1988 to 2006 to 3.3 cases/10,000
admissions between 2007 to 2015 (Guinea et al,
2017). France saw its prevalence rate rise from
0.7 cases per million in 1997 to 1.2 per million
in 2006 (Bitar et al, 2009) ; Belgium detected
a rise from 0.019 cases/10,000 patient-days
in 2000 to 0.148 cases/10,000 patient-days in
2009(Saegeman et al, 2011); and Switzerland

observed a rise in prevalence to 6.3 cases/10,000
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admissions per year from after 2003 while it was
0.57 cases/100,000 admissions per year before
that (Ambrosioni et al, 2010).

Countries in Asia had similar reports as well. Iran
saw a rise from 9.7% in 2008 to 23.7% in 2014
(Dolatabadi et al, 2018). India had a marked
increment- from 24.7 cases per year between
1990 and 2007 almost quadrupling to 89 cases
per year between 2013 to 2015 (Prakash et al,
2018). In addition to this, a multicenter study
in India has claimed that almost a quarter of
the invasive mold infections in India comprises
Mucor (Prakash et al, 2019).

Even prior to the COVID-era, the Leading
International Fungal Education portal had
estimated an international prevalence of 10,000
cases excluding India that astonishingly reached
910,000 when cases in India were included
(Chakrabarti, A. and Dhaliwal, M., 2013;
Bongomin et al, 2017). Nonetheless, even in
these data it must be kept in mind that the true
incidence and prevalence of mucormyecosis still
remain underestimated owing to the fact that
the collection of the deep infected tissues are
quite problematic and the available diagnostic
tests have low sensitivity (Chakrabarti, A. and
Dhaliwal, M., 2013).

Risk factors for severe COVID-19 infections
and Mucormycosis

Eight percent of hospitalized COVID-19
patients have been found to develop secondary
infections, especially in the middle and later

stages. Various meta analytic studies conducted
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independently on COVID-19 and mucormycosis
have shown the major risk factors predisposing
to both of these conditions. Diabetes mellitus,
solid organ transplantation, immunosuppression
and malignancies have been distinguished as
common to both of these (Rammaert et al, 2012;
Geng et al, 2021).

Diabetes Mellitus

Multiple meta-analysis studies have shown that
presence of diabetes mellitus was associated
with a greater risk of more critical morbidity,
hospital admission and death, more so in those
with poor serum glycemic control (de Souza et
al, 2021). A COVID patient with hyperglycemia
during admission was seen to have more
likelihood of needing ICU admission and
mechanical ventilation. Furthermore, even new
onset hyperglycemia and hyperglycemia during
hospitalization were associated with higher
mortality (Gao et al, 2021). Adverse outcome
among COVID-19 patients was found to be
related not only with type 2 diabetes, but also
type 1 diabetes (Gregory et al, 2021).

Diabetes mellitus has been seen to be the most
common predisposing factor for mucormycosis,
ranging from 17% to 88% around the world,
usually underlying more than half the cases
reported in India (Jeong et al, 2019). In the most
extensive literature review of mucormycosis
ranging from 1885 to 2004, more than half the
cases were observed to be known diabetics and
a substantial number had ketoacidosis, almost

half of the latter being diagnosed with diabetes

mellitus only on admission (Rammaert et al,
2012).

Hematological disorders and malignancies

People with hematological disorders and
malignancies have compromised immunity
making them more vulnerable to COVID-19
infection with the severity being attributed to
the type of tumor, duration and therapy (Booth
et al, 2021). A study in Wuhan showed that
cancer patients were more likely to have a grave

prognosis (Gao et al, 2021).

Hematological malignancy has been associated
with mucormycosis cases also. It lies as an
underlying disorder just second to that of diabetes
mellitus worldwide and with a poorer prognosis
(Jeong et al, 2019). In Europe and the United
States of America, these groups have been seen
to rank the highest comorbid condition among
the reported cases of mucormycosis in multiple
studies, ranging from 38% to 62% (Rammaert
et al, 2012; Lanternier et al, 2012). Boelaert
et al. exhibited an accelerated infection with
mucormycosis among those with hematological
malignancies and hematopoietic stem cell
transplantation (Boelaert et al, 1993).

In addition to immunosuppression, such
patients require frequent blood transfusions
that may cause iron overload and deferoxamine
therapy that are known to play an important role
in mucormycosis pathogenesis. Rhizopus sp.
captures the iron removed by deferoxamine that

further potentiates its growth.
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Chronic kidney disease

Chronic Kidney disease (CKD) has also been
found to be associated with higher likelihood
of getting COVID-19. A comprehensive
prospective cohort study conducted in Wuhan,
a high prevalence of chronic kidney disease
was observed among hospitalized COVID-19
patients (Cheng et al, 2020). CKD patients have
also been scrutinized to have a higher death rate
when associated with COVID-19 than those
with good renal function. A study in China has
shown that patients of End stage renal disease
were more likely to die during hospital admission
if they contracted COVID-19 in contrast to
those who did not get infected with it.(Gao et
al, 2021) Dialysis, organ transplantation and
End stage renal disease are among the top tier
of associated comorbidities causing mortality
from COVID-19 (Noordzij et al, 2020).

Mucormycosis has been seen in rise among
chronic kidney disease patients in developing
countries. Gupta et al. reported nine cases
of CKD, two of which had rhino cerebral
mucormycosis (Gupta et al , 1989). CKD was
observed in 9-32% of mucormycosis cases in
India and 18% in Turkey (Kursun et al, 2015).

Solidorgantransplant/Immunocompromised

state:

Chronic immunosuppression required pre
and post solid organ transplantation keeps
such transplant recipients at a higher risk of
contracting COVID-19. A huge mortality rate

between 13% to more than 30% have been seen
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among COVID-19 patients who had previously
undergone solid organ transplantation (Azzi et
al, 2021).

Such patients have also been reported to have
an increased occurrence of mucormycosis,
2-15%
The Transplant-Associated Infection
Surveillance Network (TRANSNET) study
estimated a 0.07%

prevalence of mucormycosis among solid organ

accounting for of mucormycosis

Ccasces.

12-month cumulative

recipients (Kontoyiannis et al, 2016).

Other risk factors associated with mucormycosis
are HIV infection, intravenous drug use, low
birth weight infants, malnutrition, chronic
alcoholism, liver diseases, chemotherapy and
use of calcineurin inhibitors (Prakash et al,
2018). A recent study from India reported
chronic kidney disease (8.9%) and post-
pulmonary mucormycosis (6.9%) as emerging

risk factors of mucormycosis .
Nosocomial

Mucormycosis, a rare but serious fungal

infection can occur sporadically in the
community. In fact, percentage of Rhizopus
spores in the hospital air shows 20% more than
outside which is about 5%. There are various
documentation supporting hospital related
mucormycosis due to use of contaminated
wooden depressors, adhesive bandages,
umbilical catheters, negative pressure rooms,
poor air filtration, water leaks , hospital linens
and non-sterile instruments used for patients

(Rammaert et al, 2012; Hartnett et al, 2019;
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Petrikkos et al, 2003). One of the hospitals in
the United States has documented isolation of
Rhizopus species in 42% of clean linens (Dufty
et al, 2014). With the alarming rate of increase
in mucormycosis cases and dreadful prognosis
related to it, the treating physician should be

aware of the nosocomial mucormycosis.

Rampant use of voriconazole in recent years
and also use of industrial oxygen cylinders
to compensate for the skyrocketing demands
during the COVID-19 crisis are also thought to
be related with the spike in the Mucor cases —
although the latter has remained a speculation
so far (Skiada et al, 2020).

Mucormycosis can also develop as clusters —
especially in hospitals where these cases are
being treated (Antoniadou et al, 2009). Although
non- contagious, the spores of the fungus can
remain in the surroundings — especially in the
intensive care units or operating rooms. Any
susceptible patient being treated in the same
environment may contract and have cluster
infections. Hence hospitals accepting and
treating patients with suspected or confirmed
cases of mucormycosis must practice extra

precaution to break the chain of transmission.

In Focus: Rhino-Orbito-Cerebral
Mucormycosis (ROCM)

Based on anatomical sites, it can involve many
parts of the human body, but Rhino Orbital
Cerebral mucormycosis (ROCM) is still the

most common form.

Generally, patients who have COVID-19 will
have symptoms like fever, fatigue, dyspnea,
anosmia and headache which is also similar
to the symptoms of mucormycosis. But in
mucormycosis, it is not just limited to just
these symptoms. Patients will present with
symptoms like facial swelling, facial pain, facial
numbness, facial nerve palsy, cough, anosmia,
distortion/ loss of taste , nasal discharge,
nasal obstruction, epistaxis, sinusitis, palatal
eschar, toothache, bone discharge and altered
mental status ( Prakash et al, 2018). Moreover,
ophthalmological symptoms like unilateral eye
pain, loss of vision, ophthalmoplegia, proptosis,
ptosis, relative afferent pupillary defect, orbital
cellulitis and periorbital discoloration and

necrosis are observed in cases of mucormycosis.

It is important to use these clues to suspect
ROCM and plan for diagnostic imaging or
histopathological examinations as the pathology
is very rampant and can result in mortality in a

matter of a few days if missed.
The Challenge ahead:

The transmogrification of a pandemic like
COVID-19 has grave detriment in a developing
country like Nepal, with limited professional
manpower, and lack of sufficient infrastructure.
The rising incidence of opportunistic infections
like mucormycosis in these patients, and also
in co-morbid diabetics, makes it more difficult
to contain these infections. The diagnosis and
management of cases infected with COVID-19

and mucormycosis are way challenging. There
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is a limited sensitivity and specificity of clinical
approach to diagnosis. Histopathologic and
direct microscopy, added on with culture and
molecular assays do help in the diagnosis,
but the foremost challenge is the optimal and

appropriate suspicion of this infection. Once
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with the standard of care that is currently being

improvised.

With such an unrelenting opportunistic infection
in a patient already coping with an inexorable
infection like COVID-19, the difficulties that

a timely diagnosis is made, the yet prodigious the patient, their families, as well as involved

challenge is the management, which advocates clinicians face, is always calamitous. Still, with

multidisciplinary involvement, which is still efficacious antifungals, and development of

in scarce in many of the health institutions standard protocols to treat the disease stage-

across the country. Many patients also require wise, shall regain the confidence of treating

destructive surgeries, which has its own impact physicians and surgeons, and will also provide

on the physical and mental well-being of a ray of hope for the patients and their families.
patients and their families. Another challenge
to early diagnosis and aggressive management

1
is the high morbidity and mortality rates, even
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