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Abstract:This article presents the current situation regarding the spread of mucormycosis. Since mucormycosis is
a very poorly known disease in Poland, we present here only the most important facts and observations regarding
the relationship of this mycosis with COVID-19. We are dealing with a wave of infections, mainly in India, caused
by the so-called black fungus. The increase in the number of infections and their spread also outside of India is
directly related to the COVID-19 pandemic, and more specifically to the use of drugs containing corticosteroids or
anti-interleukins, such as tocilizumab, which suppress the patients’ immune system. There are voices of specialists
warning against underestimating mucormycosis and related mycoses, such as aspergillosis, and calling for more

research on these diseases to find effective treatments and eventual preventive measures.
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Rapid increase in the number of cases in India in 2021

Mucormycosis, which is a severe and often fatal invasive
fungal infection, achieved wider public awareness during
the COVID-19 outbreak in India in early 2021 [1,2]. The
rapid increase in mucormycosis cases followed the sec-
ond wave of the COVID-19 pandemic in India caused by
the SARS-CoV-2 delta variant. This increase was noticed
especially in the COVID-19 survivors and in diabetic pa-
tients. Mucormycosis is caused by fungi of the order Mu-
corales. The most common species is Rhizopus oryzae, but
in tropical countries, there are many different species,
belonging to the genera Rhizopus, Apophysomyces, Mucor,
and Lichtheimia, which can also cause mucormycosis [3].
However, the precise identification of the species in the
patients is very difficult. Spores and mycelial fragments
are found in the soil, and therefore also in the ubiquitous
dust scattered everywhere in the air. Mucormycosis is
not a new disease to India, but before COVID-19 pan-
demic it occurred sporadically in the immunocompro-
mised people. The COVID-19 pandemic has caused the
number of such patients to skyrocket. For this reason the
mucormyecosis, next to COVID-19, has become the sec-
ond epidemic in this country [4].

Mucormycosis is extremelly fatal disease with 50% mor-
tality rate. The fungus enters the human body through
the mucosa during breathing. That is why it attacks the
nasal sinuses so often. But it can also pass through the
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skin wounds, or the circulatory system to the rest of the
body. Because it’'s ubiquitous, the fungus easily attacks
the COVID-19 patients with weakened immune system.

Additional risk factors for mucormycosis are: ketoaci-
dosis occurring in cases of poorly treated or untreated
diabetes (which is also an increased risk factor for CO-
VID-19) as the fungus grows particularly well in the
acidified tissues, patients dialyzed and undergoing defer-
oxamine therapy for kidneys diseases, patients with ex-
tensive wounds or burns, or in case of malnutrition that is
very common in overpopulated India.

India has been struggling with the COVID-19 pandemic
during 2021. The SARS-CoV-2 virus delta variant has
proved to be particularly deadly in this densely populat-
ed country that often lacks high-quality healthcare. The
situation became even more complicated with the emer-
gence of new mutations of the delta variant, called the
delta plus. But the mucormycosis accompanying the CO-
VID-19 pandemic has proven to be a particularly grue-
some scourge. The SARS-CoV-2 infection itself greatly
weakens the body and immune system. In addition, treat-
ments of patients suffering from COVID-19 with drugs
containing corticosteroids or anti-interleukins reduces
the activity of the patients’ immune systems to such an
extent that their state resembles the immunosuppres-
sion applied, for example in the transplant recipients to
prevent acute transplant rejection [5]. This is how the pa-
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tients recovering from COVID-19 infection, often suffer
from mukormycosis.

Mucormycosis manifests with the black color of the tis-
sues affected by mycosis - hence the common name of
the disease - the black fungus. The disease is usually lo-
calized in the tissues of the sinuses, the eye, lungs, or the
skin around the woundé. But it can also take the form of
spread infection in the body called the disseminated
form. This happens when the fungus travels in the blood-
stream through the body. In the case of eye or paranasal
sinus infections, mucormycosis can easily spread to the
brain, which is always associated with a fatal prognosis
for the patient. Therefore, in such cases, the eye or sinus
areas sare surgically removed. Obviously, such a drastic
medical intervention causes enormous injuries to the
face and head. This is why local people fear mucormy-
cosis so much - it is not only deadly but also mutilates
people who managed to survive COVID-19.

Spreading beyond India

To date, the vast majority of reported cases of mucormy-
cosis in the world have occurred in India. The incidence
of mucormycosis is 70 times higher in India than in the
other parts of the world [3]. So, it is not surprising that
the particularly rapid increase in the number of infec-
tions in connection with the COVID-19 pandemic hap-
pened in India. However, the spread of mucormycosis
to India’s neighboring countries is very worrying. Many
cases are reported not only in neighboring Pakistan but
also in the countries east and north of India such as Ne-
pal, China, Bangladesh, Malaysia, and even Indonesia [7].
In the latter, mainly in Java and Bali, the particularly high
level of infections with the delta variant SARS-CoV-2 was
recorded, and consequently, the greater number of cas-
es of mucormycosis followed. The COVID-19 pandemic
increased the incidence of mukormycosis also in Soth
America, mostly Brasil [8,9]).

This new epidemic is of great concern to the Indonesian
authorities. The health authorities started a campaign
to propagate knowledge about mucormycosis and its
prevention [10]. Of course, an early diagnosis of mucor-
mycosis gives better chances for its treatment. For this
reason, the mediareport the typical symptoms of this dis-
ease, which, unfortunately, are not very specific at the be-
ginning of the disease. These include fever with a cough,
chest pain, and shortness of breath that do not improve
with standard treatments. In cases of infection through
the intestinal mucosa, abdominal pain, nausea, vomiting,
and gastrointestinal bleeding occur. Particular attention
is also paid to the infections of skin wounds, e.g. after sur-
gery or burns, where black blisters or ulcers occur. The
population is warned of disseminated forms of mucormy-
cosis, which can spread to internal organs, including the
brain, spleen, heart, and which manifests itself as a severe
disease with specific symptoms difficult to recognize. The
disease can also cause coma and changes in mental sta-
tus.

Due to global warming, mucormycosis can also reach
our latitudes. Fungi causing mucormycosis can also be
brought to the western coutnries along with the dust
containing spores or mycelial fragments. The first reports
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of mucormycosis also appear in Poland, especially in pa-
tients with poorly treated diabetes. However, for now,
aspergillosis is probably the greater threat in Poland. It
is mucormycosis-like mycosis caused by the aspergillus,
a fungus of the genus Apergillus, and Candida sp. Aspergil-
losis and candidosis also occur most frequently in immu-
nocompromised individuals, such as AIDS patients, and
also highly increased as the consequence of COVID-19
pandemic [11]. These patients are either treated with
amphotericin B, itraconazole, or voriconazole, or surgical
treatment is also used if necessary.

Urgent need for more research on mucormyosis and
related mycoses

In the August 2021 issue of Lancet Microbe, published
online in June 2021, three researchers Neil Stone, Ni-
tin Gupta, and llan Schwartz of the Hospital for Tropical
Diseases, University College London, Kasturba Medical
College in Manipal, India, and the University of Albertain
Edmonton, Canada, call for increased efforts to improve
diagnosis and treatment of mycoses such as mucormyco-
sis and aspergillosis [12]. They argue that these diseases,
which until now were considered to be secondary be-
cause they were restricted to a small group of particu-
larly susceptible patients, now can threaten anyone. The
COVID-19 pandemic should also change the approach to
this type of forgotten but extremely dangerous disease.

They point out that the most often used antifungal treat-
ment is amphotericin B, a nephrotoxic polyene antifun-
gal, which is in use since 1958. Liposomal formulations,
preferred because of reduced toxicity, are often too ex-
pensive or even unavailable in many poor countries. Few
alternative medications, such as posaconazole and isavu-
conazole, are even more expensive and therefore out of
reach for poor populations.

The mucormycosis epidemic in India, but also in Indone-
sia and Brasil, has made it clear how huge is the problem
of fungal infections and how poor is the state of medi-
cal research necessary for correect prevention, diagno-
sis and efficient and cheap treatments available for for
countries threatened by this scourge.

This major global warning should stimulate action to
tackle the many problems associated with this disease.
There is a need to better understand the risk factors that
contribute to the current epidemic. It is very important
to develop fast, reliable and non-invasive or minimally
invasive diagnostics of mucormycosis, to increase access
to existing treatments and to improve therapeutic mea-
sures.
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