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ABSTRACT: In December 2019, an unidentified
respiratory outbreak was reported in Wuhan, Hubei
Province, China. Pneumonia cases were connected
to the Huanan Seafood Wholesale Market.The
Global Health Organization termed the disease
caused by SARS-CoV-2 infection coronavirus
disease 2019 on February 11, 2020. (COVID-19).
COVID-19 causes a variety of clinical symptoms,
including fever, persistent cough, and lethargy,
often with respiratory involvement. SARS-CoV-2
is highly contagious, and most people in the
general population are vulnerable to infection.
Currently, wild animal carriers and sick patients are
the primary routes of disease transmission via
airborne droplets and close communication. Since
the epidemic, the Chinese administration and
research community have moved quickly to
discover the causative agent, share the viral DNA
sequence, and implement steps to contain the
pandemic.The catastrophe (COVID-19) is still a
major concern around the world. While numerous
therapeutic approaches have been investigated,
none have been demonstrated to increase survival
in COVID-19. Unfortunately, the common use of
glucocorticoids might result in secondary microbial
or fungal infections. Although invasive bronchial
aspergillosis complicates the course of COVID-19,
mucormycosis is rarely noticed or diagnosed.This
review aims to summarize and identify
the consequences and treatment perspective of
COVID-19-associated mucormycosis (CAM).
Keywords: Mucormycosis; Aspergillus niger;
Candida albicans; SARS-Cov 2; Covid-19

I. INTRODUCTION
The pandemic coronavirus disease 2019
(COVID-19) is a prominent concern throughout the

world. While numerous therapeutic alternatives
have been investigated, none, except systemic
glucocorticoids, have been demonstrated to
increase survival in COVID-19. One such
infectious sickness took place towards the end of
2019, shortly before the largest Chinese fest™* This
was highlighted by the large sets of multiple severe
pneumonia cases with comparable findings in
Wuhan, one of China's largest cities®®. Later,
using genome sequencing technology, the cause of
the sickness was discovered as a novel kind of
coronavirus known as severe acute respiratory
crisis coronavirus 2 (SARS-CoV-2), and the
condition was termed COVID-19%. (COVID-19)
generated by the coronavirus that causes SARS
(SARS-CoV-2) has been linked to a variety of
uncontrolled bacterial and fungal infections.
®Furthermore, Aspergillus nigerand Candida
albicans have been identified as the most common
fungal strains
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associated with COVID-19 co-infection.As of 5
November 2020, a record of 48,539,872 affected
individuals and 1,232,791 deaths reported from
COVID-19 has been reported in 215 nations and
regions worldwide ©. Chronic sickness has
generated a significant worldwide health burden as
well as waves in the medical community. 78

The major reason that Mucorales spores
emerge to proliferate in people with COVID-19 is
an ideal environment of oxygen depletion
(hypoxia), elevated glucose (diabetes, new-onset
impaired  glucose tolerance, steroid-induced
reactive hypoglycemia), acidic medium (metabolic
acidosis, ketoacidosis [DKA]), high iron levels
(increased ferritins), and reduced phagocytic
activity of white blood cells combined with several
other common risk factors, such as prolonged
hospitalization accompanied by or without
respiratory support.

1. MATERIAL AND METHODS

By Nov 2022, this study was based on a
substantial proof literature evaluation and was
carried out by exploring databases such as Google
Scholar, PubMed, and ScienceDirect. Keywords
such as "Coronavirus,” "COVID-19," "Black
Fungus,” "mucormycosis,"” and "prevention" were
used in the search. The final article's reference list
was also checked to identify items that were not
found through the search. This study also made use
of guidelines provided by prominent organizations
such as the World Health Organization (WHO) and
the Centers for Disease Control (CDC). For
analysis, research published in English and done in
various countries was chosen. The study omitted
studies and research linked to therapy and clinical
diagnostic symptoms.After eradicating duplicate
instances, the findings were assessed individually
byauthors based on the specific criteria, and the
investigations that advanced to the final evaluation
stage were extracted and analyzed.

I11. ORIGIN OF SARS-COVID-19

Scientists have questioned the provenance
of the new coronavirus, SARS-CoV-2, since its
detection 1. SARS-CoV-2 is thought to be the
result of experimental research. However, genomic
evidence contradicts this concept, indicating that
SARS-CoV-2 didn't arise from a commonly
identified virus core."“Intense infections of the
airways are the most prevalent type of infection,
affecting people of all ages and genders ™Y
Streptococcus pneumoniae, Hemophilus
influenzae, Moraxella catarrhalis, Influenza A or B

("the flu"), respiratory syncytial virus (RSV),
influenza, adenovirus, coronaviruses, and other
microbes are commonly responsible for these
disorders ™2™ Conversely, in terms of
contagiousness and medical problems, the most
common infections are those caused by RSV, Flu,
and retroviruses, which have caused multiple
epidemics and pandemics ™.

IV. CLINICAL SYMPTOMS
Fever, chronic cough, dyspnea, and breathing
difficulties are the most common first symptoms
(151 Although diarrhea was seen in around 20-25%
of individuals harboring MERS-CoV or SARS-
CoV exposure, gastrointestinal symptoms in
COVID-19 patients are uncommon. Confusion,
chest discomfort, vomiting, and nausea were also
identified as COVID-19 symptoms in another study
(18 " Difficulty swallowing, wheezing, rhinitis,
mucus discharge, anosmia and heartburn, skin rash
or coloring of the fingers and toes, and viral
conjunctiva are some symptoms. Some laboratory
experiments have revealed that COVID-19 suffers

from cytokine storm, infection, and RNAanemia "
18]

V. TRANSMISSION OF COV-19

SARS-CoV-2 potentially transmits
through both direct (fluids and individual
transmission) and contamination. In the meantime,
personal protective attire (PPE) may be a source of
airborne diseases . As previously stated, person-
to-person transmission of SARS-CoV-2 is thought
to occur mostly through respiratory droplets
produced when a person coughs, coughs or
sneezes, or even speaks or sings ?°!. Droplets often
cannot travel over than 6 feet and can only stay in
the air fora short period. SARS-CoV-2, on the
other hand, stays unchanged and infectious in
droplets (just under five microns diameter) and can
circulate in the atmosphere for approximately three
hours (2,

COVID-19 can be contracted if a person
comes into close contact with mucosal membranes
such as the conjunctiva, nostrils, or mouth after
encountering a source affected with SARS-CoV-2
221 As a result, adequate hand cleaning with soaps
and water or hand sterilizers is advised.SARS-
CoV-2 has also been found to spread from
asymptomatic persons (or those in the initial
infection) without any diagnostic abnormalities
Bl As a result, advancements in speedy and
sensitive diagnostic approaches for recognizing
infected individuals are required.
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V1. COVID-19 ACCOMPANIED BY
MUCORMYCOSIS

Paltaufinitially identified phycomycotic or
zygomycotic in 1885, and Bakeran American
pathologist, created the term Mucormycosis in
1957 for an aggressive Rhizopus infection.?¢2"]
Mucormycosis is a sporadic but devastating fungal
infection that typically affects patients with
impaired immune systems.

Mucormycosis is anillness caused by
mold fungi of the genus Rhizopus, Mucor,
Rhizomucor, Cunninghamella, and Absidia of the
Mucorales Order, Class Zygomycetes ¢

Mucormycosis, a hame most doctors are
acquainted with, refers to a group of different
mycoses induced by one of the orders of
Mucorales' ubiquitous saprophytic fungus. Even
thoughnumerous Mucorales species are
responsible.

Case studies reveal that strains of
Mucorales that had been previously thought to be
innocuous commensals may cause intrusive illness
under the right conditions. The recognition of
organisms retrieved from human illnesses has been
made more challenging because the identities of the
fungi have evolved throughout time as more
aspects of their taxonomy have been revealed.

In humans, the infection begins after
inhaling Mucorales spores into the lower airways.
This idea may settle in the nasal sinus passages or
move into the respiratory airways. The events that
lead to hyphal growth in tissue are mainly unclear.
Experiments have revealed that alveolar
macrophages derived from healthy mice can
prevent Rhizopus spores from germinating B!
The same macrophages derived from diabetic mice
are unable to block the formation of Rhizopus
spores, and these animals acquire quickly
increasing mucormycosis after inhaling Rhizopus
conidia.

The main distinguishing aspect of
mucormyecosis is the hyphal infiltration of blood
vessels. This intrusion causes bleeding, thrombosis,
infarction, and tissue necrosis. The causes for these
fungi's affinity towards vasculature are unclear.

VIlI. DIAGNOSIS
A prognosis of mucormycosis is infrequently
detected in hematology patients since most
clinicians suspect expansive aspergillosis. Only 23-
50% of hematology patients had an ante-mortem
assessment of mucormycosis #2%, Ct scanning of
the chest may detect infiltrates indicative of

mucormyecosis that are not visible on routine chest
radiographs 1. Sputum culture's low sensitivity
(25%)  makes  diagnosis  difficult .
Bronchoalveolar yield is not increased "%, Direct
imaging of bronchoalveolar lavage in conjunction
with transrectal biopsy may improve vyield.
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FIGURE 1: GRAPHICAL REPRESENTATION
OF STATISTICAL DATA OF CONFIRMED
CASES AND DEATH IN INDIA TILL OCT 31,
2022.
Source: WHO (World Health Organization) “”

VIIl. TREATMENTS FOR COVID-19
ASSOCIATED WITH
MUCORMYCOSIS

The treatment of Covid-19 associated with
pulmonary fungal infection involves the high
spectrum antiviral agents, immunomodulators, and
anti-inflammatory agents followed by some potent
broad-spectrum anti-fungal drugs to achieve
maximal relaxation in the severity of covid-19
triggering mucormycosis.

A significant range of antiviral
medications, many of which are used to treat
human immunodeficiency virus (HIV), hepatitis,
and flu symptoms, are now being used off-label in
patients with COVID-19 or are being studied for
therapy. In this section, we review the most
commonly used antiviral medications in terms of
therapeutic effects and potential for COVID-19
therapy.
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While it is uncertain if antifungal therapy
forCOVID-19-related IPA improves mortality,
identification should in most cases prompt early
antifungal treatment.VVoriconazole is still the first-
line therapy for IPA outside of hematologic
malignancies %%,

The combined lopinavir/ritonavir, which is
recommended in  conjunction  with  other
antiretroviral medications to treat HIV-1, is gaining
popularity for the treatment of COVID-19.
Lopinavir is a protease antagonist with good
selectivity for HIV-1 and HIV-2, whereas ritonavir
raises lopinavir plasma levels via cytochrome P450
inhibition “Y.This combination was previously
tried in patients with SARS infection and shown to
be related tofavorable outcomes; it is now being
studied in patients with MERS-CoV infection in
conjunction with IFN- conducted a randomized,
controlled, open-label experiment in 199
hospitalized SARS-CoV-2 patients. “?

Remdesivir has recently been identified as

a potential antiviral medication against a wide
range of Viral pathogens (including MERS-CoV)
infectious diseases in cultured cells, mice, and non-
human primate models “®.A nucleotide analog can
block RNA-dependent RNA polymerase (RdRp),
which is required for viral replication®. The
medicine was first created to treat Ebola and
Marburg infections; however, it did not show
clinical effectiveness. Antiviral activity against
single-stranded RNA viruses, such as MERS and
SARS-Cov, was also established “®. A recent
preclinical investigation found that the combination
of remdesivir/chloroquine might successfully
reduce SARS-Cov-2 infection in vitro.
Many different medications with various modes of
action are being tested in COVID-19 patients.
Camrelizumab, a PD-1 immune checkpoint
blockade monoclonal antibody that recently got
conditional clearance in China for the management
of relapsed or resistant basic Hodgkin lymphoma,
is being tested in a phase 2 research including
individuals infected with SARS-Cov-2. PD-1 and
its ligands (PD-L1) are important mediators of T
cell suppression in sepsis patients. Preclinical
research has shown that blocking PD-1 or PD-L1
can prevent T-cell & cell death, modulate cytokine
production, and minimize organ failure “°.

IX. CONCLUSION
The entire review is around the technical
aspects of the pandemic disorder originating from
Wuhan, China. The reviewfocuseson the history
and origin of the covid-19 and its clinical

manifestations along with primary symptomatic
approaches during the time of Pandemic.

On other hand, it also established the

relations of fungal infection during the surge of
Corona Virus, the patients suffering from
mucormycosis or pulmonary zygomyecetes infection
commonly known as “BLACK FUNGUS”. The
review also includes graphical data and figures to
get through the subject immensely and all the data
are collected from recognized journals and research
papers.
Further, the primary treatment methods are also
been studied for the treatment of Covid-19
triggering mucormycosis. This review helps to
understand and to establish the correlation between
these two diseases.

Situafion By Regien, Country, Terrfory & Area
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FIGURE 2: SUMMARIZED DATA OF COVID-
19 CASES AS PER NEWER DATA RELEASED
BY WHO (WORLD HEALTH ORGANISATION)
Source: WHO (World Health Organization) “”

Situation by WHO Region

Europe 261,204,761

Americas 180,047,147

Western Pacific 93,801,525
E—

South-East Asia 60,461,052
e

Eastern Mediterranean 23,157,203
=) )
Africa 9,363,101
o

FIGURE 3: NUMBER OF COVID-19 CASES
REPORTED WORLDWIDE
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