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ABSTRACT-  Mucormycosis is a  new
angioinvasive  infection  caused by the
ubiquitous filamentous fungus of the mucorales
order order of the zygomycete class. It is a rare
disease  but increasingly  recognized in
immune compromised patients. It can be
categorized into

Pulmonary, Rhinocerebral, Cutaneous,
Gastrointestinal and Disseminated types.Black
fungus is an opportunistic pathogen that affects
immune  compromised  patients due to
comorbidities, excessive administration of steroids,
organ transplantation, exposure to ventilation,
oxygen therapy, poor hospital hygiene, etc
KEYWORDS-Mucormycosis,Black
Fungus,Pathophysiology, Types,diagnosis and
Testing, Treatement

l. INTRODUCTION

Black fungus, also referred to as
mucormycosis, is a rare but serious condition. It is
brought on by a class of moulds called
mucormycetes and frequently impacts the sinuses,
lungs, skin, and brain. Inhaling the mould spores or
coming into contact with them through items like
dirt, stale bread or vegetables, compost piles, or
other objects are both possible ways to contract the
disease.

Mucormycetes are a group of moulds that
produce the lethal but uncommon fungal infection
known as mucormycosis (formerly called
zygomycosis). These moulds are present
everywhere in the environment. People with
medical conditions or those who take medications
that impair the body's natural defences against
disease and infection are more likely to develop
mucormycosis. After breathing in fungus spores
from the air, it typically affects the sinuses or the
lungs. After a burn, cut, or another kind of
physical trauma, it may also manifest itself on the
skin.

HISTORY
The first instance of mucormycosis may
have been reported by Friedrich Kiichenmeister in

1855[1].Furbringer provided the first account of the
lung disease in 1876.[2] Lichtheim not only
described how the illness first appeared in rabbits
in 1884 but also distinguished between two
different species, Mucor corymbifera and Mucor
rhizopodiformis. Later, these two species were
known as  Lichtheimia and  Rhizopus,
respectively.[1]

A link between poorly controlled diabetes
and severe sinus, brain, and ocular involvement has
been discovered in three patients from 1943 [1].

Saksenaea vasiformis was identified as the
root cause of numerous cases when it was found in
soil from an Indian jungle in 1953. When P. C.
Misra examined soil from an Indian mango
plantation in 1979, he found Apophysomyces; this
bacterium was later found to be the main culprit
behind mucormycosis.Since then, a number of
additional species have been added to the
mucorales.[1] When cases were initially reported in
the United States in the middle of the 1950s, the
author thought that the use of antibiotics, ACTH,
and steroids was to blame.[2][3]. Up until the
second part of the 20th century, the only
medication on the market was potassium iodide. A
review of instances from 1970 to 2000 where the
diagnosis  was  made  through  flexible
bronchoscopy.

Patients who underwent both surgical and
medical treatment, particularly when given
amphotericin B[2], fared better in terms of survival.

Arnold Paltauf coined the term "mycosis
mucorina" after describing a case with systemic
symptoms affecting the sinuses, brain, and
gastrointestinal tract in 1885. As a result,
"mucormycosis™ gained more notoriety.[1] Despite
the fact that the term "mucormycosis” has been
dropped due to changes in the taxonomy of the
kingdom Fungi, the terms "zygomycosis" and
"mucormycosis" are frequently used
interchangeably.

Entomophthorales is one of the Mucorales
of the extinct phylum Zygomycota. Diseases
caused by fungus in the order Mucorales are
referred to as "mucormycosis".[4]
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MECHANISM OF MUCORMYCOSIS

After spores have formed, neutrophils are essential
for removing fungal hyphae.

The host's defence mechanisms against the fungi
that cause mucormycosis also involve macrophages
and monocytes; in particular, alveolar macrophages
stop spore germination[6].

Mucormycosis primarily affects
immunosuppressed people because they lack these
defence mechanisms.

Patients with diabetes and DKA are more likely to
develop mucormycosis due to hyperglycemia,
acidosis, and corticosteroid medication (more
specifically, the phagocytic cell activities).[5]
Mucormycosis agents need to enter the host's
vasculature in order to disseminate, get enough iron
for growth from the host, and avoid the host's
phagocytic defences.

The breakdown of proteins protecting iron in
immunocompromised hosts (including diabetics)
makes it available to fungi for growth inside the
body.[7]

Transferrin's ability to bind iron is impaired by
acidosis, most likely due to the displacement of
ferric iron from transferrin by proton-mediated
oxidation[8]. The ability to bind iron is reduced
under acidotic circumstances.

Fungi can extract iron from their host in two
different ways: using siderophores, which are low-
molecular-weight iron chelators, or using high-
affinity iron permeases.[9]

This mechanism causes a decrease in the number of
neutrophils and phagocytes as well as the growth of
fungi[10].

The fungus that causes mucormycosis damages
endothelial cells, which results in vascular
invasion, further dispersion, and tissue necrosis.
Laminin and type IV collagen found in the
subendothelial matrix can attach to pregerminated
R. oryzae spores but not germlings.[11][12]

The entry of Mucorales into endothelial cells is
facilitated by the receptor glucose-regulated protein
78 (GRP78).

Endothelial cells are invaded and
destroyed through receptor-mediated processes
when iron and glucose levels are elevated.[13]
These conditions are similar to those in diabetic
ketoacidosis. These findings probably explain why
diabetic  ketoacidosis is more prone to
mucormycosis than other types of ketoacidosis.
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COVID-19-ASSOCIATED MUCORMYCOSIS
AS OF JUNE 2021, COVID-ASSOCIATED
MUCORYCOSIS HAS BEEN DETECTED IN
THE COUNTRIES OF INDIA

More than 11,700 persons were
undergoing treatment for mucormycosis during the
COVID-19 pandemic in India, according to a May
25, 2021, report from the Indian government. Due
to the fungus' ability to produce black-looking dead
and rotting tissue, it was widely referred to as
"black fungus" in Indian media. Mucormycosis
rates in India were believed to be over 70 times
higher than those in the rest of the world even
before the COVID-19 epidemic.[14][15]

It has been labelled an epidemic by some
state governments in India.[16] because of the
epidemic-like increase in instances. One of the
treatments needed daily injections over the course
of eight weeks using the anti-fungal intravenous
injectable known as amphotericin B, which was in
low supply. You can deliver amphotericin B
deoxycholate in either its regular form or a

liposomal form. The liposomal variant was
considered to be "safer, more effective, and [with]
lesser side effects"[17] while being more

expensive.The greatest obstacle to using antifungal
drugs on black fungus is the paucity of clinical
data. [18]

PATHOPHYSIOLOGY
Agents in Pathogenesis

In both developing and developed nations,
immunocompromised hosts (such as transplant

recipients, diabetics, leukopenic patients, acidotic
patients, and dialysis patients who receive
deferoxamine, an iron chelator) are susceptible to
the potentially fatal fungal infection known as
mucormycosis.[19][20][21][22][23]. Species from
the family Mucoraceae are frequently isolated from
mucormycosis patients.

Rhizopus oryzae (Rhizopus arrhizus) is the most
prevalent cause of infection in the Mucoraceae.
Cunninghamella spp. infection has also been linked
to an increase in mucormycosis cases.

Transmission

The skin is a crucial barrier against the
fungi that cause mucormycosis. Agents that cause
mucormycosis typically cannot penetrate healthy
skin.
However, the organism has the capacity to transmit
disease by implanting itself in contaminated soil or
water, producing burns, severe skin rashes, long-
lasting skin maceration, and penetrating deeper
tissues.
Furthermore, it has been established that
contaminated surgical dressings and nonsterile
adhesive tape are the main contributors to primary

cutaneous  mucormycosis.  Transmission  of
gastrointestinal mucormycosis occurs through
ingestion.

Breathing in Mucorales sporangiospores
causes pulmonary mucormycosis in people with
weakened immune systems, which develops into
hematogenous spread. extensive pathology
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The lesions that develop in rhinocerebral or
cutaneous mucormycosis can range in size from
elevated red nodules or plaques that sporadically
release purulent material to ulcerated lesions with
central cavitation, red leaky cores, and raised
epidermal edges.

Older lesions may have thicker, more erratic
epidermis that completely or partially conceals
them. Eschar that is dark in colour and suggests the
possibility of necrosis and ischemia.[24]

TYPES OF MUCORMYCOSIS

A rare but fatal fungal infection known as
mucormycosis, sometimes known as zygomycosis,
is brought on by a group of moulds known as the
mucormycetes. These fungi are present everywhere
in the environment. They are present in compost
piles, rotting wood, and other organic waste that is
decomposing in soil.[26]

Types of

Mucormycosis

W WV

J1

Microscopic Pathology

 Histologically analysed skin biopsies revealed
discrete, poorly encapsulated granulomas, or more
commonly

 Ribbon-like, thin-walled, non-pigmented, wide
(5-20 m), pauciseptate hyphae with right-angle
branching; * Thick-walled spherical forms can form
at the hyphal extremities in lesions that are exposed
to the air.[25]

When fungal spores from the environment
come in contact with people, mucormycosis results.
For example, breathing in spores might result in
sinus or lung infections. These kinds of
mucormycosis frequently affect people with health
issues or those who take medications that reduce
the body's capacity to fight infection and
disease.[27][28]
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MUCORMYCOSIS TYPES

A sinus infection called rhinocerebral
(sinus and brain) mucormycosis has the potential to
move to the brain. People with uncontrolled
diabetes and kidney transplant recipients
experience this more frequently.[29][30]

The most prevalent form of mucormycosis
in cancer patients, transplant recipients, and stem
cell recipients is pulmonary (lung) mucormycosis.
Infants and young children are more frequently
affected by intestinal mucormycosis than are
adults. If a newborn under one month old
underwent surgery, received antibiotics, or
underwent other immune-suppressing therapies,
they may be at risk.[31][32]

A skin break allows the fungus to enter the
body, causing cutaneous mucormycosis, a skin
illness.

Following a burn, scrape, cut, surgery, or other
type of skin trauma, this infection may manifest
itself. When the immune system is working
regularly, mucormycosis of the type that is most
common develops.

The medical word for an illness that spreads to
another section of the body via the bloodstream is
diffuse mucormycosis. Although the infection
primarily harms the brain, it can also affect the
spleen, heart, and skin.

THE MOST TYPICAL FUNGUS THAT CAUSE
MUCORMYCOSIS

Examples include  Apophysomyces,
Mucor, Rhizomucor, Syncephalastrum,
Cunninghamella bertholletiae, Rhizopus, and
Lichtheimia (formerly Absidia).[33]

SYMPTOMS OF MUCORMYCOSIS

Depending on where in the body the
fungus is developing, mucormycosis symptoms
change.[34][35][36][37] If you experience
symptoms that you believe may be related to
mucormycosis, consult your healthcare
professional.

Mucormycosis of the nose and brain symptoms
include:s rapid-escalating black lesions on the
bridge of the nose or on the roof of the mouth; an
edoema on one side of the face; sinusitis or nasal
congestion; fever

Pulmonary (lung) mucormycosis symptoms and
signs include:

Flu and cough
* Chest discomfort * Breathing issues

Blisters or ulcers may form as a result of cutaneous
(skin) mucormycosis, and the affected region may
turn black. Aching, warmth, severe redness, or
swelling near to a wound are other symptoms.

Gastrointestinal mucormycosis symptoms and
signs include:

* Internal bleeding; nausea and diarrhoea;
constipation

It may be challenging to identify which symptoms
are caused by dispersed mucormycosis given that
the disease frequently affects patients who are
already ill from other medical issues. Patients may
lose their mental function or slip into a coma as a
result of a spreading infection in the brain.

DIAGNOSIS AND TESTING

When diagnosing mucormycosis, doctors
take into account your medical history, symptoms,
physical examinations, and laboratory tests. A
sample of fluid from your respiratory system may
be taken by medical professionals who believe you
have mucormycosis in your sinuses or lungs and
sent to a lab for testing. Your doctor may do a
tissue biopsy to look for signs of mucormycosis.
During this procedure, a small sample of the
diseased tissue is examined under a microscope or
in a fungal culture in a laboratory. Depending on
where the infection is thought to be, you could also
require imaging tests, such as a CT scan of your
lungs, sinuses, or other parts of your body.

TREATMENTFOR MOCORMYCOSIS

MEDICAL. For the best medical outcome,
underlying systemic abnormalities such acidemia
and hyperglycemia must be treated as soon as is
practicable. Quick antifungal therapy is also
required, as well as vigorous surgical intervention.

Amphotericin B, a lipid-based medication
that breaks down the fungus' cell wall and should
be given as soon as the diagnosis is made, is the
first-line treatment for mucormycosis. When high
doses are required, nephrotoxicity may happen, but
liposomal formulations can provide high amounts
while keeping renal function.
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For mucormycosis, posaconazole has been
recommended as an effective adjuvant or
alternative therapy. The triazole stops the fungus
from growing.[38][39][40][41] To completely
understand posaconazole's role in the initial
treatment of mucormycosis, more research is
necessary.

As a result, it is not recommended to

utilise it as a first-line therapy at this time.
Surgery should be taken into consideration early on
in the course of treatment because systemic drugs
frequently cannot reach the afflicted tissue due to
vaso-occlusion.

SURGICAL. Early, aggressive surgical
debridement is necessary for treating invasive
fungal illness effectively. This can be done using
either an open technique or an endoscopic
technique. It is necessary to remove all necrotic
tissue. The surgeon should keep removing tissue
until normal, well-perfused bleeding tissue is
discovered because bleeding from damaged tissues
is uncommon. Daily repeat debridement may be
required until clinical improvement is seen. When
the disease has significantly advanced, sinus
excision and orbital exenteration may be necessary.

There are four major strategies to treat
mucormycosis: early detection, removing risk
factors, quick antifungal therapy coupled with
surgical excision of all affected tissues, and
adjuvant medications.[42] Early detection is
suspect in 50% of cases due to the restricted tools
available, and is only diagnosed after post-
mortem.[43] Only cutaneous and rhino-cerebral
infections can be diagnosed using imaging tests and
nasal endoscopy.[44] Million et al. reported
utilising a polymerase chain reaction (PCR)
method to locate mucorales DNA in blood samples
three  days  before the  discovery  of
Mucormycosis.[45]The patient needs imaging
testing and a nasal endoscopy to check for
mucormycosis if a Covid 19 patient with diabetes
complains of headache and vision problems. Early
discovery in this situation could prevent mortality
because the fungus could eventually pierce the
skull and cause death.

A mucormycosis sickness must be
effectively treated by removing or controlling all
predisposing  factors.  Since  diabetes and
ketoacidosis are the two conditions that Indian
patients experience the most frequently, reducing
blood sugar and managing ketoacidosis may stop
mucorales from invading host tissues.[46]

According to a study, using insulin and sodium
bicarbonate together may help treat diabetic
ketoacidosis.[47] When immunosuppressive drugs,
especially steroids and deferoxamine, are taken
sparingly or not at all, mucorales cannot infiltrate
host tissues.[48]

If at all possible, the excision of the
afflicted tissues is the best treatment option for
mucormycosis. While some conditions, like a
cutaneous or rhino-cerebral infection, make this
easier, others, like lung disease or when a virus has
infected the brain, make it impossible to do
s0.[49]According to a study, an early surgical
excision of the infected sinuses in rhino-cerebral
mucormycosis stops the illness from spreading to
the eyes and results in higher cure rates of 85%. A
study found that using antifungal medications
during surgery reduced mortality from 70% to
14%.[50]

Several studies on the treatment of
mucormyecosis infection have found that the best
antifungal drug is amphotericin B. Due to its low
toxicity and superior CNS penetration, liposomal
amphotericin B is frequently used at doses ranging
from 5 mg/g/day to 10 mg/kg/day to treat patients
with  brain infections.[51][52] The doctor's
assessment of the patient's underlying illness
determined the length of the Amphotericin B
treatment, which is still not correctly recorded.
Amphotericin B should reportedly be administered
for at least three weeks. Additional treatment
options might include triazoles like posaconazole,
isavuconazole, and voriconazole, among others, if
radiological and clinical improvements are
observed.[53]

Studies show that posaconazole has
supplanted amphotericin B as the drug of choice
for  treating mucormycosis  infection.[54]
Posaconazole is more effective than itraconazole
and less effective than amphotericin B, according
to clinical investigations in animal models.
Posaconazole is now more bioavailable when
administered intravenously or as tablets. 48 The
broad range triazole itraconazole has not been able
to demotivate micorales in human clinical trials
despite having strong anti-micorales action in vitro.
In an in-vitro model, voriconazole failed to
demonstrate efficacy against
mucorales.[55][56][57] Triazoles shouldn't be used
as the first line of treatment for mucormycosis
because of this.

Capsofungin alone has minimal impact
when tested in-vitro against mucorales in a mouse
model of experimentation, however it exhibits
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synergistic effects when paired with amphotericin
B. It barely ever causes any harm. Casofungin was
found to be effective at inhibiting the (1-3)-D-
glucan synthase enzyme generated by Rhizopus
oryzae in an in vitro activity at low
concentrations.[58]Other iron chelators, in addition
to deferoxamine, are used as adjunctive therapy
[59]. Iron chelators inhibited the fungus from
absorbing iron and stopped its growth, in contrast
to deferoxamine, which promotes mould
growth.[60] By enhancing neutrophils' ability to
combat mould, hyperbaric oxygen therapy also
prevents the growth of the Mucormycosis
mould.[61]

1. CONCLUSION
The air and surroundings both contain the
fungi that cause the famed black fungus disease. It
is therefore impossible to avoid them. Only those
with insufficient protection or those who have just
recovered from COVID-19 are vulnerable to this
virus.
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