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Mucormycosis - Life threatening invasive fungal disease
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Abstract

Mucormycosis, formerly known as zygomycosis, is a potentially fatal invasive fungal disease (IFD) caused
by fungi in the Mucorales order and the zygomycetes class. Mucormycosis is a rare but deadly fungal infection that
generally affects those who have weakened immune systems. The infection has the potential to spread throughout the
body. Death is a possibility with this type of severe infection. It’s important to get treatment. If left untreated,
mucormycosis can be fatal. Zygomycosis has a high mortality of 70-100%. The prevalence of mucormycosis in India
is approximately 80 times that of developed countries, with 0.14 cases per 1000 population. The main aim and
purpose of this review related to overview and history, causative agents, epidemiology, etiopathogenesis,
transmission, types, clinical features, recent advances in diagnosis and treatment of Mucormycosis. A systematic
literature search was conducted in the electronic databases of PubMed, Google Scholar and relevant sources. It will
be helpful for those who work in the medicine field to explore their knowledge about mucormycosis.
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Introduction

Mucormycosis, also known as black fungus, is
an uncommon but potentially fatal infection. It is caused
by a type of mould known as mucormycetes and
frequently affects the sinuses, lungs, skin, and brain.
Mucormycosis is a rare but fatal fungal infection that
typically affects patients with compromised immune
systems. Mucormycosis is an angioinvasive disease
caused by mould fungi of the genera Rhizopus, Mucor,
Rhizomucor, Cunninghamella, and Absidia of the Order
Mucorales, Class Zygomycetes (1). These fungi can be
found in soil, bird and animal excretions, water and air
near construction sites, moist environments, rotting
food, and decaying organic matter such as leaves,
compost piles, or rotten wood.

History

Mucormycosis was coined in 1957 by
American pathologist R.D. Baker. Zygomycosis is
another name for it. It is a sneaky fungal infection
caused by members of the Mucorales and zygomycotic
families. Mucormycotina are the most common
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saprobes found in rotten matter or soil. Mucorales
infections are distinguished by their rapid progression
(2). The most common type, Rhizopus Oryzae, is
responsible for nearly 60% of mucormycosis cases in
humans, as well as 90% of the Rhino-orbital-cerebral
(ROCM) form (3). The inhalation of fungal spores is the
mode of contamination.

Paltauf, a German pathologist, reported the first
case of Mucormycosis in 1885 and named it Mycosis
Mucorina (4, 5). Mucormycosis became more common
among immunocompromised people in the 1980s and
1990s (6). A study conducted in France reported an
amplification of 7.4 % per year based on the prevalence
rate (7). Mucorales infection has been reported to occur
worldwide, with the possibility of seasonal variation

(8).

Causative agents

Mucormycosis can be caused by a variety of
fungi. Mucormycetes are fungi that belong to the
scientific order Mucorales. The order Mucorales
contains 261 species divided into 55 genera, 38 of
which have been linked to human infections (9).
Inhalation, ingestion, or direct inoculation allow fungal
spores to enter the human body. The agents of
mucormycosis differ depending on where you live.
Rhizopus species (Rhizopus oryzae.) and Mucor species
are the most common causes of mucormycosis (10).
However, Apophysomyces, a family member found in
tropical and subtropical climates, is the second most
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common in India. Apophysomyces and Saksenaea spp.
are almost always the causative agents of cutaneous
mucormycosis in immunocompetent patients, and they
are mostly found in Asia (11,12).

Other examples include Rhizomucor species,
Syncephalastrum species, Cunninghamella
bertholletiae, Apophysomyces, Cokeromyces,
Actinomucor, Lichtheimia (formerly Absidia),
Saksenaea, and Rhizomucor (13). New species are
emerging, including Rhizopus homothallicus (14),
Thamnostylum lucknowense (15), Mucor irregularis
(16) and Saksenaea erythrospora (17). Their taxonomy
has shifted dramatically in recent years as a result of
molecular phylogenetic investigations, and some taxa
have had many name revisions as a result. Table 1
shows the current nomenclature for these taxa.

Table 1. Current nomenclature of medically
important mucoralean species according to updated
taxonomy
Previous Names/Synonyms Current Species Names

Absidia corymbifera,
Mycocladus corymbifer
Absidia ornate

Absidia ramosa, Mycocladus
ramosus

Mucor ellipsoideus, Mucor
circinelloides f. circinelloides
Rhizomucor regularior,
Rhizomucor variabilis var.
regularior

Mucor circinelloides f.
griseocyanus

Rhizomucor variabilis
Mucor circinelloides f.

Lichtheimia corymbifera
Lichtheimia ornata

Lichtheimia ramosa

Mucor ardhlaengiktus

Mucor circinelloides

Mucor griseocyanus

Mucor irregularis

. .. Mucor janssenii
janssenii
Mucor circinelloides f. _—

. Mucor lusitanicus
lusitanicus

. Rhizopus arrhizus (incl.
Rhizopus oryzae

var. delemar)
Rhizopus microsporus var.
azygosporus, var. chinensis,
var. oligosporus, var.
rhizopodiformis, var. tuberosus

Rhizopus microsporus

Reservoir

Mucormycetes are moulds that are
thermotolerant and can be found in nature.
Mucormycetes are widely detected in soil, but are rarely
identified in air samples aimed at fungal spores,
according to environmental sampling studies (18).
Environmental niches differ between genera and
species. Inhalation, inoculation, or ingestion of spores
from the environment are all methods of transmission
(19-21).

Types of mucormycosis

Mucormycosis can also develop on the skin
after the fungus enters the skin through a cut, scrape,
burn, or other type of skin trauma. Types of
mucormycosis are shown in Table 2.
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Table 2: Types of Mucormycosis

Infection in the sinuses that can spread
to the brain. People with uncontrolled

Rhmocerg‘t;)ral. diabetes and those who have had a
(sinus an r{nn) kidney transplant are more likely to
mucormycosis develop this type of mucormycosis.
(23,24)
Pul The most common type of
(lu m;)nary mucormycosis is among cancer
ung . patients and those who have received
THucormycosis an organ or stem cell transplant.
More common among young children
than adults, especially premature and
. . low birth weight infants less than 1
Gastrointestinal
. month of age, who have had
Mucormycosis

antibiotics, surgery, or medications
that lower the body’s ability to fight
germs and sickness. (25)

It is the most prevalent type of
mucormycosis in people who don't
have a compromised immune system.
It occurs after the fungi enter the body
through a break in the skin (for
example, after surgery, a burn, or other
type of skin trauma).

The infection is most usually found in
the brain, although it can also damage
the spleen, heart, and skin. It occurs
when the infection spreads through the
bloodstream to affect another part of
the body.

Cutaneous (skin)
mucormycosis

Disseminated
mucormycosis

Epidemiology

During 1992-1993, laboratory surveillance in
the San Francisco Bay Area generated population-based
mucormycosis incidence estimates, which revealed a
yearly rate of 1.7 cases per 1 million persons (26).
Mucormycosis was the third most prevalent invasive
fungal infection among stem cell transplant recipients,
accounting for 8% of all invasive fungal infections (77
mucormycete cases out of 983 stem cell transplant
patients with any fungal infection) (27,28).
Mucormycosis was the third most common kind of
invasive fungal infection among stem cell transplant
recipients, accounting for 8% of all invasive fungal
infections, according to prospective surveillance of
16,808 transplant recipients done in 23 institutions
between 2001 and 2006. Mucormycosis accounted for
2% of all invasive fungal infections in solid organ
transplant recipients (28 mucormycete cases out of
1,208 solid organ transplant recipients with any fungal
infection) (29).

According to a recent estimate for the year
2019-2020 (30-32), the prevalence of mucormycosis
ranged from 0.005 to 1.7 per million people worldwide,
with a prevalence approximately 80 times greater (0.14
per 1000) in India than in industrialized countries. In
other words, India has the world's highest rate of
mucormycosis. Despite this, India has the world's
second-largest diabetes mellitus (DM) population and
was, until recently, the diabetes capital of the world
(33). Importantly, in India, diabetes mellitus is the most
common risk factor for mucormycosis, but in Europe
and the United States, haematological malignancies and
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organ transplant take the lead. DM, however, remains
the major risk factor for mucormycosis worldwide, with
a 46 percent overall death rate (34).

Mucormycosis prevalence in France increased
from 0.7 cases per million in 1997 to 1.2 cases per
million in 2006, according to a nationwide population-
based study (35). Saegeman et al, from Belgium
observed an increase from 0.019 cases per 10,000
patient days in 2000 to 0.148 cases per 10,000 patient
days in 2009 (36). Mucormycosis is prevalent in India
at a rate of 0.14 instances per 1000 people, which is
almost 80 times higher than the rate in affluent
countries (37). All of the preceding papers emphasise
that mucormycosis is a new disease. The authors
reported an increase in the percentage of documented
cases by culture and decade. In the 1980s, the
percentage was 50%, and in the 2000s, it was 71%. This
could indicate that, in addition to a real increase in the
number of cases, better diagnostic tools or increased
disease awareness are major factors. Chakrabarti et al.
published three successive studies from a single
location in India, finding that the incidence of
mucormycosis was 12.9 cases/year during the first
decade (38), 35.6 cases/year over a S5-year period, and
50 cases/year over an eighteen-month period (39).

Mucormycosis outbreak

Mucormycosis outbreaks have occurred, despite
the fact that the majority of cases are sporadic (not part
of an outbreak). In healthcare settings, determining
whether mucormycosis is healthcare-associated or if the
infections were acquired elsewhere might be difficult.

Multiple occurrences of healthcare-associated
mucormycosis have been reported, either as isolated
cases or outbreaks. 75 cases of mucormycosis were
published in an Indian magazine over an eighteen-
month period, with 9 percent of them being nosocomial.
Various exposures in the hospital environment have
been linked to healthcare-associated mucormycosis
(40-43):

o The most common cause of infection is the use of
non-sterile items (44). Bandages, adhesives,
nitroglycerin patches, contaminated linen (45),
wooden tongue depressors, ostomy bags, and
probiotics have all been linked to these infections. An
outbreak linked to allopurinol tablets and packed food
has even been reported.

« A variety of medical treatments and devices, such as
catheters, insulin pumps, and finger sticks, as well as
tube insertion, teeth extractions (46), and surgery.

« Infection can also be spread by environmental causes.
Mould can be found in the air, dust, water, and on any
surface in the hospital. Invasive fungal infections are
more likely to occur during construction. Defective
ventilation systems and water leakage have been
connected to outbreaks.

Rammaert et al., found that 22% of the patients
had diabetes, 24% had a solid organ transplant, 12%
had a malignancy, 37% had a history of protracted
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steroid medication, and 5% had additional
immunodepressive variables in their study of 169 cases.

Depending on the source of infection, the
clinical presentation differs. The majority of infections
caused by bandages, adhesives, or contaminated wound
dressings are cutaneous in nature. Disseminated illness
has resulted from percutaneous exposure in
immunocompromised people. Inhalation causes
pulmonary and rhino-cerebral infection, while
gastrointestinal mucormycosis is caused by the
absorption of tablets or food, as well as the use of
tongue depressants. Peritonitis has been associated with
dialysis catheters.

Deaths due to mucormycosis

Mucormycosis is a potentially fatal infection
that affects a large number of people. According to a
survey of confirmed mucormycosis patients, the all-
cause mortality rate is 54 percent (47). The fatality rate
differed depending on the patient's underlying
condition, the type of fungus, and the body part afflicted
(for example, the mortality rate was 46 percent among
people with sinus infections, 76 percent for pulmonary
infections, and 96 percent for disseminated
mucormycosis).

Etiopathogenesis and Risk factors

Mucorales attack deep tissues by ingesting or
inhaling spores, as well as injecting spores into the skin.
The initial line of defence in a healthy host is capable of
killing spores via oxidative metabolites and cationic
peptides as soon as the spores penetrate lung or skin
tissues.

Mucormycosis is a contagious fungal infection.
i.e., the "black fungus" infection cannot be passed from
one person to another or between humans and animals.
Inhaling spores, eating spores in food or medicine, or
having spores contaminate wounds are the three ways
humans might get mucormycosis.

The infection can happen to anyone at any age.
Most people will come into contact with the fungus at
some point in their everyday lives. Risk groups for
mucormycosis include persons with:

Uncontrolled diabetes

HIV

Cancer

Organ transplant

Hematopoietic stem cell transplant
Persistent neutropenia

Prolonged corticosteroid therapy
Intravenous drug use
Hemochromatosis

Bad Health from Poor Nutrition
Metabolic acidosis

Skin trauma

Burns or Surgical Wounds

Iron overload

Premature birth or Low birth weight

CURLLLRRRRRRRRS

Mucormycosis develops as a damaging and
sometimes fatal condition in diabetes individuals due to
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an increased availability of micronutrients and a
weakening of the body's defence mechanisms (48).
Several possibilities have been proposed, including: low
serum inhibitory activity against Rhizopus species,
increased availability of iron for the pathogen at lower
PH levels, and pulmonary macrophages of diabetics
have a reduced ability to prevent Rhizopus species
germination. Rhizopus has a ketone reductase enzyme
that permits it to boost its glucose and acidic
environment.

All kinds of mucormycosis can occur in DM,
especially when ketoacidosis is present (49, 50).
Neutrophils are important in the host's defence against
mucorales. In diabetic mellitus, its function is reduced
at several levels. Diabetes-related ketoacidosis hastens
fungal invasion. The low level of dialyzable inhibitory
factor in diabetics, along with an acidic environment
that releases more free iron by lowering its binding to
transferrin, creates ideal circumstances for fungal
replication. Before the introduction of amphotericin B
and extensive surgery, Mucormycosis had a reported
mortality rate of 90% or even higher. Mucormycosis is
more common in severely neutropenic patients and
those who lack phagocytic activity. In the case of AIDS
patients, however, this is not the case. It implies that
only neutrophils, not T lymphocytes, are important in
preventing fungal proliferation. Patients with
haematological malignancies and hematopoietic stem
cell transplants are more likely to develop
mucormycosis after receiving long-term voriconazole
treatment (51, 52). Mucormycosis can also be found in
people who don't seem to have a problem with their
immune system. It's possible that it's linked to burns,
trauma, or iatrogenic elements in such cases (53).

Covid-19 infections are more severe in people
with diabetes and obesity. This increases their chances
of receiving corticosteroids, which are commonly used
to treat Covid-19. However, corticosteroids, in
combination with diabetes, raise the risk of
mucormycosis. Meanwhile, the virus that causes
Covid-19 can harm airway tissue and blood vessels,
putting them at risk of fungal infection. So, tissue and
blood vessel damage from Covid-19 infection,
corticosteroid treatment, high background rates of
diabetes in the population most severely affected by the
coronavirus, and, most importantly, more widespread
exposure to the fungus in the environment are all likely
to be contributing to the mucormycosis situation seeing
in India. Several occurrences of mucormycosis have
been documented in India among Covid-19 recovered
and recovering patients, resulting in blindness or other
significant complications. Surat, Gujarat, Delhi, and
Maharashtra have all reported cases of mucormycosis.
The mucormycosis infection caused by Covid-19 is
treatable, but if left untreated or addressed late, the rare
infection can cause eyesight loss and, in certain cases,
raise the chance of death. Furthermore, COVID patients
receiving oxygen therapy in an ICU with a humidifier
are susceptible to fungal infection due to moisture
exposure. However, this does not rule out the possibility
of Mucormycosis infection in COVID patients.
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Although the disease is rare in those who do not have
diabetes, it can be lethal if not treated swiftly.

Clinical features

Mucormycosis symptoms vary depending on
where the fungus is developing in the body. (54,55)
Mucormycosis has five major clinical manifestations,
the most prevalent of which are rhinocerebral and
pulmonary infections. The quick onset of tissue necrosis
with or without fever is a hallmark clinical indication of
mucormycosis. The invasion of blood vessels and
subsequent thrombosis causes necrosis. Table 3 shows
the clinical features of mucormycosis types.

Table 3: Clinical features of Mucormycosis types

1¥[ucormycos1s Clinical Features
ypes
The most prevalent kind in diabetics and
those who have had a kidney transplant.
It also affects neutropenic cancer
patients, as well as those who have
received a hematopoietic stem cell
transplant or a solid organ transplant.
Symptoms include unilateral face
swelling, headaches, nasal or sinus
congestion or pain, serosanguinous nasal
discharge, and fever. As the infection
progresses, ptosis, proptosis, loss of
extraocular muscle function, and vision
impairment may result. Necrotic black
lesions on the hard palate or nasal
turbinate, as well as drainage of black
pus from the eyes, are diagnostic
indicators.

Generally, it occurs in patients with
hematologic malignancy or profound
neutropenia. Fever, cough, chest pain,
and dyspnea are some of the non-
specific symptoms. Tissue necrosis
occurs as a result of angioinvasion,
which can lead to cavitation and/or
hemoptysis.

It may be primary or secondary. Primary
infection is caused by the fungus
directly inoculating itself into disturbed
skin. It is most commonly seen in
patients with burns or other forms of
local skin trauma, although it can also
happen in patients who are not
immunocompromised. Initial infection
causes pus, abscess formation, tissue
swelling, and necrosis, as well as an
acute inflammatory response. The
lesions might be red and indurated, and
they frequently turn into black eschars.
When a pathogen spreads
hematogenously, secondary cutaneous
infection occurs; lesions typically begin
as an erythematous, indurated, and
painful cellulitis and proceed to an ulcer
covered in a black eschar.

Rhinocerebral
(sinus and
brain)
mucormycosis

Pulmonary

(lung)
mucormycosis

Cutaneous
(skin)
mucormycosis
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It is less prevalent than the other clinical
types and is thought to be caused by the
organism being consumed. It usually
affects malnourished people or
premature babies. Most typically, the
stomach, colon, and ileum are impacted.
The most common symptoms include
nonspecific abdominal pain and
distension, nausea, and vomiting, as well
as gastrointestinal bleeding. It's the most
frequent type of mucormycosis in
newborns, and it's difficult to diagnose
since it looks like necrotizing
enterocolitis, a far more common
disease.

Usually affects people who are already
sick from other medical diseases.
Determining which symptoms are
attributable to mucormycosis can be
challenging. Disseminated
mucormycosis can occur after any of the
previous types of mucormycosis, but it's
most common in neutropenic patients
with a lung infection. The brain is the
most common location of spread, but it
can also affect the spleen, heart, skin,
and other organs.

Gastrointestinal
mucormycosis

Disseminated
mucormycosis

Diagnosis

Diagnosis and intervention as early as possible
are important. This comprises blood sugar control, the
removal of dead tissue as soon as possible, and
antifungal medicine treatment. However, many
infections will be detected late, and treatment options
will be limited. Prior to Covid-19, this was the case in
India, and the current strains on the health system will
only exacerbate the situation. Controlling these fungal
infections would necessitate improved awareness, better
testing to detect them early, as well as an emphasis on
diabetes management and the prudent use of
corticosteroids. Patients will need access to surgery and
antifungal treatment as soon as possible. However, more
research into the prevention of these illnesses is
required.

Mucormycetes can be difficult to distinguish
from other filamentous fungi in tissue, hence expert
pathological and microbiological expertise is frequently
required. There are currently no regular serologic
diagnostics for mucormycosis, and blood tests like beta-
D-glucan or Aspergillus galactomannan do not detect
mucormycetes. Although DNA-based detection
approaches show promise, they are not yet fully
standardised or commercially available. Mucormycosis
diagnosis entails a careful examination of clinical
manifestations, magnetic resonance imaging modalities,
early-stage computed tomography (CT), expert
assessment of cytological and histological provision,
best use of clinical microbiological approach, and
molecular detection. Histopathological evidence or a
positive culture from a specimen taken from the
infection site are usually required for a conclusive
diagnosis of mucormycosis. In comparison to
colonisation, specimens from sterile body locations
provide stronger evidence of invasive infection (56). In
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individuals with infection that is clinically consistent
with mucormycosis, culture of non-sterile locations
(e.g., sputum) may be beneficial. The detection of host
variables is crucial in determining if a patient is at risk
for invasive mucormycosis. The numerous laboratory
procedures for identifying mucor include PAS stains,
direct examination, calcofluor, histological examination,
Gomori methenamine silver stain, culture, molecular
approaches, and fluorescent in situ hybridization.
According to Kontoyiannis et al., one of the most
difficult aspects of identifying mucormycosis is its
indefinable clinical presentation and repeated occult
spread, necessitating the use of a sensitive nonculture-
based investigative method. Tissue-based analysis is the
gold standard analytic technique for confirmation (57).
Mucormycosis can be distinguished by the presence of
maxillary sinus neoplasia, aspergillosis of the maxillary
sinus, soft tissue infarction, soft tissue radio necrosis,
and other deep fungal infections.

Treatment

Although the infection may start as a skin
infection, it has the potential to spread to other places of
the body. Surgical removal of all dead and diseased
tissue is required for treatment. This can lead to the loss
of the upper jaw or possibly the eye in some people. A
4-6-week course of intravenous antifungal medication
may also be required to cure the infection. Treatment
needs a team of microbiologists, internal medicine
specialists, intensivist neurologists, ENT specialists,
ophthalmologists, dentists, surgeons, and others because
it affects numerous sections of the body.

Mucormycosis does not have a vaccination. For
patients with mucormycosis, early detection, diagnosis,
and timely administration of effective antifungal
treatment are critical to improve outcomes (58).

The first steps in treating mucormycosis are
intravenous antifungal medications and surgical
debridement. Surgical debridement is the process of
surgically eliminating all unhealthy tissue from the
body. It has been established that eliminating diseased
tissue prevents the infection from spreading.

Common antifungal medications for Mucormycosis
Most mucormycetes are resistant to
amphotericin B (IV), Posaconazole (IV or orally), and
Isavuconazole (IV or orally). Amphotericin B lipid
formulations are frequently utilised as a first-line
therapy. Voriconazole, which is used to treat
Aspergillus, is not effective against mucormycetes, and
there is some evidence that pre-exposure to
voriconazole may be linked to an increased risk of
mucormycosis in some patients (59). Surgical
debridement or removal of contaminated tissue is also
frequently required, especially for rhinocerebral,
cutaneous, and gastrointestinal infections. When
possible, control of the underlying
immunocompromising disease should be addressed
(60). Other therapies, such as hyperbaric oxygen
therapy, have been shown to be effective in specific
cases. Rapid accurate diagnosis, surgical debridement,
and medicine administration, as well as adjuvant
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application of hyperbaric oxygen, recombinant
cytokines, or transfusion of granulocytes and prosthetic
obturator, are all effective treatments for mucormycosis.

Spellberg et al., claim that currently available
monotherapy has a high mortality rate, particularly in
haematology patients, and so recommend "combination
therapy" for Mucormycosis (61).

Amphotericin B Dexycholate, Liposomal
Amphotericin B (5-10mg/kg), Amphotericin B lipid
complex, Amphotericin B colloidal dispersion,
Posaconazole (400mg daily), and management of core
conditions are examples of antifungal medicines.
Second-line therapy options include caspofungin and
lipid Amphotericin B, or a combination of lipid
Ampbhotericin B and Posaconazole, but not Deferasirox.

In the case of soft tissues, surgical treatment
should be considered for cerebral disseminated,
localized pulmonary lesions, and rhino-orbito-types.

Lower the risk of Mucormycosis

v Because the fungi that cause mucormycosis are
ubiquitous in the environment, it is difficult to avoid
breathing in fungal spores. Mucormycosis can't be
prevented with a vaccine. For people with weakened
immune systems, there may be some measures to
lower their chance of contracting mucormycosis.

v Protect yourself from the effects of the environment.
It's important to keep in mind that, while these
suggestions are helpful, they haven't been proven to
prevent mucormycosis.

v Avoid places with a lot of dust, such as construction
and excavation sites. If you can't avoid being in these
places, put on a N95 respirator (a type of face mask).

v Stay away from water-damaged structures and flood
water after storms and natural disasters.

v Avoid tasks that involve close contact with soil or
dust, such as yard maintenance or gardening.

v Wear shoes, long pants, and a long-sleeved shirt
when doing outdoor tasks like gardening, yard care,
or visiting woodland areas.

v When working with items like soil, moss, or manure,
use gloves.

v To reduce the risk of infection, carefully clean skin
injuries with soap and water, especially if they have
been exposed to soil or dust.

Conclusion

Mucormycosis is a life-threatening fungal
illness that affects people who are immunocompromised
or diabetic. It reveals a high and worrisome death rate.
Despite treatment, death continues to be a problem.
Although early detection and treatment can result in
improved outcomes, the total death rate is around 50%.
The current state of mucormycosis is discussed in this
review. Mucormycosis does not have a vaccination.
Keep yourself safe from the surroundings. It seems to
be worth noting that, while these steps are suggested,
they have not yet been shown to prevent mucormycosis.
In order to recover from the predisposing variables, you
must first identify them. Early detection, diagnosis,
surgical debridement, and quick administration of
appropriate antifungal medication, such as first-line
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therapy with liposomal amphotericin B paired with
surgery wherever possible, are all important.
Isavuconazole and intravenous or delayed-release tablet
versions of posaconazole have remained second-line
therapy for mucormycosis patients, and they are helpful
for lowering risks and improving results.
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