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Keywords: ABSTRACT: Mucormycosis is a new fungal disease that increased

the morbidity and mortality rate in this present scenario. It's difficult to
diagnose and cure due to proper scientific evidence is not yet being
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designed. The disease's prevalence appears to be rising. In high-
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income nations, hematological malignancies are the most prevalent
underlying illness, while uncontrolled diabetes is usually linked to
pulmonary mucormycosis in low-income nations. Mucormycetes can
be detected or identified using histopathology and molecular tests, and
they can be recommended as important add-on techniques to augment
standard diagnostic techniques. Reversal of underlying predisposing
factors, early delivery of active antifungal medications at the
appropriate dosage, thorough excision of all diseased tissues and
different adjuvant treatments are all part of a successful therapy
strategy mucormycosis. Liposomal amphotericin B antifungal
medications have been added to our antifungal arsenal, but
amphotericin B remains the medication of choice for first antifungal
therapy. Despite attempts to better understand the pathophysiology of
mucormycosis, early diagnosis and intensive treatment, the disease's
fatality rate remains high.
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INTRODUCTION: With the world reeling from
the effects of the novel coronavirus, a sub-
microscopic, enigmatically animated viral particle,
we now have to deal with another previously
unknown opportunistic adversary, the so-called
"Black fungus" infection, rationally called
mucormycosis. There are species that do not belong
to the plant or animal kingdoms. They can
be present in the dirt, trees, rotting organic matter,
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water, air, and moist areas, as well as in humans
and animals. They, along with bacteria, play an
essential role in our environment by degrading
organic matter into simplified forms for plant
consumption *. Mucormycosis (black fungus) is a
severe but uncommon fungal infection caused by
micromycetes, a type of mold. Molds of the order
Mucorales cause rhino-orbital-cerebral-mucor-
mycosis (ROCM).

A few subgroups are most often implicated in this
virus, such as Rhizopus, Mucor, and Rhizomucor.
These fungi are angioinvasive, meaning they
infiltrate and damage the surrounding blood
vessels, causing tissue necrosis and death. Molds
can be seen all over the environment and their
spores can be found in the air. They get trapped in
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the nasal cavity and the sinuses that surround it .
They ensconce themselves inside the tissue until
they've found a favorable setting. When the spores
germinate, the hyphae (filamentous processes)
outgrow and emit destructive juices that digest the
host tissue while still feeding the rapidly
developing fungi. They kill the surrounding host
tissue as they emerge in the nasal cavity. The nasal
cavity and sinuses' bones are broken. The hard
tongue, nasal bones, and skull base bones are
among them. In the nasal cavity and oral cavity,
black masses can be seen. It can cause bulging of
the eyes, discomfort, frozen eye motions, and
blindness if it damages the orbit and enters the eye
socket .

As it breaches the skull base and fills the cranial
cavity, it blocks main arteries and venous lakes,
resulting in life-threatening brain strokes and
bleeds. Spores can migrate deep into the respiratory
system and settle safely in the parenchyma of the
lungs (alveoli and bronchioles). The fungi multiply
quickly in this setting, killing lung tissue and
jeopardizing blood oxygenation. It will then spread
across the circulatory system, causing an existential
dilemma *. Due to the extreme disease's rarity,
comprehensive, recent systematic reviews are
almost necessary to accomplish, and the majority of
contemporary  knowledge on epidemiology,
identification, and care comes from case analysis
and empirical series °. For the person having
specific underlying diseases, such as hematopoietic
related stem cells, relatively large epidemiological
studies were conducted. Despite their inherent
limitations, the document is another valuable basis
of infection.

Mucormycosis still has a high mortality rate.
Antifungal medications are used in conjunction
with surgical intervention in the treatment of fungal

infections. Isavuconazole is the sole novel
medication that demonstrates efficacy against
Mucorales; however, it does not anticipate
providing  substantial improvements  over

amphotericin B-based medicines or posaconazole
as first-line treatment. Because early diagnosis
leads to a better prognosis, several researchers are
striving to find novel ways for identifying
mucormycosis sooner ®. This review will examine
the numerous disciplines of study focused on
diagnosis, as well as the modalities utilized as main
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or complementary therapy of this sometimes-
deadly condition. Mucormycosis is an uncommon
fungal illness that has recently become more
prevalent among COVID-19 patients in India and
other Asian populations. Unfortunately, depending
on the severity of the illness, it can kill anywhere
from 46 to 96 percent. You may bring it inside if
you enjoy gardening or other outside hobbies. It
may also be found inside, as seen by the black
fungal overgrowth on damaged bread or the fuzzy
white mold that develops on fruits and eventually
turns dark grey. The black fungus can also be found
in air conditioner condensation lines and drop pans.
In a nutshell, it has always been present in our
environment ’. However, it should only impact
persons whose immune systems are impaired, such
as uncontrolled diabetics, steroid users, or cancer
patients undergoing chemotherapy. Only a few
cases have been documented in India in the
previous ten years. Thousands of cases of black
fungus have been recorded in people suffering from
or recovering from COVID-19 in the last week ®.

Epidemiology: Rhizopus spp., Mucor spp. and
Lichtheimia spp. are the most common
mucormycosis  agents.  Apophysomyces and
Saksenaea are some of the less common genera in
Mucorales °. Mucormycosis (Rhizopus spp. And
Lichtheimiaspp) has a wide range of causes in
various regions °. Though Rhizopus is the
common disease causative species in India,
emerging species such as Rhizopus homothallic
and uncommon agents like Mucor irregularities and
Thamnostylum are causing the disease. The
majority of cases of mucormycosis are caused by
ingestion of fungal sporangiospores that have been
expelled in the air also direct inoculation of
organisms into gastrointestinal tract mucosa.

Mucormycosis is affected by seasonal fluctuations,
with the majority of infections occurring between
August and November. According to a recent
study, patients with trauma were more likely to be
infected with non-Rhizopus spp. Patients infected
with  Apophysomycesspp were all immune-
competent, had largely acquired infection by
trauma, and infection was primarily restricted to the
body's internal organs *. In India, Apophysomyces
variabilis and Saksenaeaerythrospora induce
nosocomial infection has been recorded after
intramuscular injections.
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Infection with Cunninghamella has been linked to a
worse prognosis. Mucormycosis has become more
common in recent decades, owing to an increase in
the number of severely immune-compromised
people. Mucormycosis instances are now recorded
worldwide; however, there seem to be disparities in
epidemiology  between  industrialized and
developing nations. The condition is still
uncommon in affluent nations, and it is usually
encountered in individuals with hematological
malignancies (HM) 2. Mucormycosis is more
frequent in poorer nations, particularly India, and
instances are mostly seen in individuals with
uncontrolled diabetes mellitus (DM).
Mucormycosis can manifest itself in a variety of
ways, in healthy organs.

The most common clinical manifestation of HM is
pulmonary illness. In India, the most common
symptom was rhinoorbito cerebral manifestations
linked with uncontrolled diabetes, and isolated
renal mucormyecosis has evolved as a novel clinical
entity. Mucorales infections are known for
progressing quickly. Mucor circularities is a newly
identified opportunistic fungus that causes an
infection with a radically different distribution and
clinical appearance. It was initially detected in
Chinese farmers. The infection is long-lasting,
occurs in immune-competent persons, has no clear
risk factors, and affects the skin and subcutaneous
tissues, eventually leading to severe deformity.
Data from two worldwide registries was recently
used to study mucormycosis in children **.

Diagnosis: In the last two decades, mucormycosis
infection (formerly known as zygomycosis) (6) has
increased, particularly in immunocompromised
individuals. Mucormycosis was the third most
prevalent infection in a study of fungal illness in
patients with hematopoietic stem cell transplant
(HSCT), following candidiasis and aspergillosis.
Mucormycosis is still difficult to diagnose, despite
its rising prevalence. Mucormycosis is typically
difficult to distinguish from other frequent invasive
mold infections, such as aspergillosis, both
radiographically and clinically. The “gold
standard” for the detection of mucormycosis
infection is histopathology. On the other hand, it
necessitates a high level of pathology competence,
it is also impossible to identify the species.
Mucormycosis-infected organisms from tissue
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samples that have been detected histopathologically
generally do not grow in fungal cultures, but proper
results only 50% of culture were positive,
according to a recent study **. The inability to
confirm mucormycosis that has been identified
histopathologically and establish the specific
treatment on species consequences. Mucorales are
mainly only resistant to amphotericin antibiotics,
and posaconazole is sometimes treated, in contrast
to Aspergillus species, which are sensitive to
voriconazole and echinocandins. Mucormycosis-
infected organisms from tissue sample *°.

AS a result, improved approaches for confirming
tissue level diagnosis and identifying species-
specific infected species are required. Using PCR-
based techniques to detect fungal infection is a
unique  technology that could improve
mucormycosis infection and diagnosis. Previously
published PCR and sequencing of Mucorales 18S
ribosomal DNA to assess mucormycosis and
distinguish the infecting organism in paraffin-
embedded tissue samples. A retrospective cohort of
patients treated for hematological malignancies
with histopathologically established mucormycosis
was evaluated at the molecular level *.

Doctors look at your medical history, symptoms,
physical examinations, and laboratory testing when
diagnosing mucormyecosis. If your doctor suspects
you have mucormycosis in your lungs or sinuses,
he or she may take a sample of your respiratory
system fluid to submit to a lab *’. A tissue biopsy,
in which a tiny sample of afflicted tissue is
evaluated in a laboratory for signs of
mucormycosis under a microscope or in a fungal
culture, may be performed by your healthcare
practitioner. Depending on the location of the
suspected infection, imaging tests such as a CT
scan of your lungs, sinuses, or other sections of
your body may be required *2.

Clinical Diagnosis: A high index of suspicions,
knowledge of host cell proteins, and early clinical
examination are all important symptoms required to
diagnose mucormyecosis. Diplopia is a condition in
which a person has two eyes a neutropenic patient
with diabetes or pleuritic discomfort '°. The
presence of a host might indicate the presence of an
infection, which should lead to treatment. The
employment of imaging modalities as soon as
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possible and subsequent acquisition samples for
histology, microbiological, and other tests and
cutting-edge molecular techniques. As previously
stated, Mucorales infection's most typical clinical
manifestations. Rhinocerebral, pulmonary, soft
tissue, and disseminated infections are some of the
most common; almost every organ, however, can
be impacted by illness %. Mucormycosis is
characterized by tissue necrosis; however, the end
results of syndrome-based diagnostic techniques
lack high specificity. On the other hand, aspergillus
also can cause similar symptoms in affected
patients. Furthermore, in tuberculosis-endemic
nations, the two illnesses may coexist, as in the
case of a diabetic patient. Nonetheless, there are
specific characteristics that should raise your
suspicion of invasive pulmonary mucormycosis. A
history of past voriconazole prophylaxis onset in an
impaired patient undergoing treatment for fungal
infection and antifungal medications active against
other infection .

Microscopic Examination: The pillars of
diagnosing mucormycosis are microscopically
direct and indirect histopathological and culture of
diverse clinical specimens. Microscopic
examination of clinical samples, ideally it provides
for a quick presumptive diagnosis of mucormycosis
infection. Mucorales hyphae range in width from
10 and above meters, are pauci-septate, and have an
uneven, looks like a ribbon structure with wide-
angle (900) bifurcations being common %. On
hematoxylin and eosin sections, fungal components
are plainly visible; methenamine Gomori's silver
staining for analyzing the external structure in
greater level. Inflammation, such as neutrophilic or
granulomatous, dominates tissue histology, notably
in immune-compromised people. The presence of
significant infarcts and angioinvasion characterizes
invasive illness. A perineural invasion may be seen
when nerve structures are implicated. When
compared to  non-neutropenic  individuals,
neutropenic individuals have a more widespread
angioinvasion 2.

Serology: The effectiveness of an enzyme-linked
immunospot (ELISpot) test was used to identify
Mucorales specific T lymphocytes in three
hematological patients who developed invasive
mucormycosis. Mucorales-specific T lymphocytes
were not seen in any of the controls. Further
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research on particular thymus cells is to be
conducted %+ %,

Molecular Analysis: Molecular-based techniques
such as PCR (Polymerase Chain Reaction) and
RFLP (Restriction Fragment Length Polymorphism
analyses (RFLP) based methods necessitate the
specific type of antigen produced by the fungal
infection. All of the assays listed above can be used
to detect and identify the Mucorales. The internal
transcribed spacer genes are the focus of the bulk
of molecular experiments %. Several investigations
have been conducted utilizing paraffin-embedded
samples, with varying results.

The detection accuracy of the investigations varied,
with the smallest drawback being its low
proportion of patients tested. Because the efficacy
of the infection analysis has not been properly
investigated and clinically evaluated, they cannot
be recommended as a single, stand-alone technique
in routine clinical diagnostics. Recent attempts to
diagnose diseases using molecular markers in blood
and serum have generated encouraging clinical
results. Compared to culture, serum for molecular
diagnostics resulted in an earlier diagnosis and
overall verified culture-proven instances. Due to
this, molecular-type of detection tests could be
advised as useful supplements to traditional
diagnostic techniques >’

The Mucorales-related fungal disease has always
been on the rise, with substantial morbidity and
death linked within it. The absence of a non-
invasive, fast, and accurate screening test has been
a major stumbling block in treatment %. A key

unmet need in modern mycology is the
development of an early identification of
mucormycosis  using a  culture-independent

biomarker. Immunofluorescence to confirm the
histologic prognosis of intrusive mold infection,
PCR on formalin-fixed paraffin-embedded (FFPE)
methods from serum/blood have mostly been
developed.

Treatment Options: Mucormycosis is best treated
with a multimodal strategy that includes reversing
or stopping fundamental elements that predispose
(if feasible), earliest administration of reactive
fungal medicines in the right dosage, full excision
of diseased organs, and the utilization of different
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adjuvant treatments. Diabetic patients who are
uncontrollable diabetes are suspects of having
mucormycosis infection must have their metabolic
abnormalities corrected as soon as possible. In this
context, experimental research indicates that using
bicarbonate with sodium in order to recover from
ketoacidosis, regardless of how moderate or
extreme the acidosis is, may be linked to a better
illness prognosis owing to the ability to reverse the
abilities %°. Corticosteroids and other immuno
suppressive medications should be discontinued as
soon as feasible and at least low dose achievable.

Earlier detection is critical to begin therapeutical
measures as soon as possible in order to prevent
increasing invasions of tissue and its deadly
consequences, reduce the impact of detection of
corrective treatments, and improve the result and
enduring  ¥.  Most antifungals, including
voriconazole, are resistant against Mucorales
fungus in vitro except for some Cunninghamella
and Apophysomyces strains. Itraconazole and
related derivatives are having effectiveness in some
new strains, as do posaconazole and isavuconazole.
There appears to be a link between Mucorales
isolates sensitivity to amphotericin B and their
outcomes **. Mucorales have numerous similarities
to certain other molds, including invasion portals,
intrinsic resistance mechanisms, and histological
and therapeutic abilities.

Other types of Mucorales, such as Lichtheimia and
Mortierella  spp., have unique virulence
characteristics that allow infecting them people
with diabetic ketoacidosis or any kinds of acidic
involvements, as well as impose unique host-
pathogen interactions *2. Mucormycosis is also
characterized by widespread angioinvasion, which
results in wvascular thrombosis and tissue
destruction.

Angioinvasion causes the organism to spread
hematogenously, whilst necrosis of the afflicted
tissues inhibits immune secretion cells and
medications from reaching the infected areas. In
comparison to some other fungus, such as
Aspergillus and R. oryzae, possess a lower
vulnerability to innate host defense, making them
more difficult to cure and, as a result, associated
with higher mortality **. Recently ECIL (European
conference on infections in Leukemia) proposed
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the guidelines that lipid formulated (Liposomal)
amphotericin B as a first-degree option for
mucormycosis  antifungal treatment. Besides,
infections of the brainstem and related organs
(peripheral nervous system) 5 to 10 mg/kg/day is
advisable for the usage of Liposomal amphotericin
B. At week four, the overall response rate was 36
percent, and at week five, it was 45 percent. Renal
function impairment was observed in 40% of
patients, as evidenced by a doubling of blood
creatinine levels.

Although the study was prospective, it was not
controlled; therefore, the findings ought to be used
to guide future research *. The ideal dosage for
medicine against fungal infections is still a point of
contention, also in some antifungal medicines such
as Triazoles, posaconazole, and isavuconazole.
Posaconazole is recommended as a salvage or
maintenance therapy by ECIL-6, but the
ESCMID/ECMM recommendations prescribe it as
a first-degree antifungal drug at a dosage of 200 mg
orally. Posaconazole's introduction of intravenous
and tablet formulations has resulted in higher
medication solubility and sensitization *.

Triazole (Isavuconazole) is a newly discovered
having antifungal action against Mucorales and
other fungal species. Because these antifungal
activity outcomes were equivalent, isavuconazole
drugs were recommended as first-line therapy for
mucormycosis instead of amphotericin B. Although
the findings are promising, the study has certain
limitations, including limited sample size and lack
of a control system, which also be considered *.
Posaconazole combined with amphotericin B as
proposed by ECIL-6 is another salvage therapy
option. There is no evidence that using two
antifungals as first-line therapy is effective. Using a
propensity score analysis, the effects of
monotherapy vs combination therapy were
investigated in a recent trial with hematologic
malignancies, but negative results were noted in
most of the combination treatments *.

In contrast, this retrospective analysis shows
patients treated with a combination of amphotericin
B and caspofungin revealed a survival advantage.
In conjunction with a polyene, patients who
received iron chelated deferasirox drug in
conjunction with a polyene had a higher chance of
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survival in preclinical studies. However,
individuals who received deferasirox had a higher
death rate in a random clinical trial 38.
Deferasirox's efficacy as an adjuvant treatment in
diabetic patients has been demonstrated in multiple
studies, but it has yet to be proven in clinical
studies. The length of active antifungal therapy has
yet to be defined. Posaconazole and isavuconazole
are two active drugs with oral formulations that are
favoured. Other adjuvant treatments include the use
of O2 (Oxygen) to create a higher oxygen level in
cell surface also the simultaneous injection in
cytokine level with antifungal medication.
Moreover, previous preclinical evidence suggests
that macrophage cell colony-stimulating molecules
boost the immunity signals against certain
Mucorales, potentially aiding treatment. However,
because there is no clinical data on their usage,
these treatments should be taken with care *.

Finally, VT-1161, a fungal CYP51 inhibitor with
selective action against R. oryzae, Lichtheimia, and
Cunninghamella, shows in vitro action against
Mucorales, including R. oryzae, Lichtheimia, and
Cunninghamella ~ *°.  When  administered
therapeutically or prophylactically, VT-1161 was
demonstrated to the higher life of neutropenic with
R. Oryzae “*. While more research is needed to
determine the efficiency of VT-1161 to act against
other Mucorales molecules. This ergosterol
synthesis inhibits the useful addition to our arsenal
against mucormycosis.

Challenges in Treatment: Antifungal therapy
takes many weeks, making it difficult for hospitals
to accommodate patients with mucormycosis, who
must be placed in different hospital wards. Surgery
must also be done with caution since extensive
mucormycosis surgery might negatively affect
patients, especially viral infected patients. Experts
say that maintaining appropriate hygiene is
especially crucial for diabetes patients since the
risk of opportunistic infection is particularly high in
them.

They also recommended that persons who use
oxygen concentrators clean their humidifiers on a
regular basis **. Every year, millions of patients in
India are admitted to hospitals with diabetes,
steroid use, or cancer, but no one contracts this like
the Covid-19 virus. Millions of people worldwide
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get infected with COVID, become diabetic, are put
on steroids, and their immune systems are
weakened, yet they do not contract black fungus *.
The primary reason behind the fungal infection is
an unsanitary and filthy method of supplying
oxygen to patients in many parts of India,
compounded with the indiscriminate use of steroids
in the treatment. To begin with, medical oxygen is
a highly refined form that is more than 99.5 percent
pure after many compressions, filtration, and
purification stages. The cylinders used to store,
transport, and consume liquid oxygen are
thoroughly cleaned and disinfected. Second,
oxygen requires humidification, especially when
given to patients at a high flow rate **.

This is accomplished by passing it through a sterile
water-filled container. The water itself must be
sterilized and replaced regularly in accordance with
the procedure. If the water is not sterile, it might
cause infection with the black fungus (This is
especially true if high-flow oxygen is administered
over an extended length of time.) On the other
hand, if oxygen is provided without being
humidified, the mucosal membrane will dry out and
the inner lining of the lungs will be damaged. It
will also thicken the sputum or discharge, making it
difficult to remove. Both of these have caused a
slew of problems for infected individuals *°. Next,
the administration of steroids in the therapy of
COVID-19 must occur at the appropriate moment.
Steroids are only beneficial in treating COVID's
symptoms, not the virus itself. If administered
early, while the virus is multiplying, it is risky and
damaging.

This will lower bodily immunity and allow viruses
to replicate more easily. Giving steroids to a
diabetic patients prematurely or needlessly would
boost their blood sugar to dangerously high levels,
increasing their chance of COVID severity and
exposing them to the harmful effects of
mucormycosis “.

Finally, while increasing the manufacturing of
medicine (Amphotericin B) to treat black fungus is
a wonderful idea, we must keep in mind that this
iliness kills between 46 and 96 percent of persons
once infected. The harsh reality is that
Amphotericin B is extremely poisonous. To
minimize this new adversary, the true solution is to
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impose quality control and compliance for
manufacturing, storage (in cylinders), and
distribution (sterile water, clean oxygen system)
and avoid indiscriminate use of steroids. A decent
shower, not an expensive perfume, is the answer to
terrible body odor *.

CONCLUSION: Mucormycosis, although its
rarity, is a significant burden on immune-
compromised people due to its high death rate. The
introduction of new immunosuppressive drugs with
effective has been linked to an increase in the
disease's prevalence. Diabetics, particularly in
poorer nations, are vulnerable to this potentially
fatal condition. There has been various research on
its pathophysiology; however, there are still a lot of
unanswered concerns. Mucormycosis is  still
difficult to diagnose and cure. The clinical
presentation is ambiguous, and it is sometimes too
late to offer effective treatment once it is
determined that the patient has mucormycosis. AS
a result, early detection is critical and it is the
primary focus of current research.

The foundations of diagnosing mucormycosis are
direct inspection, culture, and histopathology,
although time consumptive and high insensitive.
New methods with perfect molecular techniques
provide an option that leads to early detection and a
proper therapeutical approach towards the
treatment. Mucormycosis is treated with a
multimodal approach that includes reversing
underlying risk factors, administering antifungal
medications, surgical intervention, and numerous
adjuvant therapy.

Antifungal medication should be started as soon as
possible and dosed appropriately. The most often
used antibiotics are amphotericin B and
posaconazole. Isavuconazole is a novel triazole that
has efficacy against mucormycosis agents, although
it does not appear to give a better likelihood of
survival than earlier therapies. Proper targeted
immunological therapy and immunologic and
metabolomic characterization of the host may all
develop in the near future, for the best prognosis
and treatment of this deadly disease.

ACKNOWLEDGEMENT: We would like to
thank Fr. Jobi Xavier, Head of the Department of
Lifesciences, Christ (Deemed to be University),
Bangalore, Karnataka, India for providing us with

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

the opportunity and requirements needed for the
accomplishment of this research review.

CONFLICTS OF INTEREST: Authors have
declared that no conflict of interests exists.

REFERENCES:

1. Liu YJ, Hodson MC and Hall BD: Loss of the flagellum
happened only once in the fungal lineage: phylogenetic
structure of kingdom Fungi inferred from RNA
polymerase 11 subunit genes. BMC Evol Biol 2006; 6: 74.

2. James TY, Kauff F, Schoch CL, Matheny PB, Hofstetter
V, Cox CJ, Celio G, Gueidan C, Fraker E, Miadlikowska J,
Lumbsch HT, Rauhut A, Reeb V, Arnold AE, Amtoft A,
Stajich JE, Hosaka K, Sung GH, Johnson D, O'Rourke B
and Vilgalys R: Reconstructing the early evolution of
Fungi using a six-gene phylogeny. Nature 2006;
443(7113): 818-22.

3. Spatafora JW, Aime MC, Grigoriev 1V, Martin F, Stajich
JE and Blackwell M: the fungal tree of life: from
molecular systematics to genome-scale phylogenies. Micro
Boil Spectr 2017; 5(5): 10.

4. Tanabe Y, Watanabe MM and Sugiyama J: Evolutionary
relationships among basal fungi (Chytridiomycota and
Zygomycota): Insights from molecular phylogenetics. J
Gen Appl Microbiol 2005; 51(5): 267-76.

5. Sekimoto S, Rochon D, Long JE, Dee JM and Berbee ML:
A multigene phylogeny of Olpidium and its implications
for early fungal evolution. BMC Evolutionary Biology
2011; 11: 331.

6. Gomes MZ, Lewis RE and Kontoyiannis DP:
Mucormycosis caused by unusual mucormycetes, non-
Rhizopus, -Mucor, and -Lichtheimia species. Clin
Microbiol Rev 2011; 24(2): 411-45.

7. Lanternier F, Dannaoui E, Morizot G, Elie C, Garcia-
Hermoso D, Huerre M, Bitar D, Dromer F and Lortholary
O: French mycosis study group a global analysis of
mucormycosis in france. The Retro Zygo Study Clin Infect
Dis 2012; 54: 35-43.

8. Eucker J, Sezer O, Graf B and Possinger K:
Mucormycoses. Mycoses 2001; 44(7-8): 253-60.

9.  Walsh TJ, Bloom BE and Kontoyiannis DP: Meeting the
challenges of an emerging pathogen: the Henry Schueler
41&9 foundation international forum on mucormycosis.
Clin Infect Dis 2012; 54: S1-4.

10. Chakrabarti A and Singh R: Mucormycosis in India:
unique features. Mycoses 2014; 57: 85-90.

11. Chander J, Singla N, Kaur M, Punia RS, Attri A,
Alastruey-lzquierdo A, Cano-Lira JF, Stchigel AM and
Guarro J: Saksenaeaerythrospora, an emerging mucoralean
fungus causing severe necrotizing skin and soft tissue
infections - a study from a tertiary care hospital in north
India. Infect Dis Lond 2017; 49(3): 170-77.

12. A, Stchigel AM, Guarro J, Guevara E, Pintos L, Sanchis M
and Cano-Lira JF: Primary cutaneous mucormycosis
produced by the new species apophysomyces mexicanus. J
Clin Microbiol 2014; 52(12): 4428-31.

13. Mayayo E, Stchigel AM, Cano JF, Bernal-Escoté X and
Guarro J: Fascitisnecrotizante por saksenaeavasiformisen
una pacienteinmunocompetentetras un accidente de trafico
Necrotising fasciitis caused by saksenaeavasiformis in an
immunocompetent patient after a car accident. Rev
Iberoam Micol 2013; 30(1): 57-60.

14. 0JZ, Ln VR, M AL, Jd UA, Ma MR, Ga FS and Jd M: A
case of concomitant pulmonary tuberculosis and

1530



Pappuswamy, IJPSR, 2022; Vol. 13(4): 1524-1532.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

International Journal of Pharmaceutical Sciences and Research

mucormycosis in an insulin-dependent diabetic patient. J
Clin Tuberc Other Mycobact Dis 2019; 16: 100105.

Dube P, Saroa R and Palta S: Coinfections in intensive
care unit with pulmonary tuberculosis and mucormycosis:
a clinical dilemma. Indian J Crit Care Med. 2016; 20(3):
191-3.

Lee JS, Kim HC, Park SW, So HS, Woo CY, Choi JH,
Kim SH, Kim SJ and Oh YM: A case of isolated
pulmonary mucormycosis in an immunocompetent host.
Tuberc Respir Dis Seoul 2013; 74(6): 269-73.

Weprin BE, Hall WA, Goodman J and Adams GL: Long-
term survival in rhinocerebral mucormycosis. Case Report
J Neurosurg 1998; 88(3): 570-5.

Prabhu S, Algahtani M and Al Shehabi M: A fatal case of
rhinocerebral mucormycosis of the jaw after dental
extractions and review of literature. J Infect Public Health
2018; 11(3): 301-03.

Jung J, Kim MY, Lee HJ, Park YS, Lee SO, Choi SH, Kim
YS, Woo JH and Kim SH: Comparison of computed
tomographic findings in pulmonary mucormycosis and
invasive pulmonary aspergillosis. Clin Microbiol Infect
2015; 21(7): 684.

Bourcier J, Heudes PM, Morio F, Gastinne T, Chevallier
P, Rialland-Battisti F, Garandeau C, Danner-Boucher I, Le
Pape P, Frampas E, Moreau P, Defrance C and Peterlin P:
Prevalence of the reversed halo sign in neutropenic
patients compared with non-neutropenic patients: Data
from a single-centre study involving 27 patients with
pulmonary mucormycosis. Mycoses 2017; 60(8): 526-33.
Caillot D, Legouge C, Lafon I, Ferrant E, Pagés PB,
Plocque A, Estivalet L, Valot S, Dalle F, Abou Hanna H
and Chretien ML: Mucormycosespulmonaires au cours des
traitements de leucémiesaigués. Analyse
rétrospectived’unesérie de 25 patients Retrospective study
of 25 cases of pulmonary mucormycosis in acute
leukaemia. Rev Mal Respir 2018; 35(4): 452-464.

Sravani T, Uppin SG, Uppin MS and Sundaram C:
Rhinocerebral mucormycosis: Pathology revisited with
emphasis on perineural spread. Neurol India 2014; 62(4):
383-6.

A, Anghilieri M, Carrafiello G, Guffanti C, Marbello L,
Montillo M, Muti G, Ribera S, Vanzulli A, Nichelatti M
and Morra E: Utility of percutaneous lung biopsy for
diagnosing filamentous fungal infections in hematologic
malignancies. Haematologica 2003; 88(12): 1405-9.
Potenza L, Vallerini D, Barozzi P, Riva G, Gilioli A,
Forghieri F, Candoni A, Cesaro S, Quadrelli C, Maertens
J, Rossi G, Morselli M, Codeluppi M, Mussini C, Colaci
E, Messerotti A, Paolini A, Maccaferri M, Fantuzzi V, Del
Giovane C, Stefani A, Morandi U, Maffei R, Marasca R,
Narni F, Fanin R, Comoli P, Romani L, Beauvais A, Viale
PL, Latge JP, Lewis RE and Luppi M: Mucorales-specific
t cells in patients with hematologic malignancies. PLoS
One 2016; 11(2): e0149108.

Hassan MIA and Voigt K: Pathogenicity patterns of
mucormycosis: epidemiology, interaction with immune
cells and virulence factors. Med Mycol 2019; 57: S245-
S56.

Woo PC, Leung SY, To KK, Chan JF, Ngan AH, Cheng
VC, Lau SK and Yuen KY: Internal transcribed spacer
region sequence heterogeneity in Rhizopus microsporus:
implications for molecular diagnosis in clinical
microbiology laboratories. J Clin Microbiol 2010; 48(1):
208-14.

Rubin Al and Grossman ME: Bull's-eye cutaneous infarct
of zygomycosis: a bedside diagnosis confirmed by touch
preparation. J Am Acad Dermatol 2004; 51(6): 996-1001.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Nyilasi I, Papp T, Csernetics A, Krizsan K, Nagy E and
Vagvolgyi C: High-affinity iron permease (FTR1) gene
sequence-based molecular identification of clinically
important Zygomycetes. Clin Microbiol Infect 2008;
14(4): 393-7.

Maertens J, Marchetti O, Herbrecht R, Cornely OA,
Flickiger U, Frére P, Gachot B, Heinz WJ, Lass-Florl C,
Ribaud P, Thiebaut A and Cordonnier C: Third european
conference on infections in leukemia. european guidelines
for antifungal management in leukemia and hematopoietic
stem cell transplant recipients: summary of the ecil
update. Bone Marrow Transplant 2011; 46(5): 709-18.
Danion F, Aguilar C, Catherinot E, Alanio A, DeWolf S,
Lortholary O and Lanternier F: Mucormycosis: new
developments into a persistently devastating infection.
Semin Respir Crit Care Med 2015; 36(5): 692-05.

Hamilos G, Samonis G and Kontoyiannis DP: Pulmonary
mucormycosis. Semin Respir Crit Care Med 2011; 32(6):
693-02.

Stevens DA. Reflections on the approach to treatment of a
mycologic disaster. Antimicrob Agents Chemother 2013;
57(4): 1567-72.

Hachem RY, Boktour MR, Hanna HA, Husni RN, Torres
HA, Afif C, Kontoyiannis DP and Raad Il: Amphotericin
B lipid complex versus liposomal amphotericin B
monotherapy for invasive aspergillosis in patients with
hematologic malignancy. Cancer 2008 15; 112(6): 1282-7.
Riping MJ, Heinz WJ, Kindo AJ, Rickerts V, Lass-Florl
C, Beisel C, Herbrecht R, Roth Y, Silling G, Ullmann AJ,
Borchert K, Egerer G, Maertens J, Maschmeyer G, Simon
A, Wattad M, Fischer G, Vehreschild JJ and Cornely OA:
Forty-one recent cases of invasive zygomycosis from a
global clinical registry. J Antimicrob Chemother 2010;
65(2): 296-302.

Salas V, Pastor FJ, Calvo E, Sutton D, Garcia-Hermoso D,
Mayayo E, Dromer F, Fothergill A, Alvarez E and Guarro
J: Experimental murine model of disseminated infection
by Saksenaeavasiformis: successful treatment with
posaconazole. Med Mycol 2012; 50(7): 710-5.

Salas V, Pastor FJ, Calvo E, Alvarez E, Sutton DA,
Mayayo E, Fothergill AW, Rinaldi MG and Guarro J: In-
vitro and in-vivo activities of posaconazole and
amphotericin B in a murine invasive infection by Mucor
circinelloides: poor efficacy of posaconazole. Antimicrob
Agents Chemother 2012; 56(5): 2246-50.

Lamoth F and Kontoyiannis DP: Therapeutic challenges of
non-aspergillus invasive mold infections in
immunosuppressed ~ patients.  Antimicrob  Agents
Chemother 2019; 63(11): e01244-19.

Duran Graeff L, Seidel D, Vehreschild MJ, Hamprecht A,
Kindo A, Racil Z, Demeter J, De Hoog S, Aurbach U,
Ziegler M, Wisplinghoff H and Cornely OA: Fungi scope
group. invasive infections due to saprochaete and
geotrichum species: report of 23 cases from the fungiscope
registry. Mycoses 2017; 60(4): 273-79.

Gil-Lamaignere C, Simitsopoulou M, Roilides E,
Maloukou A, Winn RM and Walsh TJ: Interferon- gamma
and granulocyte-macrophage colony-stimulating factor
augment the activity of polymorphonuclear leukocytes
against medically important zygomycetes. J Infect Dis
2005; 191(7): 1180-7.

Roilides E, Kontoyiannis DP and Walsh TJ: Host defenses
against zygomycetes. Clin Infect Dis 2012; 54: S61-S6.
Waldorf AR: Pulmonary defense mechanisms against
opportunistic fungal pathogens. Immunol Ser 1989; 47:
243-71. PMID: 2490078

1531



Pappuswamy, IJPSR, 2022; Vol. 13(4): 1524-1532.

42.

43.

44,

45.

Riley TT, Muzny CA, Swiatlo E and Legendre DP:
Breaking the mold: a review of mucormycosis and current
pharmacological treatment options. Ann Pharmacother
2016; 50(9): 747-57.

Gebremariam T, Wiederhold NP, Algarihi A, Uppuluri P,
Azie N, Edwards JE Jr and lbrahim AS: Monotherapy or
combination therapy of isavuconazole and micafungin for
treating murine mucormycosis. J Antimicrob Chemother
2017; 72(2): 462-66.

Maurer E, Hortnagl C, Lackner M, Gréssle D, Naschberger
V, Moser P, Segal E, Semis M, Lass-FIorl C and Binder U:
Galleria mellonella as a model system to study virulence
potential of mucormycetes and evaluation of antifungal
treatment. Med Mycol 2019; 57(3): 351-62.

Pomorska A, Malecka A, Jaworski R, Radon-Proskura J,
Hare RK, Nielsen HV, Andersen LO, Jensen HE,

46.

47.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Arendrup MC and Irga-Jaworska N: Isavuconazole in a
successful combination treatment of disseminated
mucormycosis in a child with acute lymphoblastic
leukaemia and generalized haemochromatosis: a case
report and review of the literature. Mycopathologia 2019;
184(1): 81-88.

Maurer E, Hortnagl C, Lackner M, Gréassle D, Naschberger
V, Moser P, Segal E, Semis M, Lass-Fl6rl C and Binder U:
Galleria mellonella as a model system to study virulence
potential of mucormycetes and evaluation of antifungal
treatment. Med Mycol 2019; 57(3): 351-62.

Wagner L, de Hoog S, Alastruey-lzquierdo A, Voigt K,
Kurzai O and Walther G: A revised species concept for
opportunistic mucor species reveals species-specific
antifungal susceptibility profiles. Antimicrob Agents
Chemother 2019; 63(8): e00653-19.

How to cite this article:
Pappuswamy M: The challengingissues, diagnosisand treatment of mucormycosis-a narrative review. Int J Pharm Sci & Res 2021; 13(4):
1524-32.doi: 10.13040/1JPSR.0975-8232.13 (4). 1524-32.

All © 2022 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

1532



