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ABSTRACT

advances in diagnostic and treatment.

Mucormycosis was previously called zygomycosis. It is a rare angio invasive infection that occurs due to fungi
Mucorales with high morbidity and mortality. This infection highly recognizes in immunosuppressed patients.
Immunosuppressed states such as hematological malignancy, bone marrow or peripheral blood stem cell
transplantation, solid organ transplantation, neutropenia, diabetes mellitus with or without ketoacidosis,
corticosteroids, and deferoxamine therapy for iron overload predispose patients to infection. This fungal infection
can list as rhino-orbitocerebral, cutaneous, gastrointestinal, disseminated, and pulmonary types. The mortality rate
can come 100% depending on the patients underlying disease and the form of mucormycosis. In India, the
prevalence of mucormyecosis is about 80 times the prevalence in developed countries, being approximately 0.14
cases per 1000 population. The main aim and intention of this review are to providing with brief information about
the aetiology, epidemiology, symptoms of mucormycosis, fatality of rhinocerebral mucormycosis, along recent
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INTRODUCTION

The term mucormycosis was coined by American
pathologist R. D. Baker, and it can also be known as
zygomycosis. This insidious fungal infection is causing
by the members of Mucorales and zygomycotic
species.? Mucormycosis is also called black fungus,
can turn serious if not treated on time. Rhizopus species
and mucor species both are the most common types that
cause mucormycosis.” Mucor is the microbial genus of
nearly 40 species of molds commonly found in the soil,
digestive systems, plant surfaces, some cheeses like
Tomme de Savoie, foul vegetable matter, and iron oxide
residue in the biosorption process.*® Mucormycotina is
a very common saprobe which is originating from rotten
substances or soils. The infections with Mucorales
classify by rapid progression.® Mucormycosis is
classified depending on the clinical presentation as
rhinocerebral, pulmonary, cutaneous, gastrointestinal,
disseminated, or other, includes unusual, rare forms, such
as endocarditis, osteomyelitis, peritonitis, renal, etc.
Inhalation of spores through the mouth or nose or even
through a skin laceration is involved in the
pathophysiology.  Individuals may generate an
inadequate response with compromised cellular and
humoral defense mechanisms. To the paranasal sinuses
and consequently, to the orbit, meninges, and brain by
direct extension, the fungus may then spread.’*” Affluent
management of this lethal infection requires the early
diagnosis of the disease and combative and prompt

medical and surgical treatment to prevent the high
morbidity and mortality associated with this disease
process.®

History: The first case of mucormycosis was reported in
1885 by the German pathologist Paltauf, and it describes
as Mycosis Mucorina.l” Mucormycosis was more seen
among immune-compromised individuals in the 1980s
and 1990s.1%%1 A study was carried out in France based
on prevalence rate reported amplification by 7.4% per
year.”! With the possibility of seasonal variation of
Mucorales infection occurrence worldwide has been
reported.™*”!

Aetiology: Mucormycosis is a fungal infection
belonging to the order Mucorales.*"* The most
common organism isolated from patients who suffered
from mucormycosis is Rhizopus oryzae, and it is
responsible for ~70% of all cases of mucormycosis.**4
An uncontrolled diabetes mellitus in ketoacidosis is one
of the high-risk factors of mucormycosis, other forms of
metabolic acidosis, treatment with corticosteroids, organ
or bone marrow transplantation, neutropenia, trauma, and
burns,  malignant  hematologic  disorders, and
deferoxamine therapy in the patients accepting
hemodialysis.*>**") In the US, the number of patients at
risk for this deadly infection is dramatically increasing
because of the rising prevalence of diabetes mellitus,
cancer, and organ transplantation in the aging
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population.®® In host defense, neutrophils play a
significant role against Mucorales; its work is weaker at
a different level in diabetes mellitus.©9?

e Pathophysiology of mucormycosis: Mucormycosis
include a range of infections produced by
Zygomycetes, a class of fungi that generate
branching ribbon-like hyphae, and the formation of
zygospores by sexual reproduction. Omnipresent in
fruits, soil, and feces, pathogens can be found and
can too be cultured from the oral cavity, nasal

passages, and throat of healthy disease-free
individuals. A distinct pattern of clinical infection
produces by Mucorales is a subtype of Zygomycetes.
Commonly the fungi are avirulent; only when the
host resistance is exceedingly low do they become
pathogenic.  Especially when the host s
immunosuppressed, an extraction wound in the
mouth or ulceration in the mucosa can be a harbor of
entry for mucormycosis in the maxillofacial
region.l®?

CAUSED BY ASEXUAL SPORE
FORMATION
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Figure-1: Chart shows pathophysiology of mucormycosis.

By the cause of asexual spore formation, the infection of
mucormycosis has occurred. By the asexual spore
formation, the tiny spores are forms; spores become
airborne and settle on the oral and nasal mucosa of
humans. By the phagocytic response, spores will be
limited; in the majority of immunologically competent
hosts. The germination will follow, and hyphae will
develop if this response get fails. In removing the
hyphae, polymorphonuclear leukocytes are less effective,
the infection becomes established in immunosuppressed
individual cases. It moreover improvement as the hyphae
begin to invade arteries, wherein they spread within the
vessel walls, and lumens generating thrombosis,
ischemia, and infarction with dry gangrene of the
affected tissues. The results in sepsis can occur by the
hematogenous spread to the other organs (lung, brain,
and so on).1*%

Epidemiology: Clinical demonstration of mucormycosis
is dependent on the patient’s fundamental medical
condition. The most common form of mucormycosis is
rhino-orbito- cerebral mucormycosis (44-49%) overall, is
followed by cutaneous (10-16%), pulmonary (10-11%),
disseminated (6-11.6%), and gastrointestinal (2-11%)
presentations.”**31%2 The most common causes of
mucormycosis are the patients with hematological

malignancy, pulmonary, followed by disseminated and
rhino-orbtio-cerebral  presentations.**!  Rhino-orbito-
cerebral or pulmonary mucormycosis usually developed
in diabetic patients.***! From all corners of the world,
mucormycosis cases have been reports. A possible
seasonal variation in Mucorales infection has been
commenting on by a few papers.F>*® In Israel, there are
16 out of 19 cases of rhino-orbito-cerebral mucormycosis
that occurred between August and November noted by
Talmi et al.®® In Japan, during August and September, a
similar seasonal variation among hematology patients
with six out of seven cases of pulmonary mucormycosis
having developed was noted by Funada and Matsuda.!

Signs and symptoms: Mucormycosis generally infects
the sinuses, brain, and lungs. The most common forms of
mucormycosis are infections of the oral cavity or brain;
the fungus can also infect the other areas of the body like
the gastrointestinal tract, skin, and other organ systems
shown in figure-2. The maxilla may be affected in rare
cases by mucormycosis. The fungal infections occurred
by mucormycosis are usually prevented by the rich blood
vessel supply of maxillofacial areas, although more
virulent fungi, like those responsible for mucormycosis,
can often overcome this difficulty.™
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Figure-2: Mucormycosis.

Clinical Presentations and Manifestations: There are
two types of infection of mucormycosis are take place in
human beings. 1) Superficial and Visceral and 2)
Localized and Disseminated. The superficial form occurs
in the skin, ear, fingernails, and the visceral form are
indicates pulmonary, gastrointestinal, and rhino cerebral
types. These spores are entering may take place either
through the cutaneous or respiratory route (E.g., the
spores are spread during the taking of soiled food or by
trained needles).l®?!

j

Figure-3: Rhinocerebral mucormycosis.

Its clinical manifestation begins with palatal and sinuses
necrosis, further enters the orbit form to get intra-cranial
structures. The symptoms frequently included fever,
blindness, exophthalmos, nose-bleeding, facial paralysis
and attack of the trigeminal nerve, black lesions on nasal
bridge or upper inside of the mouth that fast become
more serious. The effect of unsettled rhino-sinus
mucormycosis is cavernous sinus thrombosis. Also, can
be seen the appearance of reddish-black nasal turbinate
and septum along with a nasal discharge. The cranial
vault leads to blindness, lethargy, and seizures, followed
by death as the progression of the disease.[%?!
Mucormycosis infection shows varying clinical
appearance with increased incidence of primary skin
infection and a significant prognosis predisposed by
localization, according to Lanternier et al.**! The
prevalence of mucor infection is around 500 individuals
a year in the USA.®! So, this infection is 10-50 times
lesser than candidiasis or aspergillosis.”® The
Occurrence of this infection possibly maybe around 2 -

e Rhinocerebral mucormycosis: The occurrence of
rhinocerebral mucormycosis is 33 - 50%. The
presumptive aetiological agent is considering as
Apophysomyces elegans.®*!  The infection of
mucormycosis starts from paranasal sinuses,
subsequent inhalation of spores, and probable
expansion to the brain and successively sinuses,
nose, and eyes are affected shown in figure-3.

e Pulmonary mucormycosis: The second most
common site of involvement of Mucorales infection
is the pulmonary site. The primary route of infection
in pulmonary mucormycosis is the inhalation of
spores. Compared to other forms of mucormycosis,
patients with leukemia, lymphoma, and severe
neutropenia remain at greater risk of developing
pulmonary mucormycosis. The added risk factor of
diabetes may need for the patients with lymphoma to
place them at risk for infection. In the rare cases
seen that patients with solid tumors develop
pulmonary mucormycosis. There is a similar
radiographic appearance of pulmonary
mucormycosis to aspergillosis. Both infections tend
to invade blood vessels and generate thrombosis.
Infiltrate, wedge-shaped consolidation, nodule,
cavitation, mycetoma, lobar collapse, and, rarely,
pleural  effusion included in radiographic
presentations.® In  immunocompetent  hosts,
pulmonary mucormycosis is not normal.'’? Some

3% among allogeneic hone marrow transplant symptoms present for several months before the
patients.2"%°] diagnosis ~ when  the  infection in an
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immunocompetent host does occur. For example, an
immunocompetent patient with Cunninghamella
bertholletiae pulmonary infection presents a 4-
month history of productive cough, fever, chills, and
night sweats reported by Zeilender et al.’® Wwith
focal pulmonary infection, a death rate of 60-100%
is reporting in hematology patients. Subacute
pulmonary type of mucormycosis may be more
responsive to medical therapy alone. The most
common method of treatment is a combined surgical
and medical approach.*”

e Cutaneous mucormycosis: This type of
mucormycosis can develop after a break in the
skin’s integrity from surgery, burns (shown in
figure-4), soiled trauma, motor vehicle accidents,
bone fractures, intravenous lines, insect bites, cactus
spine injuries, abrasions, lacerations, biopsy sites,
allergen patch testing, contaminated adhesive tapes,
and intramuscular injections.["

Figure-4: Cutaneous Mucormycosis.

Diabetes, leukemia, and organ transplantation are
including as the predisposing factors.[” Diabetes was
present in only 26% of cutaneous cases, compared to
67% of rhinocerebral, 21% of disseminated, and 20% of
pulmonary infections shown in the review by Adam et al.
Leukemia and neutropenia are observing in 16% of
cutaneous, 16% of rhinocerebral, 42% of disseminated,
and 48% of pulmonary infections. This type of
mucormycosis can manifest as a superficial or deep
infection.” Cutaneous mucormycosis can appear as
pimples, blisters, nodules, necrotic ulcerations, ecthyma
gangrenosum-like lesions of necrotizing cellulitis.
Diagnosis required a skin biopsy.l"""® As compared to
the other forms of mucormycosis, cutaneous
mucormycosis portends a better prognosis. Cutaneous
involvement had the lowest mortality (16%), compared
to 67% for rhinocerebral, 83% for pulmonary, and 100%
for disseminated and gastrointestinal mucormycosis
mentioned in a review of the medical literature. From
indolent to a rapidly progressive infection requiring
surgical debridement, antifungal therapy, or even
amputation cutaneous mucormycosis, presentation are
varies.l’®

e Disseminated mucormycosis: Two or more
noncontiguous organs are involved in disseminated
mucormycosis. The majority of patients with
disseminated mucormycosis comprise neutropenic
patients with leukemia or lymphoma.l'”"® In 23-
62% of cases with hematological malignancy,
dissemination  arises.  Organ transplantation,
chemotherapy, corticosteroids, and deferoxamine
therapy includes as other risk factors for
dissemination.®*”" The death rate for disseminated
disease approaches 100%.1"

e  Gastrointestinal Mucormycosis: Abdominal pain,
haematemesis, and melena are the nonspecific signs
and symptoms of gastrointestinal
mucormycosis.®*® Gastrointestinal mucormycosis
have developed in the patients who have undergone
organ, bone marrow, or peripheral blood stem cell
transplantation, and those with acute myelogenous
leukemia, lymphoma, diabetic  ketoacidosis,
nonketotic diabetes mellitus, amoebic colitis,
typhoid fever, pellagra, kwashiorkor, malaria,
malnutrition, meningococcaemia, and
prematurity.®*®!! This type of mucormycosis has
rarely occurred after renal, liver, and heart
transplantation.®™™ A bone marrow transplant patient
with graft-versus-host disease developed Mucor
indicus hepatic mucormycosis after consuming
naturopathic medicine. M. indicus was a cure from
the hepatic abscess and naturopathic medicine. Both
were similar by arbitrary-primed polymerase chain
reaction analysis reported by Oliver et al.’? |n
infants and children, one-third of cases of
gastrointestinal mucormycosis is taking place.
Followed by the small intestine (24%) in children
below one year of age, the stomach (59%) and colon
(53%) have been the most commonly involved sites.
In 2-18 years old children, the stomach has been
involving in 85% of cases, oesophagus in 38% of
cases, small bowel in 31% of cases, and colon in
31% of cases. In 50% of the cases, malnutrition has
been present. ¥ Generally, the prevalent segments
involved are the stomach, followed by the large
bowel.®*®) In an ordinary host, intestinal
mucormycosis is rare. After the nasogastric
intubation and in the presence of known gastric
ulcers developed gastric mucormycosis. When the
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high risk of gastrointestinal
exsanguination is  occurring,
intervention is usually necessary.*?
e Miscellaneous: Prosthetic valve endocarditis is
rarely causing by mucormycosis.®? An unusual case
of Mucorales causing aortic thrombosis in a patient
with the myelodysplastic syndrome was reported by
Kalayjian et al. Hyphal invasion throughout the
entire thickness of the aortic wall, with no organ
involvement, was noted at autopsy.®® In intravenous
drug users, isolated renal mucormycosis has
developed. The patients who have undergone renal
transplantation in warmer climates and developing
countries such as India, Egypt, Saudi Arabia,
Kuwait, and Singapore have also happened.®"&!
After the traumatic inoculation or surgical
intervention (i.e., tibial pin placement, anterior
cruciate  ligament repair) generally occurs
Osteomyelitis.[®! Have reported osteomyelitis of the
tibia, cuboid, calcaneus, humerus, femur, scapula,
metacarpals, phalanges, and sternum. The bone
infection of hematogenous osteomyelitis is rare.!*®

perforation and
then  surgical

Diagnostic Methods: It includes cautions evaluation of
clinical manifestations, Magnetic Resonance Imaging
(MRI) modalities, use of Compound Tomography (CT)
in the primitive stages, specialist valuation of cytological
and histological provision, excellent application of
clinical, microbiological technique, and execution of
molecular detection.®*” For evaluation of patient’s
possibility, for invasive mucormycosis detection of host
factors extensively. The various laboratory techniques
for detecting mucor are PAS stains, direct examination,
calcofluor, histopathological examination, gomori
methenamine silver stain, culture, molecular methods,
and fluorescent in situ hybridization.®”! According to
Kontoyiannis et al., there is a need for a sensitive non-
culture based investigative-based method is required
because a major problem in the identification of
mucormycosis  includes its indefinable clinical
appearance and recurrent occult distribution. The
technique using for confirmation is the gold standard
analytical technique is the tissue-based analysis.!®!

1. Histopathology characteristics: On test, the
affected tissue with lesions show broad necrosis
with numerous large branching pale-staining, wide,
flat non-septal hyphae with branching at right or
obtuse angles. In the culture media, are also
frequently seen around or ovoid sporangia. Non -
parallel sides of the thin-walled hyphae (infrequently
septae) ranging from 3 to 25um in diameter,
branching irregularly and often with bulbous hyphal
swelling. The signs of angio — invasion, and
infarction might see in Necrotic tissue containing
hyphae. The staining of choice is Gomori
Methamine Silver (Grocott) or Periodic - acid
Schiff.!

2. Radiographic characteristics: In conjunction with

opacification of the sinuses may observe. “Black
turbinate sign” mentions an area of non-enhancing
mucosa on the MRI interpreted cavernous sinus
thrombophlebitis mucor infection.®”!

3. Serology: The antibody tests like Enzyme-Linked
Immunosorbent Assays (ELISA), immunoblots, and
immunodiffusion tests evaluate with variable
success.“04M4241 An Enzyme-Linked Immunospot
(ELISpot) assay were detected Mucorales specific T
cells in three hematological patients who developed
invasive mucormycosis.[**44

4. Molecular Assays: It includes conventional
Polymerase Chain Reaction (PCR), Restriction
Fragment Length Polymorphism (RFLP) analyses,
DNA sequencing of defined gene regions, and melt
curve analysis of PCR products. 5464748495051 o)
above-mention assays can be used either for the
detection or identification of Mucorales. The
internal transcribed spacer or the 18S rRNA genes
are either targeted by the majority of the molecular
assays.[¥! By using either formalin-fixed, paraffin-
embedded, or fresh tissue samples yet resulting in
different performance have done by the several
studies. The sensitivity (70-100%) and specificity
varied among the studies performed, with the best
disadvantage being the low number of patients
studied.® The molecular-based diagnosis from
blood and serum has yielded promising clinical data
directed by recent attempts.*! In the earlier
diagnosis, when compared to culture and overall
confirmed culture-proven cases are results by
molecular-based diagnosis from serum. Presently, in
complement conventional diagnostic procedures,
molecular-based  diagnostic  assays can be
recommended as value add-on tools.[**%2]

5.  Computed Tomography: On the primary computed
tomography (CT) scan, the most common
radiological pattern of lung mucormycosis is a halo
sign and then nodule or mass.[**®Y However, when
studied very soon and on the serial follow-up, the
sequential morphologic changes be detected as (i)
reversed halo sign followed by (ii) consolidation or
nodule or mass with halo sign and, finally, (iii)
central necrosis and air-crescent sign. A recent study
showed that in the pulmonary mucormycosis, there
was a significant increase in the prevalence of
reversed halo signs in neutropenic (79%) and non-
neutropenic (31%) patients (P <0.05).1%%

6. Differential Diagnosis: Maxillary sinus neoplasia,
maxillary sinus aspergillosis, soft tissue infarction,
soft tissue radionecrosis, other deep fungal
infections included by the differential finding of
mucormycosis.*%

Treatment: A rapid, accurate diagnosis, surgical
debridement, and administration of drugs with an
adjunctive  application of  hyperbaric  oxygen,
recombinant cytokines, or transfusion of granulocyte and
prosthetic obturator included as a successful treatment

patchy effacement of the bony walls of the sinuses, ~ for ~ mucormycosis.®**1  Presently ~ available
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monotherapy shows a high mortality rate, especially with
hematology patients, and hence proposed the choice of
“Combination therapy” for mucormycosis, according to
Spellberg et al.®¥ Treat invasive mucormycosis and
invasive aspergillosis; the drug isavuconazole recently
approves by FDA. The fungal infection of mucormycosis

Posaconazole

is dangerous, and it needs to treat with prescription
antifungal medicines such as amphotericin B,
posaconazole, isavuconazole, and these medicines are
given through vein amphotericin B  (polyene),
posaconazole (triazole), isavuconazole (triazole), or
mouth (posaconazole, isavuconazole) shown in figure-5.

N

€Y

Isavuconazole

Figure-5: Medicines of mucormycosis.

The disease must observe for any symptoms of re-
emergence. In some cases of this infection involving the
nasal cavity and the brain, removal of infected brain
tissue may require; hence, the surgical therapies were
very drastic. In some cases sometimes involve the
removal of the palate, nasal cavity, or eye structures;
hence the surgery may be disfiguring in some cases.
More than one operation may extend the surgery. The
higher oxygen pressure increases the ability of
neutrophils to kill the fungus; hence hyperbaric oxygen
may be beneficial as an adjunctive therapy.®# 24

e Amphotericin B: Amphotericin B therapy should
instantly administer due to the rapid spread and high
mortality rate of the diseases when mucormycosis is
suspected. To ensure that eradication of the
infection, amphotericin B is usually managed for an
additional 46 weeks later begins the initial therapy.
The surgical removal of the “fungus ball” is
indicated after administration of either the

amphotericin B (shown in figure-6) or posaconazole
medicines.®

O_ 0 _»
HGIIJ"”DH

MH,
Figure-6: Structure of Amphotericin B.

The only antifungal drugs with in vitro activity against
Mucorales are amphotericin B &Amb) and its lipid
formulations and posaconazole.l®®®”  Recently the
antifungal ~ armamentarium  enlarged  with  the
development of isavuconazole. Liposomal Amb (L-
Amb) or Amb lipid complex (ABLC) is a first-line

recommended antifungal agent.® The efficacy of

liposomal amphotericin B (L-Amb) and amphotericin B
lipid complex (ABLC) was dependent on the dose given,
and that 10 mg/kg yielded the best outcomes proposed by
studies in mice. The potency and tolerance of high-dose
(10 mg/kg/day) L-Amb in association with surgery,
when suggesting the treatment of 34 mucormycosis
cases, are evaluated by a prospective French phase Il
multicenter study (AmBizygo trial). At week 12, a
favorable response is seeing in 45% of patients.
However, in 40% of patients, serum creatinine is
doubled, but in 63% of cases, once the treatment had
ended, creatinine levels normalized after three months.®"!
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Figure-7: Liposomal Amphotericin B Injection.

The use of liposomal amphotericin B (L-Amb) (shown in
figure-7) with a daily dosage of at least 5 mg/kg/day for
mucormycosis recommended by the European Society of
Clinical  Microbiology and Infectious Diseases
(ESCMID)/ European Confederation of Medical
Mycology (ECMM) and European Conference on
Infections in Leukemia (ECIL-6) guidelines and dosages
at 10 mg/kg/day strongly supported by ESCMID/
ECMM for cerebral infections.®®™  Moreover,
liposomal amphotericin B (L-Amb) should favor central
nervous system infections because of better diffusion.”™
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Prognosis and Morbidity Rate: The prognosis usually
depends on the extension of the disease, and an effective
treatment starts a response to the infection. Without any
systemic diseases, the survival rate for rhino-cerebral
disease in patients is about 75%; with other disease is
about 20%, and in pulmonary diseases is considered to
be deadly. The rate of survival varies with foci of the
infection: rhino cerebral mucormycosis — 45%, focal
cerebral mucormycosis — 33%, pulmonary forms — 36%,
sinusitis without cerebral participation — 87%, cutaneous
isolated — 90%, disseminated disease — 16%, and
involvement of gastrointestinal infection —10%.1*% The
better rate of survival can achieve in patients with low
baseline  serum  concentration  of iron/ferritin,
neutropenia, and malignant cases are not associated with
infection.®!

CONCLUSION
Mucormyecosis is a life-threatening and highly invasive
fungal infection, particularly affecting

immunocompromised or diabetic patients. This infection
is causing by the members of Mucorales and
zygomycotic species and often affects the skin, sinuses,
lungs, and brain. You can come into contact with the
mold spores or can inhale them in things like soil, rotting
produce or bread, or compost piles. The infection can
happen to anybody at any age. Many peoples will come
into contact with the fungus at some point in their
everyday lives. Recently developed medications and
treatments have several pathogeneses, but a cure for
mucormycosis is still a challenge. Several medicines and
treatments have slowed the mortality but still possess a
challenge in curing Mucorales. There is no other way to
avoid breathing in spores. But you can do a few things to
decrease your chances of mucormycosis. It is particularly
vital if you have a weak or ill-health condition that raises
your risk. Stay away from the areas with a lot of dust or
soil, like construction or excavation sites, traffic areas.
Wear a surgical face mask or N95 face mask if you have
to be in these areas. Avoid drinking and using the
infected and polluted water. It can include floodwater or
water-damaged buildings, particularly after natural
disasters like hurricanes or floods. If you have weak
immunity, avoid activities that involve dust and soil, like
gardening or yard work. Wash cuts or scrapes, minor
injuries with soap and water as soon as possible you can.
If you get mucormycosis, be sure to take your
medications as directed by the medical practitioner. If
side effects cause problems or the infection doesn't get
better and cure or any other health problem, let your
doctor know right away without any hesitation.
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