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Abstract

Mucormycosis is a rare type of fungal infection commonly known as zygomycosis, the infection tends
to crop up more commonly in individuals with low and weakened immunity level, if left untreated,
the mucormycosis can be life-threatening and fatal. Mucormycosis previously known as zygomycosis
is a consequential type of infection caused by several mildews known as micromycetes. The revised
taxonomical studies revealed that the micromycetes causing the infections are classified as the species
of phylum Glomeromycota, class Glomeromycetes, subphylum Mucoromycotina, order Mucorales. The
genera of Rhizopus, Mucor, Lichtheimia, Cunninghamella, Rhizomucor, and Apophysomyces, constitute
the causative agents of the majority of cases of mucormycosis. The angioinvasive type of disorder caused
by mucormycosis is further classified as Mucorales. The patients with Diabetes ketoacidosis and diabetes
mellitus are at high-risk factors, followed by the patients with organ transplant, immunocompromised
disease, and malignancy. The route of exposure to Mucormycosis may be through the wounded infection
that can be pneumonic, or dermal in origin. In the ectodermal form, the fungal organism can invade
the skin through open or puncture wounds, or the laceration on the skin. However, the infection has a
high mortality rate, the key to successful treatment is early diagnosis, and administration of antifungal
drugs, with extensive therapy, followed by surgical debridement of the infection. The morbidity and
mortality rate are still at a high number, due to the negligence of the patient to seek medical treatment.
Hence the early diagnosis and treatment with antifungal drugs with surgical debridement is a must. The
efficacy of oral and venous formulations in the treatment of mucorales is still under debate. Despite
the aggressive therapy, the mortality rate is increasing worldwide. The studies have to be conducted
to invent the fastest treatment protocol for the treatment of Mucormycosis.
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INTRODUCTION

Mucormycosis is a rare type of fungal
infection that tends to occur more commonly in
individuals with low and weakened immunity,
if left untreated, the mucormycosis can be life-
threatening and fatal. Mucormycosis previously
known as zygomycosis is a consequential type
of infection caused by several mildews known
as micromycetes. The revised taxonomical
studies revealed that the micromycetes
causing the infections are classified as the
species of phylum Glomeromycota, a class of
Glomeromycetes, subphylum Mucoromycotina,
order Mucorales. The genera of Rhizopus, Mucor,
Lichtheimia, Cunninghamella, Rhizomucor,
and Apophysomyces, constitute the causative
agents of the majority of cases of mucormycosis.
Mucormycosis is an invasive type of disease
caused by the mucormycetes further classified as
Mucorales. The Mucorales are mainly saprophytic
rapidly growing and can grow and sustain at
37°C or higher temperatures. The molds of an
organism are supposedly omnipresent, largely
observed in organic dopant, comprising decayed
fruits, vegetables, crops and debris, the soil
between growing seasons, compost piles, and
the excreta from human beings and animals.
The existence of non-septate hyphae is a typical
form with a fragile structure and is responsible
for rapid growth. While the terms mucormycosis,
phycomycosis, and zygomycosis are the terms
commonly used to refer to the diseases caused
by the order Mucorales, the recently revised
and addressed term is Mucormycosis (Ilbrahim
AS et al)’. The mucormycosis is one of the most
unscrupulous and expeditiously spreading, fatal
forms of the fungal disease reported in 1885 in
the human species by a German pathologist. The
Rhizopus being the lethal variant may cause 90%
of disorders involving the head and neck region
(Singh AK et al)2. These organisms may enter the
human body through inhalation, or cuts and open
wounds. The Mucorales have been observed in the
moist environment in the human body, especially
in the mucosal lining of the nasal cavity, oral cavity,
and the lining of the pharynx of healthy individuals
with no clinical signs and symptoms of infection.
Invariably these microbes get more aggravated
when the immunity level of the individual goes

below average, hence these types of microbes
are known as opportunistic organisms that will
affect immunocompromised individuals (Pilmis
B et al)®. The invasion of the microbes within
the lateral wall of blood vessel streams results in
the formation of a thrombus, which may lead to
stagnation of arterial supply causing the necrosis
of the associated tissue. The most common type
of disorder is seen in the head and neck region,
especially the maxillofacial region is commonly
known as rhinocerebral mucormycosis, with the
widespread involvement of the complete maxillary
archincluding hard and soft tissue, nasal floor, and,
paranasal sinuses including the orbital cavity and
central nervous system (Mallis A et al)* The initial
symptoms of the disease include cellulitis along
with nasal inflammation and periorbital edema,
followed by the aggressive type of necrosis of
the entire oral cavity. The prompt conservative
management followed by surgical intervention
has to be done to stop the widespread of fungi
to the upper limb resulting in thrombosis that
may cause septicemia following multiple organ
failures leading to very high morbidity and
mortality rate (Branscomb R et al)® It is possible
that increased awareness and training of the
clinicians, combined with the active involvement
of dental healthcare professionals, has contributed
to the stabilized reports of the infection (Prakash H
et al ¢, Raghavendra Rao M et al.”). The article
reviews the basic cause, diagnosis, and
management of mucormycosis.

DISCUSSION

The mucormycosis shows up as an awful
kind of infection that manifests as an infection of
the brain, lungs, gastrointestinal, dermal, or
diffused form. The most probable route of
infection may be the infection of the maxillary
sinus following the development of mucormycosis,
the palatal involvement will be the first presenting
sign that led to the diagnosis of mucormycosis and
might be consequently the original cause of the
dental pain (Huggins JL et al)® The initial symptoms
of mucormycosis involved in the sinus are sinusitis
and facial and/ or periorbital cellulitis. The
investigative findings may reveal the black
gangrenous ulceration related to the invasion of
the cells into the bloodstream following the
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Table 1. Historical Summary of the Nomenclature of
Mucormycosis and Entomophthoramycosis

Disease Name Author(s) Date of
Publication
Mycosis mucorina Platauf 1985
Mucormycosis baker 1957
Phycomycoses Kian Joe et al. 1959
Mucormycosis and Clark 1968
Entomophthoramycosis
Zygomycosis Ajello et al. 1976
Mucormycosis and Kwon-Chung 1992
Entomophthoramycosis  and Bennet

formation of the blood clot and thrombosis, earlier
review reported palatal or gingival necrosis within
72 hours of the onset of the infection in only 14%
of cases (Nicolatou-Galitis O et al)°. The Historical
nomenclature of Mucormycosis is mentioned in
Table 1. The zygomycete is a type of mucormycosis
that is caused by a mucorale produced by
branching of the hyphae that replicates by the
formation of zygospores through the lascivious
process. The pathogen habitats in the decomposed
fruits, feces, and putrid soil. They can also cultured
from the rima oris, nasal antrum, and esophagus
of healthy disease-free individuals (Kwon-Chung
KJ, et al)®. The Mucorales are angio invasive in
nature leading to tissue necrosis, following
disseminated form and fatal in nature, especially
in immunocompromised hosts the major reason
being the high prevalence rate of
immunocompromised disorders, the number of
patients at risk for this deadly infection is
increasing. These organisms are found ubiquitously
and can be commonly observed on manure, plants,
ground, and decomposing material. These
organisms may not cause illness in most healthy
individuals, although mucormycosis is a type of
opportunistic deep fungal infection more
commonly seen among people with alow immune
system. The common path of exposure may be the
infection related to the dermal or pulmonic origin.
In the ectodermal form, the fungal organism can
invade the dermis through unlatched or punctured
wounds. The rich vascular supply of the head and
neck region usually prevents the fungal infection,
although the fungi with virulent performance turn
into a lethal disease with a high rate of mortality.
The infection caused by these fungi is more

Table 2. The various diagnostic tools that may be used
in diagnosing the Mucormycosis.

Methods of Remarks

Identification

Direct microscopy
Fluorescent direct

Using KOH wet mounts
Using fluorescent brighteners

microscopy like Blankophor and Calcofluor
White with KOH
ELISA

Serology Immunoblots

Immunodiffussion tests
Biopsies of affected tissues
Bronchopulmonary lavages
Identification of genus and
species are possible.

Grow on any carbohydrate
substrate

Colonies appear within 24-48 hrs
DNA sequencing of ITS region
PCR, gPCR, nested PCR can be
done.

Conventional PCR

Restriction fragment length
Polymorphism analysis (RELP)

Histopathology

Culture

Molecular
methods

aggressive and may uncompromisingly progress
resulting in the expiration of the individual unless
treated with surgical debridement of the infection
followed by antifungal therapy. The mucormycosis
may become a life-threatening infection in
immunocompromised patients that may be caused
due to diabetic ketosis, organ grafting, and/or high
serum levels of iron, neutropenia. The Diagnosis
and initiation of therapy are the most critical
measures as these may be due to the acute
fulminant nature of the infection majorly caused
by the angioinvasive type of fungi. According to
Islam MT, et al*! the various diagnostic tools that
may be used in diagnosing the Mucormycosis are
mentioned in Table 2. These microorganisms grow
at very variable temperatures that may not be
virulent; the microorganisms are aerobic, and
more commonly seen after two to five days of the
incubation period on Sabouraud medium. The
tissue necrosis due to invasion of blood vessels
and subsequent thrombosis are the classic
features of this disease, leading to rapid
progression. This disease is rare representing 0.7%
of invasive fungal infections, commonly seen in
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40%-50% of patients with lowimmunocompromised
state, that may be seen in diabetic patients as well
as patients with other risk factors of drug addiction
of coagulopathies after an organ transplant.
(EI-Herte RI*2, Rajashri R'*) However, the incidence
of mucormycosis in apparentlyimmune-competent
patients is rarely documented. The infection has
a high mortality rate, the key for successful
treatment modality is early diagnosis, and
administration of antifungal drugs, with extensive
therapy, followed by surgical debridement of the
infection (Madan R et al**, Nicolatou-Galitis O
et al°). Despite the aggressive therapy, the
mortality rate is increasing worldwide. New
proposed action to stop and prevent the fungal
infection is a must, such strategies can be eased
by a clear comprehension of the pathogenicity of
the disease. The deep invasion of the infections is
most commonly characterized by the dissemination
of pathogens to the deeper tissues usually
associated with aggressive clinical presentation
such as mild ulceration to deep perforation into
the surrounding tissues and bony areas. The
culture method to identify microbial isolation, and
antifungal susceptibility provides the standard
measure of therapeutic care as quoted by Rajendra
Santosh AB, et al*>. The clinical examination and
culture method can play an important role in the
diagnosis of fungal infections. The computation
with differential identification of a white lesion
thatis scrapable in nature is an endorsed sampling
technique for orally mutated mycosis by collecting
the saliva sample, rinsings, scraping of the lesion/
smear, the dampened swab, pus, and inflammatory
collection from the agile wound as stated by
Sanath AK et al'®, Choudhary P et al'’. The
dampened and moistened swab collected is the
best-suited method for the swabbing of oral fungal
lesions that occur on the mucosa of the lips,
circumoral skin tissue, tongue, and other parts of
the oral cavity. The serological tests can be the best
techniques but have not been instituted yet, that
may be assisted in diagnosing the mucormycosis.
An increase in glucose level stimulates the
proliferation of the fungi, following the reduction
in endocytosis and scavenger cell efficiency that
permit the otherwise innocuous microorganisms
to flourish in the acidic environment as stated by
Bakathir AA et al*?, Oswal NP et al*®, Pilmis B et al®.
The literature studies revealed that the diabetic

ketosis fleetingly changes and deranges the
potentiality of the iron binding capacity to bind
the iron component and alter that may eliminate
a significant host defense reaction and permits the
growth and development of the Rhizopus oryzae
(Bhatt K, et al?°) concluded, the triumphant
treatment modality for mucormycosis is largely
dependent on the early diagnosis with all the
precautionary measures that include all the
underlying predisposing disorders followed with
the medicinal treatment options by administration
of the antifungal(broad-spectrum) drug therapy
with surgical treatment modality followed with
debridement of the infected wound. The surgical
debridement of the diseased wound should be
based on an emergency treatment protocol that
can be more advantageous as it may incarcerate
and seize the invading the fungi into more into the
deeper part of the tissues as mentioned by
Salisbury 1l PL et al?* Auluck A et al?2. The most
recommended treatment for Mucormycosis is with
the broad spectrum antifungal drugs that include
Amphotericin B deoxycholate with a maximum
tolerated dose that may range from, 1 to 1.5 mg/
kg/day. The side effects like nephrotoxic and acute
infusional toxic effects of the higher dose of the
conventional Amphotericin B drugs can be avoided
by lowering the dose that may be continued for a
longer duration of time. The commonly advised
conventional azoles, which include the voriconazole
and fluconazole, do not affect the activity of
Zygomycetes fungi. Posaconazole, an orally
existing wide-spectrum triazole can be
administered at a higher dose of maximum of 800
mg/day in divided doses, and may possess
effective antifungal activity. The maximum span of
treatment duration is not known, although the
decisions for the treatment may be modified to
treat the particular stage of the disease. The
treatment with an increased level of oxygen
pressure (Hyperbaric oxygen therapy), seems to
improve the activity of neutrophil cells that may
kill microorganisms. The treatment of the
mucormycosis with the Hyperbaric oxygen therapy
may have an oxidative mechanism of action of the
Amphotericin B. The Hyperbaric oxygen therapy,
should comprise the exposure to 100% oxygen,
each dive ranging from one hour 30 minutes to 2
hours with a maintained pressure from 2.0 to 2.5
atmospheres with minimal exposure of one or two
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doses per day for forty number of treatments. The
Information regarding the treatment of
Mucormycosis with oxygen therapy is sparse and
maybe its role is controversial according to
Garg D et al?®, Oswal NP et al*®. The Covid-19
infection causes a severe acute pulmonary
syndrome that has been associated with multiple
ranges of unscrupulous bacterial and fungal
organisms. Recently, the case of the lethal
mucormycosis is discern in the patients who
recovered from covid-19. The prime cause that
appears to facilitate the deadly Mucorales spores
to develop and germinate in the people with the
covid-19 disease is due to an ideal environment
with a very low level of hyperbaric oxygen
saturation level, with new onset of the higher
glucose level and steroid induced hyperglycemic
disorder, the acidic medium, the diabetic ketosis,
and increased level of iron with decreased activity
of phagocytic cells due to immunocompromised
state of the patient coupled with other health
disorders may be risk factors that include the
prolonged hospitalization with or without
ventilators (John TM, et al).? Established that the
bacterial/fungal organisms can spread in hospital
environments via the breath or the hands of
healthcare workers, or by the types of equipment
installed in hospitals that may not be well
sterilized. Mucormycosis is considered to be the
most opportunistic disorder. The removal or
debridement of the wounded tissue utilizing
surgery has to be extensively done, involving all
the necrosed tissue that follows the repeated
surgical procedures should be recommended to
control and improve the outcomes in locally
invaded infections. The literature studies on
animals that are preferred for observing the
efficacy of Liposomal amphotericin B and
amphotericin B lipid complex are more dependent
on the dose of 10 mg/ kg administered which
yielded the best outcome results. However, the
serum creatinine levels observed were high in 40%
of the cases. The creatinine levels were normalized
in almost the 63% of the individuals in 90 days,
with 45% of cases responded well. The
epidemiological survey on the number of case
reports that were issued in between the year
2019- 2021 in the PubMed indexed database
information about the risk factors, case
presentations, and the diagnosis, treatment

modalities, and outcome of the Mucormycosis
disorder association with coronavirus
demonstrated 47 number of reported cases from
which 41 cases had well-documented
mucormycosis with coronavirus were observed by
Hoenigl M, et al*, Sen M, et al*®. The first-line
antifungal therapy with broad spectrum antifungal
drugs is still under debate, that can be determined
on an individual basis and can be adjusted based
on the underlying health condition of the
individuals.

CONCLUSION

The Mucorales are the fungi that
are normally not virulent, they become more
pathogenic when the host immune resistance
system is in an exceptionally low and
immunocompromised state. An early diagnosis
with administration of broad-spectrum antifungal
drugs following surgical debridement of the
infection is a must. The efficacy of injectable or oral
formulations in the treatment of mucormycosis
is still debatable. Future randomized controlled
studies need to be conducted to assess the most
effective and efficacious protocol in the treatment
of mucormycosis.

ACKNOWLEDGMENTS
None.

CONFLICT OF INTEREST
The authors declare that there is no
conflict of interest.

AUTHORS' CONTRIBUTION

All authors listed have made a substantial,
direct and intellectual contribution to the work,
and approved it for publication.

FUNDING
None.

DATA AVAILABILITY
All datasets generated or analyzed during
this study are included in the manuscript.

ETHICS STATEMENT
Not applicable.

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Shetty et al. | J Pure Appl Microbiol. 2022;16(3):1441-1446. https://doi.org/10.22207/JPAM.16.3.74

REFERENCES

10.

11.

12.

13.

lbrahim AS, Spellberg B, Walsh TJ. DP. Kontoyiannis,
pathogenesis of mucormycosis. Clin. Infect. Dis. 2012;
54:516-22. doi: 10.1093/cid/cir865

Singh AK, Singh R, Joshi SR, Misra A. Mucormycosis
in COVID-19: Asystematic review of cases reported
worldwide and in India. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews. [Preprint].
Pilmis B, Alanio A, Lortholary O, Lanternier F. Recent
advances in the understanding and management of
mucormycosis. F1000Research. 2018;7. doi: 10.12688/
f1000research.15081.1

Mallis A, Mastronikolis SN, Naxakis SS, Papadas AT.
Rhinocerebral mucormycosis: an update. Eur Rev Med
Pharmacol Sci. 2010;14(11):987-2.

Branscomb R. An overview of mucormycosis.
Laboratory Medicine. 2002;33(6):453-5. doi: 10.1309/
ML2Q-9JWN-KRR7-366T

Prakash H, Chakrabarti A. Epidemiology of
mucormycosis in India. Microorganisms. 2021;9(3):523.
doi: 10.3390/microorganisms9030523

Raghavendra Rao MV, Kumar Chennamchetty V,
Adimulapu S, Patel Kola B, De Padua MC, Ambika C.
Post-COVID pulmonary mucormycosis-a case report.
IP Indian J Immunol Respir Med. 2021;6:62. doi:
10.18231/j.ijirm.2021.014

Huggins JL, Garner MM, Raverty SA, et al. The
emergence of mucormycosis in free-ranging marine
mammals of the Pacific Northwest. Frontiers in Marine
Science. 2020;7:555. doi: 10.3389/fmars.2020.00555
Nicolatou-Galitis O, Sachanas S, Drogari-Apiranthitou
M, et al. Mucormycosis presenting with dental
pain and palatal ulcer in a patient with chronic
myelomonocytic leukaemia: case report and literature
review. JMM Case Reports. 2015;2(1):e000014. doi:
10.1099/jmmcr.0.000014

Kwon-Chung KJ. Taxonomy of fungi causing
mucormycosis and entomophthoramycosis
(zygomycosis) and nomenclature of the disease:
molecular mycologic perspectives. Clinical infectious
diseases. 2012;54(suppl_1):58-15. doi: 10.1093/cid/
cir864

Islam MT, Parvin M, Nasir M. Mucormycosis (the black
fungus) during COVID-19 pandemic: growing concerns
of immunosuppressive therapy and uncontrolled
diabetes mellitus. Int. J. Community Med. Public
Health. 2021;8(8):4067. doi: 10.18203/2394-6040.
ijcmph20212759

El-Herte RI, Baban TA, Kanj SS. Mucormycosis: a review
on environmental fungal spores and seasonal variation
of human disease. Adv Infect Dis. 2012;2(3):76-81. doi:
10.4236/aid.2012.23012

Rajashri R, Muthusekhar MR, Kumar SP. Mucormycosis
following tooth extraction in a diabetic patient: a case
report. Cureus. 2020;12(8).

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Madan R, Barde D, Rawlani S, Chandak R. Maxillary
necrosis by mucormycosis: A case Report.
J MGIMS, 2013;18: 67-70.

Rajendra Santosh AB, Muddana K, Bakki SR. Fungal
infections of oral cavity: diagnosis, management, and
association with COVID-19. SN comprehensive clinical
medicine. 2021;3(6):1373-84. doi: 10.1007/s42399-
021-00873-9

Sanath AK, Nayak MT, Sunitha JD, Malik SD, Aithal S.
Mucormycosis occurring in an immunocompetent
patient: A case report and review of literature. Cesk
Patol. 2020;56(4):223-6.

Choudhary P, Bhargava D, Chandavarkar V, Sharma
R. Mucormycosis of maxilla. Indian Journal of Dental
Advancements. 2014;6(1):1503-1506.

Bakathir AA. Mucormycosis of the jaw after dental
extractions: two case reports. Sultan Qaboos University
Medical Journal. 2006;6(2):77.

Oswal NP, Gadre PK, Sathe P, Gadre KS. Mucormycosis
of mandible with unfavorable outcome. Case Reports
in Dentistry. 2012;2012. doi: 10.1155/2012/257940
Bhatt K, Agolli A, Patel MH, et al. High mortality
co-infections of COVID-19 patients: mucormycosis
and other fungal infections. Discoveries. 2021;9(1).
doi: 10.15190/d.2021.5

Salisbury Il PL, Caloss Jr R, Cruz JM, Powell BL, Cole R,
Kohut RI. Mucormycosis of the mandible after dental
extractions in a patient with acute myelogenous
leukemia. Oral surgery, oral medicine, oral pathology,
oral radiology, and endodontology. 1997;83(3):340-4.
doi: 10.1016/51079-2104(97)90240-7

Auluck A. Maxillary necrosis by mucormycosis: A case
report and literature review. Medicina Oral, Patologia
Oral y Cirugia Bucal (Internet). 2007;12(5):360-4.
Garg D, Muthu V, Sehgal IS, Ramachandran R, Kaur H,
Bhalla A, Puri GD, Chakrabarti A, Agarwal R. Coronavirus
disease (Covid-19) associated mucormycosis (CAM):
case report and systematic review of literature.
Mycopathologia. 2021;186(2):289-98. doi: 10.1007/
$s11046-021-00528-2

John TM, Jacob CN, Kontoyiannis DP. When
uncontrolled diabetes mellitus and severe COVID-19
converge: the perfect storm for mucormycosis. Journal
of fungi. 2021;7(4):298. doi: 10.3390/j0f7040298
Hoenigl M, Seidel D, Carvalho A, et al. The emergence
of COVID-19 associated mucormycosis: a review of
cases from 18 countries. The Lancet Microbe. 2022.
doi: 10.1016/52666-5247(21)00237-8

Sen M, Honavar SG, Bansal R, et al. Epidemiology,
clinical profile, management, and outcome of COVID-
19-associated rhino-orbital-cerebral mucormycosis in
2826 patients in India—Collaborative OPAI-IJO Study
on Mucormycosis in COVID-19 (COSMIC), Report 1.
Indian journal of ophthalmology. 2021;69(7):1670.
doi: 10.4103/ijo.1J0_1565_21

Journal of Pure and Applied Microbiology

1446

www.microbiologyjournal.org



