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A Study on Mucormycosis

Gade. Margaret Priyanka
Iecturer in Bio Technology. St Ann's college for women.
Gorantla, Guntur, Andhrapradesh
I mail: margaretpriyankagadef@ gmail.com

Introduction

Infection in humans and animals caused by any fungus in the
order Mucorales (e.g., Absidia, Mucor, Rhizopus etc.) There are
many clinical types associated with infection of the central
nervous system, lung, gastrointestinal tract, skin, orbit and
paranasal sinuses. In humans, it usually occurs as an opportunistic
infection in  patients with a chronic debilitating disease.
particularly uncontrolled diabetes, or who are receiving
immunosuppressive agents.

Mucormycosis

Symptoms & Causes
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Mucormycosis infection images

Mucormyceosis is a rare fungal infection that can produce serious
human health issues'. Given their ubiquitous nature, we
commonly encounter these fungi but a healthy immune system is
able to eradicate them eflectively. Given the opportunity and a
weakened immune system (such as due to diabetes and use of
steroids), mucormycosis can produce infection of the sinuses or
the lungs™. As cerebral mucormycosis is devastating in nature,
here we discuss possible use of the intranasal route, in
comparison to or in addition to intravenous administration, as a
therapeutic approach 0 manage cases of mucormycosis with
central nervous system involvement.

Keywords: Cerebral mucormycosis. Seizures, Black fungus,
Amphotericin- B, Nasal inhaler. Novel treatment.

Infection in humans and animals caused by any fungus in the
order Mucorales (e.g.. Absidia. Mucor, Rhizopus etc.) There are
many clinical types associated with infection of the central
nervous system. lung. gastrointestinal tract. skin. orbit and
paranasal sinuses. In humans, it usually occurs as an opportunistic
infection in patients with a chronic debilitating disease,
particularly uncontrolled diabetes. or who are receiving
immunosuppressive agents.

Mucormycosis is a rare fungal infection that can produce serious
human health issues'. Given their ubiquitous nature, we
commonly encounter these fungi but a healthy immune system is
able to eradicate them effectively. Given the opportunity and a
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weakened immune system (such as due o dabetes and use ol
\mm\l\l._n\uu\nn\\n\l\ can produce miection ol the smuses of
the Tunps  The ctiological drivers of mucormycosis are a group of
molds  called  mucormyceetes  that are able o cause  this
opportunistic —infection,  mostly —in immunocompromised
patients . These fungi are present i soil, and are oflen m
association with decaying organic matter such as compost piles,
and animal dung’

If not treated carly and aggressively, it can spread to the eyes
causing blindness, or possibly imvolve the central nervous system
causing seizures and kading to death2. Pre COVID-19. the rate of
prevalence of mucormycosis ranged between 0.005 and 1.7 per
million population in different countries. except India. where the
number of reported cases were far greater at 140 cases per million
population. Now with ~27 million COVID-19 cases in India (as
of May 23, 2021). 77 million diabetics and the use of steroid for
treatment. there has been an exponential increase in the reported
cases of mucormycosis2,6. Of note. COVID-19 associated
mucormycosis showed that 94% of patients had diabetes.
suggesting the number of mucormycosis cases will continue to
rise in India and globally. For the many patients affected with
mucormycosis. the outcome is poor. About half of the affected
patients will die and many will sustain permanent damage to their
health.

The recommended treatment against mucormycosis involves the
intravenous application of amphotericin B (preferably liposomal
formulation) in initial dose of 5 mg per kg body weight per day.
and 10 mg per kg body weight per day at advanced stage of the
disease. Depending on the severity of the disease, each patient
needs 60—100 injections (each vial containing 50 mg)2,6.7. With
each injection costing from 5000 to 10,000 rupees. the projected
cost of the treatment can be more than a million rupees, and even
then. successful outcome is not certain. Such high dosage of drug
is administered due to the intravenous application of amphotericin
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B. which leads to dilution of the drug in the plasma. In the case of
cerebral mucormycosis, further complications are attributed due
to the highly selective bkod-brain barrier and poor penetration of
amphotericin B to reach the central nervous system and target the
fungi.

This results in the application of higher doses of the drug to
accomplish minimum inhibitory concentration to target the
epieenter of infection. Moreover, usage of higher concentrations
can result in various side effects such as nephrotoxicity and
hepatotoxicity. Recently, the European Confederation of Medical
Mycology (ECMM) and the International Society for Human and
Animal Mycobgy (ISHAM) discussed the clinical management
of COVID-19 associated mucormycosis and several factors were
considered comprising Diabetes mellitus and steroid usage as
predisposing factors, the presence of spores in the environment,
and alternative treatments strategies were discussed8. As
amphotericin B does not cross the blood-brain barrier effectively
t0 counter neuropathologies, here we discuss the use of intranasal
route as an alternative approach in the treatment of cerebral
MUCOrMYCOS .

The intranasal administration of amphotericin B has the potential
to augment its’ efficacy as it will avoid systemic circulation,
hence, reducing dosage to achieve minimum inhibitory
concentration at the target site, reduce side effects such as
nephrotoxicity and hepatotoxicity, and thus limit the brain
damage and associated mortality. Other anti-fungal compounds
such as voriconazolk, fluconazole, and itraconazole do not depict
reliable  activity against mucormycosis™ ’even  though
voriconazole has the ability to cross the blood-brain barrier'". Ina
previous study, it was shown that voriconazok prophylaxis is a
risk factor for mucormycosis' >,

The perivascular system i associated with the olfactory and
trigeminal routes, and i utilized in the intranasal route. which can
#
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be employed as a therapeutic strategy for drug delivery to the
central nervous system. In validation, a recent study depicted the
rapid delivery of molecules from the imine ﬂroup to the brain via
the lymphatic system as an eminent route'*. Moreover, utilizing
the perivascular system, intranasal imines were able to reach the
cortex and other brain regions readily. Drug delivery via the
intranasal route is non-invasive, results in minimal damage to
other tissues that are a result of systemic administration via the
intravenous route, and thus is advantageous in comparison. This
method for delivery of molecules is often preferable, and frequent
administration is normally tokrated. with enhanced drug delivery
to the brain6. In fact, drug delivery via the intranasal route is an
efficient way to avoid the blood-brain barrier, whilst using the
paravascular system. Furthermore, the intranasal route is effective
in achieving the MIC (minimum inhibitory concentration) at
lower concentrations at the infection site by evading the
haematogenous route. Importantly, intranasal delivery of
amphotericin B was shown to be effective in the treatment of
invasive mucormycosis'>. Remarkably, drugs that are vaporized
have been observed to be more efficacious than in its liquid
form'S. For instance, it was shown that the antifungal attributes of
lemongrass (Cymbopogon citrates) in the vapor phase were
elevated (32.7mg/L) in comparison to the liquid phase
(288 mg/L) lading to complete fungicidal efficacy against
Candida albicans. It is speculated that when antimicrobials are in
the vapor form, this allows their absorption within the membrane
leading to increased cellular damage as reveakd by
deformities/ruptured cells on the surface, nonetheless, the exact
underlying etiologies and mechanisms are not yet known. In
addition, treatment using intravenous or intrathecal is invasive
with possible associated complications.

Intranasal route is currently utilized to deliver a variety of
pharmaceutical drugs to treat a variety of health issues, such as
for the management of endometriosis, migraine, sinus, and bone
ﬂ
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Of note. 1 is thought that most of the COVID-19-ass0¢ ated
mucormycosis cases are observed in patents with uncontrolled
diabetes 18 originating from the lung or gut. The gut mi robiome
may influence cvtokines, as well as increase chronic phase

proteins and interferon  signaling in lung cells Nasal

administration may be utilized as a prophyhctic as well as in
post-exposure  circumstances, especially if the prevalence of
mucormycosis is >10% in a given population. thus mak ing this an
option in the design of preventative measures and/or therapeutx
approaches against devastating cerebral mucormycosis. although
future research is necessitated

I reatment and outcome of  COVID-19-associated
MUCOrmy cosis

Systemic antifungal agents targeted against mucormycosis Were
used in all but three patients. Amphotericin B formulations were
used in the vast majority of patients (71 [89%] of 80). and
posaconazole was used in addition to amphotericin B in six
patients with rhino-orbital cerebral mucormycosis. [savuconazole
was used in five patients, either in combination with amphotericin
B (two patients). as salvage therapy (two patients). or as
monotherapy (one patient). In addition. 45 (58%) patients
underwent surgical resection (43 [96%] of 45 had rhino-orbital
cerebral mucormycosis. of whom 16 had orbital exenteration).

All-cause mortality occurred in 39 (49%) of 80 patients. Mortality
was reported in 22 (37%) of 59 patients who had rhino-orbital
cerebral mucormycosis and in 17 (81%) of 21 patients who had
pulmonary, gastrointestinal or disseminated mucormycosis
(p<0-0008). Mortality in patients with rhino-orbital cerebral
disease with confirmed CNS involvement was higher (13 [59%]
of 22 patients) than in those without signs of progression to the
CNS (nine [24%)] of 37 patients: p=0-012). Among survivors, loss
of vision was reported in 19 (46%) of 41 patients (all with rhino-
orbital cerebral mucormycosis).
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Surgery was associated with improved outcomes in rhino-orbital
cerebral mucormycosis in  patients without proven CNS
involvement. in whom mortality was higher in those who received
systemic antifungals alone (five [63%] ofeight) than in those who
also had surgery (four [14%] of 29, of whom one had only
surgery: p=0-012). Surgery did not significantly affect survival
for patients with rhino-orbital cerebral mucormycosis who had
proven CNS involvement (mortality in five [71%] of seven of
patients who were given systemic antifungals alone vs eight
[57%] of 14 who also had surgery; p=0-66).
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