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ABSTRACT

In the year 2019 the world went down in the
clutches of a new virus and was announced a
pandemic in the year 2020 by the WHO. India
being a country with a large population ranked in
second in the total number of cases falling behind
USA. With the growing number of cases, the virus
kept mutating and the complications associated also
went on increasing including a high vulnerability
towards bacterial and fungal infections. Also the
further degeneration of immune system added on to
the susceptibility in patients with already
concomitant condition such as diabetes.It has been
also been found that it affects the sinus, brain and
lungs in human body. The rate of fungal infection
has been found to be 8 percent. Though India in the
first phase of the infection had a decent
performance but in the second phase due the
condition was threatening. A total of more than
30000 cases of mucormycosis was detected every
single day. The first case was identified in United
Kingdom , the genomic surveillance showed that
the UK variant was the dominant variant. The
transmissibility increased and thus being able to
evade the immune system.

l. INTRODUCTION

In 2019, the world was hit by a deadly
virus initially considered just another virus. But
having infected millions it was declared as a
pandemic by the WHO. Initially said to have found
affecting the respiratory system it has emerged a
complex virus that leads to the multi- organ failure
due to SARS Cov-2. With the increasing infection
and mutation what increased is the opportunistic
increase in the fungal infection and it increased due
to the dysfunctional use of steroids. This fungal
infection can be life threatening for patients
suffering from diabetes and those with reduced
immune or low innate immunity.(1) Black fungus
or mucormycosis cases have been reported in large
number in India. Mucormycosis is a fungal
infection considered to be rare and can be found

almost everywhere ranging from the manure to the
mucus of a human , decaying fruits primarily
caused due to exposure to mucor cold. Basically
these pathogens are to be found on any decayed
matter. Physicians on conducting various tests have
listed an alarming number of Mucormycosis cases
among the COVID 19 patients (2). Most of them
were given steroids in the course of the treatment
of the infection and this condition made them more
vulnerable to the fungal infection. The excess use
of steroids often causes immune degeneration and
leads to a significant spike in the blood sugar level
often acting threatening to the patients suffering
from diabetes.(3) The internal environment of the
body also aids the growth of the fungal Mucorales.
This pathogen is often linked with a high mortality
rate whether it is a case of invasive or disseminated
mucormycosis. (4)In  case of disseminated
mucormycosis it also affects the central nervous
system, in such cases of pulmonary invasive mould
the clinical diagnosis is still difficult to determine
due to its rarity. Mucorales are responsible for the
invasive mould diseases and often affects those
who have either undergone an organ transplant or a
stem cell transplant. The Rhino orbital
mucormycosis mortality rate is till 50 percent.(5)

Fungal rhinosintus can be said to be
invasive or non-invasive depending upon the tissue
invasion caused by the fungal pathogen. This
invasion can be chronic , acute. In a research
conducted on COVID-19 patients having acute
rhino — orbital — cerebral sinusitis there was found
a presence of mucormycosis and the symptoms
were mostly found at the last stage of thevirus. (6)
While conducting cross sectional imaging, different
types of intracranial complications like that of
infractions, perineural /epidural spread were
diagnosed in patients. These are the factors that
result in high morbidity rate and mortality rate.(7)
In the MR imaging shows the presence of elements
in magnesium and iron in vitro this could be
primarily due to the involvement of the Mucosa
fungus. Acute invasive condition requires early
diagnosis.(8)
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The most common types still remain the
rhino — orbital ad the pulmonary. Timely diagnosis
and using of antifungal drugs can aid to the
betterment of the patients. A vast number of cases
are still treated in the ICU but even after that the
mortality rate is very high and complications like
organ transplant complicate the anti-fungal therapy.

MUCORMYCOSIS : ORGIN

Mucormycosis is a fungal disease caused
by pathogens called mucormycetes and former
nomenclature as zygomycosis also popularly
known as the “black fungus”, it also belongs to the
code Mucoromycotina and Mucorales. In case of
any stem cell transplant the fungi mucorales are
found in the malignancies.(9) There are 11 genes
and different species under the order that cause
mucormycosis. The most common species are
Rhizopus , Mucor. The first human case was first
came to be known in the year 1855 in a cancer
patient with a haemorrhage infract in the lung that
showed fungal development as discovered by
Fubringer, later the first time it was seen in an
autopsy was in 1956. Thus the diagnosis pathway
was setup by the European Confederation. They
took into account several methodology that can
used for the diagnosis process starting from
imaging , MR and others.(10)

The main way through which the fungus
enters the body is through consumption of either
contampinated food or through the spores , also the
contaminated ventilation system. Based on clinical
manifestation it has 6 different forms.(11) Having
the ability to evade the immunity system of those
with already weak immune system. Diagnosis of it
can occur by conducting a biopsy from the area of
infection . The Rhino- orbital cerebral is the most
common form usually begins with symptoms like
numbness and pain around the eye and face,
conjunctivitis , blurred vision. (12) If not properly
controlled or dealt at the right time it may spread to
the sinus causing protosis with chemosis thus
damaging the extraocular muscle. In most of the
cases there is no fever and the symptoms occur
very late , the initial phase is very normal. The
progression of the disease may be with edema or
without it as well. With the increased spread
formation of ulcer on tongue has also be diagnosed.
This clinical condition would mean that the fungal
infection has reached the mouth. (13) For
Pulmonary mucormycosis the patients usually have
fever and persistent cough , at times it can be also
be present in the endobronchial pathway thus
obstructing the air way path. The fungal infection
can further be categorised into deep extension or
localised depending upon the area it is infecting , if

it’s the skin it is local but if it relates to the bone ,
tendon it is the former.(14).

Gastrointestinal mucormycosis is a hard to
diagnose form and is a rare case to begin with . It
affects the colon, stomach and the ileum. In the
mild stage it can cause neutropenic fever but in
severe case leads to the spreading in other organs
like that blood vessels in bowel(15)

MUCORMYCOSIS AND COVID- 19: An
Inevitable Link
A. Link between
Mucormycosis

Generally the healthy individuals do not
come under the vulenerable group susceptible to
mycormycosis because of the ability of their
immune system to destroy the spores and the
hyphae , this work is mainly done by the
polumorphnuclear cells. The study of SARS-
COV2 shows how deadly it impacts the immune
system.(16) Thus a clear relationship between the
two would be of that of the reduction of T cells and
the reduced CD4 and the injecting of steroids in the
system to control the inflammation in the organs.
Post Covid a number of pulmonary changes occurs
in the system thus increasing the chances of being
infected with a fungal infection.(17) More so over
an increased stay in the hospital , and the continual
staying on ventilation causes spores . The fungal
infection can easily infect : those with comorbidity
like diabetes and those with increases iron content
in the body. (18)

Other factor that is causing a high rate of
mortality is the associated condition of diabetes.
These fungal pathogens are able to survive in a
strong acidic and glucose environment due to their
innate enzymatic properties.  (19) Diabetes
Ketoacidosis a severe infection most likely to
develop in patients with COVID 19 due to the
acidic condition that makes the mucorcyosis to
grow further . studies have shown that the SARS
virus deeply impact the pancreas thus causing acute
diabetes.(20) It has also been found that these
pathogen also increase the insulin resistance thus
creating a diabetes like state in the COVID
patients. The increased serum ferritin level can also
show the sign of susceptibility. (21)The use of
Corticosteriods as presented in a research
conducted by the European Federation has found to
be in particular very harmful for patients already
suffering from diabetes as it increases the blood
glucose level and the continual use of it poses a
serious threat of fungal infection . Also the creation
of diabetogenic state further causes hyperglycemia
causes a growth in the mucormycosis. (22)

COVID-19  and
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The only fungal pathogens that stores iron
the ferritins are the zygomycetes. They damage the
tissue by creating a high ferritin levels which often
to the generation of high reactive oxygen species.
(23)These high ferritin levels also causes
intercellular iron acquisition and also the cytokines
released during COVID 19 leads to the release of
iron in the circulation thus creating an environment
inside the body where the fungal infection can
breed. The ways to detect the infection is usually
biopsy of the infected area but such a time taking
process cannot be useful in COVID-19 cases owing
to the high rate of spread of disease. (24)

Endotheliatis also occurs in patients with
COVID-19. Initially the mucormycosis progresses
its way in the system by adhesion and penetration.
(25)The mucorales penetrates to the endothelium in
acidemic state, creating a condition that of
hypoglycaemia where the the glucose regulated
protein receptor come in adhesion with the
mucorales spore coat protein homologs. This
prepares a conducive environment for the overall
penetration of the fungal pathogen. Various
research conducted have also shown the patients
being infected with mucormycosis as a post
COVID-19symptom. (26) It was observed that
there is no period for the growth of this fungus, it
can be weeks after the discharge or after immediate
hospitalisation. Studies of various patients have
been presented , in case of patients with no medical
history.(27).

B. Factors aiding mucormycosis in COVID-
19patients:

Black fungus is a fatal infection and a rare
infection that occurs due to long period of
hospitalization and the continual use of ventilation
system when patients are kept in ICU, in worst of
the cases it can cost the life of an individual as well
as lead to the loss of vision. This fungal infection
enters the human body through inhalation of spores
present in the air. These spores then get fixed in the
nasal passage (28) . In the initial phase the
symptoms of mucromycosis can be greyishness of
eyes, blockage of nose and oral cavity. At a later
stage it may make its way up to the brain making it
more fatal and increasing the mortality rate by a
considerable percentage. (29) The best way of the
treatment is the giving of anti-fungal medicine also
supportive therapy might be useful. In other
circumstances one has to operate upon the patient.
While giving this anti-fungal treatment a lot of
things must kept in mind the technician and the
support staff should be more than alert about
sterilizing the oxygen tubing. (30) Apart from
causing severe inflammatory exudation the

COVID-19 patients have formed decreased

immune due to the depletion of the T cells and CD4

that controls the inflammatory response of the body
and regulates the process of phagocytosis. Extreme
depletion of the T cells can lead to harm of the

Central Nervous System and becomes life

threatening. (31) Early detection can lead to the

saving of the lives of the individuals. Drugs like
that of amphotericin- B injections can help in
subsiding the effect. The symptoms of the infection
may vary with different individuals. There are

various factors that aid the process in COVID 19

patients. These are as follows (32)

A. Depletion of organs: The mucormycosis can
infect the sinuses, brain and lungs and also can
harm the gasrointesitinaltract , skin. It has
different outcomes when it affects different
organs like when infected in the sinus it creates
a black gryish mucus thereby blocking the
nasal cavity. (33) Can also lead to one sided
pain,numbness and the face — pain. The first
effect is usually seen in the eye.

e Eye: the mucromycosis begins its journey
inside the body from the sinus and then
spreads on tot the sphenoid. There is formation
of gangrene in the eye due to the lesion in the
eye that happens due to the germinated hyphae.
When angio invasion occurs as a result of the
thrombosis or leads to the internal carotid
artery it leads to the infraction and
hematogenous disintegration. (34) When the
ophthalmic artery is affected due to the blood
vessel necrosis it can cause blindness and
sensory defects.

e Mouth : This is the easiest place for the
mucormycosis to grow , it happens in humans
when the humans inhale air full of spores it
leads to oral activity and wounds in the mouth
and can also lead to ulcer on the palate .(35)
Diagnosis can be done on the basis of pressure
sores in orbital — nasal region , from the mouth
the fungal infection cam spread to the nose in
the maxillofacial region and can even infect
the CNS. Angioinvasion of the Mucorales in
the blood tissues leads to the formation of the
thrombus that can cause necrosis in hard and
soft tissues. (36)

e Brain: The clinical manifestation of
mucormycosis in the CNS often poses a
question on life and death of individuals. The
invasion in the CNS occurs when the fungal is
widespread in the body and enters through the
hematogenous spread or from dispersion
through the sinus gland. The CNS is the third
most vulnerable site for spread of the fungal
infection. (37) The fungal develops and grows
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in the internal elastic lamina and then gets in
various part by the arterial lumen. Hyphal
invasion in the brain cell occurs in case of
extreme case of CNS mucormycosis.

B. Problem of Self-medication: With the high
cases of COVID 19 what happened was the
increase in the case of self-medication and
home remedies being followed by the infected
individuals which leads to the consumption of
the wrong dose of the medicine. In India
consumption of steroids in large quantity has
been observed in the lockdown, which seems
to be the most among all the countries in the
world. There has also been a trend towards the
use of zinc and the excess of which creates a
circumstance and a condition that helps in the
breeding of the fungal infection and may lead
to nasal microbimes.  (38) Steroids can
function through the interaction with the
receptors which causes the defects in the
functioning of the macrophages. It also
disregulates the pro inflammatory cytokines
secreted by the macrophages causing the
immune degeneration. These cytokines are
mainly the TNF o, IL-1B, IL-6, IL-8, and IL.
(39)

C. Tocilizumab therapy — During COVID 19
there was mass scale production of pro
inflammatory cytokines to control the level of
IL6 in the patients. This production occurs
from the bronchial epithelial cells. the drug
tocilizumab though cleared by the FDA had
more detrimental effect than benefits. (40)
When consumed along with dexamethasone
for a long period of time, instead of controlling
the inflammatory function it led to the creation
of antibody that obstructed the respiratory
system and increased the breathing problem
thereby weakening the immunity even more
and posing a greater threat to the patients. (41)

D. Improper usage of oxygen cylinders — Also
one of the reasons for the post COVID-19
mucormycosis is due to the use of non-
sterilized oxygen cylinders and the low-quality
tubing system that patients even after
recovering also the use of unclean mask and
contaminated water in lubulizers have led to
the prolonged survival of the virus. (42)

E. Excess consumption of vitamins — The excess
consumption of vitamins can also a threat for
example the excess consumption of vitamin A
hampers the absorption of Vitamin D and
cause various bone issues. Vitamin D is also
connected with the absorption of the calcium.
Excess use of it can also lead to increase in the
toxicity level and the non-utilization of the

other vitamins. Excess of vitamin A is said to
increase the production of the antibody that
obstructs the response against a deadly virus.
(43)
C. ABUSE OF STERIODS AND
ANTIBIOTICS

The exact picture of COVID-19 may vary
from patient to patient and on the degree of the
severity also depends on the conditions of the
patients and which person is infected by what
symptoms ranging from bacterial to fungal and to
that of life-threatening pneumonia. There also have
been instances of the development of infection like
Gram negative bacteria,(44) the pulmonary
aspergillosis. These infections are common in
patients who apart from corona have several other
illness or comorbidity such as bp and diabetes .

Due to lack of knowledge about the
defined medicine for corona and the ever changing
nature of the virus a trial and error method was
used to get to a point as to which drug would be
beneficial and which wouldn’t.(45) This trial
sometimes resulted in success and at times lead to
the worsening of the situation one such condition
was the use of Steroids. Though at times acting as
lifesaving elements the excess use of it caused all
the more harm. Coritcosteriods were used to treat
severe cases of COVID and to decrease the damage
to the immunity system that had been caused due to
the virus. But these steroids when given repeatedly
lead to significant increase in the blood sugar level
of the patients and thus harmful for patients with
diabetes and also leads to the creation of a
hypoglycemic environment reducing the efficiency
of the innate immune system thereby creating an
breeding ground for the fungal infection. It was
also recommended by the ICMR that doctors must
pay special attention to symptoms that might
indicate the growth of the mucormycosis like
swollen eye, mouth pain , numbness, redness of
eye. (46) (47)

Also at the peak of the virus there were no
availability of the wvaccine and drugs like
glucocorticoids and remdesivir were found to be of
utmost help , While treating patients with
hypoxemia glucocorticoids was found to be a good
option and being inexpensive and easily available
drug it acted as a boon. Despite all its benefits it
opens the door for more secondary infections. Also,
when one looks at the application of other drugs
like tocilizumab injected in a patient with an
already immune degenerated disorder and the
property of the drug that also acts like
immunomodulatory leads to the increment in the
risk of the patients with COVID-19. The use of
excess antibiotics leads to a sharp decline in the
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lymphocytes while cause a sharp rise in neutrophils
and the WBCs. (48)

In severe cases the T cells present in the
body that work mostly on the controlling of the anti
— inflammatory response of the body decreased and
it lead to negative outcomes , also the CD4 and
CD8 that lead to the phagocytosis and genomes like
cytokines and chemokine level were found to be
increase thereby causing a serious threat to the
CNS. To control this problem of T cell reduction
lymphopenia was used and it lead to a raise in the
amount of lymphocyte thus being beneficial for the
internal immune system. (49) Various case studies
were conducted and has been analysed one of such
studies was the case of a 40 year old woman who
after being infected with COVID-19 was given
remedesivir for 4 days followed by dexamethasone
from 8" day to combat the immune loss and the
issues associated and livoflaxcin. The patient
complained of visual loss and orbital pain
Imaging and MRI and the histopathological
examination showed the degenerated tissues from
the sinuses showed cases of inflammation marked
with necrosis and confirmed the diagnosis of
mucormycosis. Endoscopy of the sinuses was
conducted every day. The patient was monitored
with on a continuous basis. (50)

Rhino orbitocerebal mucormycosis is a
fatal infection the chances of survival only depends
on the time of diagnosis. One of the first things
that is prescribed under such condition is to stop
the use of corticosteroid and sugar must be
controlled. Systemic treatment is found to be
beneficial and amphotericin B could be considered
as the first drug choice. Posaconazole an oral
antifungal agent can used as for less rigorous
infection.

1. CONCLUSION

In the year 2019 the world went through
testing times, with the unsurmountable number of
cases and the high transferability rate of disease
lead to the death of lakhs of individual. In the year
2020 WHO declared COVID 19 as a pandemic.
Being a part of the SARs virus genesis it initially
caused an obstruction in the breathing tracts and
attacked the lungs and the respiratory system. It
often lead to complications like that leading to
organ transplant and once that situation arose , the
virus weakened the immunity system of the body
thus making body a ground for more external and
secondary virus threat increased. In severe cases
the T cells present in the body that work mostly on
the controlling of the anti — inflammatory response
of the body decreased and it lead to negative
outcomes , also the CD4 and CD8 that lead to the

phagocytosis and genomes like cytokines and
chemokine level were found to be increase thereby
causing a serious threat to the CNS. To control this
problem of T cell reduction lymphopenia was used
and it lead to a raise in the amount of lymphocyte
thus being beneficial for the internal immune
system and can also lead to the production of the
particular T cells that can aid the spreading of the
virus.

This attack of the virus comes with several
other secondary harms like that of the fungal
infection and this harm often occurs in those
patients that have comorbidity or those with low
immunity. Mucormycosis or black fungus is a rare
fungal infection and quite fatal as well.

Diagnosis of it can occur by conducting a
biopsy from the area of infection . The Rhino-
orbital cerebral is the most common form usually
begins with symptoms like numbness and pain
around the eye and face, conjunctivitis , blurred
vision. If not properly controlled or dealt at the
right time it may spread to the sinus causing
protosis with chemosis thus damaging the
extraocular muscle. In most of the cases there is no
fever and the symptoms occur very late , the initial
phase is very normal. The progression of the
disease may be with edema or without it as well.
With the increased spread formation of ulcer on
tongue has also be diagnosed. This clinical
condition would mean that the fungal infection has
reached the mouth.

The study of SARS- COV2 shows how
deadly it impacts the immune system. Thus a clear
relationship between the two would be of that of
the reduction of T cells and the reduced CD4 and
the injecting of steroids in the system to control the
inflammation in the organs. Post Covid a number
of pulmonary changes occurs in the system thus
increasing the chances of being infected with a
fungal infection. More so over an increased stay in
the hospital , and the continual staying on
ventilation causes spores . The fungal infection can
easily infect : those with comorbidity like diabetes
and those with increases iron content in the body.

The best way of the treatment is the giving
of anti-fungal medicine also supportive therapy
might be useful. In other circumstances one has to
operate upon the patient. While giving this anti-
fungal treatment a lot of things have to kept in
mind the technician and the support staff should be
more than alert about sterilizing the oxygen tubing.
Apart from causing severe inflammatory exudation
the COVID 19 patients have formed decreased
immune due to the depletion of the T cells and CD4
that controls the inflammatory response of the body
and also regulates the process of phagocytosis.
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Extreme depletion of the T cells can lead to harm

of the

Central Nervous System and becomes life

threatening. Early detection can lead to the saving
of the lives of the individuals.

[1].

(2]

3.

[4].

[5].

[6].

[7].

[8].

REFERENCING
https://www.worldometers.
info/coronavirus/(accessed July 26, 2021).
Kirby, T., 2021. New variant of SARS-CoV-
2 in UK causes surge of COVID-19. Lancet
Respir. Med. 9 (2) e20-el. Revannavar,
S.M,, SS, P., Samaga, L., KV, V., 2021.
COVID-19 triggering mucormycosis in a
susceptible patient: a new phenomenon in
the developing world? BMJ Case Rep. 14
(4). Werthman-Ehrenreich, A., 2021.
Mucormycosis with orbital compartment
syndrome in a patient with COVID-19. Am.
J. Emerg. Med. 42, 264 e5- 8.
Hindustantimes, 2021.

India Reported Over 45,000 Black Fungus
Cases So far, Says Mandaviya in RS. JUL
202021.
https://www.hindustantimes.com/india-
news/india- reported-over-45-000-black-
fungus-cases-so-far-says-mandaviya-in-rs-
101626781

Sugar, A.M., 1995. Agents of mucormycosis
and related species. Principles Pract. Infect
Dis. 2311-2321. Meyers, B., Gurtman, A,
1998. Phycomycetes. Infectious Diseases,
2nd edn. WB Saunders, Philadelphia,
23822387.

Eucker, J., Sezer, O., Lehmann, R., et al.,
2000. Disseminated mucormycosis caused
by Absidiacorymbifera leading to cerebral
vasculitis.  Infection 28 (4), 246-250.
Bhattacharyya, A.K., Deshpande, A.R.
Nayak, S.R., Kirtane, M.V., Ingle, M.V,
Vora, .M., 1992.

Rhinocerebral mucormycosis: an unusual
case presentation. J. Laryngol. Otol. 106 (1),
48-49. Radner, A.B., Witt, M.D., Edwards,
Jr JE, 1995. Acute invasive
rhinocerebralzygomycosis in an otherwise
healthy patient: case report and review. Clin.
Infect. Dis. 20 (1), 163-166.

Brown, S.R., Shah, I.A., Grinstead, M.,
1998. Rhinocerebral mucormycosis caused
by Apophysomyces elegans. Am. J. Rhinol.
12 (4), 289-292. Roden, M.M., Zaoutis,
T.E., Buchanan, W.L., et al., 2005.
Epidemiology and outcome of zygomycosis:
a review of 929 reported cases. Clin. Infect.
Dis. 41 (5), 634-653. Patel, A., Agarwal, R.,
Rudramurthy, S.M., et al, 2021a

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].
[19].

Multicenter  epidemiologic ~ study  of
coronavirus disease-associated
mucormycosis, India. Emerg. Infect. Dis. 27
(9). Roglic, G., 2016.

.HoseinpourDehkordi A, Alizadeh M,
Derakhshan P, BabazadehP, Jahandideh A.
Understanding epidemic data and statistics:
acase study of COVID-19. J Med Virol.
2020: 1-15.2.

AK, Singh R, Joshi SR, Misra A.
Mucormycosis inCOVID-19: a systematic
review of cases reported worldwideand in
India [published online ahead of print, 2021
May 21]DiabetesMetabSyndr.
2021.https://doi.org/10.1016/j.dsx.2021.05.0
19.5.All India News magazine. Reported by
Parimal Kumar, 4; 2021.

Covid-19. black Fungus Kills More Than
300 in India as OtherCountries Report
Cases. [Available online
athttps://www.thenationalnews.com/world/a
sia/covid-19-black-fungus-kills-braz j infect
dis.2021;25(3):1015973

Current Research in Microbial Sciences 2
(2021) 1000576Hua, X., Vijay, R,
Channappanavar, R., et al., 2018.

Nasal priming by a murine coronavirus
provides protective immunity against lethal
heterologous virus pneumonia. JCI insight 3
(11). Speakman, E.A., Dambuza, .M.,
Salazar, F., Brown, G.D., 2020.

T cell antifungal immunity and the role of C-
type lectin receptors. Trends Immunol. 41
(1), 61-76. Dimitri-Pinheiro, S., Soares, R.,
Barata, P., 2020.

The microbiome of the nose-friend or foe?
Allergy Rhinol. 11, 2152656720911605.
Debertin, A.S., Tschernig, T., Tonjes, H.,
Kleemann, W.J., Troger, H.D., Pabst, R,
2003.

Nasal-associated lymphoid tissue (NALT):
frequency and localization in young
children. Clin. Exp. Immunol. 134 (3), 503—
507. Salzano, F.A., Marino, L., Salzano, G.,
et al., 2018.

Rhino-orbital and rhino- orbito-cerebral
mucormycosis. Otolaryngol. - Head Neck
Surg.: Off. J. Am. Acad. Otolaryngol. - Head
Neck Surg. 127 (1), 22-31. Shpitzer, T.,
Keller, N., Wolf, M., et al., 2005.

. Ibid.

Antimicrobial multidrug resistance in the era
of COVID-19: a forgotten plight?
Antimicrob. Resist. Infect. Control 10 (1),
21. Vijay, S., Bansal, N., Rao, B.K,, et al.,,

DOI: 10.35629/5252-0309952959

Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 957



\% International Journal of Advances in Engineering and Management (IJAEM)
Volume 3, Issue 9 Sep 2021, pp: 952-959 www.ijaem.net

—

IJAEM

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

2021. Secondary Infections in Hospitalized
COVID- 19

Patients: Indian Experience, 14. Infection
and drug resistance, pp. 1893-1903.
Chowdhary, A., Tarai, B., Singh, A,
Sharma, A., 2020. Multidrug-resistant
candida auris infections in critically ill
coronavirus disease patients, India, April-
July 2020. Emerg. Infect. Dis. 26 (11),
2694-2696.

Choudhary, N., Lahiri, K., Singh, M., 2021.
Increase and consequences of  self-
medication in dermatology during COVID-
19 pandemic: an initial observation.
Dermatol. Ther. 34 (1), e14696.

Sadio, A.J., Gbeasor-Komlanvi, F.A., Konu,
R.Y., et al, 2021. Assessment of self-
medication practices in the context of the
COVID-19 outbreak in Togo. BMC Public
Health 21 (1), 58. Chopra, D., Bhandari, B.,
Sidhu, J.K., Jakhar, K., Jamil, F., Gupta, R.,
2021.

Prevalence of self-reported anxiety and self-
medication among upper and middle
socioeconomic strata amidst COVID -19
pandemic. J. Educ. Health Promot . 10.
Quispe-Canari, J.F., Fidel-Rosales, E.,
Manrique, D., et al., 2021.

Zhou, F, Yu, T, Du, R, et al. Clinical course
and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan, China:
a retrospective cohort study. Lancet 2020;
395(10229): 1054-1062.

Hughes, S, Troise, O, Donaldson, H, et al.
Bacterial and fungal coinfection among
hospitalized patients with COVID-19: a
retrospective  cohort study in a UK
secondary-care setting [published online
ahead of print, 2020 Jun 27]. Clin Microbiol
Infect 2020; 26(10): 1395-1399.
RECOVERY Collaborative Group , Horby,
P, Lim, WS, Emberson, JR, et al
Dexamethasone in hospitalized patients with
Covid-19-preliminary report. N Engl J Med
2021; 384: 693-704.

Werthman-Ehrenreich, A. Mucormycosis
with orbital compartment syndrome in a
patient with COVID-19. Am J Emerg Med
2020; 42: 264.e5-264.€8.

Mehta, S, Pandey, A. Rhino-orbital
mucormycosis associated with COVID-19.
Cureus 2020; 12(9): e10726.

Mohindra, S, Mohindra, S, Gupta, R, et al.
Rhinocerebral mucormycosis: the disease
spectrum in 27 patients. Mycoses 2007; 50:
290-296.

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

Goel, S, Palaskar, S, Shetty, VP, et al.
Rhinomaxillary mucormycosis with cerebral
extension. J Oral MaxillofacPathol 2009;
13(1): 14-17.

Viterbo, S, Fasolis, M, Garzino-Demo, P, et
al. Management and outcomes of three cases
of rhinocerebral mucormycosis. Oral Surg
Oral Med Oral Pathol Oral RadiolEndod
2011; 112: e69—e74.

Afroze, SN, Korlepara, R, Rao, GV, et al.
Mucormycosis in a diabetic patient: a case
report with an insight into its
pathophysiology. Contemp Clin Dent 2017,
8: 662—666.

Mignogna, MD, Fortuna, G, Leuci, S, et al.
Mucormycosis in immunocompetent
patients: a case-series of patients with
maxillary sinus involvement and a critical
review of the literature. Int J Infect Dis
2011; 15: e533-e540.

Chen, N, Zhou, M, Dong, X, et al
Epidemiological and clinical characteristics
of 99 cases of 2019 novel coronavirus
pneumonia in Wuhan, China: a descriptive
study. Lancet 2020; 395: 507-513.

Chen, G, Wu, D, Guo, W, et al. Clinical and
immunological features of severe and
moderate coronavirus disease 2019. J Clin
Invest 2020; 130: 2620—2629.

McCarthy, M, Rosengart, A, Schuetz, AN, et
al. Mold infections of the central nervous
system. N Engl J Med 2014; 371: 150-160.
Prabhu, S, Algahtani, M, 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:
301-303.

Greenberg, RN, Mullane, K, Van Burik, JA,
et al. Posaconazole as salvage therapy for
Zygomycosis. Antimicrob Agents
Chemother 2006; 50: 126-133.

]Zurl C, Hoenigl M, Schulz E, et al. Autopsy
proven pulmonary mucormycosis due to
rhizopusmicrosporus in a critically ill
COVID-19  patient  with  underlying
hematological malignancy. J Fungi (Basel)
2021;7.

Sugar AM. Mucormycosis. Clin Infect Dis
1992;14(Suppl 1):S126-9.

Jose A, Singh S, Roychoudhury A,
Kholakiya Y, Arya S, Roychoudhury S.
Current understanding in the
pathophysiology of SARS-CoV-2-associated
rhino-orbito- cerebral mucormycosis: a
comprehensive review. J Maxillofac Oral
Surg 2021:1-8.

DOI: 10.35629/5252-0309952959

Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 958



\’/\E , International Journal of Advances in Engineering and Management (IJAEM)

T Volume 3, Issue 9 Sep 2021, pp: 952-959 www.ijaem.net
JAEM

[42]. Gandra S, Ram S, Levitz SM. The “black
fungus” in India: the emerging syndemic of
COVID-19-associated mucormycosis. Ann
Intern  Med 2021:M21-2354.  https://
doi.org/10.7326/m21-2354.

[43]. Chakrabarti A, Singh R. Mucormycosis in
India: unique features. Mycoses 2014;57
(Suppl 3):85-90.

[44]. Chakrabarti A, Singh R. The emerging
epidemiology of mould infections in
developing countries. CurrOpin Infect Dis
2011;24:521-6.

[45]. Singh AA, Singh R, Joshi SR, Misrac A.
Mucormycosis in COVID-19: a systematic
review of cases reported worldwide and in
India. Diabetes MetabSyndr 2021;15
(4):102146.
https://doi.org/10.1016/j.dsx.2021.05.019.

[46]. Langford BJ, So M, Raybardhan S, et al.
Antibiotic prescribing in patients with
COVID-19: rapid review and meta-analysis.
Clin Microbiol Infect 2021;27:520-31.

[47]. Calderon-Parra J, Muino-Miguez A,
Bendala-Estrada AD, et al. Inappropriate
antibiotic use in the COVID-19 era: factors
associated with inappropriate prescribing
and secondary complications. Analysis of
the registry SEMI-COVID. PloS One
2021;16:20251340.

[48]. Pal R, Singh B, Bhadada SK, et al. COVID-
19-associated mucormycosis: an updated
systematic review of literature. Mycoses
2021. https://doi.org/10.1111/ myc.13338.
Online ahead of print. A. Dilek et al.

[49]. Bayram N, Ozsaygili C, Sav H, et al
Susceptibility of severe COVID-19 patients
to rhino-orbital mucormycosis  fungal
infection in different clinical manifestations.
Jpn J Ophthalmol 2021;65(4):515-25.
https://doi.org/10.1007/s10384-021- 00845-
5.

[50]. Bellanger AP, Navellou JC, Lepiller Q, et al.
Mixed mold infection with Aspergillus
fumigatus and Rhizopus microsporus in a
severe  acute  respiratory  syndrome
Coronavirus 2 (SARS-CoV-2) patient. Infect
Dis News 2021:52666—-9919-0.
https://doi.org/10.1016/j.idnow.2021.01.010.

DOI: 10.35629/5252-0309952959 Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 959



