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ABSTRACT

Several cases of mucormycosis infection are being reported from almost
all states of India currently. Mucormycosis infection is rare but fatal.
It is strongly associated with COVID- 19 as a secondary infection and
increases the severity of COVID-19 infection. Fungi under Mucorales
order are responsible for mucormycosis infection condition, especially
people with a weak immune system and under steroid-based medication
and antibiotic treatment are more vulnerable. COVID- 19 infected
patients with associated risk factors like diabetes mellitus, neutropenia,
diabetic ketoacidosis, organ transplant, cancer, AIDS, weak immunity,
autoimmune disorders are more prone tosecondary opportunistic
pathogenic infections. Special care and continuous monitoring process
should be initiated as early as possible to prevent any kind of secondary
fungal infections during COVID-19 infection. Though preventive
strategies like antifungal therapy,and surgical debridement are present
yetthemortality rate is very high in mucormycosis infection. Moreover,
this current study is a brief summary of the current status, pathogenesis,
management strategies, and latest guidelines for mucormycosis infection
during the pandemic of coronavirusdisease 2019. Several treatment
strategies like drugs, surgery, and other proper methods in hospital
setups are also mentioned elaborately in this study. Appropriate
doses, administration route and duration as well as reported cases of
mucormycosis infection from different parts of India are also clearly
documented here.

Keywords: Black Fungus, Mucormycosis, COVID-19, Comorbidity
of Diabetes, Treatment of Black Fung

Introduction

Cunninghamellabertholletiae, Saksenaea, Lichtheimia are
also responsible for mucormycosis.® Once Microbiology de-

Mucormycetes is one kind of fungus that is responsible
for mucormycosis. Mucormycosis is also known as zygo-
mycosis and black fungus and it comes under Mucorales
order. Mucor and Rhizopus species are mostly responsible
for mucormycosis. Apart from those strains, many other
species like Syncephalastrum, Rhizomucor, Apophysomyces,

partment of Velammal Medical College Hospital conducted
a4 years study with 38 mucormycosispatients. The study
identified fungus species including Rhizopusoryzae,Apoph-
ysomycesvariabilis, Lichtheimiacorymbifera, Mucor spp
which were mainly responsible for mucormycosis.?! Inmu-
cormycosis, hyphae of the fungus starts growing inside and
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around the blood vessels.” Mucormycetes are abundantly
present in our surrounding environment including soil,
decomposed organic matter (animal faeces, mass of de-
composed matter, and leaves) and air, that’s why people
can’t avoid this fungal infection very easily. Mucormycosis
mainly occurs during the autumn and summer seasons.
After inhalation of mucormycetes spores, they primar-
ily affect the sinuses or lung of the individual and then
gradually the infection spreads.® This fungal infection may
spread through any kind of skin injury, cuts, wounds, and
burn.’Rhinocerebralmucormycosis infection is associated
with both brain and sinuses. Several other clinical forms
are pulmonary mucormycosis, cutaneous mucormycosis,
gastrointestinal mucormycosis, encephalic mucormyco-
sis.” Mucormycosis is one kind of invasive fungal sinusitis.
Long term uncontrolled diabetes mellitus, haematological
malignancies, iatrogenic immune-suppressed condition,
organ transplantation, HIV, infection, nosocomial infection,
immune suppressant drugs, history of respiratory diseases
are some common risk factors and individuals with these as-
sociated risk factors are more prone togetting mucormycosis
infection.*®Blackish or bloody nasal discharge, congestion,
headache, nose swelling, facial pain, cheekbone pain, sinus
pain, chest pain, pleural effusion, haemoptysis, severe
respiratory problems, necrosis and erythema of the outer
skin of the sinuses are very common signs and symptoms
ofmucormycosis infection (sinus infection). Mucormycete
infection can spread to the eyes causing eye swelling (accu-
mulating fluid around eyes), ophthalmoplegia (paralysis of
the eye muscles), blurry vision, vision loss, and potentially
blindness. Untreated or neglected mucormycosis may reach
the brain also and may develop lethargy, slurry speech,
seizures, cranial neuropathies, paralysis, brain abscess,
loss of consciousness and coma.’Tissue necrosis is an im-
portant characteristic of mucormycosis which happensdue
tothe invasion and thrombosis of blood vessels.*® Typical
characteristics of rhinocerebralmucormycosis areheadache,
sinus congestion, facial swelling in one side, necrosis on
nasal bridge, and fever. Cough, shortness of breath, and
chest pain are common in pulmonary mucormycosis. In
cutaneous mucormycosis, ulcers, blisters, black lesions,
redness, and swelling are majorly visible. Symptoms in-
cluding vomiting,nausea,gastrointestinal bleeding,and
abdominal pain have mostly occurred in gastrointestinal
mucormycosis.® Infiltration of mycosis into blood vessels,
tissue infarction, neutrophilic infiltrate, haemorrhage,
vasculitis, and thrombosis are some additional health
consequences during mucormycosis.®

Recently people in India are facing COVID-19 facilitated
dangerous fungal infection. Excessive use of steroids
medications for the treatment of COVID-19 positive
patients especially patients with diabetes mellitus might
be a reason behind the spreading of black fungus infection

again after the first wave of COVID-19. COVID-19 positive
patients with weak immune systems are more susceptible
to black fungus infection and the mortality rate of this
fungal infection is nearly 50 percent. Early diagnosis and
establishment of curative treatments/therapies may
ensure better recovery and biopsy and antifungal therapy
should be started immediately after detection of primary
symptoms.* Union Health Minister of India marked
mucormycosis or ‘black fungus’as a notifiable disease under
the Epidemic Disease Act, 1897 on 20th May 2021. Some
states and Union Territories in India including Telangana,
Rajasthan, Odisha, Tamil Nadu, Gujarat, and Chandigarh
have declaredmucormycosis as an epidemic.!? As per one
newspaper article published on 28th May, 2021, Gujarat
gets the highest position among all the states with 2859
mucormycosis cases and Maharashtra is the second highest
state with at least 2770 infection cases. 768 cases, 752
cases, 744 cases, and 701 cases were detected from Andhra
Pradesh, Madhya Pradesh, Telangana, and Uttar Pradesh
respectively. Till 25th May, a total of 11,717 mucormycosis
infection cases were reported from different states of India.?

Association between COVID-19 and Mucormycosis
Infection

As per the latest report on 7th May 2020, more than 0.4
million COVID-19 cases were reported in India during the
second wave of COVID-19and afterwards, infection cases
started to decline. In this tough situation, India is facing
another secondary fungal infection, known as mucormycosis
infection. More mucormycosiscases have been reported in
India during the second wave of COVID-19 as compared
to the first wave.3* Severe acute respiratory syndrome
coronavirus 2 causing COVID-19 sometimes exhibit the risk
of several secondary infections including a broad spectrum
of fungal and bacterial infections. Those secondary infections
are more prevalent among patients with comorbidities like
diabetes mellitus, pneumonia (during ventilation), and
lung disease.?* COVID-19 treatment medications gradually
reduce lymphocytes, one type of white blood cell count in
the blood. Lymphocytes can protect the human body from
any kind of infection causing pathogenic microorganisms like
viruses, bacteria, and parasites. So it is quite natural that
decreased lymphocytes count may cause lymphopenia in
COVID-19 patients, and enhance the opportunistic microbial
infection possibilities.*

Patients with COVID-19 infection are more susceptible to
secondary fungal infections because COVID-19 infection
induces inflammatory cytokines over-expression in the
patient, reduces CD8* T-helper cell and CD4* T-helper cell
count and affects cell-mediated immune system of the
patient. Additionally, COVID-19 positive patients in ICUs, or
long hospital stays (it can be more than 50 days as well), or
patients with ventilation support may increase the rapidness
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of the secondary fungal infections. Chronic usage of steroids
medications during COVID-19 infection can inhibit the
immune activity of the host which ensures secondary fungal
infection colonisation. The secondary fungal infection is
mostly detected after recovery from COVID-19 infection
or in the final stages of the infection.*® V K Paul, Member
(Health) of NitiAayog said mucor, one kind of fungus, is
responsible for mucormycosis, andis commonly visible on
moist surfaces. So patients who are continuously attached
to wet surfaces are more susceptible to fungal infection. Dr
Paul mentioned some life-saving drugs like prednisolone,
dexamethasone, dexona, methylprednisolone, tocilizumab,
anditolizumab for the treatment of COVID-19 which can
inhibit the host’s natural immunity and increase the
proneness of secondary infections.?

Mucormycosis Cases across India during COVID-19
Pandemic

In between the second wave of COVID-19, people are
currently facing a new infection called “black fungus”
infection across some states in India. Last year during the
first wave of COVID-19, many patients were admitted to
the various hospitals across states of India after getting
black fungus infection and lost their vision completely
due to it.}*'SadanandaGowda, Union Minister of India also
confirmed the estimated number of mucormycosis cases.
Between 22nd May and 26th May 2021, 2,869 mucormycosis
cases were enrolled. “®Till 28th May, 2021, more than 14872
mucormycosis cases were detected in India. Among all
states of India, the highest number of mucormycosis cases
was from Gujarat, followed by Maharashtra. At least 3726
mucormycosis infection cases were reported so far from
Gujarat. To overcome this situation, various control measures
are taken such as guidelines regarding mucormycosis,
treatments therapies including drugs availability, special
task forces, and separate setups in hospitals for infected
patients.?®34 On 25th May 2021, Maharashtra health
minister Mr Rajesh Tope said that Maharashtra will
obtain 60,000 Amphotericin-B vials from 1st June via the
government global tender for mucormycosis infection
treatment. After a review meeting of the Maharashtra
state regarding the mucormycosis and COVID-19 cases,
Mr Rajesh Tope mentioned 2,245 mucormycosis cases in
Maharashtra in his report. He added the point that among
2,245 mucormycosis cases, 1,007 will be givenfacilities of
Mahatma JyotiraoPhule Jan ArogyaYojana (MJPJAY) and
their total treatment expense will be free of cost. According
to him, one government resolution was established by the
Maharashtra government for treatment purposes, and the
finance department of the Maharashtra government fixed
30 crores for the mucormycosis treatment purpose. Last
year in Ahmedabad, mucormycosis was detected in five
individuals and all five mucormycosis infected people were
associated with COVID-19 infection (either admitted due
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to COVID-19 or recovered from COVID-19 infection). Two
out of five patientshaddied due to mucormycosis and two
individuals had permanently lost their vision. In Bangalore,
similar kinds of four mucormycosis cases were diagnosed
and two among them died in the same way.* According to
the ANI news report, within 15 days, twelve patients with
mucormycosiswere admitted to Sir Ganga Ram Hospital,
New Delhi In December 2020. All of them had a history
of COVID-19 infection. ENT department of this hospital
including Eye Surgery teams operated on 10 patients and
were able to save the eyesight of only 50 percent of the
patients. Also, five among twelve patients expired due to
the black fungus infection. The report also concluded that
black fungus infection (mucormycosis) can’t transmit from
person to person or from animals to people.** As per Dr
TatyaraolLahane, Head, Directorate of Medical Education and
Research (DMER), mucormycosis cases are rising in India and
till date, eight infected patients among 200 mucormycosis
infected patients have expired in different locations of
the Maharashtra state. He mentioned aparticular type of
injection with some other medicines for the treatment
purpose. The injection is given for 21 days, which costs
about 9,000 rupees per day. According to Dr HetalMarfatia,
Professor and Head of the ENT department, KEM hospital,
Mumbai, nearly 2 to 3 mucormycosis infected patients
werecoming to the hospital daily for their health checkups
and many amongthem did not belong to Mumbai, and
were coming from outside for the treatment. He also said
that the treatment expense of this mucormycosisinfection
is comparatively more, so it is not possible for everyone
to afford it. Dr HetalMarfatia shared one incident of a
29-years old patient in rural Maharashtra, who lost his
vision completely due to mucormycosis. She suggested
that healthy dietary habits and regular exercise are very
helpful to stay fit and poor food habits adversely affect
the immunity of the host.3? Associate Professor of the
Ahmedabad based BJ Medical College and Civil Hospital,
Dr Kalpesh Patel said to the news agency ANI that the
ENT division of their hospital diagnosed 67 mucormycosis
infected patients during the last 20 days. Out of all the
cases, they weregoing to operate 45 severely ill patients,
performing about five to seven operations daily. Dr Kalpesh
Patel said that six mucormycosis cases were reported in
their hospital for the past two days only.*

NitiAayog disagreed with the fact that mucormycosis,
black fungus infection is a “big outbreak” in India. VK Paul,
Member (Health) of Niti Aayog elaborately confirmed that
the black fungal infection is not at all a big issue.”

Preventive Measures

Early diagnosis of the fungal infection and minimisation of
underlying risks are very essential to prevent the infection
from spreading to the whole body. Indian Council of
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Medical Research mentioned some essential points in their
guidelines to reduce the rate of mucormycosis infection
such as management of hyperglycemic state after recovery
from COVID-19 infection or control of diabetes and diabetic
ketoacidosis, appropriate use of steroids, antibiotics, or
antifungals (correct duration and doses of drugs) during
COVID-19 treatment, and usage of sterile water in a
humidifier during oxygen support .3® Surgical debridement of
infected necrotic tissues is one of the primary and effective
treatment procedures of mucormycosis infection to reduce
the spreading rate. Administration of antifungal therapy
(amphotericin B) intravenously is also considered as a first-
line therapy® by considering the current amphotericinB
demand and shortage problem across India, five companies
such as Alembic Pharmaceuticals, NatcoPharma, Emcure
Pharmaceuticals, Lyca Pharmaceuticals, and Gufic
Biosciences are manufacturingamphotericin B, before that
in India, only companies such as Life Care, Sun Pharma,
and Cipla were producing the antifungal drugs, and Bharat
Serums, and Vaccine, BDR Pharma, Mylan, were producing
amphotericin B liposomal injection.3” When oxygen support
is mandatory for COVID-19 positive patients, it is essential
to make sure that the humidifier is in the right condition
that means out of the water leakage. One major point about
the usage of steroid drugs is that it should use rationally
and appropriately to avoid its long-term adverse health
effect.* To prevent mucormycosis, general people should
avoid visiting any kind of construction dusty sites.People
should maintain their minimum hygiene level including
washing hands, scrub bath thoroughly, use shoes, long-
sleeved shirts, long trousers, and gloves during handling
soil, manure, and moss.?

Latest Guidelines on Different Treatment Therapies
of Mucormycosis in India

Recently Indian Council of Medical Research (ICMR)
stated that there are many other treatment therapies
(supplementary medicines) along with amphotericin B
and these medications can also decrease the toxicity level
of amphotericin B. Liposomal amphotericin B is mainly
prescribed for patients with mucormycosis infection in
their brain and another one, amphotericin B deoxycholate
is nephrotoxic.? For clinical treatment, some essential
measures like insertion of central catheter (PICC line)
peripherally, adequate systemic hydration, administration
of normal saline IV before antifungal amphotericin B
administration, antifungal treatment for minimum 4-6
weeks, and thoroughly monitoring of the infected patients
to detect drugs’ responses and disease progression state
are also advised by ICMR.3® Normally recommended
duration of steroid medication is near about ten days
and recommended doses of corticosteroids like dexa,
prednisolone, and methylprednisolone are 6 mg, 40 mg,
and 32 mg respectively in a day. Special monitoring was

suggestedfor the patients with other related comorbidities
including autoimmune diseases, kidney disease, liver
disease, and malignancies.® Mucormycosis guidelines on
17 May 2021 by The Directorate General of Health Services,
Ministry of Health & Family Welfare, indicated some effective
diagnosis methods like KOH staining and microscopy,
histopathology of debrided tissue and culture, and MALDI-
TOF. The guideline recommended an initial 5mg/kg body
weight dose of liposomal amphotericin B and in case of
central nervous system involvement dose is 10 mg/kg body
weight. Amphotericin B vial contains 50 mg of drug and is
usedafter dilution in 5% or 10% dextrose. Oral posaconazole
treatment is usually started after amphotericin B therapy.
The recommended dose of posaconazole medication is
300 mg delayed-release tablets two times a day for the
first treatment day followed by 300 mg delayed-release
tablets per day for the remaining treatment period. Another
medication isavuconazolecan also be effective. The dose of
isavuconazolefor mucormycosis infection is 200 mg tablet
trice in a day for the initial two days of treatment and after
that 200 mg per day. In case of unavailability of liposomal
amphotericin B and normal kidney function, conventional
amphotericin B also called deoxycholateamphotericin B
can be recommended (dose= 1-1.5mg/kg body weight).?
Mucormycosis cases specially rhinocerebral infection and
infection with skin, and soft tissue related disease required
surgical treatment.'>4° Adjunctive therapy is to reverse the
immune-suppressed condition of the patients.®Hyperbaric
oxygen treatment can improve oxygen pressure, help to
maintain neutrophils activities in the human body, and
ensure amphotericin B activity against fungal infection.
Optimum oxygen pressure in the body exhibits wound
healing after surgical debridement and reduces fungal
growth. Many studies mentioned iron chelators as
adjunctive therapy in mucormycosis infection because
iron chelators can stop fungal cell growth by decreasing
essential iron concentration for their growth. Many other
adjunct therapies use interferon-y or granulocyte colony-
stimulating factor which up-regulated granulocyte functions
to inhibit Mucorales.®

Antifungal Drugs
Amphotericin B

In 1956, Donovick, Stout, and Gold, Pagano isolated this
drug from a soil sample for the first time. In 1959, the drug
got a license as a therapeutic agent, and finally, in 1960,
this drug became commercially available as Fungizone®
(amphotericin B colloidal suspension). From a local
mycotic infections medication, gradually it became an
essential antifungal therapy and for the past 60 years, this
drug treatment has maintainedits position as effectively
asbefore.>The cell membrane of fungi consists of ergosterol,
which binds with the hydrophobic part of amphotericin
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B after amphotericin B administration to fungus-infected
patients. Ergosterol- amphotericin B binding forms ion
channels and pores, which leads to monovalent cations
and protons loss from the fungal cell. Gradually this loss
confirmed concentration-dependent and depolarisation
associated cell destruction. Amphotericin B deoxycholate,
also called conventional amphotericin B, comes under
polyene class of antifungals. Common amphotericin B
deoxycholate related side effects are decrease in the level
of magnesium and potassium concentration in the human
body, general fever, anaphylaxis, renal system disturbance
(due to renal toxicity), demyelinating encephalopathy
(for bone marrow transplanted patients), normocytic and
normochromic anaemia (due to long term usage).’ The
European Confederation of Medical Mycology (ECMM)
and The European Conference on Infections in Leukemia
(ECIL) approved liposomal amphotericin B for first-line
mucormycosis infection therapy in adults and amphotericin
B lipid complex along with liposomal amphotericin B for
children.® A study by NaeimiEshkaletiet al. confirmed the
positive results of combination therapy of amphotericin
B and atorvastatin against Rhizopusoryzae strains.?®
Another experimental study evaluated the effectiveness of
posaconazole (40 mg of posaconazole per kg body weight/
day) and amphotericin B (0.8 mg of amphotericin/kg/day)
against six species of Mucorcircinelloides in mice model.*®
Ascientific study cleared that liposomal amphotericin B and
posaconazole treatments can successfully reduce fungal cell
number (Mucorales) in the brain, and infection severity, and
can improve survival time in diabetic ketoacidotic as well as
cyclophosphamide-cortisone acetate treated mice group
than placebo mice group.?* One multicentred, placebo-
controlled, double-blinded clinical trial failed to conclude
any statement regarding this combination therapy due to
study population imbalance between control (received
liposomal amphotericin B plus placebo) and treatment
group.

Ibrahim et al. conducted one in vivo study and revealed
that a high dose of liposomal amphotericin B (7.5 mg per
kg body weight twice a day) contributes higher efficacy
against fungal infection than the control group of mice
as well as amphotericin B deoxycholate treated mice
group (0.5 mg/kg body weight twice in a day).'” A study
by Ibrahim et al. suggested that amphotericin B lipid
complex is equally effective as liposomal amphotericin B
in the case of neutropenic mice model only not in diabetic
ketoacidosismice model.*®

Isavuconazole

Isavuconazole is one kind of azoles which has a wide
range of lytic activity against moulds like Mucorales
and yeasts. Itgot approval as a mucormycosis treatment
therapy in the year 2015 in the United States and Europe.
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Itcan be administered in two distinct forms, one is an
oral formulation and another one is an intravenous
formulation. Ithas some advantages such as this drug can
decrease QT (waves in electrocardiogram), drug interaction
possibilities by decreasing cytochrome P450 isoenzymes
interaction and maintain linear pharmacokinetics. For
isavuconazoleadministration through IV formulation,
cyclodextrin is not at all required in IV formulation,
which can reduce the chance of nephrotoxicity because
cyclodextrin is nephrotoxic. In the case of isavuconazoledrug
ingestion, proper dose management is not required for
patients with obesity, kidney, liver problems, and oral
isavuconazoledrug bioavailability is also highly satisfactory.?
Isavuconazole suppressed fungal cytochrome P450
dependent 14-alpha-lanosterol demethylase enzyme
that ceases fungal ergosterol production from lanosterol,
and depleting ergosterol concentration in the fungal cell
membrane leads to cell death gradually.?” One single-
arm open-label trial, VITAL study was conducted from
April 2008 to June 2013, and the study confirmed the
efficacy of isavuconazole drug for primary mucormycosis
treatment and also suggests that isavuconazole can be an
alternative therapy for the patients who have amphotericin
B intolerance.?? Combination therapy (isavuconazole and
micafungin) treated mice effectively and improved survival
rate as compared to theplacebo group but compared to
monotherapy, its activity was very low.!* Evaluation of a
case study of a 45-year-old man showed that the patient
was rhinocerebralmucormycosis infected and the infection
occurred by Rhizopusoryzae. Due to some medical problems,
liposomal amphotericin B and posaconazole drug treatment
were not possible. The patient was in isavuconazole salvage
therapy, and was able to tolerate this drug. Even after
discharge from hospital, the follow-up study confirmed
that the patient had afungal infectious disease for the
nexttwo years.*In vivo experiment with cortisone acetate
or cyclophosphamide treated Rhizopusdelemar fungus-
infected mice confirmed the fact that isavuconazole in
higher concentration increased survival and lowered tissue
burden due to fungal infection which was as effective as
amphotericin B therapy.®

Posaconazole

Posaconazole therapy is also very promising as a salvage
treatment, which is one of the most promising second-
line treatments for mucormycosis.»*°Additionally many
advantages like fungicidal potentiality, fewer adverse
effects on human health, and ingestible through oral
route, low cost compared to amphotericin B drug makes
posaconazole drug therapy as a super suitable option for
any kind of mucormycosis infections. As per this scientific
journal, only lyophilised amphotericin B (3 g dose) drug
treatment costs near about 200,000-300,000 INR for only
one month whereas oral posaconazole drug therapy costs
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approximately 180,000 INR only for three months.
Conclusion

This review article reveals thatpoor hostimmune response
during COVID-19 infection can elevate the chances of
secondary mucormycosis infection. COVID-19 positive
patients with oxygen support are more vulnerable to fungal
infection due to humidifier containing water into the oxygen
support system, which exhibits the spreading chances of
black fungus infection and spreading to the brain might
be fatal for an individual. Due to its high infection rate
and severity, some states and Union Territories declared
mucormycosis infection as an epidemic condition. The
review article also showed the usage and advantages of
some popular therapeutic interventions likeLiposomal
amphotericin B antifungal therapy, isavuconazole,
Posaconazoletherapy, combination therapy, and adjunctive
therapy to prevent the infection. Moreover, this article
supports the fact that health care professionals should
remember some important points including avoidingtoo
early usage of corticosteroids, avoiding excessive use of
steroids, and last but not the least,avoidinglong term use
of steroid medication while dealing with oral or intravenous
corticosteroids.
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