
ISSN: 2455-2631                                                                © June 2021 IJSDR | Volume 6 Issue 6 

IJSDR2106038 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  248 
 

Mucormycosis complicates India’s COVID-19 

Pandemic: A Review 
 

1Priya Jaswal*, 2Anshumala, 3Jhilli Basu 
 

1Pharmacologist, 2Assistant Professor, 3Assistant Professor 

Department of Pharmacology,  

Maharishi Markandeshwar Medical College & Hospital, Solan, Himachal Pradesh, India 

 

Abstract: COVID-19 or SARS-COV-2 becomes the universal deadly health alarm from December 2019 to till date with the 

global cases record of 180,777,842 as well as India’s cases record of 30,134,455 till 25th June, 2021. As the country's health 

system tries to recover from corona crisis, another fungal threat comes in existence known as Mucormycosis or Black fungus 

Infection, especially affecting the Asian continents like India with the presents recorded updates of more than 10,000 infected 

cases. Mucormycosis is opportunity seeking fungal infection mainly affects immunocompromised population such as 

diabetic ketoacidosis patients and those whose immunity has been already hijacked via SARS-CoV-2 virus, creates the 

fungal entry roadmap from various routes like inhalation, ingestion or inoculation to rule over the body. In the present 

review, we enlightened the Covid-19 tuned mucormycosis Indian epidemic figures, causative aspects, molecular studies or 

pharmacological and non-pharmacological approaches. In addition we would also like to talk about the role of human 

body’s immune system and how to reconstruct our immunity both at physical and non-physical (molecular) level as a 

defending wall towards affection of this infection. 
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Introduction:  

Globally, a biological war like scenario in the form of Corona Virus Disease-19 (COVID-19) carried out from Dec, 2019 (Wuhan, 

China) till date in both developed and underdeveloped nations. Countries like New Zealand, Tanzania, Vatican, Fiji, Montenegro etc 

are already becomes mask free or corona free [1]. However, some developing countries such as India, the second highest populated 

country in the world after china facing the cruelty of second wave of COVID-19 with the advance expectation and preparation of 

third wave. But this time embodiment of fungal invaders like Black Fungus, White Fungus or Yellow Fungus in ongoing SARS-

CoV-2 infection complicates the current pandemic situation of India [2].This review mainly highlightened the Black fungus 

associated complication of India. Mold categorized infection with its 85 years of pathogenic ancestry or Mucormycosis is a very 

familiar invasive fungal infections (IFI) characterised by tissue infraction and necrosis [3] belonging to the subphylum 

Mucoromycotina, order Mucorales [4, 5, 6, 7].  

 

 

                                                            Figure 1: Sign & Symptoms as per Anatomical codification  
 

 

Mucorales are extreme thermo defenders fast-growing omnipresent microbes commonly found in soil, dust, on fruits and decaying 

vegetation [8, 9]. Rhizopus oryzae, commonly isolated mold species of mucormycosis in India [5, 6, 10] associated with high fatality 
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rate (>50%) [11, 12]. Anatomical demarcations becomes the backbone for clinical codification of mucormycosis includes rhino-

orbital-cerebral (ROCM), pulmonary, gastrointestinal, cutaneous, renal and disseminated mucormycosis [10, 13]. 

Immunocompromised population such as Diabetic Mellitus Ketoacidosis (DMK) patient in India are more prone to develop black 

fungus infection. Some other associated risk factors are other forms of metabolic acidosis, long term use of corticosteroids, any 

transplantation procedure, trauma and burns, neutropenia, and malignant hematologic disorders etc [5, 14]. Mucormycosis is not a 

contagious infections, so that it ruled over the body via inhalation, ingestion, or inoculation route [15]. The symptomatic profile of 

mucormycosis Figure 1 depends upon its anatomical codification [6, 9, 16] but as per Centre of Drug Control and Prevention (CDC) 

the major symptom are facial deformity, headache, facial pain, nasal congestion, black crust in upper area of nose, swelling in cheeks 

and eye, toothache etc which are detected or diagnosed by various clinical and molecular methodologies such as clinical studies, 

histopathological studies etc [17, 18, 19]. In the present review, we discuss the universal as well as Indian epidemic figures, multiple 

etiological contributing factors, pathogenicity, and pharmacological and non-pharmacological approaches in COVID-19 associated 

mucormycoses infection in India. In addition we would like to talk about the role of human body’s immune system and how to 

reconstruct our immunity both at physical and non-physical (molecular) level as a defending wall towards affection of this infection  

 

Global Epidemic Perspective: 

The Severe Acute Respiratory Syndrome-Corona Virus-2 (SARS-CoV-2) virus has become the creator of multiple other new diseases 

[20] and one of the rapidly spreading black fungus infection in post-COVID recoveries patients is the bigger example [21]. The 

incidences of  mucormycosis or black fungus is commonly observed in immunocompromised patients [10,22] such as those who are 

receiving steroids from a long time, hospitalized and on oxygen support or ventilator, heaving poor hospital hygiene or have been 

taking medication for other illness such as diabetes Figure 2. 

 

 

 

 

 

Today mucormycosis cases are relay from everywhere but with the epidemiological variations worldwide. The pronicity of the fungal 

infection is remain uncommon, but in developed nations, it is mostly seen in patients with hematological malignancies (HM). 
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Figure 2: Major contributing factors in the universal epidemiology of Black Fungus. 
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However, in developing nations, specifically in Indian community, diabetes mellitus (DM) or trauma patients are more prone to it 

[23]. 

 

Black Fungus Tuned India’s Epidemic Figures: 

In 2021 among Asian continents, India sees an increase in mold infection cases [24] partly because many people already grapple with 

SARS-CoV-2 infection, therefor, these pandemic conditions create a roadmap for the easy spreadability of fungal infection Figure 3 

[25]. Numerous yearly studies had been carried out like Southern India (Tamilnadu) stands with the annual incidence of 18.4 cases 

per year (2005–2015) [26]. Again during the year 2016-2019 Tamilnadu reported 9.5 cases per year [27], along with it multicenter 

study throughout India reported 465 cases from 12 centers over 21 months; means annual incidence of 22 cases per year with an 

average of 38.8 cases from each contributing centre [28]. India’s reported death rate due to different clinical forms of mucormycosis 

includes ROCM (31–49%), pulmonary (61–77%), cutaneous (23–57%), gastrointestinal (67–94%), and disseminated (62–79%) has 

been almost similar to the global data [10, 13]. The latest black fungus tuned COVID-19 associated report of some state of India till 

17 may, 2021 is shown by media reports [29].   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pathogenesis/Symptoms/Diagnosis: 

Mucorales spores via inhalational or inoculated routes generates very vigorous inflammatory response in healthy human [4]. The 

spore’s journey inside the nasopharyngeal route for establish inflammatory network has also not very easy, because for that they must 

smartly escape killing by immunological defenders such as resident mononuclear and polymorph nuclear phagocytes [5]. This results 

in the germination of hyphae, the angioinvasive stage of fungal infection, which eventually disperse to other organs [30]. In 

mucormycosis, glucocorticoids listed among strong etiological contender known to impair the defending immunity drives of our 

immune system like ingestion, macrophage migration and phagolysosome fusion [31, 32]. Therefore, patients on long term, heavy -

dose steroids treatment may have chances to get mucormycoses infection [33]. Previous studies reported that, diabetic ketoacidosis 

(pH 7.3–6.8) patients have upraised free iron concentration in the serum which supports in the mucorales growth and nourishment 

[34, 35]. Therefore, Iron overload and mucormycosis is the another important logical area of interest [14, 30, 36, 37]. The symptoms 

of mucormycosis depend on where in the body the fungus is growing [6, 9], which are detected or diagnosed by various clinical and 

molecular methods such as clinical studies, histopathological studies etc Figure 4 [17, 18].  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Black Fungus cases in India till 17 May, 2021. 
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Treatment Regimen: 

Therapeutic perspective of mucormycosis during this pandemic has been based on the Pharmacological & Non-Pharmacological 

approaches as mentioned by the global health organization. 

 

Pharmacological Approaches: 

As per Indian Council of Medical Research (ICMR) guidelines [38] four keystones therapy’s has been used for managing 

mucormycosis which includes timely identification and diagnosis of fungal infection followed by immediate administration of a lipid 

amphotericin B (liposomal AMB) alone or in combinations with Anti-Mucorales, surgical procedures specifically for rhino cerebral 

or skin conditions and expeditious reversal of principal factors responsible for fungal infection if possible [39]. 

 Antifungal Treatment: Generally polyene based Amphotericin B (AMB), is the first line of defence against mucormycosis 

[40, 41, 42] subsequently followed by posaconazole and isavuconazole, if needed [43, 44, 45, 46]. On a pharmacological 

platform AMB lipid formulations (liposomal AMB) [47] or AMB lipid complexes are one step ahead than AMB-

deoxycholate [48, 49], but still stand with some major complications like nephrotoxicity and infusion reactions. As we all 

know that the liposomal drug delivery system is the target based, therefore enhances the treatment cost and becomes a 

substantial drawback in handling mucormycosis in India [28, 50]. 

  Salvage Therapy: Salvage therapy or Rescue therapy is preferred when any infirmity doesn’t respond to standard treatment 

regimen [51]. For mucormycosis patients who becomes intolerant to polyene therapy, the posaconazole or deferasirox are 

the batter salvage options [52, 53]. In comparative studies Posaconazole appears to be quite safe and effective as compare 

to deferasirox despite dosing for months to years [54, 55]. In salvage therapy, deferasirox regular dose monitoring i.e. 20 

mg/kg/d for 2–4 weeks has been very important for avoiding any kind of renal and hepatic complications because its pre-

clinical studies give some evidences about deferasirox toxicity, if its uses beyond 4 weeks [56, 57]. 

 Surgical Management: In skin and sinus mold conditions the immediate surgical removal of mucormycosis lesions has 

been recommended due to the aggressive nature of the infection [40, 41, 58, 59], even though , some cases of sinus mold 

infection associated with radical debridement includes enucleation of the  eye. As per retrospective studies, patients who 

had received surgical treatment along with systemic antifungal therapy had grater chances of survival [60, 61, 62]. In case 

of pulmonary mucormycosis, the surgical treatment benefits are less well accepted. Lobectomy may be the option in mild 

to moderate category patients with unifocal disease [60, 63], however, for severe category patients sometimes 

pneumonectomy has been recommended [64]. Meanwhile, the surgical procedure outputs has been not yet cleared in patients 

suffering with the multifocal disease or disseminated infection [65]. 

 Adjunctive therapies for mucormycosis: We all are very familiar to this fact, that the treatment options regarding mold 

infection are very limited. Therefore, the adjunctive or supplemental therapies focused on the restoration of a host immune 

functions against the fungal infection [66] via the administration of granulocyte-macrophage growth factor and IFN-γ. 

Hyperbaric oxygen plays a very impressive role in the treatment of diabetic patients with rhinocerebral or cutaneous 

infection [67] via improving neutrophil oxidative killing and in this way might speed up wound healing [68]. 

 

Non-Pharmacological Approaches: 

 Technology tuned Awareness Programmes: COVID-19 has also been known as techno-medico tuned pandemic, 

because we live on a technology based medical, academic or professional supports from 2020 to till date [69, 70]. During 

this pandemic time, technology based medical awareness programmes becomes the life time non-pharmacological 

achievements for various contagious or non-contagious diseases. Today all health organizations like World Health 

Organization (WHO), ICMR, CDC etc update their health related bulletin or guidelines with digitalization using android 

technology, tele-communication [71] etc. Let’s take the brief outlook on ICMR based mucormycosis preventive 

guidelines: 1).for prevent mucormycosis condition in Covid-19 patients, there will be a better control of the sugar levels 

with or without steroids, 2). Use of clean or sterile water for humidifiers during the oxygen therapy, 3). Use masks if 

you are visiting dusty construction sites, wear shoes, long trousers, long sleeve shirts and gloves while handling soil 

(gardening), moss or manure, 4). Maintain personal hygiene includes oral hygiene, skin care etc [72, 73]. 

 Human Nature & Psychology-Remodeling: Pandemics doesn’t means any physical trauma or immunity weakness, 

beside this, they also effects on one invisible factor of human body i.e. psychological ability or human behaviour [74]. 

A strong perception of human psychology and behaviour during an epidemic situations becomes a key factor for various 

recommendations in a manner that would enhance the use of guidelines [75]. In this way, we might limits the hazardous 

health consequences of pandemic like crucial situations on community level. All low-vibrational activities and behaviour 

give rise to low self-esteem Figure 5. To counteract that people generally try to put others down and dis-obey healthy 

rules and regulation. Therefore, this type of gesture may help in preserving one’s ego but not the society at large. 
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Conclusion & Future Framework: 

As India continues to achieve stability over the existing situation, another imminent threat has emerged as a challenge to India in the 

form of coronavirus disease-associated mucormycosis and kept India’s health care system is on the brink of collapse. The incidence 

of mucormycosis has risen more rapidly during the second wave compared with the first wave of COVID-19 in India. The ICMR 

released guidelines for the screening, diagnosis and management of mucormycosis in patients with COVID-19. The most common 

causes attributed to the rise of mucormycosis in COVID-19 patients are uncontrolled diabetes, excessive use of corticosteroids for 

immunosuppression and long-term stays in the intensive care unit. Understanding the mechanisms of innate host responses to 

Mucormycetes infection is important, as the patient’s immune status appears to be the most significant factor for a favorable prognosis 

for mucormycosis. Therefore early diagnosis, antifungal therapy, and prevention steps can be used to cure the infection and for getting 

this target the Ministry also needs to step up to monitor and analyse the situation; to disseminate information, education and 

communication materials for the general public and to undertake essential measures for preventing a further rise in the number of 

mucormycosis cases in patients with COVID-19 and mortality. Moreover, the population explosion is also one of the key factor for 

improper hygiene, lack of awareness and non-utilization of preventive measure, even though too much urbanization leads to 

destruction of natural habitants on the planet give rise to diverse ill- health scenarios. However, revolution in 5th generation (5G) 

technology threatens us towards several diseases including cancer, cell-death, etc. Could it ever be a probable cause for viral mutation 

and pandemic threat? All these could be our probable area of future action for improvement. 

 

References: 

[1] https://www.hindustantimes.com/world-news/covid19-here-s-the-list-of-countries-with-no-reported-case-of-infection-

101610373013283.html 

[2] https://economictimes.indiatimes.com/news/articlelist/1715249553.cms  

[3] Frater JL, Hall GS, Procop GW. Histologic features of zygomycosis: Emphasis on perineural invasion and fungal 

morphology. Arch. Pathol. Lab. Med. 2001; 125:375–378. 

[4] Kontoyiannis DP, Lewis RE. Invasive zygomycosis: update on pathogenesis, clinical manifestations, and management. 

Infect. Dis. Clin. North Am. 2006; 20 581–607. 

[5] Spellberg B, Edwards J, Ibrahim A. Novel perspectives on mucormycosis: pathophysiology, presentation, and management. 

Clin. Microbiol. Rev. 2005; 18: 556–569. 

[6] Ribes J. A, Vanover CL, Baker DJ. Zygomycetes I in human disease. Clin. Microbiol. Rev. 2000; 13:236–301. 

[7] Gregory JE, Golden A, Haymaker W. Rhinocerebral Mucormycosis. N.C. Med. J. 1943; 17: 26. 

[8] Rogers TR. Treatment of zygomycosis: current and new options. J. Antimicrob. Chemother. 2008; 61:35–40. 

[9] Petrikkos G, Skiada A, Lortholary O, Roilides E, Walsh TJ, Kontoyiannis DP. Epidemiology and clinical manifestations of 

mucormycosis. Clin. Infect. Dis. 2012; 54: 23–34. 

[10] Roden MM, Zaoutis TE, Buchanan WL. Epidemiology and outcome of zygomycosis: a review of 929 reported cases. Clin 

Infect Dis. 2005; 41:634–53. 

[11] Puebla LE. Fungal infections in immunosuppressed patients. Intech. Open. 2012; 150–176. 

[12] Katragkou A, Walsh TJ, Roilides E. Why is mucormycosis more difficult to cure than more common mycoses? Clin. 

Microbiol. Infect. 2014; 20(6): 74–81. 

[13] Jeong W, Keighley C, Wolfe R, Lee WL, Slavin MA, Kong DC, Chen SC. The epidemiology and clinical manifestations 

of mucormycosis: A systematic review and meta-analysis of case reports. Clin. Microbiol. Infect. 2019; 25: 26–34.  

[14] Ibrahim AS, Edwards JE, Filler SG. Zygomycosis. In: Dismukes WE, Pappas PG, Sobel JD, eds. Clinical mycology. New 

York, NY: Oxford University Press, 2003; 241: 51. 

[15] Michael A, Pfaller PG, John R. Wingard invasive fungal pathogens: current epidemiological trends. Clin. Infect. Dis. 2006; 

43: 3–14. 

[16] https://www.cdc.gov/fungal/diseases/mucormycosis/symptoms.html. 

Figure 5: Remodeling of Human Behaviour 

 

http://www.ijsdr.org/


ISSN: 2455-2631                                                                © June 2021 IJSDR | Volume 6 Issue 6 

IJSDR2106038 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  254 
 

[17] Chakrabarti A, Chatterjee SS, Das A, Panda N, Shivaprakash MR, Kaur A. Invasive zygomycosis in India: Experience in a 

tertiary care hospital. Postgrad. Med. J. 2009; 85: 573–581. 

[18] Walsh TJ, Gamaletsou MN, McGinnis MR, Hayden RT, Kontoyiannis DP. Early Clinical and Laboratory Diagnosis of 

Invasive Pulmonary, Extrapulmonary, and Disseminated Mucormycosis (Zygomycosis). Clin. Infect. Dis. 2012; 54: 55–60. 

[19] Chamilos G, Marom EM, Lewis RE, Lionakis MS, Kontoyiannis DP. Predictors of Pulmonary Zygomycosis versus Invasive 

Pulmonary Aspergillosis in Patients with Cancer. Clin. Infect. Dis. 2005; 41: 60–66. 

[20] Jain JK, Markowitz A, Khilanani PV, Lauter CB. Localized mucormycosis following intramuscular corticosteroid: case 

report and review of the literature. Am. J. Med. Sci. 1978; 275(2): 209–216. 

[21] https://science.thewire.in/the-sciences/covid-19-and-black-fungus-what-is-mucormycosis/ 

[22] Bitar D, Van Cauteren D, Lanternier F, Dannaoui E, Che D, Dromer F, Desenclos J. Increasing incidence of zygomycosis 

(mucormycosis), France, 1997–2006. Emerg Infect Dis 2009; 15: 1395–1401. 

[23] Chakrabarti A, Singh R. Mucormycosis in India: unique features. Mycoses. 2014; 57: 85–90. 

[24] Black fungus' complication adds to India's COVID woes. 

https://www.reuters.com/world/india/blackfunguscomplicationaddsindiascovidwoes20210510/ 

[25] Thomas, Liji. 2020. Analysis of India's battle with 

COVID19.NewsMedical,2020,https://www.newsmedical.net/news/20200504/AnalysisofIndiasbattlewithCOVID19.aspx. 

[26] Manesh A, Rupali P, Sullivan MO, Mohanraj P, Rupa V, George B, et al. Mucormycosis-A clinic epidemiological review 

of cases over 10 years. Mycoses 2019; 62: 391–398. 

[27] Priya P, Ganesan V, Rajendran T, Geni VG. Mucormycosis in a Tertiary Care Center in South India: A 4-Year Experience. 

Indian J. Crit. Care Med. 2020; 24: 168–171. 

[28] Patel A, Kaur H, Xess I, Michael JS, Savio J, Rudramurthy S, et al. A multi-centre observational study on the epidemiology, 

risk factors, management and outcomes of mucormycosis in India. Clin. Microbiol. Infect. 2020; 26:  9–15. 

[29] https://en.gaonconnection.com/covid19-black-fungus-mucormycosis-infections-symptoms-treatement-icmr-india/ 

[30] Ibrahim AS, Kontoyiannis DP. Update on mucormycosis pathogenesis. Curr Opin Infect Dis. 2013; 26(6):508–15. 

[31] Lionakis MS, Kontoyiannis DP. Glucocorticoids and invasive fungal infections. Lancet. 2003; 362(9398):1828–38. 

[32] Chamilos G, Lewis RE, Hu J, Xiao L, Zal T , Gilliet M, et al. Drosophila melanogaster as a model host to dissect the 

immunopathogenesis of zygomycosis. Proc Natl Acad Sci USA. 2008; 105(27):9367–72. 

[33] Hoang K, Abdo T, Reinersman JM, Lu R, Higuita NI. A case of invasive pulmonary mucormycosis resulting from short 

courses of corticosteroids in a well-controlled diabetic patient. Med. Mycol. Case Rep. 2020; 29: 22–24. 

[34] Artis WM, Patrusky E, Rastinejad F, Duncan RL Jr. Fungistatic mechanism of human transferrin for Rhizopus oryzae and 

trichophyton mentagrophytes: alternative to simple iron deprivation. Infect. Immun. 1983; 41(3): 1269–1278. 

[35] Artis WM, Fountain JA, Delcher HK, Jones HE. A mechanism of susceptibility to mucormycosis in diabetic ketoacidosis: 

transferrin and iron availability. Diabetes, 1982; 31(12): 1109–1114. 

[36] Ibrahim A, Spellberg B, Edwards J. Iron acquisition: A novel prospective on mucormycosis pathogenesis and treatment. 

Curr. Opin. Infect. Dis. 2008; 21: 620–625. 

[37] Howard DH. Acquisition, transport, and storage of iron by pathogenic fungi. Clin Microbiol Rev. 1999; 12(3):394–404. 

[38] https://www.ijmr.org.in/temp/IndianJMedRes1533311-3965147_110051.pdf 

[39] Lewis RE, Lortholary O, Spellberg B, Roilides E, Kontoyiannis DP, Walshet TJ. How does antifungal pharmacology differ 

for mucormycosis versus aspergillosis? Clin Infect Dis 2012; 54(1): 67–72. 

[40] Kontoyiannis DP, Lewis RE. How I treat mucormycosis. Blood. 2011; 118 (5): 1216–1224. 

[41] Kontoyiannis DP, Lewis RE. Agents of mucormycosis and entomophthoramycosis. In: Mandell GE, Bennett JE, Dolin R, 

editors. Mandell, Douglas and Bennett’s principles and practice of infectious diseases, vol. 1, 7th edition.Philadephia: 

Chuchill--Livingstone; 2010. p. 3257–69. 

[42] Skiada A, Lanternier F, Groll AH, Pagano L, Zimmereli S, Herebercht R, et al. Diagnosis and treatment of mucormycosis 

in patients with hematological malignancies: guidelines from the 3rd European Conference on Infections in Leukemia (ECIL 

3). Haematologica. 2013; 98(4): 492–504. 

[43] Cornely OA, Alastruey A, Arenz D, Chen SC, Dannaoui E, Hochhegger B, et al. Global guideline for the diagnosis and 

management of mucormycosis: An initiative of the European Confederation of Medical Mycology in cooperation with the 

Mycoses Study Group Education and Research Consortium. Lancet Infect. Dis. 2019; 19; 405–421. 

[44] Torres HA, Hachem RY, Chemaly RF, Kontoyiannis DP, Raad II. Posaconazole: a broad-spectrum triazole antifungal. 

Lancet Infect Dis. 2005; 5(12):775–85. 

[45] Greenberg RN, Mullane K, van Burik JA, Raad I, Abzug MJ, Anstead G, et al. Posaconazole as salvage therapy for 

zygomycosis. Antimicrob Agents Chemother. 2006; 50(1):126–33. 

[46] Van Burik JA, Hare RS, Solomon HF, Corrado ML, Kontoyiannis DP, et al. Posaconazole is effective as salvage therapy in 

zygomycosis: a retrospective summary of 91 cases. Clin Infect Dis. 2006; 42(7): 61–5. 

[47] Farmakiotis D, Tverdek FP, Kontoyiannis DP. The safety of amphotericin B lipid complex in patients with prior severe 

intolerance to liposomal amphotericin B. Clin Infect Dis. 2013; 56(5):701–3. 

[48] Hamill RJ. Amphotericin B formulations: a comparative review of efficacy and toxicity. Drugs. 2013; 73(9):919–34. 

[49] Craddock C, Anson J, Chu P, Dodgson A, Duncan N, Gomez C, et al. Best practice guidelines for the management of 

adverse events associated with amphotericin B lipid complex. Expert Opin Drug Saf. 2010; 9(1):139–47. 

[50] Patel AK, Patel KK, Patel K, Gohel S, Chakrabarti A. Mucormycosis at a tertiary care centre in Gujarat, India. Mycoses. 

2017; 60: 407–411. 

http://www.ijsdr.org/


ISSN: 2455-2631                                                                © June 2021 IJSDR | Volume 6 Issue 6 

IJSDR2106038 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  255 
 

[51] Skiada A, Lass-Floer C, Klimko N , Ibrahim A, Roilides, Petrikkos G. Challenges in the diagnosis and treatment of 

mucormycosis. Medical Mycology. 2018; 56: 1 

[52] Vichinsky E. Clinical application of deferasirox: practical patient management. Am J Hematol. 2007; 83:398– 402. 

[53] Spellberg B, Ashraf S. Recent Advances in the Treatment of Mucormycosis. Curr Infect Dis Rep. 2010; 12:423–429. 

[54] Burik JA, Hare RS, Solomon HF. Posaconazole is effective as salvage therapy in zygomycosis: a retrospective summary of 

91 cases. Clin Infect Dis. 2006; 42:61–65. 

[55] Greenberg RN, Mullane K, van Burik JA. Posaconazole as salvage therapy for zygomycosis. Antimicrob Agents Chemother. 

2006; 50:126–133. 

[56] Nick H, Wong A, Acklin P. ICL670A: preclinical profile. Adv Exp Med Biol. 2002; 509:185–203. 

[57] Spellberg B, Thomas J, Kontoyiannis DP, Edwards J, Ashraf S. Recent Advances in the Management of Mucormycosis: 

From Bench to Bedside. Clin Infect Dis. 2009 June 15; 48(12): 1743–1751. Doi: 10. 

[58] Peterson KL, Wang M, Canalis RF, Abemayor E. Rhinocerebral mucormycosis: evolution of the disease and treatment 

options. Laryngoscope 1997; 107:855–62. 

[59] Khor BS, Lee MH, Leu HS, Liu JW. Rhinocerebral mucormycosis in Taiwan. J Microbiol Immunol Infect. 2003; 36:266–

9. 

[60] Lee FY, Mossad SB, Adal KA. Pulmonary mucormycosis: the last 30 years. Archiv. Intern. Med. 1999; 159(12): 1301–

1309. 

[61] Raj P, Vella EJ, Bickerton RC. Successful treatment of rhinocerebral mucormycosis by a combination of aggressive surgical 

debridement and the use of systemic liposomal amphotericin B and local therapy with nebulized amphotericin-a case report. 

J. Laryngol. Otol. 1998; 112(4): 367–370. 

[62] Tedder M, Spratt JA, Anstadt MP, Hegde SS, Tedder SD, Lowe JE. Pulmonary mucormycosis: results of medical and 

surgical therapy. Ann. Thorac. Surg. 1994; 57(4): 1044–1050. 

[63] Reid VJ, Solnik DL, Daskalakis T, Sheka KP. Management of bronchovascular mucormycosis in a diabetic: a surgical 

success. Ann Thorac Surg 2004; 78:1449–51. 

[64] Asai K, Suzuki K, Takahashi T, Ito Y, Kazui T, Kita Y. Pulmonary resection with chest wall removal and reconstruction 

for invasive pulmonary mucormycosis during antileukemia chemotherapy. Jpn J Thorac Cardiovasc Surg. 2003; 51:163–6.  

[65] Lewis RE, Kontoyiannis DP. Epidemiology and treatment of mucormycosis. Future Microbiol. 2013; 8(9): 1163–1175. 

[66] Sipsas ID, Gamaletsou MN, Anastasopoulou A, Kontoyiannis DP. Therapy of Mucormycosis. J. Fungi. 2018; 4: 90. 

[67] Lamaignere G, Simitsopoulou M, Roilides E, Maloukou A, Winn RM, Walsh TJ. Interferon-gamma and granulocyte-

macrophage colony-stimulating factor augment the activity of polymorphonuclear leukocytes against medically important 

zygomycetes. J. Infect. Dis. 2005; 191(7): 1180–1187.  

[68] Barratt DM, Van Meter K, Asmar P. Hyperbaric oxygen as an adjunct in zygomycosis: randomized controlled trial in a 

murine model. Antimicrob. Agents Chemother. 2001; 45(12): 3601–3602. 

[69] Jaswal P, Singla S, Kaushik N, Guleri TS. Technology as a Psychological Healer: A Digital War against Covid-19. Int. J. 

Pharm. Sci. Rev. Res. 2020; 64(1): 165-172. 

[70] Sofian B, Enrique BC, Sara B, Michel W, Philippe C. Fundamentals for future mobile-health, mHealth: a systematic review 

of mobile phone and web-based text messaging in mental health. Journal of Medical Internet Research. 2016; 18(6); 135. 

[71] https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4843583/ 

[72] https://www.icmr.gov.in/pdf/covid/techdoc/Mucormycosis_ADVISORY_FROM_ICMR_In_COVID19_time.pdf 

[73] https://www.outlookindia.com/website/story/india-news-explained-how-to-prevent-black-fungus-infection-in-covid-19-

patients/383322 

[74] Thomas SP. Information fatigue syndrome: Is there an epidemic? Issues Ment Health Nurs. 1998; 19(6): 523–524. 

[75] Arafat S, Kar S, Marthoenis M. Psychological underpinning of panic buying during pandemic (COVID-19). Psychiatry Res. 

2020; 289: 113061. 

[76] Singh P. Black fungus: here is a list of states with highest number of mucormycosis cases. Hindustan Times, May 21, 2021 

https://www.hindustantimes.com/india-news/black-fungus-states-wit  

[77] Indian Council of Medical Research Evidence based advisory in the time of COVID-19 (screening, diagnosis & 

managementofmucormycosis).https://www.icmr.gov.in/pdf/covid/techdoc/Mucormycosis_ADVISORY_FROM_ICMR_I

n_COVID19_time.pdf Date: May 9, 2021, Date accessed: May 28, 2021 

 

 

http://www.ijsdr.org/

