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ABSTRACT:  
The second wave of COVID-19 has affected India substantially, with the highest number of daily reported cases being 

slightly more than 0.4 million on May 7, 2021, and has declined since. Even though the number of new reported cases has 

reduced, India still contributed to approximately 45% of the new cases detected globally and nearly 34% of the deaths 

globally during the third week of May, 2021. As India continues to achieve stability over the existing situation, another 

imminent threat has emerged as a challenge to India in the form of corona virus disease-associated mucormycosis. 

Mucormycosis, caused by a group of moulds called mucormycetes, is a rare but potentially fatal infection if inadequately 

treated. Often referred to as the so-called black fungus, the incidence of mucormycosis has risen more rapidly during the 

second wave compared with the first wave of COVID-19 in India, with at least 14  872 cases as of May 28, 2021. The most 

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

corticosteroids for immunosuppression, and long-term stays in the intensive care unit. The aim of present review of literature 

is to discuss this newer threat in detail.  
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INTRODUCTION 
The corona virus disease pandemic has emerged as a 

community health disaster and is spreading 

exponentially across the globe. The first case of 

Covid-19 was reported in Wuhan City, China, in late 

December 2019.  On 11th of February 2020, World 

Health Organization named the novel viral pneumonia 

as “Corona Virus Disease (COVID-19)” while the 

International Committee on Taxonomy of Viruses 

(ICTV) named this novel virus as “SARS-CoV-2” 

subsequent phylogenetic and taxonomic analysis.
1 

Corona virus disease 2019 (COVID-19) caused by 

severe acute respiratory syndrome corona virus 2 

(SARS-CoV-2) has been associated with a wide range 

of opportunistic bacterial and fungal infections. Both 

Aspergillosis and Candida have been reported as the 

main fungal pathogens for co-infection in people with 

COVID-19.
2,3 

Recently, several cases of mucormycosis in people 

with COVID- 19 have been increasingly reported 

world-wide, in particular from India. Mucormycosis is 

one of the rare fungal infections, which has a high rate 
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of morbidity and mortality. Its disease causing fungi is 

Mucormycetes and it belongs to the order Mucorales, 

subphylum Mucoromycotina.
4
 Main challenge with 

mucormycosis is with the diagnosis and treatment of 

the disease, and with time there is a gradual increase 

in the incidence of the disease. The most common 

predisposing factor discovered in developed countries 

is Hematological malignancies, while uncontrolled 

diabetes seems to be the most common condition in 

developing countries.
5 

 

HISTORY 
The first reported case of Mucomycosis was reported 

on 1885 when the German pathologist Paltauf 

described the first case as Mycosis Mucorina.
6
 It was 

observed during 1980s and 1990s that cases of 

Mucormycosis was increasing in individual in 

immuno compromised conditions.
7 

Rate of 

mucormycosis increased rapidly mostly in 

immunocompromised individuals consequently in 

1980s and 1990s.
7
 Thus a study was carried out 

depending upon the prevalence rate in France which 

showed amplification by 7.4% per year. The supposed 

possibility of seasonal variation of mucorales and its 

occurrence all over the world was also reported.
8
  

 

ETIOPATHOGENESIS 
The major risk factors for mucormycosis include 

uncontrolled diabetes mellitus in ketoacidosis, other 

forms of metabolic acidosis, treatment with 

corticosteroids, organ or bone marrow transplantation, 

neutropenia, trauma and burns, malignant hematologic 

disorders, AIDS, extremes of age, broad-spectrum 

antibiotics, iron overload, skin trauma, intravenous 

drug abuse, prophylactic voriconazole for 

aspergillosis and malnutrition., Mucormycosis acts as 

a destructive and potentially critical condition in 

diabetic patients due to increased availability of 

micronutrients and at same time compromised 

defence mechanism of the body.
9,10 

Some of the common hypotheses from literature 

include
11,12,,13 

 Serum inhibitory activity against Rhizopus 

species is low 

 Decreased PH level and improved availability of 

iron for the pathogen 

 Diminished facility to inhibit germination of 

Rhizopus species by pulmonary macrophages of 

persons suffering with diabetes mellitus 

There is accelerated invasion of fungi in diabetes 

ketoacidosis, as acidic produces more free iron by 

reducing its binding to transferrin and low level of 

dialyzable inhibitory factor in diabetics makes it a 

suitable conditions for fungal duplication. Patients 

that are severely neutropenic and who lack phagocytic 

function are more prone for mucormycosis, but this is 

not seen patients suffering from AIDS. Thus, it 

implies that only the neutrophils are significant for 

inhibiting fungal proliferation and not the T 

lymphocytes.
14 

CLINICAL FINDINGS OF MUCORMYCOSIS
15, 

16 

 One-sided facial pain, swelling, numbness 

 Headache 

 Nasal or sinus congestion 

 Black lesions on nasal bridge or upper inside of 

mouth that quickly become more severe. 

 Fever 

 A bloody or blackish mucus discharge from the 

nose. 

 Prominent aching in teeth, jawbone, degrading of 

tooth structures 

 Sudden mobility of teeth especially in Maxillary 

arches. 

 Hazy vision, with objects appearing blurred or in 

double, with eye pain 

 Abnormal blood clotting or thrombosis of tissues, 

along with skin injury and damage or necrosis of 

dermal cells 

 Further deterioration of respiratory functions, 

with chest pain, Excess fluid build-up in lungs i.e. 

pleural effusion and coughing up blood or 

hemoptysis 

 

DIAGNOSIS OF MUCORMYCOSIS 

The diagnosis of mucormycosis is challenging and 

treatment should start as early as possible in order to 

decrease mortality.
 
 No circulating antigen detection 

test is available for the diagnosis of 

mucormycosis.
17,18 

 

CYTOPATHOLOGY 

The hyphae may be difficult to observe on an 

unenhanced Potassium hydroxide wet mount and may 

not stain well with conventional Gram stain. The use 

of chitin binding stains, such as Calcoflour, Fungi-

flour, or Blancoflour, may be used with a fluorescent 

microscope to identify hyphal elements on Potassium 

hydroxide wet mounts.
19 

 

HISTOPATHOLOGY 
Numerous large branching pale-staining, wide, flat 

non-septal hyphae with branching at right or obtuse 

angles are seen in the affected tissue from the lesions 

showing extensive necrosis, round or ovoid sporangia 

are also frequently seen in culture.
19

 The histological 

detection of mucorales organisms in tissue and their 

interpretation may be difficult. These organisms are 

typically difficult to observe on hematoxylin-eosin 

stains. On the other hand, Periodic acid Shiff and 

Gomori methenamine silver stains may be used for a 

fully characterized appearance of the organism. 

Microscopic characterization of nonseptate hypae, 

rhizoids, columellae, sporangia and sporagiospores 

help to define genus and species within the order 

mucorales.
20
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RADIOLOGICAL INVESTIGATION 

Posteroanterior view of chest shows multiple (≥10) 

nodules, and pleural effusion in mucormycosis. 

Computerized tomography (CT) scans, show a 

characteristic reverse halo sign (RHS) which is 

considered as gold standard and a strong indicator of 

pulmonary mucormycosis.  Positron emission 

tomography-computed tomography (PET/CT) with 

[18F]- fluorodeoxyglucose (FDG) imaging technique, 

aids in the diagnosis and management of 

mucormycosis. Endobronchial ultrasound-guided fine 

needle aspiration is also a useful diagnostic tool when 

feasible.  “Black turbinate sign” which refers to an 

area of non-enhancing mucosa on MRI is a 

characteristic image feature in cavernous sinus 

thrombophlebitis mucor infection.
19,21,22 

 

Management of mucormycosis 

Do’s Don’ts 

 Control hyperglycemia 

 Monitor blood glucose level post 

COVID-19 discharge and also in 

diabetics 

 Use steroid judiciously – correct timing, 

correct dose and duration 

 Use clean, sterile water for humidifiers 

during oxygen therapy 

 Use antibiotics/antifungals judiciously 

 Do not miss warning signs and symptoms 

 Do not consider all the cases with blocked 

nose as cases of bacterial sinusitis, 

particularly in the context of 

immunosuppression and/or COVID-19 

patients on immunomodulators 

 Do not hesitate to seek aggressive 

investigations, as appropriate (KOH 

staining & microscopy, culture, 

MALDITOF), for detecting fungal 

etiology Do not lose crucial time to 

initiate treatment for mucormycosis
23

 

 

TEAM APPROACH
23 

 Microbiologist 

 Internal Medicine 

 Specialist Intensivist 

 Neurologist 

 ENT Specialist 

 Ophthalmologist 

 Dentist Surgeon (maxillofacial/plastic) 

 Biochemist 

 

The management of mucormycosis is based on 

multiple interventions occurring simultaneously, or 

with different timing and intensity. The basic 

principles of mucormycosis treatment include risk 

stratification for severity of the diseases, and intense 

attempts for early, clinical and laboratory diagnosis; 

timely initiation of an effective antifungal therapy 

(monotherapy or combination therapy) along with 

aggressive surgical debridement of necrotic lesions; 

reverse of immunosuppression (discontinuation of 

chemotherapy and increase of neutrophils), and when 

feasible control of the underlying medical condition. 

Early diagnosis and prompt therapeutic intervention 

may prevent progressive tissue invasion and its 

sequelae, may also reduce the need for extensive 

surgery and subsequent deformity, and may improve 

survival.
16,24

 
 

In patients with uncontrolled diabetes rapid correction 

of metabolic abnormalities is mandatory also use of 

sodium bicarbonate (with insulin) so as to reverse 

ketoacidosis, even if acidosis is mild or severe it will 

help with a better outcome because it reduces the 

ability of Mucorales to invade the host tissues.
25 

Amphotericin B (AMB) and its lipid formulations, 

and recently isavuconazole have been studied as first-

line therapy for mucormycosis. On the contrary, 

posaconazole has been mainly studied as salvage 

therapy.
26,27

 The recommended dose for liposomal 

amphotericin B (AmB) is 5 mg/kg/day and as high as 

10 mg/kg/day for infection involving the central 

nervous system.
27 

Isavuconazole a recently developed triazole, has 

shown effect against a wide spectrum of fungal 

infections including Mucorales. Isavuconazole is a 

new broad-spectrum triazole and is the biologically 

active agent of the prodrug isavuconazonium sulfate. 

It is approved in the United States for the treatment of 

mucormycosis, and in Europe for the treatment of 

mucormycosis when Amphotericin B is not feasible. 

It is available in both intravenous and oral 

formulations and it is administered with a loading 

dose of 200 mg three times a day for two days and 

200 mg daily thereafter.
27,28 

Use of hyperbaric oxygen is another adjunctive 

therapy in order to make a more-oxygen enriched cell 

environment in combination with administration of 

cytokines at the same time with the antifungal 

therapy. in vitro and some preclinical data on 

granulocyte-macrophage colony stimulating factor 

and/or interferon-γ has shown to enhance the immune 
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response against certain Mucorales and thus can 

potentially help in treating the infection, as no clinical 

data is present to prove their efficacy, these therapies 

should be used with caution.
,27,29 

Surgery management involves resection of necrotic 

tissues is the core of mucormycosis therapy. In 

pulmonary mucormycosis, surgical treatment along 

with appropriate systemic antifungal therapy has been 

shown to significantly improve survival compared to 

antifungal therapy alone. Bouts of hemoptysis due to 

cavitation of lesions near hilar vessels is an indication 

for urgent resection of the lesion. In certain cases of 

localised disease surgery might be curative. In 

patients with rhino-orbital mucormycosis, magnetic 

resonance imaging might have a role in staging the 

resectability of the lesions. Similarly, surgical 

removal of infected tissues is of paramount 

importance in the treatment of rhino-orbital-cerebral 

disease. It should be underlined however, that the 

effect of surgery on outcome is difficult to be defined, 

due to selection biases. An endoscopic approach is 

preferred over the open surgery in patients with early, 

limited disease, or with significant medical 

comorbidities. Open surgeries are preferred for 

extensive disease, and include maxillectomy, orbital 

exenteration and/or craniofacial resection; yet, no 

survival benefit has been proved for such radical 

approach, especially in patients with limited life 

expectancy.
30,31,32 

 

CONCLUSION 

India battles a new challenge in mucormycosis, a rare 

fungal disease with a high mortality rate commonly 

referred to as ‘black fungus’. Mucormycosis causes 

blackening or discolouration over the nose, blurred or 

double vision, chest pain, breathing difficulties and 

coughing of blood. Corona virus patients with 

diabetes and a weakened immune system are 

particularly prone to attack. Pain and redness around 

the eyes or nose, fever, headache, coughing, shortness 

of breath, bloody vomit and altered mental status are 

some of its symptoms. Rapid accurate diagnosis, 

administration of drugs, adjunctive application of 

hyperbaric oxygen, recombinant cytokines or 

transfusion of granulocyte, surgical debridement, and 

prosthetic obturator are the methods involved in 

successful management for mucormycosis. 

 

REFERENCES 
1. Kumar G A, Mohan R, Prasad Hiremutt DR, Vikhram 

K B. COVID-19 pandemic and safe dental practice: 

Need of the hour. J Indian Acad Oral Med Radiol 

2020;32:164-71 

2. Kubin CJ, McConville TH, Dietz D, et al. 

Characterization of Bacterial and Fungal Infections in 

Hospitalized Patients with COVID-19 and Factors 

Associated with Healthcare-associated Infections, 

Open Forum Infectious Diseases, 2021;, ofab201, 

https://doi.org/10.1093/ofid/ofab201 

3. Song G, Liang G, Liu W. Fungal Co-infections 

Associated with Global COVID- 19 Pandemic: A 

Clinical and Diagnostic Perspective from China. 

Mycopathologia. 2020 Aug;185(4):599-606. 

4. Kwon-Chung KJ. Taxonomy of fungi causing 

mucormycosis and entomophthoramycosis 

(zygomycosis) and nomenclature of the disease: 

molecular mycologic perspectives. Clinical Infectious 

Diseases, 2012; 54(suppl_1): S8-15. 

5. Roden MM, Zaoutis TE, Buchanan WL et al. 

Epidemiology and outcome of zygomycosis: a review 

of 929 reported cases. Clin Infect Dis. 2005; 41: 634–

653. 

6. Mohammadi R, Nazeri M, Sayedayn SM, Ehteram H. 

A successful treatment of rhinocerebral mucormycosis 

due to Rhizopus oryzae. Journal of research in medical 

sciences: The Official Journal of Isfahan University of 

Medical Sciences, 2014; 19(1): 72. 

7. Sipsas N, Gamaletsou M, Anastasopoulou A, 

Kontoyiannis D. Therapy of mucormycosis. Journal of 

Fungi, 2018; 4(3): 90. 

8. Bitar D, Van Cauteren D, Lanternier F et al. Increasing 

incidence of zygomycosis (mucor-mycosis), France, 

1997–2006. Emerg Infect Dis., 2009; 15: 1395–1401. 

9. Ashraf S. Ibrahim, Brad Spellberg, Thomas J. Walsh, 

Dimitrios P. Kontoyiannis, Pathogenesis of 

Mucormycosis, Clinical Infectious 

Diseases.2012;54(1):S16–S22, 

10. Rammaert B, Lanternier F, Poir יe S, Kania R, 

Lortholary O. Diabetes and mucormycosis: a complex 

interplay.Diabetes & metabolism, 2012; 38(3): 193-

204. 

11. Meyer BR, Wormser G, Hirschan SZ, et al. 

Rhinocerebral mucormycosis: premortem diagnosis 

and therapy. Arch. Intern. Med., 1979; 139: 557. 

12. Gale GR, Welch AM. Studies of opportunistic fungi. I. 

Inhibition of Rhizopus oryzae by human serum. Am.J. 

Med. Sci., 1961; 241: 604–12. 

13. Waldorf AR, Ruderman N, Diamond RD. Specific 

susceptibility to mucormycosis in murine diabetes and 

bronchoalveolar macrophage defense against 

Rhizopus. J. Clin. Invest., 1984; 74: 150 60. 

14. Kontoyiannis DP, Lionakis MS, Lewis RE, et al. 

Zygomycoses in a tertiary-care cancer center in the era 

of Aspergillus-active antifungaltherapy: a case-control 

observational study of 27 recent cases. J. Infect. Dis., 

2005; 191:1350–60. 

15. https://www.cdc.gov/fungal/diseases/mucormycosis/sy

mptoms.html 

16. 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(1):S55–60. 

17. Chamilos G, Lewis RE, Kontoyiannis DP. Delaying 

amphotericin B–based frontline therapy significantly 

increases mortality among patients with hematologic 

malignancy who have zygomycosis. Clin Infect Dis. 

2008;47(4):503-9  

18. Lass-Flörl C. Zygomycosis: conventional laboratory 

diagnosis. Clin Microbiol Infect. 2009;15(Suppl 5):60-

5   

19. Jensen HE, Salonen J, Ekfors TO. The use of 

immunohistochemistry to improve sensitivity and 

specificity in the diagnosis of systemic mycoses in 

patients with haematological malignancies. J. 

Pathol.,1997; 181(1): 100-5 

https://doi.org/10.1093/ofid/ofab201
https://www.cdc.gov/fungal/diseases/mucormycosis/symptoms.html
https://www.cdc.gov/fungal/diseases/mucormycosis/symptoms.html


Kumar S et al. 

135 
Journal of Advanced Medical and Dental Sciences Research |Vol. 9|Issue 6| June 2021 

 

20. Pandey A, Kaur G. Mucormycosis revisited: Case 

report with review of literature. J Dent Spec 

2020;8(1):39-44. 

21. Nair V, Sharma RK, Khanna A, Talwar D. Pulmonary 

mucormycosis diagnosed by convex probe 

endobronchial ultrasound-guided fine needle aspiration 

of cavity wall. Lung India. 2017; 34: 179–181. 

22. Safder S, Carpenter JS, Roberts TD, Bailey N. The 

“black turbinate” sign: an early MR imaging finding Of 

nasal mucormycosis. AJNR. Amer. J. Neuroradiol., 

2010; 31: 771-774. 

23. https://www.icmr.gov.in/pdf/covid/techdoc/Mucormyc

osis_ADVISORY_FROM_ICMR_In_COVID19_time.

pdf 

24. Ramalingam Suganya, Narasimhan Malathi, Vinithra 

Karthikeyan and Vyshnavi Devi Janagaraj, 

Mucormycosis : A Brief Review, J Pure Appl 

Microbiol., 2019; 13(1):161-165 doi: 

10.22207/JPAM.13.1.16 

25. Gebremariam T, Lin L, Liu M et al. Bicarbonate 

correction of ketoacidosis alters host-pathogen 

interactions and alleviates mucormycosis. J Clin Invest. 

2016; 126: 2280–2294. 

26. Arnaiz-Garcia, M.E.; Alonso-Pena, D.; Gonzalez-Vela 

Mdel, C.; Garcia-Palomo, J.D.; Sanz-Gimenez-Rico, 

J.R.; Arnaiz-Garcia, A.M. Cutaneous mucormycosis: 

Report of five cases and review of the literature. J. 

Plast. Reconstr. Aesthet. Surg. 2009, 62, e434–e441. 

27. Tissot, F.; Agrawal, S.; Pagano, L.; Petrikkos, G.; 

Groll, A.H.; Skiada, A.; Lass-Florl, C.; Calandra, T.; 

Viscoly, C.; Herbrecht, R. ECIL-6 guidelines for the 

treatment of invasive candidiasis, aspergillosis and 

mucormycosis in leukemia and hematopooietic stem 

cell transplant patients. Haematologica 2017, 102, 

433–444.  

28. Astellas Pharma US. Prescribing Information for 

Isavuconazonium Sulfate. Available online: 

https://www. astellas.us/docs/cresemba.pdf 

29. Gil-Lamaignere C, Simitsopoulou M, Roilides E et al. 

Interferon- gamma and granulocyte-macrophage 

colony-stimulating factor augment the activity of 

polymorphonuclear leukocytes against medically 

important zygomycetes. J Infect Dis. 2005;191: 1180–

1187. 

30. Nikolaos V. Sipsas, Maria N. Gamaletsou, Amalia 

Anastasopoulou, Dimitrios P. Kontoyiannis. Therapy 

of Mucormycosis. J. Fungi 2018;4:90:2-17. 

31. Zuniga, M.G.; Turner, J.H. Treatment outcomes in 

acute invasive fungal rhinosinusitis. Curr. Opin. 

Otolaryngol. Head Neck Surg. 2014, 22, 242–248. 

32. Gillespie, M.B.; O’Malley, B.W.; Francis, H.W. An 

approach to fulminant invasive fungal rhinosinusitis in 

the immunocompromised host. Arch. Otolaryngol.-

Head Neck Surg. 1998, 124, 520–526.  

 

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

