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Supplemental tables: 
Table S1: Prevalence of COVID-19-associated mucormycosis (CAM) and COVID-19-associated 
pulmonary mucormycosis (CAPM) from the published literature 

Country  Reference Prevalence of CAM Prevalence of CAPM 

India Patel et al(6) 0.27% of hospitalized COVID-19 0.15% of hospitalized 
COVID-19 

  1.6% of COVID-19 patients in ICU  
India Ramaswami 

et al(14) 
4.3% (70/1,647) ED admission  

India Selarka et 
al(15) 

1.8% of hospitalized COVID-19 NA 

Chile Rabagliati et 
al(19) 

- 0.12% of hospitalized 
COVID-19 

Germany Seidel et 
al(16) 

0.15% to 0.67% of hospitalized COVID-
19 

- 

  In COVID-19 ICU patients, 1.47% to 
1.68% 

- 

Mexico Guzmán‐
Castro et 
al(13) 

0.04% of COVID-19 diagnosed during 
the study period (both hospitalized and 
non-hospitalized) 

0.007% of COVID-19 (both 
hospitalized and non-
hospitalized) during the 
study period 

France Danion et 
al(18) 

0.004% of COVID-19 hospitalized in 
France during the study period 

0.004% of COVID-19 
hospitalized in France 
during the study period 

Turkey Bayram et 
al(17) 

0.03% of hospitalized COVID-19 NA 

France Gangneux et 
al(12) 

 1% of mechanically 
ventilated subjects COVID-
19 

COVID-19 – coronavirus disease; ED – emergency department; ICU -intensive care unit 
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Table S2: Computed tomography findings of COVID-19-associated pulmonary mucormycosis 
(CAPM) versus COVID-19-associated pulmonary aspergillosis (CAPA) 

Highly suggestive CAPM CAPA* 

Thick-walled cavity +++ ++ 
Reversed halo sign +++ + 
Large consolidation or necrotizing pneumonia +++ ++ 
Mycotic aneurysm +++ + 
Bird’s nest sign +++ + 
Multiple large nodules (nodules >1cm) +++ ++ 
Halo sign + +++ 
Air crescent sign + +++ 
Suggestive   

Pleural effusion +++ + 
Non-specific   

Pneumothorax ++ ++ 
Centrilobular nodules or tree-in-bud appearance  - +++ 

*or dual infections 
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Table S3: Diagnosis of dual infections, COVID-19-associated pulmonary mucormycosis 
(CAPM) versus COVID-19-associated pulmonary aspergillosis (CAPA) in different categories 

Category Diagnostic features 

Proven CAPM with 
Proven CAPA 

Lung aspirate/biopsy/pleural fluid with: 
1. Aseptate and septate hyphae seen on histopathology/direct microscopy 
2. Aseptate hyphae on microscopy with Aspergillus growing in culture 
3. Septate hyphae on microscopy with Mucorales growing in culture 
4. Growth of both Aspergillus and Mucorales in culture 
Culture positivity should prompt a search for corresponding hyphal 
morphology in the original specimen 

Proven CAPM with 
probable CAPA 

Lung aspirate/biopsy/pleural fluid with aseptate hyphae or Mucorales 
grown in culture AND  
BAL fluid showing septate hyphae or BAL growing Aspergillus or serum GM 
ODI >0.5 or BAL GM ODI >1 

Proven CAPM with 
possible CAPA 

Lung aspirate/biopsy/pleural fluid with aseptate hyphae or growth of 
Mucorales AND  
Non-BAL LRT sample showing septate hyphae/growth of Aspergillus or 
non-BAL GM ODI >4.5 or non-BAL GM ODI >1.2 on at least two occasions 

Probable CAPM with 
proven CAPA 

Lung aspirate/biopsy/pleural fluid with septate hyphae or Aspergillus 
grown in culture AND 
Aseptate hyphae on cytology or direct microscopy or growth of Mucorales 
in BAL fluid 

Probable CAPM with 
probable CAPA 

Clinical and radiological features consistent with CAPM/CAPA with: 
1. Aseptate hyphae on cytology or direct microscopy or growth of 

Mucorales in BAL fluid AND  
2. BAL fluid showing septate hyphae or growth of Aspergillus or serum 

GM ODI >0.5 or BAL GM ODI >1 

Probable CAPM with 
possible CAPA 

Clinical and radiological features consistent with CAPM/CAPA with: 
1. Aseptate hyphae on cytology/direct microscopy or growth of 

Mucorales in BAL fluid AND 
2. Non-BAL LRT sample showing septate hyphae or growth of Aspergillus 

or non-BAL GM >4.5 or non-BAL GM>1.2 on at least two occasions 
BAL: bronchoalveolar lavage; GM: galactomannan; LRT: Lower respiratory tract; Non-BAL: non-bronchoscopic 

specimens like mini-BAL or bronchial wash or endotracheal aspirates; ODI: optical density index 
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Supplemental figures:  

Figure S1: The Delphi methodology followed in the development of consensus opinion for 

defining, diagnosing, and managing COVID-19-associated pulmonary mucormycosis (CAPM) 
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Figure S2: Forest plot showing the prevalence of COVID-19-associated pulmonary 

mucormycosis (CAPM) among hospitalized COVID-19 patients. Each square represents the 

proportion of patients with CAPM, and the horizontal line represents the corresponding 

95% confidence interval. The pooled proportion of CAPM among subjects hospitalized with 

COVID-19 is presented as a diamond.  
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Figure S3: Computed tomography findings in patients with microbiologically confirmed 

COVID-19-associated pulmonary mucormycosis (CAPM): (A) reversed halo sign evolving into 

a cavity (white arrow) on the left side along with mild pleural effusion (black arrowhead), 

also seen are intralobular septal thickening on the contralateral lung (white arrowhead). (B) 

Imaging from another CAPM patient demonstrating a cavity (black arrow) on the left side 

with intracavity contents and internal septations. (C) Mediastinal window of a patient with 

proven CAPM showing abscess in the right lower lobe with mycotic aneurysm (white arrow) 

and minimal pleural effusion. 
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Figure S4: Panel A shows the photomicrograph of a cavity colonized by entangled mass of 

fungal hyphae conforming to the morphology of Aspergillus (black arrows) and the 

periphery showing infarcted lung parenchyma with fungal hyphae suggestive of 

mucormycosis. Panel B demonstrates the morphology of fungi conforming to mucormycosis 

that is better appreciated in this photomicrograph obtained from a site away from the cavity 

wall. Panel C shows the photomicrograph of bland necrosis with numerous fungal hyphae; 

some with thin wall and foldable consistent with Mucormycosis (black arrow) and some 

with septate hyphae conforming to the morphology of Aspergillus (blue arrow).  
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Methodology of systematic review: 

We performed a systematic review (Figure) of the PubMed and Embase databases (till 25th 

September 2021), using the following free text search terms: (“COVID” OR “SARS-CoV” OR 

“coronavirus”) AND (mucor* OR “zygomycosis”). The references obtained from the search were 

imported to a commercially available reference manager software (Endnote). After excluding 

duplicate citations and unrelated articles, we reviewed 236 articles in detail. We reviewed the 

articles reporting cases of COVID-19-associated pulmonary mucormycosis (CAPM), relevant review 

articles and large series of COVID-19-associated mucormycosis (CAM) to identify the questions to be 

addressed. Three authors (VM, RA, and AC) formulated the initial set of questions based on the 

literature review. The questions were further refined by incorporating the comments received from 

the CAPM guideline group. 

Citations reviewed for formulating the questions for Delphi consensus are provided below: 

Article describing cases of CAPM: (n=25)1-25 

1. Hanley B, Naresh KN, Roufosse C, et al. Histopathological findings and viral tropism in UK 

patients with severe fatal COVID-19: a post-mortem study. Lancet Microbe 2020; 1(6): e245-e53. 

2. Pasero D, Sanna S, Liperi C, et al. A challenging complication following SARS-CoV-2 infection: 

a case of pulmonary mucormycosis. Infection 2020: 1-6. 

3. Placik DA, Taylor WL, Wnuk NM. Bronchopleural fistula development in the setting of novel 

therapies for acute respiratory distress syndrome in SARS-CoV-2 pneumonia. Radiol Case Rep 2020; 

15(11): 2378-81. 

4. Alfishawy M, Elbendary A, Younes A, et al. Diabetes mellitus and Coronavirus Disease (Covid-

19) Associated Mucormycosis (CAM): A wake-up call from Egypt. Diabetes Metab Syndr 2021; 15(5): 

102195. 

5. 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 Now 2021; 51(7): 633-5. 

6. Buil JB, van Zanten ARH, Bentvelsen RG, et al. Case series of four secondary mucormycosis 

infections in COVID-19 patients, the Netherlands, December 2020 to May 2021. Euro Surveill 2021; 

26(23). 

7. Chennamchetty VK, Adimulapu S, Kola BP, et al. Post-COVID pulmonary mucormycosis- A 

case report. IP Indian Journal of Immunology and Respiratory Medicine 2021; 6(1): 62-6. 

8. Dantis K, Rathore V, Kashyap NK, Gupta N, De S, Singha SK. SARS-CoV-2 sequel: Pulmonary 

mucormycosis with a mycotic aneurysm in a transplant recipient. Tuberc Respir Dis (Seoul) 2021. 
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9. Fernández-García O, Guerrero-Torres L, Roman-Montes CM, et al. Isolation of Rhizopus 

microsporus and Lichtheimia corymbifera from tracheal aspirates of two immunocompetent 

critically ill patients with COVID-19. Med Mycol Case Rep 2021; 33: 32-7. 

10. Garg D, Muthu V, Sehgal IS, et al. Coronavirus Disease (Covid-19) Associated Mucormycosis 

(CAM): Case Report and Systematic Review of Literature. Mycopathologia 2021; 186(2): 289-98. 

11. Garg M, Prabhakar N, Muthu V, et al. CT Findings of COVID-19-associated Pulmonary 

Mucormycosis: A Case Series and Literature Review. Radiology 2021: 211583. 

12. Johnson AK, Ghazarian Z, Cendrowski KD, Persichino JG. Pulmonary aspergillosis and 

mucormycosis in a patient with COVID-19. Med Mycol Case Rep 2021; 32: 64-7. 

13. Kanwar A, Jordan A, Olewiler S, Wehberg K, Cortes M, Jackson BR. A Fatal Case of Rhizopus 

azygosporus Pneumonia Following COVID-19. J Fungi (Basel) 2021; 7(3). 

14. Krishna V, Morjaria J, Jalandari R, Omar F, Kaul S. Autoptic identification of disseminated 

mucormycosis in a young male presenting with cerebrovascular event, multi-organ dysfunction and 

COVID-19 infection. IDCases 2021; 25: e01172. 

15. Kula BE, Clancy CJ, Hong Nguyen M, Schwartz IS. Invasive mould disease in fatal COVID-19: a 

systematic review of autopsies. Lancet Microbe 2021; 2(8): e405-e14. 

16. Lai CC, Wu CJ, Lee YC, Liu WL. COVID-19 associated with concomitant mucormycosis and 

aspergillosis. J Microbiol Immunol Infect 2021. 

17. Meawed TE, Ahmed SM, Mowafy SMS, Samir GM, Anis RH. Bacterial and fungal ventilator 

associated pneumonia in critically ill COVID-19 patients during the second wave. J Infect Public 

Health 2021. 

18. Meshram HS, Kute VB, Chauhan S, Desai S. Mucormycosis in post-COVID-19 renal transplant 

patients: A lethal complication in follow-up. Transpl Infect Dis 2021; 23(4): e13663. 

19. Muthu V, Kumar M, Paul RA, et al. Is there an association between zinc and COVID-19-

associated mucormycosis? Results of an experimental and clinical study. Mycoses 2021; 64(10): 

1291-7. 

20. Muthu V, Rudramurthy SM, Chakrabarti A, Agarwal R. Epidemiology and Pathophysiology of 

COVID-19-Associated Mucormycosis: India Versus the Rest of the World. Mycopathologia 2021: 1-

16. 

21. Patel A, Agarwal R, Rudramurthy SM, et al. Multicenter Epidemiologic Study of Coronavirus 

Disease-Associated Mucormycosis, India. Emerg Infect Dis 2021; 27(9): 2349-59. 

22. Rabagliati R, Rodríguez N, Núñez C, Huete A, Bravo S, Garcia P. Covid-19-associated mold 

infection in critically ill patients, chile. Emerging Infectious Diseases 2021; 27(5): 1454-6. 
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23. Rana G, Gautam S, Mawari G, Daga MK, Kumar N, Raghu RV. Massive hemoptysis causing 

mortality in a post COVID-19 infected Asian male patient: Presenting as pulmonary mucormycosis, 

pulmonary tuberculosis and later sino-nasal mucormycosis. Respir Med Case Rep 2021; 34: 101511. 

24. Vayntrub Y, Banerjee D. Disseminated mucormycosis in a young patient with diabetic 

ketoacidosis. American Journal of Respiratory and Critical Care Medicine 2021; 203(9). 

25. Zurl C, Hoenigl M, Schulz E, et al. Autopsy Proven Pulmonary Mucormycosis Due to Rhizopus 

microsporus in a Critically Ill COVID-19 Patient with Underlying Hematological Malignancy. J Fungi 

(Basel) 2021; 7(2). 

 

Articles discussing non-pulmonary COVID-19-associated mucormycosis: (n=118)26-143 

26. Do Monte ES, Dos Santos MEL, Ribeiro IB, et al. Rare and fatal gastrointestinal mucormycosis 

(Zygomycosis) in a COVID-19 patient: A case report. Clinical Endoscopy 2020; 53(6): 746-9. 

27. Mehta S, Pandey A. Rhino-Orbital Mucormycosis Associated With COVID-19. Cureus 2020; 

12(9): e10726. 

28. Monte Junior ESD, Santos M, Ribeiro IB, et al. Rare and Fatal Gastrointestinal Mucormycosis 

(Zygomycosis) in a COVID-19 Patient: A Case Report. Clin Endosc 2020; 53(6): 746-9. 

29. Erratum: COVID-19 and orbital mucormycosis. Indian J Ophthalmol 2021; 69(7): 1978. 

30. Abdel-Aziz M, Azab N. Acute Invasive Fungal Rhinosinusitis and Coronavirus Disease 2019. J 

Craniofac Surg 2021. 

31. Ahmadikia K, Hashemi SJ, Khodavaisy S, et al. The double-edged sword of systemic 

corticosteroid therapy in viral pneumonia: A case report and comparative review of influenza-

associated mucormycosis versus COVID-19 associated mucormycosis. Mycoses 2021; 64(8): 798-808. 

32. Ahmed E, Abou-Bakr A, Hussein RR, El-Gawish AA, Ras AE, Ghalwash DM. Oral mucormycosis 

in post-COVID-19 patients: A case series. Oral Dis 2021. 

33. Alekseyev K, Didenko L, Chaudhry B. Rhinocerebral Mucormycosis and COVID-19 

Pneumonia. J Med Cases 2021; 12(3): 85-9. 

34. Arana C, Cuevas Ramírez RE, Xipell M, et al. Mucormycosis associated with COVID-19 in two 

kidney transplant patients. Transpl Infect Dis 2021; 23(4): e13652. 

35. Arjun R, Felix V, Niyas VKM, et al. COVID-19 associated Rhino-orbital Mucormycosis: a Single 

Centre Experience of Ten Cases. Qjm 2021. 

36. Arora R, Goel R, Khanam S, et al. Rhino-Orbito-Cerebral-Mucormycosis During the COVID-19 

Second Wave in 2021 - A Preliminary Report from a Single Hospital. Clin Ophthalmol 2021; 15: 3505-

14. 
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37. Ashour MM, Abdelaziz TT, Ashour DM, Askoura A, Saleh MI, Mahmoud MS. Imaging 

spectrum of acute invasive fungal rhino-orbital-cerebral sinusitis in COVID-19 patients: A case series 

and a review of literature. J Neuroradiol 2021; 48(5): 319-24. 

38. Asri S, Akram MR, Hasan MM, et al. The risk of cutaneous mucormycosis associated with 

COVID-19: A perspective from Pakistan. Int J Health Plann Manage 2021. 

39. Avatef Fazeli M, Rezaei L, Javadirad E, et al. Increased incidence of rhino-orbital 

mucormycosis in an educational therapeutic hospital during the COVID-19 pandemic in western Iran: 

An observational study. Mycoses 2021. 

40. Awal SS, Biswas SS, Awal SK. Rhino-orbital mucormycosis in COVID-19 patients—a new 

threat? Egyptian Journal of Radiology and Nuclear Medicine 2021; 52(1). 

41. Balaji SM. Dental surveillance for Post-COVID mucormycosis. Indian J Dent Res 2021; 32(1): 

2. 

42. Barman Roy D, Gupta V, Biswas A, Verma M. Early Surgical Intervention Followed by 

Antifungals in Rhino-Orbital Mucormycosis in Patients With COVID-19 Favors Clinical Outcome: A 

Case Series. Cureus 2021; 13(8): e17178. 

43. Baskar HC, Chandran A, Reddy CS, Singh S. Rhino-orbital mucormycosis in a COVID-19 

patient. BMJ Case Rep 2021; 14(6). 

44. Bayram N, Ozsaygılı 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. 

45. Bhanuprasad K, Manesh A, Devasagayam E, et al. Risk factors associated with the 

mucormycosis epidemic during the COVID-19 pandemic. Int J Infect Dis 2021; 111: 267-70. 

46. Bhattacharyya A, Sarma P, Sharma DJ, et al. Rhino-orbital-cerebral-mucormycosis in COVID-

19: A systematic review. Indian J Pharmacol 2021; 53(4): 317-27. 

47. Bonates P, João GAP, Cruz KS, et al. Fatal rhino-orbito-cerebral mucormycosis infection 

associated with diabetic ketoacidosis post-COVID-19. Rev Soc Bras Med Trop 2021; 54: e03582021. 

48. Boodman C, Cheng MP. Nosocomial mucormycosis of the thigh. IDCases 2021; 25: e01225. 

49. Chauhan K, Soni D, Sarkar D, et al. Mucormycosis after COVID-19 in a patient with diabetes. 

Lancet 2021; 398(10301): e10. 

50. Choudhary GR, Aggarwal A, Jain V, Jena R. COVID-19 and fatal renal mucormycosis: 

Contributory or coincidental? Indian J Urol 2021; 37(3): 270-3. 

51. Chouhan M, Solanki B, Shakrawal N. Rhino-orbital-cerebral mucormycosis: fungal epidemic 

in a viral pandemic. J Laryngol Otol 2021: 1-6. 
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52. Dallalzadeh LO, Ozzello DJ, Liu CY, Kikkawa DO, Korn BS. Secondary infection with rhino-

orbital cerebral mucormycosis associated with COVID-19. Orbit 2021: 1-4. 

53. Dave TV, Gopinathan Nair A, Hegde R, et al. Clinical Presentations, Management and 

Outcomes of Rhino-Orbital-Cerebral Mucormycosis (ROCM) Following COVID-19: A Multi-Centric 

Study. Ophthalmic Plast Reconstr Surg 2021; 37(5): 488-95. 

54. Desai EJ, Pandya A, Upadhya I, Patel T, Banerjee S, Jain V. Epidemiology, Clinical Features 

and Management of Rhino Orbital Mucormycosis in Post COVID 19 Patients. Indian J Otolaryngol 

Head Neck Surg 2021: 1-5. 

55. Desai SM, Gujarathi-Saraf A, Agarwal EA. Imaging findings using a combined MRI/CT protocol 

to identify the "entire iceberg" in post-COVID-19 mucormycosis presenting clinically as only "the tip". 

Clin Radiol 2021; 76(10): 784.e27-.e33. 

56. Dilek A, Ozaras R, Ozkaya S, Sunbul M, Sen EI, Leblebicioglu H. COVID-19-associated 

mucormycosis: Case report and systematic review. Travel Med Infect Dis 2021; 44: 102148. 

57. Diwakar J, Samaddar A, Konar SK, et al. First report of COVID-19-associated rhino-orbito-

cerebral mucormycosis in pediatric patients with type 1 diabetes mellitus. J Mycol Med 2021; 31(4): 

101203. 

58. Dubey S, Mukherjee D, Sarkar P, et al. COVID-19 associated rhino-orbital-cerebral 

mucormycosis: An observational study from Eastern India, with special emphasis on neurological 

spectrum. Diabetes Metab Syndr 2021; 15(5): 102267. 

59. El-Kholy NA, El-Fattah AMA, Khafagy YW. Invasive Fungal Sinusitis in Post COVID-19 Patients: 

A New Clinical Entity. Laryngoscope 2021. 
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63. Goyal A, Soni K, Sharma V, et al. Rapid Response Preparedness for Management of Post-
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