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Abstract 
 

 

Mucormycosis is a fatal fungal infection which emerges as a serious complication of 

COVID-19. It increased significantly in prevalence in the last few years especially in 

immunocompromised patients. Clinically, it has different types, pulmonary 

mucormycosis, Gastrointestinal tract mucormycosis, renal mucormycosis, Cutaneous 

mucormycosis, disseminated mucormycosis, but the most common type to develop is 

Rhino-orbital-cerebral-mucormycosis (ROCM). 

A fast definitive diagnosis is the most critical step to determine the type of treatment 

with either a surgical or pharmacological approach and to confine the spread of the 

infection to neighboring tissues to achieve a better prognosis with reconstruction of 

affected area and decrease the rate of mortalities. 

The aim of this review is to discuss mucormycosis based on evidence from 1957 until 

2022 taken from different countries, to shine light on causative factor, clinical 

presentation, radiographic appearance, its classifications and treatment using 

surgical and pharmacological pathways, also show the recent reconstruction methods 

performed, as well as its mortality rate. 

© 2022 MSA. All rights reserved. 
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1 Introduction 
Mucormycosis is named by Baker, an American 

pathologist, in 1957 to describe a severe Rhizopus 

infection. It is a fatal fungal sinonasal infection caused 

by Mucor, Rhizopus, and Absidia species in the head 

and neck that affects persons with weakened immune 

systems.1 Mucormycosis, commonly known as 

phycomycosis, is a fungal infection that is extremely rare 

but showed great increase in its spread since covid 19 

pandemic.2 

2 Causative microorganism 
Mucormycosis is most commonly caused by 

Mucorales. Mucor, Rhizopus, and many other 

Zygomycetes species may be to blame, hence, the 

disorder is described as zygomycosis. Rhizopus 

oryzae (R. oryzae) is the most common type and cause 

of rhinocerebral zygomycosis,3 accounting for over 60% 

of all mucormycosis infections 
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in humans and 90% of the Rhino-orbital-cerebral 

mucormycosis ROCM variation.1 These fungi can be 

found in soil, manure, and decaying organic matter 

all around the world, and they can also be cultured 

from healthy people's noses, throats, mouths, and 

faeces.3 Inhalation, percutaneous contact, and 

ingestion are the most common ways for Mucorales 

fungi to enter the human body.4 

In immunocompromised patients, mucormycosis 

induces angioinvasive infection.4 The disease spreads 

throughout the body via the bloodstream.1 

Thrombosis and necrosis cause blackish staining of 

tissues, earning it the nickname the black fungi.5 

3 Classification 
1st classification: Clinically, mucormycosis shows six 

different types: 

● Rhino-cerebral mucormycosis 

● Pulmonary mucormycosis 

● GIT mucormycosis 

● Renal mucormycosis 

● Cutaneous mucormycosis 

● Disseminated mucormycosis 

The most prevalent type is rhino cerebral 

mucormycosis. It is of a major concern to dentists. 6 

The Second  Classification: is the most common 

classification system for mucormycosis which 

divides   Fungal Rhinosinusitis (FRS) into invasive or 

noninvasive disease based on histopathological 

findings of fungal elements invading tissues. 7 

● Invasive diseases are divided into: 
 

(1) Acute invasive type. 

(2) Chronic invasive type.   

(3) Granulomatous type.   

● The noninvasive diseases are divided  

into the following clinical forms: 

(1) Localized colonization. 

(2) Fungal ball. 

(3) Eosinophil-related FRS that includes 

AFRS.7 

4 Diagnosis 
4.1 Clinical picture 

Smith and Krichner defined clinical criteria for 

Mucormycosis diagnosis in the 1950s: Black necrotic 

turbinate, blood-tinged nasal discharge and soft peri- 

orbital or peri-nasal swelling/discoloration or 

induration are some of the symptoms, and ptosis with 

drooping of eyelid lid edema, and ophthalmoplegia. 

There may be associated multiple cranial nerve 

palsies.8 

 

 

 
Figure 1. clinical photograph of a patient showing edema  of  the  

paranasal area involving check skin.8 

 

The most obvious sign of infection in the oral 

cavity is a black area of eschar on palate. Looseness 

of teeth and fistula in the palpebral and cheeks area 

could be noticed. Other complications include 

vision loss, eye pain, and altered sensation in the 

infraorbital area are also common.8 

 

Figure 2. clinical photograph showing extensive skin necrosis.8 

 

The symptoms of this infection vary depending on the 

place of origin. Facial structures (nose, sinuses, eye, 

and brain) are the most commonly affected.8 

From early 2021 to late 2022, early signs of 

stuffiness and nasal discharge, which might be 

blood colored, may misdiagnosed. A nasal 

endoscopy may reveal the presence of eschar or 

slough in advanced cases.8 Other general symptoms 

such as stomach aches, nausea, vomiting, and 

bleeding can occur when the GI system is 

compromised. The damaged skin may appear as a 

darker red sensitive area with a deepening core due 

to tissue loss. There could be an ulcer, which can be 

very painful. Invasion into blood arteries causes 

thrombosis and death of nearby tissue due to a lack 

of vascularity.1 

The widespread of mucormycosis is frequently 

found in people with pre-existing medical 
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conditions, determining which symptoms are 

related to mucormycosis can be difficult.4 

Pulmonary mucormycosis is most likely to 

develop in patients with significant neutropenia 

and graft-versus-host disease, on the other hand 

rhino orbital illness are more likely to develop in 

diabetic patients.9 

Mucormycosis symptoms have been mistaken 

for odontogenic infection by general dentists 

unfamiliar with disease's clinical appearance, 

causing a delay in the start of definitive 

mucormycosis treatment and thus a poor 

outcome for the patient.1 

 
Table 1. Staging of Rhino-orbital-cerebral Mucormycosis.10 

 

4.2 Radiographic picture: 

Computed Tomography (CT) and Magnetic 

Resonance Imaging (MRI) are the current 

modalities used in the diagnosis of ROCM.8 

In CT scan, the first noticeable feature is varying 

degrees of opacifications in the sinus with the 

majority of them being tumefactive. Nasal septal 

mucosa and nasal turbinate ulcerations and 

emphysematous nature are the early findings in 

CT imaging. Inflammation can be seen as 

thickening of the nasal and sinuses mucosae 

which is visible with or without fluid level.3 Late 

findings include bony breach, orbital 

involvement, and intracranial extension but can 

appear early according to the pace of the disease 

as it can spread rapidly within hours.8 

CT scans of the sinuses and lungs showing blood 

vessel invasion may indicate a fungal infection, but 

they may not confirm mucormycosis.8 It can be 

used to distinguish between orbital mucormycosis 

and orbital cellulitis.1 

Orbital extensions’ findings on CT are: pre-septal 

edema, thickening of extraocular muscles, 

stranding at extraconal and intraconal orbital fat 

with or without enhancement, Phlegmon or 

inflammatory mass with or without abscess, optic 

nerve involvement.9 

 MRI gives better information on the soft tissue 

involvement which helps in the visualization of the 

route of invasion and the involvement of orbital 

soft tissue, perineural invasion, infratemporal fossa, 

intracranial structures. MRI can detect cavernous 

sinus invasion as well as vascular consequences 

such thrombosis and ischemia.8 In ROCM, MRI 

with gadolinium contrast is the preferred approach. 

On axial or coronal slices, the characteristic 'black 

turbinate' sign indicates fungal rhinosinusitis.1 

 
Figure 3. MRI post contrast enhancing patterns in  

mucormycosis. T1 post contrast MRI showing: 

A. hypointense pattern involving left ethmoid sinus 

B. Intense enhancement pattern in the left premaxillary region. 

C. Heterogeneous enhancement pattern in the left ethmoid 

and surrounding the left internal carotid artery. 

Endoscopy is extremely recommended to diagnose 

mucormycosis if sinusitis is found. If sickness of the 

eye or brain is suspected, an MRI should be used 

instead of a CT scan because it is much more 

sensitive.9 

Mucormycosis is strongly suggested by a reverse 

halo sign (RHS) in a patient with a low neutrophil 

count and blood malignancy.8 

4.3 Histological features: 

The gross specimens are collected for 

histopathological investigations by debridement of 
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sinonasal tissue through endoscopic surgery, 

soft tissue debridement, maxillectomies, and 

orbital exenterations.11 

Microscopic examination using Hematoxylin 

and eosin (H&E) stain shows: Mucorales which 

appear as nonpigmented amphophilic hyphae 

that have a thin wall, having a pale, and 

translucent appearance. Necrotic adipocytes 

form round to ovoid eosinophilic deposits with 

a crystalline internal structure.11 

Special stains like Periodic acid Schiff (PAS) and 

Gomori Methenamine Silver (MGS) are used to 

highlight the hyphae as dark magenta and black 

colored structures.12 

In Immunohistochemistry; tissue sections of 

patients with culture-proven invasive fungal 

infection are evaluated with conducted PCR .13 

Method used ELISA, Western  blot, 

immunohistochemistry with anti-R. arrhizus 

monoclonal  mouse antibody to target 

Cytoplasm, hyphae, walls and septae, of R. 

arrhizus WSSAs.14 In situ hybridization targeting 

5S and 18S ribosomal RNA sequences is still 

under research.14 

Immunohistochemistry test  is useful in 

compensating the  limitations of 

histomorphologic diagnosis in distinguishing 

between aspergillosis and mucormycosis.15 

Molecular techniques for mucormycosis still 

does not have  helpful  antigen-antibody 

methods. On the other hand, 1,3 beta-D Glucan 

detection test is observed to be negative in 

Mucorales infections, thus ruling out the 

possibilities of infection by Aspergillus.14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A) 

 

 
B) 
Figure 4 A&B. Mucormycosis organisms on haematoxylin and 

eosin sections 16 

 

Figure 5. Fungal granuloma in the right lung (H&E, bar = 50 
μm). 15 

 

Figure 6. Positive reaction of anti-Rhizomucor antibody on the 
hyphae (Immunohistochemistry [AEC], bar = 20 μm)15 
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Figure 7. Dilated or ballooned out hyphae up to 20 μm in 

diameter (Grocott’s methenamine silver, bar = 20 μm)15 

 

5 Association with covid 19: 

Researchers have discovered that when fungal 

spores enter a COVID-19 infected individual 

through an aerosol vector, affecting the sinuses 

and lungs, it primarily affects 

immunocompromised patients -more prevalent 

in male patients who are elderly 8 -admitted to 

hospitals, while it can also harm those with good 

immunity.1 

Mucormycosis is particularly common in patients 

who have just been treated for COVID-19 with 

steroids and other anti-inflammatory medicines.1 

In 2020, India was the first country to report case 

series of COVID-19 associated mycormycosis.17 

6 Management: 

Pharmacological treatment with Amphotericin B 

lipid-based formulations has successfully treated 

mucormycosis as the first line of treatment.18 

Surgical debridement is the preferred treatment 

for the upper respiratory tract lesions.18 Some 

patients may benefit from supplemental 

treatment with hyperbaric oxygen, recombinant 

cytokines, and/or granulocyte transfusions. 18 

In immunocompromised patients, the key for 

proper management is first to control 

hyperglycemia as in diabetic patient or any other 

risk factor then appropriate surgical debridement, 

and antifungal medications are the mainstays of 

mucormycosis treatment.3 

Prognosis and choice of treatment of patient 

depend on infected area. Previous studies found 

that surgical sino-nasal debridement was 

successful in 94 percent of those with mild sino- 

nasal illness. But rhino-orbital disease when treated 

with orbital exenteration along with sinus 

debridement had a treatment failure with 

progression/mortality in 89% of the cases. 

Other medication like isavuconazole was approved 

by the Food and Drug Administration (FDA) as an 

antifungal drug for the treatment of invasive 

mucormycosis infections based on experiment that 

compared isavuconazole to amphotericin B in the 

treatment of mucormycosis.19 
 

The determination between septate (e.g., 

Aspergillus) and non-septate hyphae (e.g., 

Mucorales) is of clinical significance, as this strongly 

affects antifungal treatment.20 For example 

respiratory infections in COVID-19 can developed 

aspergillosis in some patient and Triazole antifungal 

drugs known as azoles, are the primary treatment 

for aspergillosis. 21 

 

7 Reconstruction: 

Skin flaps and muscle flaps with a skin paddle have 

been utilized equally and reflect individual 

preferences. Free abdominal flaps have also been 

used. Osteocutaneous flaps allow for future dental 

repair. ALT flaps to osteocutaneous flaps were 

preferred in exenterated orbits.22 

Surgical removal of sick tissues is a life-saving 

measure, but it comes at the expense of appearance 

and function. Advances in free flap surgery allow for 

the surgical restoration of previously inoperable 

defects and the introduction of vascularized tissue 

into previously damaged areas.23 

When treatment plan includes repairing with a 

surgical obturator, its drawbacks would be 

difficulties   in              speaking and swallowing. After surgical 

debridement, immediate insertion of surgical 

obturators would help a patient with rhinocerebral 

mucormycosis undergoing surgical resection regain 

function, cleanliness, and mental stability. A closed 

mouth water rinsing test is used to ensure complete 

obturation. A soft liner is used as an interim 

obturator in the defect area.24 

Deep resections leave important tissues exposed, 

which, might increase morbidity and mortality in 

patients if not covered. Immediate reconstruction 

can be done safely based on clinical criteria and if 

there  is no evidence of hyphae invasion on 
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wound edges.25 

 
(a) 

 
(b) 

 
(c) 

 

(d) 
Figure 8. (a) Surgical obturator, (b) Maxillary defect, (c) 
Impressions made with hydrocolloid impression material, (d) 
Insertion of Surgical obturator immediately after surgery.24 

 

8 Mortality: 

Despite recent breakthroughs in diagnosis and 

treatment, mucormycosis is a deadly condition with 

high fatality rates.5 Mucormycosis kills up to 50% of 

patients if left untreated.4 

Lung infections are more likely to be more fatal than 

infections of the upper respiratory tract.18 Carotid 

artery invasion can lead to cerebral ischemia, which 

can be fatal.26 Orbital or cerebral involvement is 

linked to a poor outcome in mucormycosis, early 

endoscopic nasal inspection, diagnosis, and 

treatment are critical.27 

 

9 Conclusion: 

Post Covid-19 mucormycosis is a fungal infection 

that if left untreated may be fatal. Fast diagnosis and 

proper treatment to the patient is the best way to 

avoid its complications especially in 

immunocompromised patients to decrease the 

mortality rate. 

References 
[1] Janjua, Omer Sefvan et al. “Dental and Oral 

Manifestations of COVID-19 Related Mucormycosis: 
Diagnoses, Management Strategies and Outcomes.” 
Journal of fungi (Basel, Switzerland) vol. 8,1 44. 31 Dec. 
2021 

[2] Olga, Peters S. Oral Pathology for the Dental 
Hygienist E-Book. Elsevier Health Sciences; 2021. 

[3] Crispian Scully. Scully’s Medical Problems In 

Dentistry. 2014. 
[4] Sahu RK, Salem-Bekhit MM, Bhattacharjee B, 

Almoshari Y, Ikbal AMA, Alshamrani M, et al. 
Mucormycosis in Indian COVID-19 Patients: Insight 
into Its Patho-Genesis, Clinical Manifestation, and 
Management Strategies. Antibiotics [Internet]. 2021 Sep 
6 

[5] Camara-Lemarroy CR, González-Moreno EI, 
Rodríguez-Gutiérrez R, Rendón-Ramírez EJ, Ayala-
Cortés AS, Fraga-Hernández ML, et al. Clinical 
Features and Outcome of Mucormycosis. 
Interdisciplinary Perspectives on Infectious Diseases 
[Internet]. 2014 

[6] Garg A, Sharma S,  Chauhan  S,  Sinha  A,  Rawat  M. 
Oral Mucormycosis: Post Complication of COVID Era. 
International Journal of Research and Reports in 
Dentistry. 2021. 

[7] J.  Maxillofac.  Oral  Surg.  (Apr–June  2019)  18(2):164– 
179 

[8] Nishi Gupta, Santosh G. Honavar. Rhino- 
OrbitoCerebral Mucormycosis, springer nature 
Singapore Pte Ltd: Broadview ;2022. 

[9] Honavar S. Code Mucor: Guidelines for the Diagnosis, 
Staging and Management of Rhino-Orbito-Cerebral 
Mucormycosis in the Setting of COVID-19. Indian 
Journal of Ophthalmology. 2021;69(6):1361. 

[10] Cornely O, Alastruey-Izquierdo A, Arenz D, Chen S, 
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. 2022. 

[11]Gupta N, Honavar SG, editors. Rhino-Orbito-Cerebral 
Mucormycosis. 2022 

[12] Lackner M, Caramalho R, Lass-Flörl C. Laboratory 
diagnosis of mucormycosis: current status and future 
perspectives. Future Microbiology. 2014 May;9(5):683–
95. 

 



Post COVID-19 Mucormycosis. Review of literature  7  
 

 

 
[13] Choi S, Song JS, Kim JY, Cha HH, Yun JH, Park 

JW, et al. Diagnostic performance of 
immunohistochemistry for the aspergillosis and 
mucormycosis. Mycoses. 2019 Sep 9;62(11):1006–
14. 

[14] Janjua OS, Shaikh MS, Fareed MA, Qureshi SM, 
Khan MI, Hashem D, et al. Dental and Oral 
Manifestations of COVID-19 Related 
Mucormycosis: Diagnoses, Management Strategies 
and Outcomes. Journal of Fungi [Internet]. 2021 
Dec 31 

[15] Akashi N, Okada A, Nakamura K, Masuda T, 
Kuroda M, Hanafusa Y, et al. Bovine Pulmonary 
Mucormycosis by Rhizomucor pusillus. 
Mycopathologia. 2022 Feb 18;187(2-3):317–20. 

[16] Mucormycosis pathology | DermNet NZ [Internet]. 
dermnetnz.org. Available from: 
https://dermnetnz.org/topics/mucormycosis-
pathology 

[17] Watanabe A, So M,  Mitaka  H,  Ishisaka Y,  
Takagi H, Inokuchi R et al.  Clinical  Features  and 
Mortality of COVID-19-Associated Mucormycosis: 
A Systematic Review and Meta-Analysis. 
Mycopathologia. 2022;187(2-3):271-289. 

[18] Regezi JA, Sciubba JJ, Jordan RCK, Elsevier 

(Amsterdam. Oral pathology : clinical 
pathologic correlations. St. Louis: Elsevier, 
Cop; 2017. 

[19] Huggins J, Al Jurdi A, Gupta R. Breaking the 
mold: A case of pulmonary mucormycosis treated 
with isavuconazole. Medical Mycology Case 
Reports. 2019 Mar;23:34–6. 

 
[20] Lackner N, Posch W, Lass-Flörl C. Microbiological and 

Molecular Diagnosis of Mucormycosis: From Old to New. 
Microorganisms. 2021 Jul 16;9(7):1518. 

[21] Berkow EL, Nunnally NS, Bandea A, Kuykendall R, Beer K, 
Lockhart SR. Detection of TR 34 /L98H CYP51A Mutation 
through Passive Surveillance for Azole-Resistant 
Aspergillus fumigatus in the United States from 2015 to 
2017. Antimicrobial Agents and Chemotherapy. 2018 Feb 
20;62(5). 

[22] Parvati R, Subbalaxmi MV, Srikanth R, Sajani P, 
Koteswara Rao RV. Is Single-stage Microvascular 
Reconstruction for Facial Mucormycosis Safe? Indian 
Journal of Plastic Surgery. 2021 Apr;54(02):130–7. 

[23] Saad RH, Mobarak FA. The diversity and outcome of 
post-covid mucormycosis: A case report. International 
Journal of Surgery Case Reports. 2021 Nov;88:106522. 

[24] Mahajan K, Das M, Kumar Ga. Post surgical 
immediate prosthetic reconstruction in patients with 
rhinocerebral mucormycosis: Case series. Journal of 
Family Medicine and Primary Care. 2022;11(1):379. 

[25] Palacios JJ, Hanson EV, Rendon MAM, Infante R-SL. 
Reconstruction of Head and Neck Mucormycosis: A 
Literature Review and Own Experience in Immediate 
Reconstruction. Journal of Reconstructive 
Microsurgery Open. 2019 Jul;04(02):e65–72. 

[26] Singh V. Fungal Rhinosinusitis: Unravelling  the 
Disease Spectrum. Journal of Maxillofacial and Oral 
Surgery. 2019;18(2):164-179. 

[27] Gür H, İsmi O, Vayısoğlu Y, Görür K, Arpacı RB, 
Horasan EŞ, et al. Clinical and surgical factors affecting 
the prognosis and survival rates in patients with 
mucormycosis. European Archives of Oto-Rhino-
Laryngology. 2021 Jun 1;279(3):1363–9. 

https://dermnetnz.org/topics/mucormycosis-pathology
https://dermnetnz.org/topics/mucormycosis-pathology


Youmna Mohamed Abdelhady , et al., 2022   8 

 

 

 

 


