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Abstract: With the advent of COVID-19, the number of patients diagnosed with mucormycosis has increased, especially in developing 
countries. The reason behind this increase is that COVID-19 causes hypoxia that promotes the growth of fungus. To identify the association 
between mucormycosis and COVID-19, in critically ill or immunocompromised COVID-19 patients. The literature included in the review was 
researched from October 1, 2021, to November 1, 2022, by using the Google Scholar database as the search engine. Of the 20 articles included, 
there were 4 case reports, 2 case series, 10 narrative reviews, and 4 quantitative studies. Mucormycetes growth is caused by several factors, 
including hyperglycemia owing to previously existing diabetes or excessive use of steroids, increased ferritin levels owing to the inflammatory 
cascade initiated by COVID-19, and immunosuppression caused by the use of steroids or other immunosuppressive therapy. Reduced white- 
cell count and activity in COVID-19 leads to increased germination of fungal spores hence developing a catastrophic picture of rhinocerebral 
mucormycosis. Considering that the hematological patient is frequently treated with cortisone, immunosuppressed due to the underlying 
condition, but also through the administered therapy, the association with a possible diabetes makes this patient susceptible to developing 
rhinocerebral mucormycosis during COVID-19 infection. Despite being severe, the association between mucormycosis and COVID-19 is 
specific and treatable. Development of mucormycosis in hematological patients suffering from severe COVID-19 disease is dangerous, yet not 
compulsory and can be prevented. Using a common steroid-dose protocol with hyperbaric oxygen and necessary preventive measure reveals 
the disease as a superadded infection. Hypoxia, poor glycemic control and overuse of steroids or immunosuppressive drugs cause it. 
Keywords: COVID-19-associated mucormycosis, immunocompromised, critical, COVID-19, mucormycosis, fungal infection

Introduction
COVID-19, a new coronavirus disease, was first introduced in capital of Hubei, China, on December 21, 2019. The virus spread 
rapidly all around the globe, affecting millions of people, and was labeled a pandemic by the World Health Organization on 
March 11, 2020.1 As of January 2023, almost 674,411,804 people have been affected by this virus, with 6,724,248 mortalities 
globally.2 This disease’s most common presenting clinical features are fever, cough, shortness of breath, and pneumonia. In 
contrast, some extrapulmonary features of COVID-19 include changes in taste or olfactory sensations, dermatological manifes
tations including urticaria, and neurological features including dizziness, cerebrovascular accidents, and altered consciousness.3 

Like MERS-CoV, COVID-19 causes lower respiratory tract infections, leading to ground-glass opacities causing Acute 
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Respiratory Distress Syndrome. SARS-CoV-2 leads to the initiation of a severe inflammatory cascade leading to diffuse alveolar 
damage. A decrease in T cell count (CD4+ and CD8+) makes the patients immuno-compromised, increasing their susceptibility 
to infections especially fungal infections.4 Patients with malignant etiologies often exhibit unfavorable outcomes in COVID-19 
infections. Due to the depleted humoral response by cytotoxic therapies and malignant conditions, such patients demonstrate 
prolonged shedding of SARS-CoV-2. Underlying malignant etiologies and cytotoxic treatment therapies im-pair the immune 
system which diminishes its ability to fight infections.

The incidence of fungal infections is greater in patients critically ill due to COVID-19 disease and requiring mechanical 
ventilation or patients who have remained hospitalized for more than 50 days. It is, therefore, essential to observe patients with 
COVID-19 for fungal infections, especially during the terminal stages of life.5 According to a study by Chen et al6 in China, 
almost 5 cultures out of 99 extracted from COVID-19 -positive patients were found positive for fungal growth, including 1 
case of Aspergillus flavus, 1 case of Candida glabrata and 3 cases of Candida albicans. Similarly, in one study by a German 
scientist, Invasive Pulmonary Aspergillosis was found in 26.3% of the critically ill COVID-19 patients suffering from 
moderate to severe Acute Respiratory Distress Syndrome.7 Another study in the Netherlands revealed the occurrence of 
Invasive Pulmonary Aspergillosis in 19.4% of COVID-19 patients admitted to ICU.8 Of all the fungal co-infections occurring 
in critically ill COVID-19 patients, the percentage of novel cases of Mucormycosis was approximately 1.7 million.9 

Mucormycosis, also known as Zygomycosis, is considered a dreadful infection caused by fungi called mucormycetes.10

Several classes of fungi can cause mucormycosis, including Rhizopus, Rhizomucor, Apophysomyces, Mucor, Lichtheimia, and 
Syncephalastrum.10 Of all these types of fungi, Rhizopus is considered the most prevalent kind of fungus responsible for most of 
the mucormycosis cases (60%) and Rhino-orbital-cerebral (90%).11 Due to excessive growth in soil, these fungi are transmitted by 
contact with fungal spores in the environment. Depending upon the organs affected by the fungus, clinical manifestations of 
patients frequently vary.12 With the advent of COVID-19, the number of patients diagnosed with mucormycosis has increased, 
especially in developing countries. The reason behind this increase is that COVID-19 causes hypoxia that promotes the growth of 
fungus. Moreover, hyperglycemia owing to previously existing diabetes or chronic steroid intake increased ferritin levels owing to 
inflammatory cascade initiated by COVID-19 and immunosuppression caused by the use of steroids for treatment of COVID-19 
allow the growth of micromycetes in the human body. Additionally, decreased white-cell count, as well as activity in COVID-19, 
leads to increased germination of fungal spores hence developing a catastrophic picture of rhinocerebral mucormycosis.12

Clinical manifestations of mucormycosis are variable and can lead to mortality. Patients with rhinocerebral mucor
mycosis can present with orbitomaxillary cellulitis, lesions in the nasal cavity or palate, halitosis, nasal congestion, and 
some may present dull pain. This can complicate ophthalmoplegia, loss of vision, cavernous sinus thrombosis, epidural 
or subdural abscess, and several other intracranial complications.13 It is therefore important to identify whether 
rhinocerebral mucormycosis is an incidental finding in COVID-19 patients or an association that should be considered 
a matter of concern in all critically ill COVID-19 patients. The possible association of COVID-19 and mucormycosis in 
the hematological patient is of utmost importance to clinicians and represents the main reason for this review.

Research Objectives and Questions
To identify the association of mucormycosis and COVID-19 in patients who are critically ill or immunocompromised due to 
COVID-19 infection. Based on these objectives, the study raises the following critical question: What is the relationship 
between mucormycosis and COVID-19 and which are the risk factors, most common species involved, associated 
pathologies, therapeutic protocols and outcomes for this type of pathology, as described in literature worldwide?

Methodology
Search Strategy
The literature included in the review was researched from October 1, 2021, to November 1, 2022, by using the Google Scholar 
database as the search engine. The search strategy for the review article was constructed using COVID-19, Mucormycosis, 
COVID-19 Associated Mucormycosis (CAM), and Immuno-compromised and Critical as keywords. The reference lists of 
screened articles were searched to identify relevant articles. Duplicates were removed from the articles recruited by literature 
search. Studies retrieved by search strategies were further screened by title, and the shortlisted studies were screened first via 
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abstract. Studies found irrelevant by abstract were excluded. After title and abstract screening, all articles fulfilling the inclusion 
criteria were enrolled in the study and included a number of 502 cases reported in various previous case series and systematic 
reviews. The complete search strategy, including the number of articles retrieved by the database, is shown in Figure 1.

Inclusion and Exclusion Criteria
Studies discussing the development of mucormycosis in patients who were COVID-19 positive were included in this review. In 
contrast, systematic reviews and meta analysis, case reports, articles published in languages other than English, and articles with 
limited access were excluded. Two independent reviewers selected studies, and both, in collaboration with each other, agreed upon 
the final selection of articles.

Methodological Quality Assessment
The quality assessment of included review articles was done by utilizing CASP checklist (Critical Appraisal Skills Program 
Checklist)15 whilst methodological quality assessment of included case reports was done by the JBI (Joanna Briggs Institute) 
Critical Appraisal checklist.16 The CASP checklist graded each item as a yes, no, or unclear response. The checklist comprises 10 
questions that assess the articles’ quality according to the research principles. The studies having CASP scores of less than 6 are 
considered poor-quality articles.

Recruitment and Screening
A total of 596 papers were found using the search approach, and after duplicates were eliminated, 540 articles underwent 
title and abstract screening. Two hundred and eighty studies were excluded after title screening, and 260 were tested for 
eligibility via text screening. Of these 260 articles, 219 were excluded on the basis of selection criteria. Resultantly, 20 
articles were considered eligible for the review. The CASP checklist was fulfilled for the included quantitative studies 
and reviews, whereas JBI critical appraisal checklist was applied to case reports and case series. The critical appraisal 
scoring of most of the included studies was greater than 8. The JBI Critical appraisal checklist of included case reports 
and case series is provided in Table 1. In contrast, the CASP checklist for included quantitative studies and reviews is 
provided in Tables 2 and 3, while the Critical Appraisal score with study titles of study is given in Table 4.

Figure 1 Showing the data screening and extraction with PRISMA. 
Notes: PRISMA figure adapted from Liberati A, Altman D, Tetzlaff J, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate 
health care interventions: explanation and elaboration. Journal of clinical epidemiology. 2009;62(10). Creative Commons.14
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Table 1 Critical Appraisal Skills Program (CASP) Checklist of Included Case Reports

Reference Author/ 
Year of 
Publication

Were Patient’s 
Demographic 
Characteristics 
Clearly 
Described?

Was the 
Patient’s 
History 
Clearly 
Described and 
Presented as 
a Timeline?

Was the Current 
Clinical 
Condition of the 
Patient on 
Presentation 
Clearly 
Described?

Were Diagnostic 
Tests or 
Assessment 
Methods and the 
Results Clearly 
Described?

Was the 
Intervention(s) 
or Treatment 
Procedure(S) 
Clearly 
Described?

Was the 
Post- 
Intervention 
Clinical 
Condition 
Clearly 
Described?

Were Adverse 
Events (Harms) 
or Un- 
Anticipated 
Events Identified 
and Described?

Does the 
Case 
Report 
Provide 
Take 
Away 
Lessons?

Total

[17] Crone et al 
(2022)

Yes Yes Yes Yes Yes Yes Yes Yes 10

[18] Buil et al 
(2021)

Yes Yes Yes Yes Yes Yes Yes Yes 10

[19] Malek et al 
(2021)

Yes Yes Yes Yes Yes Yes Yes Yes 10

[20] Arana et al 
(2021)

Yes Yes Yes Yes Yes Yes Yes Yes 10

[21] Palou et al 
(2021)

Yes Yes Yes Yes Yes Yes Yes Yes 10

[22] Riad et al 
(2022)

Yes Yes Yes Yes Yes Yes Yes Yes 10
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Results
Of the 20 articles included in this systematic review, there were 2 case series, 10 narrative reviews, and 4 quantitative 
studies. The summary studies included in this review and their central concept are summarized in Table 5. At the same 
time, the findings of cases discussed in case reports and case series are pro-vided in Table 6.

COVID-19 Associated Mucormycosis; an Incidental Finding or a Matter of Concern
Although COVID-19 has been primarily a pulmonary affliction, showing modifications of various biological parameters 
such as high levels of inflammatory cytokines, Neutrophil-to-lymphocyte ratio (NLR) and Platelets-to-lymphocyte (PLR) 
Ratio, similar to other pneumological pathologies such as Bronchiectasis,38,39 the prevalence of fungus infections has 
grown with the release of COVID-19.17 After the patients had recovered for a few months, numerous researchers 
discovered fungal co-infections in COVID-19 patients. COVID-19-associated Mucormycosis (CAM) has been docu
mented in a number of nations, including Australia, France, Iran, India, Brazil, and the United States. About 0.3% of the 
COVID-19 co-infections that have been detected are related with mucormycosis.23

Some studies have not been included in our detailed analysis due to the scope of the present review; however, we 
would like to acknowledge their effort in describing COVID-19 associated Mucormycosis. For instance, Baghel et al 
reported that out of 124 patients with invasive fungal sinusitis and COVID-19, 92.2% presented with mucor infection, 
16.9% aspergillus and 12.9% presented with both.40 Similarly, Arora et al reported that in their study regarding 
co-infection of COVID-19 and mucormycosis, all patients (n=24) presented with paranasal involvement, 7 with palatal 
involvement, 13 with intra-orbital and 3 with intracerebral involvement.41 In a case presentation, complementary MRI 
and CT scan of left maxillary sinus revealed invasive fungal sinusitis limited to that area and did not show any associated 
complications with the orbit or brain.42

Table 2 Critical Appraisal Skills Program (CASP) Checklist of Included Quantitative Studies

Reference Aranjani et al 
202123

Buil et al 
202118

Pandiar et al 
202124

Prakash et al 
201925

Was a questionnaire the most appropriate method? Yes Yes Yes Yes

Have claims for validity been made, and are they justified? (Is there 
evidence that the instrument measures what it sets out to measure?)

Yes Yes Yes Yes

Have claims for validity been made, and are they justified? (Is there 
evidence that the instrument measures what it sets out to measure?)

Yes Yes Yes Yes

Are example questions provided? Yes Yes Yes Yes

Did the questions make sense, and could the participants in the sample 
understand them? Were any questions ambiguous or overly complicated?

Yes Yes Yes Yes

Was the sampling frame for the definitive study sufficiently large and 
representative?

Unclear Unclear Unclear Yes

Was the method of distribution and administration reported Yes Yes Yes Yes

What sort of analysis was carried out and was this appropriate?  

(eg correct statistical tests for quantitative

Yes Yes Yes Yes

Are quantitative results definitive (significant), and are relevant non-significant 

results also reported?

Yes Yes Yes Yes

Are quantitative results definitive (significant), and are relevant  

non-significant results also reported?

Yes Yes Yes Yes

Total 9 9 9 10
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Table 3 Critical Appraisal Checklist for Included Review Articles

Questions Reference / Study

Aranjani 
et al23

Chao 
et al26

Rudrabathla 
et al27

Malhotra 
et al28

Narayanan 
et al29

Muthu 
et al30

Pandiar 
et al24

Rudramurthy 
et al31

Sarda 
et al32

Asdaq 
et al33

Did the review address a clearly focused question? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Did the authors look for the right type of papers? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Do you think all the important, relevant studies were 

included?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Did the review’s authors do enough to assess quality 

of the included studies?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

If the results of the review have been combined, was 

it reasonable to do so?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Are the overall results of the review appropriate? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Were the results Precise? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Can the results be applied to the local population? Yes Yes Yes Yes Yes Yes Yes Yes Unclear Yes

Were all important outcomes considered? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Are the benefits worth the harms and costs? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Total score 10 10 10 10 10 10 10 10 9 10
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Causes and Characteristics of Mucormycosis
Mucormycosis is a fungal infection caused by saprophytic fungi, including several species of Mucorales, ie, Rhizopus, 
Mucor and Lichtheimia, and Rhizomucor. Mucor, Rhizopus, and Lichtheimia account for almost three-fourth of the cases 
diagnosed with COVID-19 -associated Mucormycosis.17,34 Mucormycosis is an opportunistic infection that may affect 
the lungs, skin, gastrointestinal system, central nervous system, and cerebral areas; hence, the patient may present with 
various clinical symptoms depending upon the organ affected. The disease can present in disseminated form, and 

Table 4 Critical Appraisal Score with Titles of Included Articles

Ref Study Title Score

Crone et al17 Pulmonary mucormycosis in the aftermath of critical COVID-19 in an immunocompromised patient: Mind the 
diagnostic gap.

10

Aranjani et al23 COVID-19 –associated mucormycosis: Evidence-based critical review of an emerging infection burden during 
the pandemic’s second wave in India

10

Seidel et al34 Results from a national survey on COVID-19-associated mucormycosis in Germany: 13 patients from six 
tertiary hospitals

9

Chao et al26 COVID-19 associated mucormycosis–An emerging threat. Journal of Microbiology, Immunology and Infection. 

2022 January 13.

10

Rudrabathla et al27 Mucormycosis in COVID-19 patients: predisposing factors, prevention and management. 10

Malhotra et al28 COVID-19 associated mucormycosis: Staging and management recommendations (Report of a multi-disciplinary 
expert committee).

10

Narayanan et al29 Coronavirus disease 2019–associated mucormycosis: risk factors and mechanisms of disease. 10

Muthu et al30 Epidemiology and pathophysiology of COVID-19 -associated mucormycosis: India versus the rest of the world. 10

Sharma et al35 Post coronavirus disease mucormycosis: a deadly addition to the pandemic spectrum 9

Buil et al18 Case series of four secondary mucormycosis infections in COVID-19 patients, the Netherlands, 
December 2020 to May 2021. Eurosurveillance. 2021 Jun 10;26(23):2,100,510.

10

Pandiar et al24 Does COVID 19 generate a milieu for propagation of mucormycosis? 10

Bayram et al36 Susceptibility of severe COVID-19 patients to rhino-orbital mucormycosis fungal infection in different clinical 

manifestations

9

Malek et al19 Acute bilateral blindness in a young COVID-19 patient with rhino-orbito-cerebral mucormycosis. 10

Rudramurthy et al31 ECMM/ISHAM recommendations for clinical management of COVID-19 associated mucormycosis in low-and 

middle-income countries

10

Arana et al20 Mucormycosis associated with COVID-19 in two kidney transplant patients. 10

Palou et al21 COVID-19 associated rhino-orbital mucormycosis complicated by gangrenous and bone Necrosis—a case 
report from Honduras

10

Mulakalayupil et al37 Absence of Case of Mucormycosis (March 2020–May 2021) under strict protocol driven management care in 
a COVID-19 specific tertiary care intensive care unit

10

Riad et al22 COVID-19 -associated mucormycosis (CAM): case-series and global analysis of mortality risk factors. Journal of 
Fungi. 2021 Oct 7;7(10):837.

10

Sarda et al32 COVID-19 -associated mucormycosis: an epidemic within a pandemic. 9

Asdaq et al33 Identifying mucormycosis severity in Indian COVID-19 patients: a nano-based diagnosis and the necessity for 

critical therapeutic intervention

10
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Table 5 Summary of Included Studies

Ref Author Year Study Type n Themes

[17] Crone et al 2022 Case Report 1 The diagnostic gap in pulmonary mucormycosis with COVID-19

[23] Aranjani et al 2021 Review – Pathogenesis, Risk Factors, and Treatment guidelines for CAM

[34] Seidel et al 2022 Quantitative 13 Risk factors for CAM

[26] Chao et al 2022 Review – Interaction between COVID-19 and Mucormycosis

[27] Rudrabhatla et al 2022 Review – CAM, with its predisposing factors, prevention, and management

[28] Malhotra et al 2021 Review – Diagnosis of CAM in COVID-19

[29] Narayanan et al 2019 Review – Mechanism underlying CAM

[30] Muthu et al 2021 Review – Epidemiology and Pathophysiology of CAM

[35] Sharma et al 2021 Quantitative 23 Development of CAM in COVID-19 positive patients

[18] Buil et al 2021 Case series 4 Development of CAM in COVID-19 positive patients

[24] Pandiar et al 2021 Review – Development of CAM in COVID-19 positive patients

[36] Bayram et al 2021 Quantitative – Occurrence of ROM in COVID-19 patients

[19] Malek et al 2021 Case report 1 RCOM in COVID-19 patient

[31] Rudramurthy et al 2021 Review – Clinical management of CAM

[20] Arana et al 2021 Case report 2 Development of CAM in COVID-19 positive patients

[21] Palou et al 2021 Case report 1 Development of CAM in COVID-19 positive patients

[37] Mulakavalupil et al 2021 Quantitative 5248 Prevention of mucormycosis on COVID-19

[22] Riad et al 2022 Case series 7 CAM in COVID-19 patients

[32] Sarda et al 2021 Review – Development of CAM in COVID-19 positive patients

[33] Asdaq et al 2021 Review – Development of CAM in COVID-19 positive patients

Table 6 List of Findings of Cases Discussed in Case Reports and Case Series

Study N Age/ 
Sex

Clinical Presentation Risk Factors Day After 
COVID-19 
Diagnosis

Fungi 
Isolated

Treatment

Crone et al17 1 50/M Malaise, Oliguria 

Raised Inflammatory markers

SBS 42 Rhizopus AmpB, VCZ, ICZ

Buil et al18 4 60/M Respiratory failure – 22 Rhizopus AmpB, VCZ

50/M Respiratory failure – 17 Lichtheimia AmpB, VCZ, PCZ

60/M Respiratory failure, Acute kidney 
injury

DM, CLL 35 Rhizopus AmpB, VCZ, IVZ, IFN

70/M Extensive Sinusitis DM, Steroid use 88 Rhizopus AmpB, IVZ, Interferons

Malek et al19 1 20/M Bilateral visual loss, proptosis, 

periorbital pain

DM, Steroid 7 Mucorales AmpB, AMX with CLV, 

SD

(Continued)
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literature shows that most of the patients presenting with the disseminated disease are those who either have not received 
treatment for the disease or have any previous systemic illness.23,26,27

Although the distribution of fungal species that cause mucormycosis varies with a geographical region, Rhizopus 
arrhizus is considered the most common causative agent among all the fungal species. In contrast, a few cases suffering 
from Mucor and Chrysosporium lucknowense are also reported. The severe form of mucormycosis forms black eschar 
due to which it is also known as Black Fungus by some researchers. It should be noted that Mucormycosis is not spread 
from person to person via direct contact. Only the entry of spores of fungus from the environment by the respiratory tract 
or direct entry of fungal spores in the wound may lead to mucormycosis via germination of angio-invasive hypha (20). 
A COSMIC study presented the most common features of CAROCM (COVID-19 associated rhino-orbito-cerebral 
mucormycosis), including facial or orbital pain, edema, nasal obstruction, loss of vision, ptosis, proptosis, facial 
edema, and nasal discharge with the occurrence of 23%, 9%, 19%, and 21%, respectively. Patients suffering from 
pulmonary mucormycosis usually have symptoms overlapping with COVID-19, including pyrexia, dyspnea, and 
cough.23

Patients with CAROCM usually present with features of sinusal mucormycosis before the extension to orbits and 
cranial cavities. CAROCM should be suspected in patients presenting with clinical features described in the COSMIC 
study with the concurrent occurrence of necrotic ulceration involving the nasal cavity, orbital apex, and cavernous sinus 
leading to orbital apex disease or may cause cavernous sinus thrombosis. Involvement of the ear in mucormycosis can 
lead to features of otitis externa, emphasizing that standard antibacterial therapy is not sufficient for the ontological 
symptomatology of patients. The occurrence of pulmonary and disseminated disease in COVID-19 patients has resulted 
in increased mortality and decreased survival.23

Table 6 (Continued). 

Study N Age/ 
Sex

Clinical Presentation Risk Factors Day After 
COVID-19 
Diagnosis

Fungi 
Isolated

Treatment

Arana et al20 2 62/M Respiratory Failure DM, HTN, ESRD, 

IHD, DC, Steroids

7 Rhizopus AmpB, IVZ, PCZ, SD

48/M COVID-19 pneumonia DM, HTN, ESRD, 

HT, Steroid

24 Lichtheimia AmpB, IVZ, SD

Palou et al21 1 56/M Headache, Diplopia, Decreased 

vision in the right eye, Amaurosis

HTN, Steroids 30 Rhizopus AmpB, VCZ

Riad et al22 7 56/M Fever, Necrosis of hard palate DM 4 Mucorales AmpB, SD

61/F Fever, unilateral periorbital 
swelling

DM 14

66/M Nasal stiffness, Periorbital 
ulceration

DM, HTN 28 AmpB, SD, Laser

52/M Ulceration and Necrosis of nasal 
sidewalls

DM, CVD 28

58/M Fever, Periorbital cellulitis DM 14 AmpB, SD

68/F Deteriorated GCS DM, SA 3 AmpB

47/M Dyspnea, oral discoloration, 

Deteriorated GCS

– 18

Abbreviations: HTN, Hypertension; DM, Diabetes Mellitus; HT, Hyperthyroidism CLL, Chronic Lymphocytic Leukemia; SBS, Short Bowel Syndrome; CVD, Cardiovascular 
disease; SA, Stable Angina; AmpB, Amphotericin B; VCZ, Voriconazole; IVZ, Isavuconazole; PCZ, Posaconazole; AMX, Amoxicillin; CLV, Clavulanic Acid; SD, Surgical 
Debridement.
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Diagnosis of Mucormycosis
The high mortality of mucormycosis is essential for early confirmation of disease and initiation of early treatment leading 
to improvement in the patient’s survival. Diagnosis of mucormycosis can be confirmed by direct microscopy in which 
microscopic slide preparation is mounted with KOH, using fungal culture technique, a biopsy of the lesion, radiological 
modalities including CT-scan of osteomeatal complex, and MRI with or without contrast and spectrometric analysis.28 

Radiological examination is not appropriate for identifying florid sinusitis and bone erosion. REBOVasC checklist, which 
is essential in reporting imaging, is used in Mucormycosis. REBOVasC checklist is de-signed to focus on radiological 
findings of bones, rhino sinus, extra sinus, orbital, vascular, and CNS areas for the spread of infections23 (Table 7).

Pathogenesis of COVID-19-Associated Mucormycosis (CAM)
CAM may result from various pathological mechanisms related to immunological and inflammatory phenomena.29,30 

According to a proposed theory of COVID-Associated Mucormycosis that infection with COVID-19 causes lymphopenia 
that may result in excessive reduction of TCD4+ and CD8+ T-cells leading to increased chances of opportunistic fungal 
infections.

Additionally, increased levels of serum proinflammatory cytokines in patients suffering from severe COVID-19 
disease predispose patients to fungal infections. Preexistent damaged lungs due to COVID-19 promote invasive fungus 
growth in patients’ respiratory tract.23

Moreover, increased serum ferritin levels due to excess inflammatory cytokines in circulation, including Interleukin-6 
(IL-6), lead to macrophage activation resulting in increased availability of excessive iron within the cells. Increased 
cellular iron leads to the destruction of endothelial tissue and inflammation, causing endothelium.30 The role of hepcidin 
in promoting fungal growth is also inevitable as it mimics the action of the COVID-19 virus that leads to the induction of 
ferritin regardless of the underlying inflammatory reaction.23,29 The immunosuppression modulated by COVID-19 causes 
endothelial and alveolar damage opening the gates for fungal invasion. Damage to pancreatic tissue may cause an acute 
diabetes-like state leading to increased serum glucose levels. Elevated ferritin levels and body temperature also produce 
a favorable environment for fungus growth.

Another theory states that dysregulation in the expression of ACE-2 in multiple organs that can lead to suppression of 
immune system and the development of a microenvironment that facilitates the growth of COVID-19. The upregulation 
of a heat shock protein, 78-kDa glucose-regulated protein (GRP78), is also observed in COVID-19 patients owing to 
increased glucose and ferritin levels induced by the use of corticosteroids in COVID-19 infection. The cell surface 
GRP78, which is translocated from the endoplasmic reticulum under cellular stress and in various pathological condi
tions, can bind a variety of ligands and serve as the entry site for viruses like Dengue, Ebola, Zika, Japanese Encephalitis, 
MERS-CoV and others.45–48 Studies on this receptor’s capacity to act as an alternative entry point for SARS-CoV-2 have 
also been published.48–50 Moreover, it promotes the pathogenicity and virulence of Mucorales which binds to cell surface 
GRP78 receptors causing invasive mucormycosis.35,47,51 Diabetes with or without ketoacidosis is a common co- 
morbidity which could further enhance GRP78 expression in COVID-19 patients and the consequent incidence of 
mucormycosis.45 The overuse of Vitamin C for the treatment of COVID-19 can lead to blood acidosis which leads to 
over-expression of GRP78 in primary human dermal microvascular endothelial cells (HDMEC).52 Also, vitamin 
C promotes intestinal iron absorption, iron being a promoter of Mucorales growth.45

Treatment
Mucormycosis in COVID-19 patients who are ill critically or immunosuppressed persons is now considered 
a common association, yet the treatment of Mucormycosis in COVID-19 patients is not described by any 
guidelines.18 Mucormycosis is considered a medical and surgical emergency owing to excessive mortality associated 
with the disease if not treated timely or turned into a disseminated form.24 Management of mucormycosis usually 
comprises a medical and surgical aspect.36 Medical management of mucormycosis is based upon empiric antifungal 
treatment using Amphotericin B, Voriconazole, Posaconazole, or Isavuconazole. In contrast, the surgical treatment 
comprises surgical debridment of the pathological lesion associated with the disease.19,23,31 Managing 
Mucormycosis in COVID-19 patients is challenging as a patient suffering from severe COVID-19 is already on 
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Table 7 Overview of Literature on Rhino-Sino-Cerebral CAM

Reference / Study

Singh 
et al12

Seidel et al34 Sharma 
et al35

Buil et al18 Bairam et al36 Arana et al20 Hoenigl 
et al37

Pal et al43 Baghel et al40 Nagalli 
et al44

Number of 

patients

101 12 23 4 11 2 80 30 124 115

Species 

involved

N.A. Rhizopus spp. 

R microsporus 
Lichtheimia Rhizomucor 

Aspergillus spp.

Yes R microsporus 

A. fumigatus 
Lichteimia 

ramosa 

R. arrhizus

N.A. Rhizopus oryzae 

Lichtheimia ramose

Rhizopus 

spp 
Mucor spp 

Aspergillus 

spp,

N.A. Mucor 92.2% 

Aspergillus 16.9% 
Both 12.9%

Yes

Gender 

(Male)

78.9% 61.5% N.A. N.A. N.A. 100% 73% 78% 87% 77.4%

Diabetes 

mellitus

80% 25% 90% 82.5% 72.72% 50% 93% 85% 83.9% 77.1%

Steroid 

administration

76.3% 84.6%s N.A. 75% N.A. 100% 80% 85% 72.6% 91.9%

Geographical 

areas studied

India 

81.2% 
USA 

8.9% 

Iran 3% 
Others 

7%

Germany India Netherlands Turkey Spain India 53.5% 

USA 10% 
Pakistan 

6.25% 

France 5% 
Iran 5% 

Mexico 5% 
Others

India 72% India India 49.6% 

Iran 15.6% 
Turkey 9.6% 

USA 7.8% 

Egypt 6.9% 
Netherlands 

3.5% 
Spain 1.7% 

Others

(Continued)
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Table 7 (Continued). 

Reference / Study

Singh 
et al12

Seidel et al34 Sharma 
et al35

Buil et al18 Bairam et al36 Arana et al20 Hoenigl 
et al37

Pal et al43 Baghel et al40 Nagalli 
et al44

Anatomic 
regions 

involved

Nasal 
88.9% 

Rhino- 

orbital 
56.7% 

Rhino- 

orbito- 
cerebral 

22.2%

Pulmonary 
Rhino-orbital 

Brain

Ethmoid 
100% 

Intraorbital 

43.47% 
Intracranial 

8.69%

Sinus + 
Cerebral 25%

Orbital apex 
63.6% 

Orbital cellulitis 

36.4% 
Endophthalmitis 

54.5% 

Sino-orbital 
100% 

Cerebral 27.27%

Rhino-sinusal 50% Rhino- 
orbital 

73.75%

Rhino- 
orbital 42% 

Rhino- 

orbito- 
cerebral 

24% 

Pulmonary 
10%

Maxillary sinus 
72.6% 

Ethmoid 70.2% 

Lateral nasal wall 
62.1% 

Sphenoid 45.2% 

Frontal 20.2%

Sinuses 79.4% 
Maxillary sinus 

47.4% 

Orbit 56.7% 
Lungs 11.3% 

Cavernous 

sinus 14.4% 
Cerebral 

12.4%

Treatment N.A. Liposomal amphotericin 

B (L-AMB) and 

isavuconazole either alone 
or in combination

N.A. Amphotericin 

B + radical 

debridation of 
sinus

Liposomal 

amphotericin B and 

isavuconazole + 
Surgical debridement

Systemic 

antifungals 

plus 
surgery

Surgery 

81%

Amphotericin 

B (deoxycholate, 

liposomal, lipid 
complex) 

and 
isavuconazole 

Surgery 88.7%

Amphotericin 

B: 85.9% 

Posaconazole 
17.4% 

Isavuconazole 
7.6% 

Caspofungin 

4.34% 
Voriconazole 

3.3% 

Itraconazole 
3.3% 

+ 

Sino-nasal 
surgery (FESS, 

debridement) 

59.8% 
Orbital 

exenteration 

14.1%

Mortality 30.7% 53.8% N.A. N.A. 63.6% 0% 37% 34% 20.1% 48.7%
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immunosuppressive therapy, especially steroids. So, an additional aim in managing mucormycosis in COVID-19 
patients is to reverse the immunosuppressive state, especially by withdrawing immuno-suppressive medications to 
treat COVID-1927,28 (Table 7).

Moreover, immunosuppression caused by hyperglycemia, acidosis, hypoxia, and dyselectrolytemia should also be 
corrected in mucormycosis. A Granulocyte colony-stimulating factor in mucormycosis is also suggested in patients having 
severe leucopenia in COVID-19 patients.27 Liposomal Amphotericin B is a first-line antifungal in patients suffering from CNS 
mucormycosis. Studies recommend using intravenous liposomal amphotericin B at 10 mg/kg/dose. However, the dose should 
be reduced in case of renal dysfunction as the renal route excretes the drug. In patients suffering from COVID-19, most 
patients suffer from MOD (Multiple Organ Dysfunction) including injury to kidney and other vital organs like lung, heart and 
brain. Hence, the dose modification of amphotericin B should be consulted with nephrologists.19–21,36 The use of 
Amphotericin B in doses less than 5mg/kg/day is ineffective in treating mucormycosis involving CNS. However, the dose 
is therapeutic without CNS involvement.27

Several other antifungal medications, including Isavuconazole and Posaconazole, can also be used in the treatment of 
mucormycosis in intravenous doses of 200 mg t.d.s. on days 1–2, 1, and 200 mg per day from day 3 and 300 mg b.d. on day 1 and 
300 mg per day from day 2, respectively. Posaconazole orally in doses of 200mg q.i.d. is recommended as an alternative to 
intravenous amphotericin B in patients suffering from multiple organ dysfunction due to COVID-19.27 Amphotericin B is also 
used in the treatment of RCOM, but owing to its excessive adverse effects, its use is limited to 1 to 2 initial days of treatment, after 
which the patient is put on liposomal amphotericin B. Treatment with any of the antifungal in CAM should be continued till the 
reversal of immunocompromised state initiated by COVID-19. Aside from medical treatment, surgical treatment for mucormy
cosis is mandatory as the antifungal medication cannot penetrate the necrotic tissue, and debridment of extensive necrotic tissue 
aids the microbiological diagnosis.36

Hypoxia in COVID-19 patients is also a leading cause of excessive fungal growth. The therapeutic targeting of 
hypoxia via hyperbaric oxygen therapy improves hypoxia and acidosis. This reverses the immunosuppressive state of 
COVID-19 patients and halts the multiplication of fungi in the human body.27

Prevention
CAM prevention is an essential element in reducing the incidence of mucormycosis in COVID-19 patients. Studies have 
suggested using low-dose steroid protocol in patients suffering from COVID-19 and getting ICU- and non-ICU-based care in 
hospitals.27,37 According to Mulakavalupil et al37 controlled dose steroid protocol, methylprednisolone was used at a dose of 
1mg/kg/day for only 3 days in merely those patients suffering from hypoxia, which was evident by oxygen saturation less than 
93% or PaO2/FiO2 ratio less than 300. The maximum daily permissible dose of methylprednisolone for every patient was 
40mg b.d. Levels of C-Reactive protein (CRP) were measured daily to adjust the dose of Methylprednisolone. The dose was 
reduced to a maximum of 40mg/day on the fourth day of treatment if the levels of CRP fell below 50mg/L, but if the CRP 
levels remained above 50mg/L on Day 4, the maximum 40 mg dose of methylprednisolone twice a day was recommended for 
more 2 days which was later reduced to once daily dosage. The dose was reduced to 30mg of prednisolone on day 6 regardless 
of the patient’s clinical status, and the dose was further weaned off in the next 5 days of treatment. Intravenous, 200mg of 
hydrocortisone was given daily by infusion in only patients suffering from septic shock. Intra-venous insulin infusion was 
used to maintain glycemic control in patients with a target glucose level of 140 to 180mg/dl, which was further shifted to 
a subcutaneous insulin regime according to the sliding scale. The use of immunosuppressive drugs, ie, Tocilizumab, was used 
in addition to steroids only in patients suffering from cytokine storm, CRP >50mg/L, IL-6 >100pg/mL or who remained 
hypoxic despite steroid therapy for more than 24 hours.

None of the patients put on controlled steroid-dose protocol got mucormycosis suggesting it is an important 
preventive model for CAM.37 Additionally, the use of sterilized water in humidifiers, halting the use of excessive 
antibiotics, taking a good medical history to be aware of the risk of opportunistic infection for every patient, and good 
glycemic control is essential to prevent CAM in patients suffering from COVID-19 as it is not a compulsory association 
yet may develop concurrently.27
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Discussion
This review summarizes the occurrence of mucormycosis in patients suffering from COVID-19. A significant body of 
evidence has emerged regarding the incidence of Mucormycosis in COVID-19 patients. Mucormycosis is a fatal 
infectious disease with associated high mortality rates.25 It is most commonly found in patients suffering from diabetes 
mellitus or having immune-compromised status either due to on-going immunosuppressive therapy or hypoxia by 
respiratory disorders leading to excessive growth of fungi in the respiratory tract of patients, especially sinuses extending 
to orbits and CNS leading to RCOM, Cavernous sinus thrombosis, and death.53 This review finds that the coexistence of 
mucormycosis is greater in patients suffering from COVID-19 along with underlying comorbidities compared to those of 
COVID-19 patients with no preexistent medical illness. Diabetes mellitus is considered an essential pre-disposing factor 
in COVID-19 as it leads to the stimulation of a pro-inflammatory state leading to suppression of antiviral immunity. The 
patients suffering from diabetic ketoacidosis are more prone to develop mucormycosis when mucorales, the causative 
factor of mucormycosis, use excessive free serum iron in its pathogenesis.54 The study by Aggarwal et al states that 
dysglycemia resulting from diabetes which is a common comorbidity in COVID-19 patients, and indiscriminate steroid 
use has resulted in a surge of rhino-orbital mucormycosis in India during the second wave of the pandemic. They report 
on a series of 13 cases of rhino-orbital mucormycosis in COVID-19 with a male preponderance, two cases of loss of 
vision, and four of intracranial extension of disease. Twelve of these patients had received steroids and 12 had preexisting 
or newly diagnosed diabetes, both steroid use and diabetes being the most common identified risk factors.55 Most of the 
patients, in our review of case reports and case series, were males. This finding is parallel to other studies in which male 
COVID-19 patients suffering from CAM were greater than females. Pal et al report that the majority of the patients was 
male (78%) and had diabetes mellitus (85%) and glucocorticoid use (85%)43 similar to Nagalli et al with a prevalence of 
77.1% for Diabetes mellitus co-morbidity, followed by hypertension (29.5%) and renal disease (14.3%). 55.2% of the 
patients had also received dexamethasone for COVID-19 infection44 – also see Table 7. Rhino-orbital as well as rhino- 
orbital-cerebral are considered the most prevalent forms of CAM in which fungi invade the nasal mucosa and walls of 
orbit, leading to symptoms like facial pain, visual defects, and proptosis and ophthalmoplegia.56 The study by Pal et al 
shows in a systematic review from 2021 that rhino-orbital mucormycosis was the most common (42%), followed by 
rhino-orbito-cerebral mucormycosis (24%) and pulmonary mucormycosis in 10 patients (10%). The mortality rate was 
34% and the use of adjunct surgery in 81% of patients was associated with better clinical outcomes.43 Patients suffering 
from CAM should receive medical and surgical treatment timely to prevent associated mortality.57

Our review has a few limitations. As the review is systematic, an association between COVID-19 and Mucormycosis 
could not be developed. Several predisposing factors occur that may lead to super-added mucormycosis in COVID-19 
patients. However, as most of the articles included in our review are case series and review articles, establishing any 
histopathological or microbiological diagnosis based on the findings is difficult as the results are subjected to hetero
geneity, and the findings may underrepresent the disease burden. The association between mucormycosis and COVID-19 
has been presented in several studies from countries with large populations and extensive number of COVID-19 patients, 
such as India or Pakistan, but it is still a novel topic for East-European countries such as Romania where this particular 
association has been scares or at least rarely reported. We can clearly observe large discrepancies between reported cases 
in India (over 50%) and similar articles from the Netherlands or Spain with only 1–2% (Table 7).

Conclusion
Since the introduction of the pandemic of COVID-19 virus, researchers have been busy identifying the more novel and 
long-term complications of COVID-19. Mucormycosis, initially thought as incidental finding in COVID-19 patients, 
have become a significant concern. The results of the current review have shown that association of Mucormycosis with 
COVID-19 is dangerous yet not compulsory and can be prevented. Patients with COVID-19 are prone to developing 
mucormycosis owing to the immunosuppressive states developed by hypoxia, poor glycemic control, and overuse of 
steroids or immunosuppressive drugs. The use of low steroid-dose protocol with hyperbaric oxygen and necessary 
preventive measure reveals that mucormycosis is a superadded infection over COVID-19 and not a mandatory 
association.
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