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Descifrando el vínculo potencial entre la COVID-19 y la Mucormicosis: Revisión de la literatura

DECODING THE POTENTIAL LINK BETWEEN COVID-19 AND MUCORMYCOSIS: 
LITERATURE REVIEW 

S Mounika,1 V Vasanthi,1 Bose Divya,1 Madhu Narayan,1 A Ramesh Kumar,1 K Rajkumar.1

ABSTRACT
Background: Mucorales, the causative agent of mu-

cormycosis, is a life-threatening fungal infection that pri-
marily affects immunocompromised hosts. This condition 
is becoming more severe during the current COVID-19 
pandemic. The objective is to decipher the link between 
mucormycosis, steroids, and the associated co-morbidities 
of COVID-associated mucormycosis (CAM). This study is 
focussed on assessing the various aspects of COVID related 
mucormycosis. Aim: To systematically review the reported 
cases of CAM, clinical presentation with steroid therapy and 
associated co-morbidities. 

Materials and Methods: MeSH terms like mucor-
mycosis, diabetes, SARS-CoV-2 infection, sinus, orbit, 
and palate were searched in the PUBMED and Google 
Scholar databases, and 20 case reports and case series 
were identified.

Results: We found that India had the highest number of 
cases (60%), 55% of the infected patients were male, 65% 
had a history of diabetes and the associated risk factor 
was uncontrolled diabetes (90%). The common clinical 
presentation among the cases was noted to be necrosis 
and swelling, with 55% of the cases reported to be rhino 
orbital mucormycosis. In most of the cases cytological 
and histological examination had been performed with 
haematoxylin & eosin, KOH, lactophenol cotton blue, and 
special stains such as PAS and GMS had been used in 
few cases along with culture in Sabouraud dextrose agar. 
Regarding treatment, 85% of the cases were treated with 
amphotericin B and in 15% of cases a combination of 
amphotericin B and posaconazole was employed. The rate 
of mortality reported was estimated to be 25%.  

Conclusion: COVID-19 infection poses a significant 
threat to diabetic patients, increasing their susceptibility 
to mucormycosis. Therefore, the careful use of steroids 
and routine monitoring are essential in preventing this 
invasive infection.

Keywords: Mucormycosis; COVID-19; Steroids; Dia-
betes mellitus; Risk factors; Mortality

RESUMEN
Antecedentes:  Los Mucorales, agentes causantes 

de la mucormicosis, son una infección fúngica potencial-
mente mortal que afecta principalmente a pacientes 
inmunocomprometidos. Esta condición se está volviendo más 
grave durante la actual pandemia de COVID-19. El objetivo de 
este estudio es descifrar el vínculo entre la mucormicosis, los 
esteroides y las comorbilidades asociadas con la Mucormicosis 
asociada a COVID (MAC). Este estudio se enfoca en evaluar 
diversos aspectos de la mucormicosis relacionada con la 
COVID-19. Objetivo: Revisar sistemáticamente los casos 
reportados de MAC, la presentación clínica con terapia con 
esteroides y las comorbilidades asociadas.

Materiales y métodos: Se buscaron términos MeSH como 
Mucormicosis, diabetes, infección por SARS-CoV-2, sinuses, 
órbita y paladar en las bases de datos PUBMED y Google 
Scholar, obteniendo 20 informes de casos y series de casos 
reportados.

Resultado: Encontramos que India tuvo el mayor 
número de casos (60%), el 55% de los pacientes infectados 
eran hombres, el 65% tenía antecedentes de diabetes y el 
factor de riesgo asociado era la diabetes no controlada 
(90%). La presentación clínica más común entre los casos 
observados fue necrosis e hinchazón, y el 55% de los casos 
fueron diagnosticados como mucormicosis rino-orbital. En 
la mayoría de los casos, se realizó un examen citológico e 
histológico utilizando hematoxilina-eosina, KOH, lactofenol 
algodón azul, y tinciones especiales como PAS y GMS, en 
algunos casos junto con cultivos en agar Sabouraud dextrosa. 
En cuanto al tratamiento, el 85% de los casos fueron tratados 
con anfotericina B y en el 15% de los casos se empleó una 
combinación de anfotericina B y posaconazol. La tasa de 
mortalidad reportada fue estimada en un 25%.

Conclusión: La infección por COVID-19 representa una 
amenaza significativa para los pacientes diabéticos, aumen-
tando su susceptibilidad a la mucormicosis. Por lo tanto, el 
uso cuidadoso de esteroides y la monitorización rutinaria son 
esenciales para prevenir esta infección invasiva.

Palabras Clave: Mucormicosis; COVID-19; Esteroides; 
Diabetes mellitus; Factores de riesgo; Mortalidad
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INTRODUCTION

Coronaviruses are enveloped, spherical or 
pleomorphic, single-stranded RNA viru-
ses. They are classified into four subtypes: 
alpha, beta, gamma, and delta, with each 
subtype containing several serotypes. The 
first case of a coronavirus infection was 
reported as a cold (flu-like symptoms) in 
1960. Coronaviruses were considered non-
fatal until the year 2002. 

Later the emergence and spread of a type 
of coronavirus to the United States America, 
Hong Kong, Singapore, Thailand, Vietnam 
and Taiwan, identified and reported to cause 
Severe Acute Respiratory Distress Syndrome, 
with mortality of 1000 patients occurred in 
the year 2003, with 8096 patients confirmed 
to be infected. 

The World Health Organisation (WHO) de-
clared it a ‘state emergency’. In 2012, Saudi 
Arabia reported many cases of this corona 
virus infection1 and is followed by the cur-
rent pandemic, that is Severe Acute Respira-
tory Syndrome Coronavirus 2 (SARS-CoV-2), 
an enveloped RNA beta coronavirus that ori-
ginated in Wuhan, China, in December 20192 
and has since led to the COVID-19 pande-
mic. The clinical presentation of COVID-19 
varies, with symptoms ranging from mild, 
self-limiting respiratory issues. COVID 19 
presentation ranges from mild, self-limiting 
respiratory tract diseases, pneumonia, 
multiorgan failure to death.3 

Recently the rising complication seen in 
COVID patients is the commonly called Black 
fungus or the mucormycosis.4 Mucormycosis 
is a fungal infection previously known as 

zygomycosis and is caused by mucormy-
cetes. This angioinvasive disease is charac-
terized by infarction and necrosis5 and it 
affects the sinus, lungs, or skin through 
inhalation of spores from the air or via 
penetration of skin through a cut or burn. 
The classification based on the anatomic 
localisation includes, rhino-orbital-cerebral, 
pulmonary, gastrointestinal, cutaneous, re-
nal, and disseminated mucormycosis.6,7

Mucormycosis presents as a secondary in-
fection in COVID patients. The predisposing 
factors involved are immunocompromised 
patients, particularly in those with diabe-
tes mellitus, haematological malignancy, 
hematopoietic stem cell transplantation, 
and solid organ transplantation.7 Though 
there are many proposed factors for the 
occurrence of mucormycosis in COVID pa-
tients, the major underlying factor among 
the Indian population is reported to be 
uncontrolled diabetes.8-10  

On the other hand, hematopoietic stem 
cell transplantation and solid organ trans-
plantation are the underlying factors in 
other countries.7-12

The Leading International Fungal Edu-
cation (LIFE) portal estimated the load of 
serious fungal infections worldwide and 
reported an annual prevalence of around 
10,000 cases of Mucormycosis globally, 
excluding India but, after the inclusion of 
data collected from India, the estimate of 
Mucormycosis drastically rose to 910,00.13 

However the Epidemiology of Mucormy-
cosis in India reported in 2021, the calcu-
lated prevalence of Mucormycosis was at 
an alarming rate of nearly 70 times higher 
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than the global data.14 This systematic 
review aims to decode the link between 
mucormycosis, their clinical presenta-
tion, steroid therapy and the associated 
comorbidities of COVID-associated Mucor-
mycosis (CAM) in the prevailing COVID 19 
pandemic.  

MATERIALS AND METHODS

Data sources
Databases such as PubMed, Google Scholar 
were searched using the MeSH terms - 
mucormycosis, diabetes, SAARS CoV 2 
infection, orbital, sinus, palate using the 
Boolean operators AND/OR in various com-
binations following the Preferred Reporting 
items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines. 

Search strategy	
Case reports and case series were only 
considered in this review. Case reports 
and case series of orbital, rhino-orbital, 
sino-orbital, sino-nasal and palatal were 
included. Pre-proof articles, review arti-
cles, duplicates and articles published 
in languages other than English were 
excluded.  

RESULTS

From the initial search, we obtained 12 
articles from Pub Med and 38 articles 
from Google Scholar. The manuscripts 
were screened based on the inclusion and 
exclusion criteria, resulting in a total of 20 
articles, which included two case series 
and 18 case reports that were evaluated 

Figure 1. 

Data extraction flowchart as per PRISMA guidelines.
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for eligibility 
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Studies included for final 
analysis 
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according to the objectives of the study 
(Figure 1). Overview of the case reports 
and case series included in the systematic 
review were tabulated (Tabla 1). A total of 20 
cases were analysed in the review.

Based on the data collected, we found that 
India accounted for 60% of the cases, follo-
wed by the USA (20%), Iran (15%), and Brazil 
(5%). The review also revealed that 55% of 
the affected individuals were male, while 
45% were female, with various variants of 
mucormycosis; the age of patients ranged 
from 28 to 70 years of age. 

Among the 20 patients, 65% had a history 
of diabetes, 5% had the history of hyper-
tension and asthma, 5% had obesity as 
a risk factor and in 20% of the cases the 
underlying medical history was not men-
tioned. In 90% of the cases, diabetic keto-
acidosis was identified as the associated 
risk factor for mucormycosis, COVID-asso-
ciated pneumonia accounted for 5%, while 
the risk factors for the remaining 5% were 
not specified. 

The timing of mucormycosis occurrence 
after COVID infection ranged from 5th-26th 
day and the common clinical presentation 
was necrosis and swelling. Based on the 
anatomical site of involvement, rhino-orbi-
tal mucormycosis was observed in 55% of 
cases, sinus involvement in 20%, palatal 
mucormycosis in 20%, and orbital mucor-
mycosis in 5%. 

In most of the cases, cytological and his-
topathological examination was done for 
identification of the Mucor species. For 
culture studies, Sabouraud Dextrose Agar 

(SDA) was used in 25% of the cases, while 
a combination of KOH wet mount and  
lactophenol cotton blue was employed in 
the remaining cases. Amphotericin B was 
the treatment of choice in 85% of the cases 
and in 15% it was amphotericin B along with 
posaconazole; 5% of the patients were not 
willing to receive treatment. While 70% of 
the patients had good prognosis, 25% of the 
patients were lost due to complications.

DISCUSSION

The presented systematic review docu-
ments 60% of the cases are reported 
from India, the majority of the affected 
individuals were males with a history of 
diabetes who received glucocorticoids for 
the treatment of COVID 19. 
In the pre-COVID era, Roden et al.,32 con-
ducted a review of 929 cases spanning 
from 1940 to 2003, where they found that 
diabetes was the most common under-
lying factor. The majority of these patients 
presented with sinus and rhino-cerebral 
types of infections.This is in agreement 
with the present review where, the rhino 
orbital mucormycosis was the most com-
mon form, representing 55% of the cases, 
while sinus involvement presented in 20% 
of the patients.

This systematic review primarily focuses 
on the relationship between COVID-19 and 
diabetes, and secondarily explores the con-
nection between mucormycosis and dia-
betes. With approximately 77 million people 
living with diabetes in India,33 and given that 
mucormycosis is known to primarily affect 
individuals with a history of diabetes, this 
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likely explains the higher number of cases 
reported in India. According to Patel et al.,34 
who conducted a multicentric study across 
12 centres in India and Bala et al.,35 who con-
ducted a prospective study in North India, 
the major risk factor for mucormycosis was 
reported to be diabetes and rhino orbital 
mucormycosis was the most common form. 
John et al.,36 documented that the glycemic 
index was contributing to the development 
of mucormycosis in diabetic patients in their 
review on CAM among 41 patients.

SARS-CoV-2 can infect and replicate in the 
human islet cells.37 causing damage with 
reduction in endogenous insulin secretion. 
This in combination with the huge amount 
of cytokines released from the COVID in-
fection results in insulin resistance.38 In 
severe cases of COVID-19, elevated levels 
of IL-6 interfere with the phosphorylation 
of the insulin receptor and insulin receptor 
substrate, thereby contributing to insulin 
resistance.39 Drugs such as glucocorticoids, 
lopinavir and remdesivir which are used for 
treating COVID infection also contribute to 
poor control of glucose thus making the 
patients more susceptible to mucormycosis.
 
An additional factor that predisposes in-
dividuals to mucormycosis is the viru-
lence of the organism, which can cause the 
disease by utilizing iron from the host, an 
essential element for its growth. Normally, 
iron is bound to host cells in the forms 
of transferrin, ferritin, and lactoferrin, 
which help prevent the toxic effects of 
free iron. However, in COVID-19-infected 
patients, particularly  those with diabetes, 
hemoglobin dissociates from its porphyrin 
structure, leading to increased iron release 

into the bloodstream. This excess iron 
impairs hemoglobin's ability to deliver oxy-
gen to vital organs, resulting in multiorgan 
failure and, in severe cases, death.40  This 
occurs due to the elevated free iron cau-
sing oxidative damage, inflammation from 
iron overload and immune dysregulation.41 

In diabetic ketoacidosis patients, elevated 
free iron levels contribute to the growth of 
the Rhizopus oryzae by providing an aci-
dic environment and hence ketoacidosis 
patients are more severely affected with 
mucormycosis than the non ketoacidic 
patients. So chelation therapy is advised 
for the patients with COVID infection.
Chelators such as deferasirox, deferoxa-
mine, deferiprone have been proven to be 
effective.42 These iron chelators not only 
seize the iron and help in reducing the 
inflammation but are also proven to prevent 
the virus from binding to the receptors for 
its entry into the host.43-45 Mucormycosis 
infection is characterized by extensive 
angioinvasion resulting in thrombosis and 
tissue necrosis.46  

Earlier it was considered that Rhizopus 
oryzae adhere to the extracellular matrix 
laminin and type IV collagen and thereby 
causing damage by penetration.47 It was 
found that the Glucose Regulated Protein 
(GRP78) acts as a mediator to penetration 
of Mucorales by causing damage to the 
endothelial cells. GRP78 is a cellular pro-
tein induced by glucose starvation and 
is a member of the HSP70 protein family 
present in the endoplasmic reticulum which 
functions as a cellular chaperon protein.48 

In case of diabetic ketoacidosis where there 
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is increased concentration of glucose and 
iron results in enhanced GRP78 expression 
thus helping the Mucorales penetration. 
According to Blandin et al.,49 the fungal 
ligand belongs to the CotH family of pro-
teins and binds GRP78 to enhance the 
penetration in diabetic ketoacidosis pati-
ents and makes them more prone to mucor-
mycosis infection.

The present systematic review has cer-
tain limitations. Publication bias is more 
likely as the reported cases may be an 
underrepresentation of the real burden 
in the present scenario. Most of the cases 
are in the pre-proof stage, few being not 
published due to lack of culture/histo-
pathology proof and the details on the 
HbA1c profile is not mentioned in the cases.   

CONCLUSION

 COVID infection in diabetic patients appe-
ars to be a major threat by making the dia-
betic patients more liable to mucormycosis 
infection than the others. Thus judicious 
administration of the steroids and routine 
monitoring of the patients with timely 
intervention is needed in preventing the 
invasive infection. 
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