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Coronavirus disease 2019 (COVID-19) is an acute viral 
illness caused by severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2). Opportunistic infections 
such as mucormycosis have been reported among CO-
VID-19 patients particularly in South Asian countries 
during the second wave of this pandemic. It is neces-
sary to re-evaluate any changes in traditional risk fac-
tors associated with mucormycosis such as diabetes 
mellitus, organ transplant, etc in the precedent of on-
going COVID-19 pandemic. We conducted a system-
atic review using electronic databases. A total of 115 
COVID-19 patients who were diagnosed with mucor-
mycosis were included in this study. Diabetes melli-
tus was the most common co-morbidity with 77.1%, 
followed by hypertension (29.5%) and renal disease 
(14.3%). 55.2% of the patients had received dexametha-
sone for COVID-19 infection. Ten patients (11.5%) had 
received tocilizumab. 
Sinuses were the most common site of mucormycosis 
among COVID-19 patients at 79.4% with maxillary si-
nus (47.4%) being most commonly infected. Orbits were 
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the second most prevalent site at 56.7% and lungs were 
infected with mucor at 11.3%. The mean duration be-
tween the diagnosis of COVID-19 infection and mucor-
mycosis was 16.15 days (range 2-90 days). Cavernous 
sinus was either infiltrated or encased in 14 patients 
(14.4%). Cerebral involvement was seen in terms of 
abscess, infarcts, or edema in 12 patients (12.4%). Only 
76 patients had data on the outcomes, out of which 37 
(48.7%) patients had died. Diabetes mellitus is still the 
most common co-morbidity similar to non-COVID-19 
patients. More than 90% of the patients with COVID-19 
infection had received steroids. Complications such as 
cavernous sinus thrombosis, cerebral infarcts, abscesses 
were common. Indiscriminate use of steroids in patients 
needs to be avoided and focus needs to be put on tight 
blood sugar control in diabetic patients. Studies are 
needed to confirm the role of the SARS-CoV-2 virus in 
causing immune dysfunction and mucormycosis.
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n INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an 
acute viral illness caused by severe acute re-

spiratory syndrome coronavirus-2 (SARS-CoV-2). 
SARS-CoV-2 is a single stranded RNA beta coro-
navirus that belongs to Coronaviridae family. 
Ever since its first detection in Wuhan, China in 
November 2019, SARS-CoV-2 has infected over 
230 million people causing more than 4.8 million 
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deaths worldwide as of the 12th of Oct 2021, and 
the numbers are increasing [1].
Dexamethasone has been the treatment of choice 
in COVID-19 pneumonia with hypoxia ever since 
the REMAP study demonstrated its effectiveness 
in reducing mortality [2]. Since then, the use of 
steroids has tremendously increased. This presets 
the ground for the emergence of opportunistic in-
fections. Cases of several opportunistic infections 
such as candidiasis, aspergilloma, and mucormy-
cosis are increasingly reported in association with 
COVID-19 infections. The risk and prevalence of 
mucormycosis among COVID-19 patients are cur-
rently unknown. During the pre-pandemic era, the 
global cases of mucormycosis varied from 0.005 to 
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1.7 per million population [3]. Some South Asian 
countries such as India have seen a tremendous in-
crease in the cases of mucormycosis, particularly 
during the second wave of pandemic. It is neces-
sary to evaluate any changes in the prevalence of 
traditional risk factors associated with mucormy-
cosis such as diabetes mellitus, organ transplant, 
etc and to study the novel risk factors to appropri-
ately mitigate one’s risk of developing this deadly 
fungal infection among COVID-19 patients. Hence, 
we conducted a systematic review of the literature 
to study the patient’s characteristics, risk factors, 
complications, and outcomes of COVID-19 pa-
tients diagnosed with mucormycosis.

n PATIENTS AND METHODS

We searched the electronic databases PubMed, 
Embase, and Google Scholar from inception un-
til June 21, 2021, using keywords “COVID-19”, 
“Coronavirus disease-2019”, “SARS-CoV-2” and 
“Mucormycosis”, “Mucor”, “Zygomycosis”. 
Inclusion criteria were set as follows:
 – all case reports and case series with a diagno-

sis of mucormycosis or zygomycosis were in-
cluded using the above search criteria;

 – patients should have been diagnosed with 
COVID-19 either before or at the time of diag-
nosis of mucormycosis.

Exclusion criteria were set as follows:
 – articles other than case reports, case series 

such as reviews, systematic reviews, and edi-
torials were excluded; 

 – articles with non-English literature were ex-
cluded. 

The details of individual cases reported were re-
trieved, reviewed, and analyzed. The flow chart 
explaining the method of selection of articles is as 
shown in Figure 1.

n RESULTS

A total of 36 articles consisting of 115 patients 
were included in this review [4-39]. The results 
of our systematic review are as compiled in Table 
1. The patient’s baseline characteristics and pre-
senting symptoms are reported in Table 2. Most 
cases were reported from India at 49.6%, followed 
by Iran (15.6%) and Turkey (9.6%). Nine cases 
(7.8%) were reported from the United States, 8 
cases (6.9%) were reported in Egypt, 4 (3.5%) in 

Figure 1 - Flow chart explain-
ing the selection of the arti-
cles used in our systematic 
review.
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the Netherlands, 2 (1.7%) in Spain, and one case 
in Austria, Mexico, France, UK, Italy, and Mexico.

Demographics and co-morbidities
The average age of the patients was 54.9 years (14-
88 years); 77.4% were male. We found that diabetes 
mellitus was the most common co-morbidity with 

77.1%, followed by hypertension (29.5%). Diabetic 
ketoacidosis (DKA) was found in 11 patients (9.6%) 
either at the time of admission or during hospi-
talization. The average HbA1C (glycosylated he-
moglobin) level was 10.1%. Renal disease was re-
ported in 14.3% of patients, out of whom 3 patients 
(2.8%) had end-stage renal disease. Seven (6.7%) 

Table 1 - Results of systematic review of patients with mucormycosis & COVID-19.

Parameters Results

Age (average, 
range)

54.9 years (14 - 88 years)

Sex M: 89 (77.4%)
F: 26 (22.6 %)

Geographic 
location

India: 57 (49.6%)
Iran: 18 (15.6%)
Turkey: 11 (9.6 %)
USA: 9 (7.8%)
Egypt: 8 (6.9%)
Netherlands: 4 (3.5%)
Spain: 2 (1.7%)

Co-morbid 
conditions

DM (Cumulative): 81 (77.14 %)
- DM-Type 1: 2 (1.9%)
- DM-Type 2: 33 (31.4%)
- DM -(Type NS): 46 (43.8%)
Hypertension: 31 (29.5%)
Cardiac Disease: 10 (9.5%)
Renal disease (Cumulative): 15 (14.3%)
ESRD: 3 (2.6%)
Cancer: 7 (6.7%)
Haematological malignancies: 7 (6.7%)
H/o transplant: 7 (6.7%)
Renal transplant 5 (4.8%)
Immunosuppressive therapy: 8 (7.6%)
Obesity: 4 (3.8%)
Asthma: 4 (3.8 %)

Type of 
COVID-19 
treatment 
received 

Steroids (cumulative use): 80 (91.9%)
Dexamethasone: 48 (55.2 %)
Other than dexamethasone steroid use: 

34 (39.1%)
Remdesivir: 19 (21.8%)
Tocilizumab: 10 (11.5%)
Hydroxychloroquine: 3 (3.4 %)
Antibiotics: 15 (17.2%)
Antivirals: 5 (5.7%)

Average 
duration 
between 
COVID-19 
symptoms/
diagnosis and 
mucormycosis 
(range)

16.15 days (range: 2- 90 days)

Parameters Results

Symptoms 
that lead to the 
diagnosis of 
mucormycosis

Orbital symptoms: 42 (54.5%)
Visual disturbances: 38 (49.3%)
Peri-orbital /Facial Pain: 36 (46.8%)
Nasal discharge/crusts: 18 (23.3%)
Headache: 15 (19.5%)
Facial swelling: 14 (18.2%)
Fever: 13 (16.9%)
Palate necrosis: 5 (6.5%)
Dental pain/discharge: 4 (5.2%)
Cough: 3 (3.9%)
Dyspnea: 7 (9.1%)

Sites of 
mucormycosis

A. Sinuses: 77 (79.4 %)
   - Maxillary: 46 (47.4%)
   - Ethmoid: 44 (45.4 %)
   - Sphenoid: 25 (25.8%)
   - Frontal: 20 (20.6%)
   - Sinus (Unspecified): 16 (16.5%)
B. Orbit: 55 (56.7%)
C. Nasal and adjacent structures:  

16 (16.5%)
D. Lungs: 11 (11.3%)
E. Disseminated: two cases (2.06%)
F. Stomach: 1 (1.03%), G. Skin: 1 (1.03%), 

H. Muscle: 1 (1.03%)

Complications Cavernous sinus involvement:  
14 (14.4%)

Cerebral involvement: 12 (12.4%)
Optic nerve involvement: 4 (4.1%)
OCS: 2 (2.06%)

Treatment for 
mucormycosis

Amphotericin B: 79 (85.9%)
Posaconazole: 16 (17.4%)
Isavuconazole: 7 (7.6%)
Caspofungin:4 (4.34 %)
Voriconazole: 3 (3.3%)
Itraconazole: 3 (3.3%) 
Broad spectrum antibiotics: 10 (10.87%)

Most common 
surgery 
performed for 
mucormycosis

Sino-nasal surgery (FESS, 
debridement): 55 (59.8%)

Orbital exenteration: 13 (14.1%)

Outcome Mortality: 37 (48.7%)

Abbreviations: DM= Diabetes Mellitus; NS=Not Specified; OCS = Orbital 
Compartment Syndrome; FESS= Functional Endoscopic Sinus Surgery.
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Table 2 - The patients’ baseline characteristics and symptoms.

Authors Description of the patients and presenting symptoms

Garg et al. [4] 55Y/M presented with productive cough

Mehta et al. [5] 60Y/M presented with swelling of eyelids & proptosis

Werthman-Ehrenreich [6] 33Y/F presented with cough, dyspnea, altered mental status

Mekonnen ZK [7] 60Y/M presented with proptosis

Monte Junior ESD et al. [8] 86Y/M presented with melena

Alekseyev et al. [9] 41Y/ M presented with black eschar on the palate

Selarka et al. [10] 42Y/M presented with headache, toothache, black discharge from nostril

Pasero et al. [11] 66Y/M had worsening dyspnea & pulmonary infiltrates

Salomon Waizel-Haiat et al. [12] 24Y/F had mid-facial pain, lid swelling & maxillary hypoesthesia

Veisi et al. [13] 2 cases, aged 40 & 54Y, one male & female, presented with orbital pain & visual loss

Maini A et al. [14] 38Y/M presented with pain, swelling of left eye, proptosis

Saldanha M et al. [15] 32Y/F presented with ptosis and facial pain

Karimi-Galougahi M et al. [16] 61Y/F presented with hemifacial pain

Johnson AK et al. [17] 71Y/M presented with fevers and shock

Placik DA et al. [18] 49 Y/M presented with worsening dyspnea

Revannavar SM et al. [19] Middle aged F presented with ptosis, facial pain and fever

Krishna V et al. [20] 22Y/M was diagnosed at autopsy

Meshram HS et al. [21] 2 cases, males, aged 25 & 47Y, presented with fever, cough, black sputum & headache

Arana C et al. [22] 2 cases, aged 62 & 48Y, males, presented with headache, fever, leg pain & swelling

Jain M et al. [23] 57 Y/F presented with abdominal pain, distention & constipation

Rao R et al. [24] 66 Y/M presented with headache, periorbital pain & loss of vision

Zurl C et al. [25] 53Y/M presented with fever & respiratory distress

Khatri A et al. [26] 68Y/M presented with a fluctuant swelling in axilla

Bellanger et al. [27] 55Y/M presented with fever and respiratory distress

Saidha PK et al. [28] 6 cases, aged 29-68Y, M: 4 F: 2, presented with facial pain, swelling,  
headache were presenting complains

Kanwar A et al. [29] 56Y/M presented with fatigue, shortness of breath, and hemoptysis

Ashour MM et al. [30] 8 Cases, aged 41-67 Y, M: 5, F: 3, presented with eyelid edema, proptosis, drop of vision

Sai Krishna D et al. [31] 2 Cases, men, 34Y & 50Y, presented with facial pain & swelling

Nehara HR et al. [32] 5 cases, aged 52-70Y, F: 2, M: 3, presented with headache, visual loss,  
bloody nasal discharge, ptosis

Sen M et al. [33] 6 cases, aged 46-73Y, all were men, presented with pain, redness, periocular swelling, 
ptosis & proptosis

Moorthy A et al. [34] 18 cases, aged: 35-73Y, M: 15, F: 3

Dallalzadeh e al. [35] 2 cases, 36 & 48Y, males, presented with periorbital edema & facial swelling

Buil JB et al. [36] 4 cases, ages ranging late 50s to early 70s, all were men. Presented with fever,  
dyspnea, loss vision & eye swelling

Pakdel F et al. [37] 15 Cases were reported, aged 32-71Y, M: 12, F: 3, Headache, unilateral facial swelling  
& pain, eyelid edema, ptosis, proptosis, acute vision loss were the presenting symptoms

Sarkar S et al. [38] 10 cases. aged: 23-67Y, M: 8, F: 2.

Bayram et al. [39] 11 Cases, aged 61-88 Y, M: 9, F: 2. Presented with pain, proptosis and visual loss

Abbreviations: M; Male, F: Female, Y: Years
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out of 10 cardiac disease patients were reported to 
have cardiomyopathy. A total of 8 patients (7.6%) 
were on chronic immunosuppressive therapy (ex-
cluding steroids that were prescribed to treat CO-
VID-19) and 7 patients (6.7%) had haematological 
malignancies. Seven patients (6.7%) had a history 
of transplants and kidney transplantation was the 
most common among them. Asthma and obesity 
were present in 4 (3.8%) patients each. 
Eighty patients (91.9%) had received some form 
of steroids to treat COVID-19 infection, 55.2% of 
these patients had received dexamethasone be-
fore the diagnosis of mucormycosis. Treatment 
with remdesivir and antibacterial therapy were 
reported in 19 (21.8%) and 15 (17.2%) patients re-
spectively. A total of 10 patients (11.5%) had re-
ceived tocilizumab.

Clinical characteristics
Orbital symptoms such as orbital swelling, pain, 
proptosis, ptosis were the most common present-
ing symptoms that lead to the diagnosis of mu-
cormycosis. Visual complaints such as decreased 
or loss of vision, blurry or double vision were 
seen in 49.3% of patients. Peri-orbital/facial pain 
and headache were seen in 36 (46.8%) and 15 
(19.5%) patients respectively. Other symptoms in-
clude nasal discharge, nasal crusts, palate necro-
sis. Cough (3.9%), hemoptysis (1.3%), and wors-
ening dyspnea (9.1%) were seen in patients with 
pulmonary mucormycosis. Abdominal pain and 
distention were presenting symptoms in a patient 
with mesenteric mucormycosis.
In this review, we found that sinuses were the 
most common site of mucormycosis in COVID-19 
patients at 79.4% with maxillary sinus (47.4%) 
being most commonly infected followed by eth-
moid (45.4%) and sphenoid sinuses (25.8%). Or-
bits were the second most prevalent site of infec-
tion at 56.7 % and nasal mucosa was involved 
in 16 patients (16.5%). Lungs were infected with 
mucor at 11.3%. Disseminated mucormycosis was 
reported in two cases (2.06%) and one case of gas-
tric mucormycosis was found in 1 patient (1.03%). 
Skin involvement was seen in a patient who pre-
sented with a fluctuant axillary lump. Another 
case described a case of mucormycosis involving 
muscle after he was diagnosed with compartment 
syndrome of a leg. The mean duration between 
the diagnosis of COVID-19 diagnosis and mucor-
mycosis was 16.15 days (range 2-90 days).

Complications and outcomes
Cavernous sinus was either infiltrated or encased 
in 14 patients (14.4%). Cerebral involvement was 
seen in terms of abscess, infarcts, or edema in 12 
patients (12.4%). The most common treatment 
that was given in COVID-19 patients diagnosed 
with mucormycosis was amphotericin B (85.9%). 
Only 76 patients had data on the outcomes, out of 
which 37 (48.7%) patients had died.

n DISCUSSION

Mucormycosis is an opportunistic fungal infec-
tion that typically affects immunocompromised 
patients, and particularly patients with uncon-
trolled diabetics mellitus. The fungi that cause 
mucormycosis belong to the order Mucorales: 
Rhizopus, Mucor, Rhizomucor, Cunninghamella, and 
Absidia. Broad, irregularly branched with rare 
septations are seen on microscopy. These fungi 
are ubiquitously found everywhere particularly 
in soil and decaying vegetations and are rou-
tinely exposed to humans without causing any 
infections. Traditional risk factors that increase 
the chances of acquiring mucormycosis include 
diabetes mellitus, haematological malignancies, 
stem cell transplant, organ transplant, iron over-
load, treatment with deferoxamine, malnutrition, 
burns, extensive use of broad-spectrum antibiot-
ics, critical care admissions [40]. These fungi are 
angioinvasive and cause thrombosis with the 
death of affected tissues.
Rhino-orbital-cerebral mucormycosis is the most 
commonly observed manifestation, followed by 
cutaneous and pulmonary mucormycosis. In a 
susceptible individual, mucormycosis is caused 
by the inhalation of spores and typically starts 
with acute sinusitis. Symptoms such as facial 
pain, nasal discharge, headache, fever, or nasal 
congestion may develop. The infection is typical-
ly aggressive involving adjacent structures caus-
ing necrosis of palate, turbinates, and other nasal 
structures. Orbital involvement can lead to visual 
loss, proptosis, orbital pain, discharge, and peri-
orbital edema. Involvement of vascular structures 
such as carotid artery and cavernous sinus can 
also occur. 
Fever and haemoptysis develop when pneumonia 
sets in with the inhalation of these fungal spores 
causing pulmonary infarction. Cutaneous mu-
cormycosis is seen with the inoculation of fungal 
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spores in the skin and subcutaneous tissue after 
major or minor trauma in a susceptible individ-
ual. Oral ingestion of spores can lead to necrotic 
ulcers, perforation, peritonitis, bowel infarction 
leading to abdominal pain, and haematemesis. 
Central nervous system can be involved with the 
contiguous spread from a sinus infection. Hae-
matological malignancies are associated with an 
increased risk of a disseminated form of mucor-
mycosis while a history of solid organ transplan-
tation was associated with a higher risk of pul-
monary and gastrointestinal manifestations of 
mucormycosis [41].
Endoscopic evaluation of sinuses and biopsies of 
involved sinuses and necrotic tissues is necessary 
to establish a diagnosis. Histopathological exami-
nation of broad, aseptate hyphae using calcofluor 
white and methenamine silver stains is confirma-
tory. Control or elimination of predisposing fac-
tors, antifungal therapy, and surgical therapy are 
the core aspects of treating mucormycosis. Lipo-
somal amphotericin B is the initial drug of choice 
and is recommended at a dose of 5-10 mg/kg per 
day [42]. A dose of 3 mg/kg/day was also found 
to be equally effective in a randomized control 
trial [43]. Posaconazole and isavuconazole are 
typically used as step-down therapy after sev-
eral weeks of treatment with amphotericin B or 
salvage therapy. Debridement of involved tissues 
can be extensive and disfiguring but are life-sav-
ing. Overall, the mortality rate varies from 31% 
to 96% with the highest among the disseminated 
form of mucormycosis.
In our systematic review, similar to non-COV-
ID-19 patients, diabetes mellitus was found to be 
the predominant co-morbidity among COVID-19 
patients with mucormycosis. During the pre-pan-
demic era, the prevalence of diabetes mellitus in 
patients with mucormycosis was found to be 40% 
in a systematic review of 851 patients by Jeong et 
al. [44]. In our review, the prevalence of diabetes 
mellitus among COVID-19 patients with mucor-
mycosis was much higher, i.e. 77.1%. 
As shown in Table 1, more than 90% of patients 
had received some form of steroids before the 
diagnosis of mucormycosis. Steroids have likely 
increased the risk of diabetic patients acquiring 
this opportunistic infection among COVID-19 
patients. Steroids elevate blood sugar level which 
in turn causes glycosylation of transferrin and 
ferritin, decreases binding to iron and thereby 

increasing the amount of free iron. This, along 
with acidosis resulting from diabetic ketoacido-
sis, facilitates the germination of mucor spores. 
Suppression of phagocytic activity of leucocytes 
resulting from the steroids is also implicated in 
the pathogenesis [45]. Hypertension and cardiac 
disease were reported in nearly one-third and 
one-tenth of the cases respectively, but their role 
in the pathogenesis is unclear.
In our review, we also noted that mucormycosis 
was found in previously immunocompetent pa-
tients who were diagnosed with COVID-19 in-
fection. This implies that different mechanisms 
do exist other than the already known ones and 
supports the concept of COVID-19 related immu-
nosuppression in the pathogenesis of mucormy-
cosis. Lymphopenia, suppression of CD4+ and 
CD8+ T-lymphocytes, and immune dysfunction 
are seen in COVID-19 infection. Endotheliatis, 
thrombosis, up-regulation of GRP 78 (glucose re-
ceptor protein -78), a receptor that facilitates fun-
gal invasion, fungal ligand spore coating homolog 
(CotH) protein facilitating fungal angioinvasion, 
hepcidin activation by SARS-CoV-2 glycoprotein 
leading to dysregulation of iron homeostasis and 
iron overload are some of the other mechanisms 
that explain the increased predisposition of CO-
VID-19 patients to mucormycosis [45, 46].
Complications associated with COVID-19 pa-
tients were not uncommon. Vascular involvement 
such as cavernous sinus encasement, infiltration, 
thrombosis, vasculitis of the internal carotid ar-
tery was seen. Haematological dissemination to 
the brain with the development of the cerebral 
abscess and acute infarcts were also reported. 
Other complications included orbital compart-
ment syndrome and or optic neuritis/optic nerve 
infiltration. Liposomal amphotericin B was the 
most common drug used in the treatment of mu-
cormycosis among COVID-19 patients followed 
by posaconazole. Interestingly, the broad-spec-
trum antibacterial therapy was continued despite 
no evidence of bacterial infection in nearly 10% of 
the cases. Flexible endoscopic sinus surgery and 
debridement were the most common surgery per-
formed and orbital exenteration was done in 13 
patients (14.1%). 
A high mortality rate was observed in this study 
at 48.7% among COVID-19 patients. This also re-
iterates the deadly nature of this fungal infection. 
The high mortality could also be partly explained 
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by the severity of the patients, poor availability of 
the antifungals, and saturated healthcare resourc-
es in developing countries during the second 
wave of the COVID-19 pandemic, where most of 
the cases were concentrated.
There are several limitations of this systematic re-
view. About ten patients did not have details on 
co-morbid conditions. Similarly, a case series of 
eighteen patients did not have extensive granular 
details on the presentation and complications. It is 
also possible that the patients who presented are 
not aware of their status of immunosuppression 
and hence may not be reported. Further, the cases 
of mucormycosis may be underdiagnosed due to 
diagnostic challenges resulting from a decrease in 
specimen processing centers to avoid exposure to 
SARS-CoV-2.
In conclusion, in this systematic review, we found 
that diabetes mellitus is still the most common 
co-morbidity. More than 90% of the patients with 
COVID-19 infection had received steroids. Indis-
criminate use of steroids in patients needs to be 
avoided and focus needs to be put on tight blood 
sugar control in diabetic patients. Complications 
such as cavernous sinus thrombosis, cerebral in-
farcts, and abscesses were common. Despite ad-
vances in medical and surgical treatment options, 
the mortality rate was significantly higher in 
these patients. Studies are needed to confirm the 
role of the SARS-CoV-2 virus in causing immune 
dysfunction and mucormycosis.
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