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Abstract
Background: COVID- 19 patients, especially the patients requiring hospitalisation, 
have a high risk of several complications such as opportunistic bacterial and fungal in-
fections. Mucormycosis is a rare and opportunistic fungal infection that mainly affects 
diabetic and immunocompromised patients. An increase has been observed in the 
number of rhino- orbital mucormycosis in patients with COVID- 19 admitted to Imam 
Khomeini Hospital, Kermanshah, Iran, since October 2020. This is a report of the 
frequency, risk factors, clinical manifestations, treatment and prognosis of COVID- 19 
associated with mucormycosis infection.
Methods: The medical records of COVID- 19 patients with rhino- orbital mucormycosis 
who were diagnosed in an educational therapeutic hospital in Kermanshah, west of 
Iran were surveyed. Several parameters were analysed including demographic, clini-
cal, therapeutic and laboratory characteristics.
Results: Twelve patients with COVID- 19– associated rhino- orbital mucormycosis 
were identified from 12 October to 18 November 2020. All cases reported as proven 
mucormycosis had a history of hospitalisation due to COVID- 19. Comorbidities 
mainly included diabetes mellitus (83.33%) and hypertension (58.33%). Seventy- five 
per cent of patients received corticosteroids for COVID-  19 treatment. The sites of 
involvement were rhino- sino- orbital (83%) and rhino- sino (17%). Amphotericin B/
liposomal amphotericin B alone or in combination with surgical debridement or or-
bital exenteration was used as the first- line therapy. The overall mortality rate was 
66.7% (8/12).
Conclusions: We found a high incidence of mucormycosis among COVID- 19 pa-
tients. Diabetes mellitus and corticosteroid use were the dominant predisposing fac-
tor of mucormycosis. Mucormycosis is a life- threatening and opportunistic infection; 
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1  |  INTRODUC TION

A novel coronavirus known as severe acute respiratory syndrome 
coronavirus 2 (SARS- CoV- 2, also called COVID- 19) emerged in 
Wuhan, China, in December 2019, which spread rapidly across the 
world. Although COVID- 19 associated mortality mainly occurs in 
older age groups (>65) and in patients with underlying diseases,1 
fungal co- infection remains as a life- threatening condition for these 
patients.2 COVID- 19 patients are susceptible to opportunistic fun-
gal infections due to undefined pharmacological treatment, inten-
sive care units (ICU) hospitalisation, need for invasive or noninvasive 
ventilation and administration of broad- spectrum antibiotics, cor-
ticosteroid use or pre- existing conditions.3 A review study found 
bacterial/fungal co- infection in 62/806 (8%) of COVID- 19 patients.4 
Available guidelines for prevention and control of COVID- 19 mainly 
focus on the prevention and management of disease spread, and lit-
tle attention is paid to bacterial and fungal infections.

Mucormycosis is a rare but serious infection caused by fungi 
in the order Mucorales, particularly Rhizopus and Mucor species 
while another includes Apophysomyces, Rhizomucor, Cunninghamella, 
Lichtheimia, Cokeromyces and Saksenaea.5 They release their spores 
and are easily aerosolised and dispersed in the environment. The 
predisposing factors for developing mucormycosis include uncon-
trolled diabetes mellitus, haematologic malignancies, immunosup-
pression, solid organ and bone marrow transplantation, long- term 
treatment with corticosteroids, and extensive burns or major 
trauma.6 Due to its high mortality and morbidity, early diagnosis and 
treatment are crucial.7 However, mucormycosis is rare, even among 
individuals with the highest risk. Recently, a few studies from dif-
ferent countries have reported COVID- 19– associated mucormycosis 
infection.8,9

Since the diagnosis of the first COVID- 19 case in Iran on 10 
March 2020, the number of confirmed cases has increased to 1.7 
million and 61,300 patients have died (as of 15 March 2021). Iran has 
experienced one of the worst COVID- 19 outbreaks in the world, and 
the emergence of COVID- 19 may be one of the biggest challenges of 
the century for the society and healthcare system and social in Iran. 
Despite promising preventive measures, the third wave of infection 
occurred in early September 2020 in Iran, which subsided down 
after four difficult months in the late 2020. During the third wave of 
the disease, an increase was observed in rhino- orbital mucormycosis 
cases in Imam Khomeini Hospital, Kermanshah, Iran. This is a report 
of the frequency and predisposing factors, clinical manifestations, 
treatment and prognosis of rhino- orbital mucormycosis in COVID- 19 
patients.

2  |  METHODS

A retrospective observational study was conducted on all rhino- 
orbital mucormycosis patients with a previous history of COVID- 19 
infection at Imam Khomeini Hospital, Kermanshah, Iran, during a 
two- month period from 12 October to 18 November 2020. This 
hospital is only referral centre for ophthalmology and ears, nose and 
throat (ENT) care in Kermanshah Province. Patients from different 
parts of the province are mostly referred to this hospital for the di-
agnosis and treatment of ophthalmology and ENT diseases.

According to guidelines issued by the WHO, COVID- 19 patients 
were classified as suspect, probable or confirmed. Briefly, the sus-
pected case of COVID- 19 is defined as having symptoms such as 
fever, cough or acute respiratory illness. Probable case defined as a 
suspected case plus chest imaging showing findings of COVID- 19 dis-
ease. Confirmed cases defined as individuals with a positive real- time 
RT- PCR test or nucleic acid sequencing for the SARS- CoV- 2 virus 
based on patients’ a nasopharyngeal swab samples and/or a compat-
ible chest CT scan. Our study included all patients diagnosed with 
COVID- 19 who received treatment related to the COVID- 19. The 
medical records of patients referred to the hospital were reviewed 
to find patients who suffered from rhino- orbital mucormycosis and/
or underwent surgical operation. Data including demographic char-
acteristics, laboratory data, imaging findings, operative reports, 
COVID- 19 treatment, morbidity and mortality were collected from 
the medical records of the patients. Diagnosis of mucormycosis was 
first made based on history, clinical assessment and imaging. Then, 
according to the revised definitions of invasive fungal disease (IFD) 
of the European Organization for Research and Treatment of Cancer/
Mycosis Study Group (EORTC/MSG), a diagnosis of mucormycosis 
was proved when histopathologic and/or direct microscopic exam-
ination of the sterile specimen showed non- septate, ribbon- like, wide 
hyphae with right- angle branching (Figure 1).10

The IBM® SPSS® statistical software version 24.0 (SPSS Inc) 
was used for data analysis. Quantitative variables are presented as 
mean ± standard deviation (SD), and qualitative variables such as 
gender, comorbidities, mortality, and complications are expressed as 
number and percentage.

3  |  RESULTS

During the study period, rhino- orbital mucormycosis was clini-
cally diagnosed in 14 patients, of whom two were excluded from 
the study due to their critical condition that made it impossible to 
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therefore, physicians should know the signs and symptoms of the disease so that a 
timely diagnosis and therapy can be performed.
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perform an imaging or a tissue biopsy for histopathological con-
firmation of mucormycosis. The patients presented with following 
signs and symptoms: headache, facial cellulitis, maxillary sinusitis, 
rhinorrhea, periorbital and retro- orbital pain, proptosis, restriction 
of eye movements, loss of vision, etc (Figure 2A– C). Demographic 
and clinical characteristics of the patients are presented in 
Table 1. The mean age of the patients with COVID- 19– associated 

rhino- orbital mucormycosis was 62.08 ± 11.75 years (median age: 
60, IQR: 12, range: 46– 87), and the majority of the patients were 
female (58.33%). The most common underlying condition was dia-
betes (83.33%) followed by hypertension (58.33%), ischaemic heart 
disease (33.33%) and chronic kidney disease (16.66%).

Our four patients developed acute- onset diabetes during SARS- 
CoV- 2 infection. The sites of involvement were rhino- sino- orbital 
(83%) and rhino- sino (17%). All cases reported as proven mucormy-
cosis had a history of hospitalisation due to COVID- 19. Seventy- five 
per cent of patients received corticosteroids for COVID- 19 treat-
ment (detailed information on COVID- 19 care was not available for 
cases 2, 3 and 7). The mean time from COVID- 19 to colonisation was 
25.66 ± 12.84 days. Amphotericin B/liposomal amphotericin B alone 
or in combination with surgical debridement or orbital exenteration 
was used as the first- line therapy (Figure 2D– F). The mean time from 
admission to beginning the antifungal therapy was 1.9 ± 1.7 days 
(range from 1 to 6 days). Paranasal sinuses- computed tomography 
(PNS- CT) scans were obtained for all patients, and magnetic reso-
nance imaging (MRI) was done when orbital or intracranial involve-
ment was suspected. Of our patient, 50% (6/12) had raised levels 
of lactate dehydrogenase. Laboratory findings of the COVID- 19 pa-
tients with rhino- orbital mucormycosis on admission are presented 

F I G U R E  1  Histopathology section showing rectangular- shaped 
aseptate hyphae (haematoxylin and eosin stain × 100)

F I G U R E  2  Clinical presentations 
and CT scan images of mucormycosis in 
COVID- 19 patients. A Necrotic of plate. 
B and C Conjunctival chemosis, proptosis 
and periorbital oedema of left eye. D 
Orbital exenteration for preventing spread 
to the CNS. E CT scan image showing the 
involvement of paranasal sinuses. F CT 
scan image showing the involvement of 
left eye

(A)

(C) (D)

(E) (F)

(B)
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TA B L E  1  Characteristics of patients co- infected with mucormycosis and coronavirus disease 2019 (COVID- 19)

Cases
Age/
sex Comorbidities

Diagnosis of 
COVID- 19

Anti- viral/
immunomodulator 
treatment for COVID- 19

In- hospital 
corticosteroid 
treatment for 
COVID- 19

Antibiotic 
treatment for 
COVID- 19

ICU administration  
due to COVID- 19

Duration from  
COVID- 19 to  
mucormycosis

Duration 
from 
symptom 
to 
admission 
(days) Clinical finding

Radiological
findings

Site of 
infection

Mycological criteria

Antifungal /
surgical therapy

Duration 
of 
admission 
(days) OutcomePCR CT scan Smear Pathology

1 F/59 Asthma, DM, HTN Negative NA Interferon beta- 1a, 
sofosbuvir + daclatasvir, 
remdesivir

DEX(QID) (8 mg for 4 
days),

mPSL (500 mg 
daily for 4 days), 
subsequent,

mPSL(BD) (500 mg for 
4 days)

NO Yes 30 3 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements and 
rapid vision loss, 
proptosis

General symptoms: 
headache, lethargy

Facial symptoms: - 
Nasal symptoms: 

rhinorrhea and 
epistaxis

CT Scan: 
pereorbital 
edema, 
protrusion of 
the eye globe, 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(pansinusitis)

Rhino- sino-  
orbital

■ ■ Debridement (1 
time), FESS, 
amphotericin 
B liposomal

3 Died

2* M/64 IHD, guillain- barré 
syndrome

Positive Positive NA NA NA NA 50 3 General symptoms: 
headache, lethargy

Facial symptoms: 
numbness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses, sinus 
opacification

Rhino- sino ■ ■ Debridement (5 
times), FESS, 
amphotericin 
B liposomal

28 Alive

3* M/65 New onset DM, 
HTN, IHD

Negative Positive NA NA NA NA 15 3 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
proptosis, restriction 
of eye movements 
and rapid vision loss

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(maxillary, 
ethmoid, 
sphenoid), 
orbital fat 
stranding, 
increasing the 
thickness of 
the extraocular 
muscles

Rhino- sino-  
orbital

■ ■ Debridement 
(5 times), 
exenteration 
eye right, 
amphotericin 
B liposomal

14 Died

4 F/67 New onset 
DM, asthma, 
rheumatoid 
arthritis, 
hypothyroidism

Positive Positive Remdesivir, sofosbuvir + 
daclatasvir, interferon 
beta- 1a

DEX (BD) (8 mg for 5 
days), DEX(TDS) (8 
mg for 6 days)

Meropenem, 
vancomycin

Intubation 18 1 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
proptosis, restriction 
of eye movements 
and rapid vision loss

General symptoms: 
headache, lethargy

Facial symptoms: 
numbness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(maxillary, 
ethmoid, 
sphenoid), 
increase in 
thickness in 
the left rectus 
medial muscle

Rhino- sino-  
orbital

■ ■ Debridement (1 
time), FESS, 
amphotericin 
B liposomal

3 Died

5 F/79 IHD Positive Positive No First admission: DEX 
(BD) (4 mg for 4 
days)

second admission: 
PSL (40 mg daily 
for 4 days)

Vancomyci, 
meropenem

No 29 3 Ocular symptoms: 
periorbital and 
retro- orbital 
pain, proptosis, 
eyelidedema, 
restriction of eye 
movements and 
rapid vision loss

General symptoms: 
headache, lethargy

Facial symptoms: 
numbness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(maxillary, 
ethmoid, 
sphenoid)

Rhino- sino-  
orbital

■ ■ Debridement 
(1 time), 
amphotericin 
B liposomal

3 Died
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TA B L E  1  Characteristics of patients co- infected with mucormycosis and coronavirus disease 2019 (COVID- 19)

Cases
Age/
sex Comorbidities

Diagnosis of 
COVID- 19

Anti- viral/
immunomodulator 
treatment for COVID- 19

In- hospital 
corticosteroid 
treatment for 
COVID- 19

Antibiotic 
treatment for 
COVID- 19

ICU administration  
due to COVID- 19

Duration from  
COVID- 19 to  
mucormycosis

Duration 
from 
symptom 
to 
admission 
(days) Clinical finding

Radiological
findings

Site of 
infection

Mycological criteria

Antifungal /
surgical therapy

Duration 
of 
admission 
(days) OutcomePCR CT scan Smear Pathology

1 F/59 Asthma, DM, HTN Negative NA Interferon beta- 1a, 
sofosbuvir + daclatasvir, 
remdesivir

DEX(QID) (8 mg for 4 
days),

mPSL (500 mg 
daily for 4 days), 
subsequent,

mPSL(BD) (500 mg for 
4 days)

NO Yes 30 3 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements and 
rapid vision loss, 
proptosis

General symptoms: 
headache, lethargy

Facial symptoms: - 
Nasal symptoms: 

rhinorrhea and 
epistaxis

CT Scan: 
pereorbital 
edema, 
protrusion of 
the eye globe, 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(pansinusitis)

Rhino- sino-  
orbital

■ ■ Debridement (1 
time), FESS, 
amphotericin 
B liposomal

3 Died

2* M/64 IHD, guillain- barré 
syndrome

Positive Positive NA NA NA NA 50 3 General symptoms: 
headache, lethargy

Facial symptoms: 
numbness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses, sinus 
opacification

Rhino- sino ■ ■ Debridement (5 
times), FESS, 
amphotericin 
B liposomal

28 Alive

3* M/65 New onset DM, 
HTN, IHD

Negative Positive NA NA NA NA 15 3 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
proptosis, restriction 
of eye movements 
and rapid vision loss

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(maxillary, 
ethmoid, 
sphenoid), 
orbital fat 
stranding, 
increasing the 
thickness of 
the extraocular 
muscles

Rhino- sino-  
orbital

■ ■ Debridement 
(5 times), 
exenteration 
eye right, 
amphotericin 
B liposomal

14 Died

4 F/67 New onset 
DM, asthma, 
rheumatoid 
arthritis, 
hypothyroidism

Positive Positive Remdesivir, sofosbuvir + 
daclatasvir, interferon 
beta- 1a

DEX (BD) (8 mg for 5 
days), DEX(TDS) (8 
mg for 6 days)

Meropenem, 
vancomycin

Intubation 18 1 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
proptosis, restriction 
of eye movements 
and rapid vision loss

General symptoms: 
headache, lethargy

Facial symptoms: 
numbness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(maxillary, 
ethmoid, 
sphenoid), 
increase in 
thickness in 
the left rectus 
medial muscle

Rhino- sino-  
orbital

■ ■ Debridement (1 
time), FESS, 
amphotericin 
B liposomal

3 Died

5 F/79 IHD Positive Positive No First admission: DEX 
(BD) (4 mg for 4 
days)

second admission: 
PSL (40 mg daily 
for 4 days)

Vancomyci, 
meropenem

No 29 3 Ocular symptoms: 
periorbital and 
retro- orbital 
pain, proptosis, 
eyelidedema, 
restriction of eye 
movements and 
rapid vision loss

General symptoms: 
headache, lethargy

Facial symptoms: 
numbness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(maxillary, 
ethmoid, 
sphenoid)

Rhino- sino-  
orbital

■ ■ Debridement 
(1 time), 
amphotericin 
B liposomal

3 Died

(Continues)
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Cases
Age/
sex Comorbidities

Diagnosis of 
COVID- 19

Anti- viral/
immunomodulator 
treatment for COVID- 19

In- hospital 
corticosteroid 
treatment for 
COVID- 19

Antibiotic 
treatment for 
COVID- 19

ICU administration  
due to COVID- 19

Duration from  
COVID- 19 to  
mucormycosis

Duration 
from 
symptom 
to 
admission 
(days) Clinical finding

Radiological
findings

Site of 
infection

Mycological criteria

Antifungal /
surgical therapy

Duration 
of 
admission 
(days) OutcomePCR CT scan Smear Pathology

6 F/58 New onset DM, 
HTN

Positive Positive Remdesivir, sofosbuvir + 
daclatasvir, Interferon 
beta- 1a

DEX (BD) (8 mg for 
6 days)

Imipenem, 
vancomycin

No 8 1 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements, rapid 
vision loss

General symptoms: 
headache

Facial symptoms: 
numbness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses

(maxillary, 
ethmoid, 
sphenoid)

Rhino- sino-  
orbital

■ ■ Debridement 
(1 time), 
exenteration 
eye, 
amphotericin 
B liposomal

15 Alive

7 F/61 Controlled DM Positive Positive NA NA NA No 14 7 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements and 
rapid vision loss

General symptoms: 
headache, lethargy

Facial symptoms: 
numbness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(maxillary, 
ethmoid, 
sphenoid)

MRI: cavernous 
and selatorcia 
dilatation, 
which suggests 
cavernous 
sinus 
thrombosis

Rhino- sino-  
orbital

■ ■ Debridement 
(2 times), 
amphotericin 
B

18 Died

8 F/46 DM, HTN Positive Positive Remdesivir, 
sofosbuvir+daclatasvir, 
interferon beta- 1a

DEX (BD) (8 mg for 
6 days)

Ceftriaxone No 16 6 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements and 
rapid vision loss

General symptoms: 
headache, lethargy

Facial symptoms: 
numbness weakness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(maxillary, 
ethmoid, 
sphenoid)

Rhino- sino-  
orbital

■ ■ Debridement(2 
times), FESS, 
amphotericin 
B liposomal

30 Died

9 M/87 Controlled DM, 
HTN

Negative Positive Sofosbuvir+daclatasvir, 
Interferon beta- 1a

DEX (the dosage is 
not available)

Imipenem, 
vancomycin, 
ceftriaxone

No 30 4 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements and 
rapid vision loss

General symptoms: 
headache, lethargy

Facial symptoms: 
numbness weakness

Nasal symptoms: 
rhinorrhea, epistaxis

CT Scan: 
soft- tissue 
thickness along 
the maxillary 
sinuses, left 
eye proptosis, 
hazines and 
stranding in 
retrobulbar 
space

Rhino- sino-  
orbital

■ ■ Debridement (1 
time), FESS, 
exenteration 
eye left, 
amphotericin 
B liposomal

11 Died

TA B L E  1  (Continued)
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Cases
Age/
sex Comorbidities

Diagnosis of 
COVID- 19

Anti- viral/
immunomodulator 
treatment for COVID- 19

In- hospital 
corticosteroid 
treatment for 
COVID- 19

Antibiotic 
treatment for 
COVID- 19

ICU administration  
due to COVID- 19

Duration from  
COVID- 19 to  
mucormycosis

Duration 
from 
symptom 
to 
admission 
(days) Clinical finding

Radiological
findings

Site of 
infection

Mycological criteria

Antifungal /
surgical therapy

Duration 
of 
admission 
(days) OutcomePCR CT scan Smear Pathology

6 F/58 New onset DM, 
HTN

Positive Positive Remdesivir, sofosbuvir + 
daclatasvir, Interferon 
beta- 1a

DEX (BD) (8 mg for 
6 days)

Imipenem, 
vancomycin

No 8 1 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements, rapid 
vision loss

General symptoms: 
headache

Facial symptoms: 
numbness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses

(maxillary, 
ethmoid, 
sphenoid)

Rhino- sino-  
orbital

■ ■ Debridement 
(1 time), 
exenteration 
eye, 
amphotericin 
B liposomal

15 Alive

7 F/61 Controlled DM Positive Positive NA NA NA No 14 7 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements and 
rapid vision loss

General symptoms: 
headache, lethargy

Facial symptoms: 
numbness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(maxillary, 
ethmoid, 
sphenoid)

MRI: cavernous 
and selatorcia 
dilatation, 
which suggests 
cavernous 
sinus 
thrombosis

Rhino- sino-  
orbital

■ ■ Debridement 
(2 times), 
amphotericin 
B

18 Died

8 F/46 DM, HTN Positive Positive Remdesivir, 
sofosbuvir+daclatasvir, 
interferon beta- 1a

DEX (BD) (8 mg for 
6 days)

Ceftriaxone No 16 6 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements and 
rapid vision loss

General symptoms: 
headache, lethargy

Facial symptoms: 
numbness weakness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(maxillary, 
ethmoid, 
sphenoid)

Rhino- sino-  
orbital

■ ■ Debridement(2 
times), FESS, 
amphotericin 
B liposomal

30 Died

9 M/87 Controlled DM, 
HTN

Negative Positive Sofosbuvir+daclatasvir, 
Interferon beta- 1a

DEX (the dosage is 
not available)

Imipenem, 
vancomycin, 
ceftriaxone

No 30 4 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements and 
rapid vision loss

General symptoms: 
headache, lethargy

Facial symptoms: 
numbness weakness

Nasal symptoms: 
rhinorrhea, epistaxis

CT Scan: 
soft- tissue 
thickness along 
the maxillary 
sinuses, left 
eye proptosis, 
hazines and 
stranding in 
retrobulbar 
space

Rhino- sino-  
orbital

■ ■ Debridement (1 
time), FESS, 
exenteration 
eye left, 
amphotericin 
B liposomal

11 Died

(Continues)
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in Table 2. The overall mortality rate of COVID- 19 patients with 
rhino- orbital mucormycosis was 66.7% (8 out of 12 cases).

4  |  DISCUSSION

Although the prevalence of bacterial or fungal co- infections in 
COVID- 19 patients has been reported in many studies, our knowl-
edge of mucormycosis secondary infection among patients with 
COVID- 19 is limited. Ahmadikia et al11 recently reviewed eight 
cases of COVID- associated mucormycosis. Also, Moorthy et al8 in 
a multi- centric study reported 18 patients of COVID- associated 
mucormycosis in India. During our 2 months study, 12 patients with 
COVID- 19– associated rhino- orbital mucormycosis were identified 

upon histopathological confirmation and they all had a history 
of hospitalisation due to COVID- 19. According to Iran's national 
guideline for SARS- CoV- 2, only patients with moderate to severe 
COVID- 19 (oxygen saturation (SaO2) of 93% or less in the ambient 
air and/or an absolute lymphocyte count of <1100/μl) were admit-
ted to the hospital.

The patients in the present study were slightly older (mean 
age ± SD: 62.08 ± 11.75 years) compared to COVID- 19 patients with 
mucormycosis in a systematic review of the literature.9 The mean age 
61.6 years, 51.7 years and 45 years reported in different studies.12– 14 
Our findings are not surprising since older individuals are more sus-
ceptible to SARS- CoV- 2 and have a higher risk of hospitalisation.15

The majority of the cases in this study were female, which was 
consistent with a study by Dolatabadi et al16 However, Ahmadikia 

Cases
Age/
sex Comorbidities

Diagnosis of 
COVID- 19

Anti- viral/
immunomodulator 
treatment for COVID- 19

In- hospital 
corticosteroid 
treatment for 
COVID- 19

Antibiotic 
treatment for 
COVID- 19

ICU administration  
due to COVID- 19

Duration from  
COVID- 19 to  
mucormycosis

Duration 
from 
symptom 
to 
admission 
(days) Clinical finding

Radiological
findings

Site of 
infection

Mycological criteria

Antifungal /
surgical therapy

Duration 
of 
admission 
(days) OutcomePCR CT scan Smear Pathology

10** F/54 DM, kidney 
transplantation, 
CKD, HTN

Positive NA Interferon beta- 1a, 
intravenous 
immunoglobulin

First admission: DEX 
(4 mg daily for 4 
days), PSL (100 mg 
daily for 4 days),

second admission: 
DEX (BD) (4 mg for 
6 days), DEX(BD) 
(8 mg for 6 days), 
mPSL(QID) (300 
mg for 7 days)

Imipenem, 
amhotricin B, 
vancomycin, 
metronidazole, 
azithromycin

No 45 1 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements and 
slowly vision loss, 
ptosis

General symptoms: 
headache

Facial symptoms: - 
Nasal symptoms: - 

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(pansinusitis)

MRI: pan- 
sinusitis, a 
subprisute 
abscess 
near the left 
papillary lamina 
that extends 
into the orbital 
space, causing 
compression 
of the medial 
rectus muscle

Rhino- sino-  
orbital

■ ■ Debridement (3 
times), FESS,

amphotericin B 
liposomal

2 Alive

11 M/57 DM Positive Positive Favipiravir, 
sofosbuvir+daclatasvir

DEX(BD) (8 mg for 3 
days), subsequent, 
DEX (BD) (24 mg 
for 4 days), DEX 
(BD) (16 mg for 2 
days)

Amhotricin B No 33 2 Ocular symptoms: - 
General symptoms: - 
Facial symptoms: - 
Nasal symptoms: 

rhinorrhea, epistaxis

MRI: soft- tissue 
thickness along 
the paranasal 
sinuses 
(maxillary, 
ethmoid, 
sphenoid)

Rhino- sino ■ ■ Debridement (4 
times),

amphotericin B

22 Alive

12 M/48 DM, IHD, CKD, 
HTN

Positive Positive Interferon beta- 1a, 
remdesivir, 
sofosbuvir+daclatasvir

DEX (TDS) (8 mg for 3 
days), subsequent, 
DEX (BD) (8 mg for 
4 days),

mPSL(500 mg daily 
for 3 days)

Colchicin, linezolid Yes 20 10 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements, rapid 
vision loss

General symptoms: 
headache, lethargy

Facial symptoms: 
numbness, weakness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the maxillary 
sinuses, left 
eye proptosis, 
hazines and 
stranding in 
retrobulbar 
space

Rhino- sino-  
orbital

■ ■ Debridement (2 
times), FESS, 
exenteration 
eye left, 
amphotericin 
B liposomal

10 Died

Abbreviations: F, female; M, male; DM, diabetes mellitus; HTN, hypertension; IHD, ischemic heart disease; CKD, chronic kidney disease;  
FESS, functional endoscopic sinus surgery; DEX, dexamethason; mPSL, methylprednisolone; NA, not available.
*Cases 2 and 3 were hospitalized due to COVID- 19 in Tehran and Ilam provinces, respectively, and received COVID- 19 treatment there.;  
**The patient received prednisolone, tacrolimus and mycophenolic acid for renal transplantation.

TA B L E  1  (Continued)
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et al11 also studied COVID- 19 associated with mucormycosis infec-
tion and found different results. Although the prevalence of symp-
tomatic COVID- 19 is higher in men than in women, Iranian females 
have a higher prevalence of diabetes than men.,17,18 which could be 
a major predisposing factor for mucormycosis.

In the present study, the main risk factor associated with rhino- 
orbital mucormycosis infection was steroid therapy for COVID- 19 
(such as dexamethasone, prednisolone or hydrocortisone) as 75% 
patients received dexamethasone for COVID- 19 treatment (detailed 
information on COVID- 19 care was not available for cases 2, 3 and 
7). Dysregulated and excessive cytokine storm is a major cause of 
acute respiratory distress, multiple organ failure and thromboem-
bolic disease, which seriously threatens the life of the patients with 
COVID- 19.19Corticosteroids have unique advantages in inhibiting a 

broad range of inflammatory responses20; hence, they may be use-
ful for suppressing the cytokine storm in critically ill patients. The 
results of the RECOVERY trial showed that a moderate dose of 
dexamethasone (6 mg daily for 10 days) than the usual care reduced 
mortality in patients with COVID- 19 requiring invasive mechanical 
ventilation (29.3% vs. 41.4%; rate ratio, 0.64; 95% CI 0.51 to 0.81) 
as well as the patients using oxygen (23.3% vs. 26.2%; rate ratio, 
0.82; 95% CI 0.72 to 0.94).21 Considering these findings and similar 
reports,22 physicians tend to use dexamethasone to treat critically 
ill patients. Although the benefits of corticosteroid use have been 
reported in hospitalised patients with severe COVID- 19 infection, 
chronic corticosteroid use is known to be a risk factor for invasive 
fungal infection due to hyperglycaemia and dysfunction of mono-
cytes and neutrophils.23 Therefore, corticosteroid therapy could 

Cases
Age/
sex Comorbidities

Diagnosis of 
COVID- 19

Anti- viral/
immunomodulator 
treatment for COVID- 19

In- hospital 
corticosteroid 
treatment for 
COVID- 19

Antibiotic 
treatment for 
COVID- 19

ICU administration  
due to COVID- 19

Duration from  
COVID- 19 to  
mucormycosis

Duration 
from 
symptom 
to 
admission 
(days) Clinical finding

Radiological
findings

Site of 
infection

Mycological criteria

Antifungal /
surgical therapy

Duration 
of 
admission 
(days) OutcomePCR CT scan Smear Pathology

10** F/54 DM, kidney 
transplantation, 
CKD, HTN

Positive NA Interferon beta- 1a, 
intravenous 
immunoglobulin

First admission: DEX 
(4 mg daily for 4 
days), PSL (100 mg 
daily for 4 days),

second admission: 
DEX (BD) (4 mg for 
6 days), DEX(BD) 
(8 mg for 6 days), 
mPSL(QID) (300 
mg for 7 days)

Imipenem, 
amhotricin B, 
vancomycin, 
metronidazole, 
azithromycin

No 45 1 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements and 
slowly vision loss, 
ptosis

General symptoms: 
headache

Facial symptoms: - 
Nasal symptoms: - 

CT Scan: 
soft- tissue 
thickness along 
the paranasal 
sinuses 
(pansinusitis)

MRI: pan- 
sinusitis, a 
subprisute 
abscess 
near the left 
papillary lamina 
that extends 
into the orbital 
space, causing 
compression 
of the medial 
rectus muscle

Rhino- sino-  
orbital

■ ■ Debridement (3 
times), FESS,

amphotericin B 
liposomal

2 Alive

11 M/57 DM Positive Positive Favipiravir, 
sofosbuvir+daclatasvir

DEX(BD) (8 mg for 3 
days), subsequent, 
DEX (BD) (24 mg 
for 4 days), DEX 
(BD) (16 mg for 2 
days)

Amhotricin B No 33 2 Ocular symptoms: - 
General symptoms: - 
Facial symptoms: - 
Nasal symptoms: 

rhinorrhea, epistaxis

MRI: soft- tissue 
thickness along 
the paranasal 
sinuses 
(maxillary, 
ethmoid, 
sphenoid)

Rhino- sino ■ ■ Debridement (4 
times),

amphotericin B

22 Alive

12 M/48 DM, IHD, CKD, 
HTN

Positive Positive Interferon beta- 1a, 
remdesivir, 
sofosbuvir+daclatasvir

DEX (TDS) (8 mg for 3 
days), subsequent, 
DEX (BD) (8 mg for 
4 days),

mPSL(500 mg daily 
for 3 days)

Colchicin, linezolid Yes 20 10 Ocular symptoms: 
periorbital and 
retro- orbital pain, 
restriction of eye 
movements, rapid 
vision loss

General symptoms: 
headache, lethargy

Facial symptoms: 
numbness, weakness

Nasal symptoms: 
rhinorrhea

CT Scan: 
soft- tissue 
thickness along 
the maxillary 
sinuses, left 
eye proptosis, 
hazines and 
stranding in 
retrobulbar 
space

Rhino- sino-  
orbital

■ ■ Debridement (2 
times), FESS, 
exenteration 
eye left, 
amphotericin 
B liposomal

10 Died

Abbreviations: F, female; M, male; DM, diabetes mellitus; HTN, hypertension; IHD, ischemic heart disease; CKD, chronic kidney disease;  
FESS, functional endoscopic sinus surgery; DEX, dexamethason; mPSL, methylprednisolone; NA, not available.
*Cases 2 and 3 were hospitalized due to COVID- 19 in Tehran and Ilam provinces, respectively, and received COVID- 19 treatment there.;  
**The patient received prednisolone, tacrolimus and mycophenolic acid for renal transplantation.
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be regarded as a double- edged sword in infectious diseases. They 
should be used with caution in patients with COVID- 19, especially 
in subjects who regularly use corticosteroids for chronic diseases or 
have underlying diseases.

The results confirmed the predisposing role of diabetes as a risk 
factor for rhino- orbital mucormycosis such that 10 of the 12 patients 
(83.33%) were diabetic. This finding was consistent with the results 
of study by Vaezi et al24 who reviewed 98 mucormycosis cases 
from Iran between 1990 and 2015 and found diabetes in 47.9% and 
solid organ or bone marrow transplantation in 22.4% of the cases. 
Recent reports from South India and Mexico have indicated that 
diabetes was the most prominent underlying disease in mucormy-
cosis cases.25,26 Interestingly, four patients developed acute- onset 
diabetes during SARS- CoV- 2 infection in the present study. Previous 
studies have shown that glucocorticoids lead to the onset of diabe-
tes. In addition, they also cause glucose intolerance and hypertri-
glyceridaemia.27 On the other hand, there is increasing evidence that 
COVID- 19 can induce new- onset diabetes mellitus in some subjects 
without predisposing factors for impaired glucose metabolism.28

It is important to note that climate conditions may affect the 
spread of mucormycosis, which could be related to higher concen-
trations of fungal spores in the autumn whereas the lowest con-
centrations are seen in the summer. A review of 208 mucormycosis 
cases in Iran showed that the highest incidence of infection was 
during September to November, which is in agreement with the 
present report.16

According to Muggeo et al,29 the mean time from the diagnosis of 
a haematological malignancy to mucor colonisation is approximately 
9.8 months in children. However, the mean time from diagnosis of 
COVID- 19 to infection colonisation was shorter in the present study, 
which could be due to other predisposing factors besides profound 
immunosuppression, for example, uncontrolled hyperglycaemia, 
overt diabetes mellitus and/or diabetic ketoacidosis.

In this study, the sites of involvement were rhino- sino- orbital 
(83%) and rhino- sino (17%). A literature review of COVID- 19– 
associated mucormycosis found that rhino- orbito- cerebral mucor-
mycosis was the most common presentation.11 The involvement of 

sinuses seems to be mainly documented in diabetic patients.30 The 
mortality rate was as high as 66.7% in the present study. Previous 
studies have drawn different conclusions with regard to the under-
lying predisposing conditions and different anatomic sites; for exam-
ple, lower mortality rates have been reported in localised sinus or 
skin infections.24,31 Moreover, there are reports of the effectiveness 
of surgical interventions in reducing the mortality of mucormyco-
sis.31 In the present study, all rhino- orbital mucormycosis cases re-
ceived high dose amphotericin B in combination with debridement 
of the sinuses. Four cases also underwent orbital exenteration. It 
should be noted that in patients with severe mucormycosis, ampho-
tericin B treatment and an aggressive surgical approach do not guar-
antee survival.

Although we found an increase in LDH level (6 out of 12 cases), 
we think it is a non- specific finding in COVID- 19 patients with rhino- 
orbital mucormycosis. We know that the increase in LDH indicates 
damage to a number of different tissues; therefore, it can be con-
sidered as the effect of the inflammatory response on tissue dam-
age associated with mucormycosis .32 Serum LDH also has been 
identified as a potential biomarker for the activity and severity of 
COVID- 19.33

This study had several limitations including lack of culture for 
mucor due to insufficient laboratory biosafety conditions and the 
potential risk SARS- CoV- 2 spread and a short follow- up period. In 
addition, some patients were referred to our hospital for diagnosing 
the cause of the disease and detailed information on COVID- 19 care 
was not available.

5  |  CONCLUSIONS

We found a high incidence of mucormycosis among COVID- 19 pa-
tients in our province. We also hypothesise that the actual number 
of the cases of COVID- 19– associated mucormycosis is higher than 
the published cases and this disease may be underestimated due to 
the difficulties in diagnosis and non- specific symptoms as two of the 
patients received COVID- 19 treatment in other provinces. Physicians 

Measure Reference range

White- cell count (WBC) × 103/ml 4– 10 10.25 ± 7.0

Lymphocyte × 103/ml 0.8– 4.8 0.97

Neutrophils × 103/ml 1.8– 7.7 7.54

Haemoglobin (HB), g/dl 12– 17 11.35 ± 2.25

Serum glutamic- oxaloacetic transaminase, 
(SGOT), U/L

5– 45 22.12 ± 9.65

Serum glutamic- pyruvic transaminase (SGPT), U/L 5– 45 27.00 ± 8.58

Alkaline phosphatase (ALP), U/L 80– 306 267.62 ± 114.53

Creatinine (Cr), mg/dl 0.6– 1.6 2.44 ± 2.29

Lactate dehydrogenase (LDH), U/L <450 759.86 ± 391.13

Blood sugar (BS), mg/dl 316.10 ± 198.13

Erythrocyte sedimentation rate (ESR), mm/h 0– 20 52.57 ± 30.69

TA B L E  2  Laboratory findings of 
COVID- 19 patients with mucormycosis on 
admission
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should know the signs and symptoms of the disease so that a timely 
diagnosis and therapy can be performed. It is necessary to carefully 
check the blood sugar levels of patients during and after hospitalisa-
tion due to COVID- 19 and actively monitor the possibility of palate 
and nasal infection in all of hospitalised COVID- 19 patients, especially 
high- risk patients. It is also important to educate patient to identify 
the early signs and symptoms of rhino- orbital mucormycosis.
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