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Purpose: To report on the underlying risk factors, clinical characteristics, presentation, and 
survival of coronavirus disease 2019 (COVID-19) associated mucormycosis (CAM) cases 
referred for ophthalmological consultation in two different Egyptian settings during the third 
viral pandemic wave (April to August of 2021).
Methods: A multicentric, retrospective analysis involving one public and two private 
hospitals in metropolitan Cairo, and two university hospitals in upper Egypt (Aswan and 
Assuit). Cases that fulfilled the diagnostic criteria of mucormycosis, with a prior or con
current COVID-19 infection, were included.
Results: Of the 26 patients included in the final analysis, 15 (57.7%) were from Cairo and 
11 (42.3%) were from upper Egypt. Twenty-five patients (96.2%) had poorly controlled 
diabetes mellitus and 20 (76.9%) had received corticosteroid treatment for COVID-19, of 
which 30.8% had mild or moderate disease. The median duration from COVID-19 till the 
onset of CAM was 20.5 days. No visual function could be detected in the affected eye of 16 
patients (61.6%) on presentation. The mortality rate was 46.2% despite surgical debridement 
in half of the cases that died.
Conclusion: CAM continues to be a concrete threat throughout Egypt, especially in patients 
with poorly controlled diabetes mellitus and those who inadvertently receive steroid therapy. 
It remains to be seen if increased vaccination coverage and early detection due to increased 
awareness would result in declining rates and adverse sequelae of CAM. A national registry 
would allow for better monitoring of the disease trends.
Keywords: coronavirus disease 2019, COVID-19, mucormycosis, COVID-associated 
mucormycosis, invasive fungal sinusitis

Introduction
The coronavirus disease 2019 (COVID-19) pandemic has brought about a multitude 
of complications that occur during the acute or post-acute stages of the viral 
infection, some of which are yet to be fully understood.1,2 Reported ocular com
plications of the viral infection have varied from common but simple ones as ocular 
surface inflammation,3 to less common but serious ones as retinal vascular 
occlusion,4 optic neuritis, and ocular cranial nerve palsies.5 Adverse ocular seque
lae of the pandemic have also been linked to treatment protocols,6 positioning 
during intensive care unit stay,7 lockdown restrictions,8 and immunization.9
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Mucormycosis is a life-threatening, opportunistic, 
angioinvasive fungal infection that occurs in immunocom
promised individuals, especially those with uncontrolled dia
betes mellitus (DM).10 The disease often starts in the 
paranasal sinuses with spread to the surrounding tissues, 
including the orbit.11 A resurgence of the fungal infection 
has been reported during the pandemic, either coexisting 
with or following recovery from the viral infection, justifying 
a separate entity: COVID-associated mucormycosis 
(CAM).12 The exact link between the viral and fungal infec
tion remains unclear, but the most widely spread hypothesis 
entails the inadvertent use of immunosuppressive agents, 
particularly corticosteroids, to treat the viral infection in an 
already immune-compromised individual, particularly those 
with poorly controlled DM.13 Another possible hypothesis is 
that the combination of biochemical alterations caused by the 
viral infection, including raised ferritin levels, acidosis, and 
acute cortisol stress response with elevated serum glucose 
levels, create the perfect environment for the growth and 
propagation of the fungal species.14,15 Although most of 
CAM cases have been reported from India,16,17 other coun
tries have reported spikes in the fungal infection rates during 
the viral pandemic, including Egypt,18 Chile,19 and Iran.20

In this report, we describe a series of CAM cases 
presenting to different settings within different geographi
cal locations across Egypt during the third wave of the 
viral pandemic.

Methods
Study Setting
This multicentric, retrospective, clinical-record analysis 
included patients diagnosed with CAM that were referred 
for ophthalmological consultation at 5 different centers: 3 in 
Metropolitan Cairo (1 public and 2 private hospitals) that 
mainly receive patients from an urban setting, and 2 univer
sity hospitals in upper Egypt (Aswan and Assuit University 
hospitals) that receive patients from urban, semirural, and 
rural settings. The analyzed period spanned the duration of 
the third pandemic wave, in the four-month interval between 
April 2021 and August 2021. The period coincided with the 
world-wide spread of the delta variant of the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), which 
processed a high transmission rate.21,22

Ethical Approval
The study adhered to the tenets of the Declaration of 
Helsinki and ethical approval from Aswan faculty of 

medicine ethical committee (ASWU/552/7/21) was 
obtained prior to study initiation. Data deidentification 
was ensured prior to retrospective analysis and, conse
quently, informed consent was waived.

Study Population and Data Collection
Patients were included if they had 1) prior proof of 
COVID-19 infection, and 2) a confirmed mucormycosis 
diagnosis. Validation of prior COVID-19 infection in the 
patients’ records was by evidence of a positive reverse 
transcription polymerase chain reaction (RT-PCR) test for 
SARS-CoV-2. The patients’ clinical, laboratory, imaging, 
and surgical records were also reviewed for a confirmed 
diagnosis of CAM, which was based on the global guide
line for the diagnosis and management of mucormycosis 
published by the European Confederation of Medical 
Mycology in cooperation with the Mycoses Study Group 
Education and Research Consortium.23 Patients were 
excluded if there was no prior documentation of COVID- 
19 infection or if the diagnosis of the fungal infection was 
only suspected.

Record analysis included demographic variables (age 
and sex), medical comorbidities, diabetic status and con
trol (glycated hemoglobin levels, HbA1c), COVID-19 
severity (based on the world health organization’s clinical 
progression scale24), treatment details and setting, and 
temporal relation between the viral and fungal infection. 
Collected CAM data included presentation, laterality, cor
rected distance visual acuity (CDVA) on presentation, 
medical and surgical treatment details, and final clinical 
outcome.

Data Analysis
Data were recorded and coded in a spreadsheet. 
Descriptive statistics were conducted using the statistical 
package for social sciences (SPSS) version 25. For nor
mally distributed data, central tendency and dispersion 
were measured and expressed in terms of mean ± standard 
deviation (SD), while for non-normally distributed data, 
they were expressed as median (interquartile range, IQR).

Results
Sample Description
The final analysis included 26 patients with CAM, of 
which 15 (57.7%) were from metropolitan Cairo, and 11 
(42.3%) were from upper Egypt (Aswan and Assuit). The 
demographic characteristics of the patients are depicted in 
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Table 1. Although the median age of the whole series was 
62.5 years, the ages of the cases widely ranged from 21 to 
77 years across the whole analyzed group, with a slight 
male predominance (1.17:1).

Twenty-five of the 26 patients (96.2%) had poorly 
controlled DM; records of HbA1c level were available in 
14 of them (56%) and it had a median (IQR) value of 9.3% 
(8–10.7%). Seven (26.9%) of the cases had hypertension, 
3 (11.5%) had chronic kidney disease, 2 (7.7%) had 
ischemic heart disease, 2 (7.7%) had bronchial asthma, 
and 1 (3.8%) had decompensated liver disease.

COVID-19 Variables
Table 2 demonstrates the analysis of COVID-19-related 
variables in the studied series. Fourteen of the 15 cases 
(93.3%) that developed CAM in metropolitan Cairo had 
moderate or severe COVID-19, and consequently, a total 
of 13 patients (86.7%) from that group were treated in 
a hospital setting. Conversely, 5 of the 11 cases (45.5%) 
that developed CAM in upper Egypt had mild disease and 
most cases (10 out of 11, 90.9%) were treated in a home 
setting. Most of the patients (20, 76.9%) received corti
costeroid treatment for COVID-19, of which 4 (20%) 
received oral corticosteroids, and 16 (80%) received intra
venous corticosteroids, while 5 patients (19.2%) received 
tocilizumab. Since the Egyptian protocol for management 
of COVID-19 recommends limiting corticosteroid therapy 
to severe cases, 8 cases (30.8%) were considered to have 
received inadvertent corticosteroid therapy.

CAM Presentation and Outcomes
The details of mucormycosis presentation and manage
ment are summarized in Table 3. Fifteen patients 
(57.7%) developed mucormycosis in association with the 

active viral infection, while 11 (42.3%) presented follow
ing recovery and negative SARS-CoV-2 RT-PCR. The 
median duration from the onset of COVID-19 symptoms 
till the onset of CAM symptoms was 20.5 days. On pre
sentation, the right eye was involved in 15 patients 
(57.7%), the left eye was involved in 10 patients 
(38.5%), and bilateral eye involvement was seen in 1 
patient (3.8%). The most common initial symptom was 
facial swelling (13 cases, 50%). On ophthalmological eva
luation, no visual function could be detected in the 
affected eye of 16 (61.6%) of the referred cases.

All patients received intravenous antifungal treatment 
(Amphotericin B). Seventeen patients (65.4%) were 
deemed fit for general anesthesia and underwent surgical 
sinus debridement that was associated with orbital exen
teration in 5 of them (29.4%). The overall survival rate 
was 53.8% (n = 14), of which half of them (50%) had 
underwent surgical debridement.

Discussion
CAM continues to pose a threat for immunocompromised 
individuals during the latest viral pandemic waves. We 
report on the experience of two settings from Egypt, 
separated geographically and differing in the background 
of the presenting patients, during the third pandemic wave 

Table 1 Demographic Data of the Analyzed CAM Cases 
Grouped by Setting

Variable Metropolitan 
Cairo (n = 15)

Upper Egypt 
(n = 11)

Total (n = 26)

Age 
(years)
Median 

(IQR)

58 (45–70) 64 (60–71) 62.5 (46–70)

Range 21–76 26–77 21–77
Gender
Males 8 (53.3%) 6 (54.5%) 14 (53.8%)

Females 7 (46.7%) 5 (45.5%) 12 (46.2%)

Abbreviation: IQR, interquartile range.

Table 2 Distribution of COVID-19-Related Variables Across the 
Studied Series (n = 26), Grouped by Setting

Variable Metropolitan 
Cairo (n = 15)

Upper 
Egypt (n = 

11)

Total 
(n = 26)

COVID-19 
Severity
Mild 1 (6.7%) 5 (45.4%) 6 (23.1%)

Moderate 6 (40%) 2 (18.2%) 8 (30.7%)
Severe 8 (53.3%) 4 (36.4%) 12 (46.2%)

Treatment 
Setting
Home 2 (13.3%) 10 (90.9%) 12 (46.2%)

Hospital 13 (86.7%) 1 (9.1%) 14 (53.8%)
Corticosteroids 
Received
Yes 12 (80%) 8 (72.7%) 20 (76.9%)
No 3 (20%) 3 (27.3%) 6 (23.1%)

Tocilizumab 
Received
Yes 5 (33.3%) 0 (0%) 5 (19.2%)

No 10 (66.7%) 11 (100) 21 (80.8%)

Abbreviation: COVID-19, coronavirus disease 2019.
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in the country that spanned the Summer of 2021. The 
results of our analysis show that, with minor exceptions, 
the clinical characteristics and outcomes of CAM across 
both patient groups were similar to each other and to 
globally reported ones.

Most of the CAM cases globally reported so far are 
from the Indian population.16 The burden of mucormyco
sis in the Indian population has, however, been high prior 

to the beginning of the COVID-19 pandemic.25 The coun
try has further experienced a surge in COVID-19 cases 
during the second wave which probably relates to the 
prevalent strain variants.26 The largest Indian nation-wide 
survey of CAM to date is the Collaborative OPAI-IJO 
study on mucormycosis in COVID-19 (COSMIC),27 

which analyzed the data of 2826 patients presenting from 
the start of the pandemic (January 2020) till May 2021. 
DM was present in 78% of the patients and 87% had 
received corticosteroids for COVID-19, suggesting that 
both factors are the most important predisposing ones for 
CAM. This is in line with the findings of our analysis in 
which 96.2% of the patients had DM and 76.9% had prior 
history of corticosteroid treatment. It is worth mentioning 
that our current understanding of the link between 
COVID-19 and mucormycosis is incomplete, based on 
observational analyses and unvalidated by basic experi
mentation. A link between both infections might be 
through the biochemical alterations caused by the viral 
infection, with DM and corticosteroid therapy merely con
tributing to the such alterations.14,15 The overall mortality 
in the COSMIC report was 14%,27 which is markedly 
lower than that in our patient group (46.2%). This could 
probably be attributed to the delay in presentation which is 
reflected by the median onset of CAM following COVID- 
19 symptoms (13 days in the COSMIC report versus 20.5 
days in our group); in fact, patients with advanced stages 
of the disease in the COSMIC analysis had a mortality rate 
of 39%.27

Reports of CAM outside the Indian population are 
scarce,25 most of which are case reports.28 In Iran, two 
cross-sectional studies from Tehran20 and west Iran29 have 
reported on 15 and 12 CAM cases, of which 86% and 
87.3% had DM, with a mortality rate of 47% and 66.6%, 
respectively. A series of 10 cases with CAM were also 
reported from Pakistan,30 of which 70% were diabetic and 
80% had received corticosteroids. Sixteen cases were also 
reported from Chile,19 15 of which had received corticos
teroids, but only 4 (25%) were diabetic and none were 
immunocompromised, suggesting different predisposing 
factors within different settings.

In Egypt, a report of 12 cases with rhino-orbital- 
cerebral mucormycosis presenting to a university hospital 
in Cairo during the first viral pandemic wave included 6 
patients with prior or concurrent COVID-19.18 Ashour 
et al31 also retrospectively analyzed the imaging spectrum 
of 8 cases with invasive rhino-orbital fungal disease during 

Table 3 CAM Presentation, Management, and Outcomes, 
Grouped by Setting

Variable Metropolitan 
Cairo (n = 15)

Upper 
Egypt 

(n = 11)

Total (n = 
26)

Onset
Coexisting with 

COVID-19

8 (53.3%) 7 (63.6%) 15 (57.7%)

After recovery 
from COVID-19

7 (46.7%) 4 (36.4%) 11 (42.3%)

Interval: COVID- 
19 to CAM 
(days)
Median (IQR) 30 (20–60) 15 (15–30) 20.5 (15–30)
Initial complaint
Facial Swelling 10 (66.7%) 3 (27.3%) 13 (50%)

Lid Swelling 3 (20%) 4 (36.3%) 7 (26.9%)
Skin blackish 

discoloration

2 (13.3%) 1 (9.1%) 3 (11.5%)

Nasal Obstruction 0 (0%) 2 (18.2%) 2 (7.7%)
Diminution of 

vision

0 (0%) 1 (9.1%) 1 (3.9%)

CDVA on 
presentation
20/40 (0.5) or 

better

3 (20%) 0 (0%) 3 (11.5%)

20/200 (0.1) - 20/ 

40 (0.5)

0 (0%) 1 (9.1%) 1 (3.9%)

Fair on bedside 
assessment

3 (20%) 0 (0%) 3 (11.5%)

Light Perception 3 (20%) 0 (0%) 3 (11.5%)

No Light 
Perception (Lost)

6 (40%) 10 (90.9%) 16 (61.6%)

Surgical 
intervention
Yes 7 (46.7%) 10 (90.9%) 17 (65.4%)

No 8 (53.3%) 1 (9.1%) 9 (34.6%)

Final outcome
Recovery and 

Discharge

9 (60%) 5 (45.5%) 14 (53.8%)

Death 6 (40%) 6 (54.5%) 12 (46.2%)

Abbreviations: COVID-19, coronavirus disease 2019; CAM, COVID-associated 
mucormycosis; IQR, interquartile range; CDVA, corrected distance visual acuity.
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the first and second pandemic waves in Cairo, Egypt, of 
which 6 were diagnosed as mucormycosis. El-Kholy et al32 

conducted a prospective longitudinal study on invasive 
fungal sinusitis that spanned the duration of the second 
Egyptian pandemic wave at a university hospital in 
another governorate, Mansoura, and detected 28 cases 
with CAM. Alfishawy et al33 reported on 21 patients 
with CAM from 11 different hospitals in metropolitan 
Cairo during the third pandemic wave, of which 19 
(90.5%) had DM and all had received corticosteroid 
treatment.

The previous numbers lead to the conclusion that 
Egypt comes second to India in the number of published 
reports of CAM cases. The high prevalence of DM in the 
country, which ranges in recent cluster analyses in differ
ent regions from 16.7%34 to 20.9%,35 could explain the 
burden of CAM.33 Other factors noticed in our sample that 
can contribute to the disease load include the delay in 
presentation (median 20.5 days), inadvertent use of corti
costeroids in mild-moderate cases (30.8% of the patients), 
and self-medication for the viral infection in homes instead 
of seeking hospital care for moderate-severe cases, espe
cially in Upper Egypt (6.7% in metropolitan Cairo, and 
45.4% in Upper Egypt).

Limitations to our study include the relatively small 
sample size which does not allow for meaningful regres
sion analysis of survival-related factors, in addition to 
the retrospective analysis of the data. As for any emer
ging infectious diseases, the establishment of an online 
national case registry for CAM would certainly be of 
benefit to monitor the trends of the disease.36 With 
increasing vaccination coverage worldwide, and with 
increased awareness among the public and practitioners 
about CAM,37 it remains to be seen whether CAM 
incidence and mortality rates would change over the 
coming months.

Conclusions
CAM continues to be a valid infectious threat in Egypt with 
the country’s high prevalence of DM and with inadvertent 
steroid therapy. Although this is the first multicentric study 
on CAM in Egypt that include patients from different set
tings, a national online registry is needed to monitor the 
disease trends during the upcoming pandemic waves. 
Further studies are needed to clarify the geographic predi
lection of CAM, demonstrate whether the relation between 

the viral and fungal infection is causal or an association, and 
analyze survival-related factors in CAM cases.

Abbreviations
COVID-19, coronavirus disease 2019; CAM, COVID- 
associated mucormycosis; COSMIC, collaborative OPAI- 
IJO study on mucormycosis in COVID-19; DM, diabetes 
mellitus; IQR, interquartile range; RT-PCR, reverse transcrip
tion polymerase chain reaction; SARS-CoV-2, Severe Acute 
Respiratory Syndrome Coronavirus 2; SD, standard deviation.
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