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Abstract 
Introduction: There have been some reports of the association between SARS-CoV-2 infection and mucormycosis. This study aims to compare the hospitalization 
rates and clinical characteristics of mucormycosis before and during the COVID-19 pandemic. 
Methodology: In this retrospective study, we compared the hospitalization rate of mucormycosis patients in Namazi hospital in Southern Iran for two periods of 
40 months. We defined July 1st, 2018 to February 17th, 2020, as the pre-COVID-19 period and February 18th, 2020, to September 30th, 2021, as the COVID-
19 period. In addition, a quadrupled group of hospitalized patients with age and sex-matched SARS-COV-2 infection without any sign of mucormycosis was 
selected as the control group for COVID-associated mucormycosis. 
Result: In the total of 72 mucormycosis patients in the COVID period, 54 patients had a clinical history and a positive RT-PCR, which confirms the diagnosis 
of SARS-COV2 infection. The hospitalization rate of mucormycosis showed an increase of + 306% (95% CI: + 259%, + 353%) from a monthly average value 
of 0.26 (95% confidence interval (CI): 0.14, 0.38) in the pre-COVID period to 1.06 in the COVID period. The use of corticosteroids prior to the initiation of 
hospitalization (p ≤ 0.01), diabetes (DM) (p = 0.04), brain involvement (p = 0.03), orbit involvement (p = 0.04), and sphenoid sinus invasion (p ≤ 0.01) were 
more common in patients with mucormycosis during the COVID period. 
Conclusions: In high-risk patients, especially diabetics, special care to avoid the development of mucormycosis must be taken into account in patients with 
SARS-COV-2 infection considered for treatment with corticosteroids.  
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Introduction 

Mucormycosis (formerly known as zygomycosis) is 
still regarded as one of the emergency cases of 
infectious diseases despite the vast and significant 
breakthroughs in medical science [1,2]. If left 

undiagnosed and untreated, this acute but rare infection, 
caused by a group of fungi called mucoromycetes [3,4], 
can be fatal. Uncontrolled diabetes continues to be the 
greatest risk factor for developing mucormycosis, 
particularly diabetic ketoacidosis. Organ 
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transplantation, neutropenia, trauma, burns, 
hemochromatosis (iron excess), and the overuse of 
immunosuppressive medications like corticosteroids 
are additional risk factors for this infection [5–8]. 
Almost a year after the coronavirus pandemic began, a 
surge of mucormycosis cases was recorded in India 
among severely ill and hospitalized COVID-19 patients 
or those recovering from this infection. Then, so-called 
COVID-associated mucormycosis (CAM) was reported 
from many regions of the world, primarily from low- to 
middle-income countries like India [9], Turkey [10], 
and Iran [11]. Hypoxia, excessive glucose (diabetes or 
steroid-induced hyperglycemia), elevated ferritin, and 
poor phagocytic activity of white blood cells (WBCs) 
are all the risk factors induced by COVID-19 that led to 
the provision of suitable conditions for the development 
of mucormycosis [12–15]. Moreover, the increased 
cytokine levels, altered T-helper cell responses, and 
cytokine release syndrome may cause respiratory 
problems in those affected by COVID-19 and, as a 
result, boost pulmonary microbial growth and 
proliferation [16,17]  

Mucormycosis requires immediate medical 
treatment due to its rapid progression and destructive 
nature. Delays in initial treatment have been linked to 
higher mortality rates [18]. Some studies considered 
corticosteroid administration to treat moderate to severe 
acute respiratory syndrome coronavirus 2 (SARS-
COV-2) infection a major risk factor [19], but others 
argue against this hypothesis [20]. 

Most studies on CAM have been conducted as case 
reports, case series or reviews, which only describe the 
patients. To address some of the controversies 
surrounding mucormycosis, we conducted a 
retrospective cross-sectional study examining the 
hospitalization rate, clinical presentations and outcomes 
of patients with mucormycosis during and before the 
COVID-19 pandemic. 

 
Methodology 
Study population and diagnosis 

Namazi Hospital is a major referral center with 
more than 600 beds, which is expanded into 9 outpatient 
and 29 inpatient wards, including 12 intensive care 
units [21]. Khalili Hospital, with facilities for functional 
endoscopic sinus surgery (FESS), is affiliated with 
Namazi Hospital. Based on Iran's Ministry of health 
regulations, almost all patients with mucormycosis 
from catchment areas in the Fars province should be 
transferred to the Namazi Hospital. 

On February 18th, 2020, Iran's first officially 
confirmed fatal case of COVID-19 was reported [22]. 

Accordingly, we conducted the study in two periods, 
including during the pre-COVID-19 period from July 
1st, 2018, to February 17th, 2020, and the COVID-19 
period from February 18th, 2020, to September 30th, 
2021. Those patients with a diagnosis of mucormycosis 
(> 20 years of age) admitted to Namazi hospital during 
the study period of 40 months are included in the 
calculation of the hospitalization rate [23]. According 
to the National Population and Housing Census, the 
population > 20 years old was estimated for Fars 
Province in the years 2018, 2019, 2020, and 2021 were 
3487,000, 3517,000, 3547,000 and 3578,000, 
respectively [23]. Accordingly, these groups of patients 
had recruited:  

A- 18 patients with mucormycosis in the pre-
COVID period 

B- 90 Patients with mucormycosis in the COVID 
period 

The second group was composed of the following 
individuals: 

B1- 54 Patients with mucormycosis in COVID 
period with a definite diagnosis of SARS-Cov-2 
infection (clinical manifestation AND positive SARS-
COV-2 RT PCR) 

B2- 18 Patients with mucormycosis in COVID 
period without definite SARS-CoV-2 infection. 

Patients with clinical and radiologic features 
suggested SARS-CoV-2 infection, but negative SARS-
CoV-2 RT PCR was included in group B2. 

A third group was also defined as:  
C- 216 Hospitalized patients with definite SARS-

CoV-2 infection without any sign of 
mucormycosis who were age and sex-matched 
with group B1 (control group). 

 
SARS-CoV-2 infection 

COVID-19-attributed investigations were done for 
patients if any clinical relevance was found. COVID-19 
is considered in patients with positive oro-or 
nasopharyngeal reverse transcriptase-polymerase chain 
reaction (RT-PCR).  

 
Mucormycosis definition and categorization 

The mucormycosis diagnosis was based on relevant 
clinical symptoms (such as facial swelling, runny nose, 
headache, nasal congestion, etc.), radiological imaging 
(Computed Tomography -CT-, Magnetic Resonance 
Imaging -MRI-), and histopathological findings. 
Patients with incomplete medical records and those 
with an indefinite diagnosis were excluded from the 
study.  
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We used the 10th version of the International 
Classification of Diseases (ICD-10) for full patient 
entry. The search was conducted on all medical records 
using the ICD-10 diagnostic codes B46.5 for 
"mucormycosis, unspecified," B46.3 for "Cutaneous 
mucormycosis," B46.4 for "Disseminated 
mucormycosis," B46.0 for "Pulmonary mucormycosis, 
"B46.1 for "Rhinocerebral mucormycosis" and B46.2 
for "Gastrointestinal mucormycosis." After confirming 
the diagnosis by qualified infectious persons, all 
patients aged more than 20 with a final diagnosis of 
mucormycosis were included. Individuals with unclear 
diagnoses were excluded from the study. The 
demographic data, such as age, gender, risk factors, 
therapeutic measures (FESS), and in-hospital mortality, 
were retrieved from hospital health information systems 
(HIS) and considered for the analysis.  

 
Study Protocol and approval 

The primary outcome was the rate of mucormycosis 
hospitalizations before and during the COVID-19 
pandemic (A and B groups). As secondary outcomes, 
we compared the clinical presentation and mortality of 
patients with mucormycosis associated with COVID-19 
to patients with mucormycosis without COVID-19 (B1 
versus A) and to COVID-19 patients without 
mucormycosis (B1 versus C). 

This study was approved by the institutional review 
board (IRB) as well as the ethics committee at Shiraz 
University of Medical Sciences (SUMS) 
(IR.SUMS.REC.1400.270). The review board waived 
the need for patient consent. This research was 
conducted in accordance with the ethical standards of 
the institutional and national research committee, as 
well as with the Helsinki Declaration or comparable 
standards [24]. It is permissible to share data with other 
centers upon approval by the Ethics Committee. 

 
Statistical analysis 

Statistical analysis was conducted using IBM SPSS 
Statistics for Windows, Version 16.0. Armonk, NY: 
IBM Corp. A P-value of less than 0.05 is considered 
significant for all analyses. Based on a study of 
hospitalization rates per million people over two years 
(from July 1st, 2018, to February 17th, 2020, and from 
February 18th, 2020, to September 30th, 2021), the 
dependent variable was the hospitalization rate per 
million people. In accordance with the distribution 
pattern, quantitative variables were presented as mean, 
standard deviation (SD), or median with interquartile 
range (IQR). Qualitative factors were expressed as 
percentages (%). The Chi-square and t-tests were used 

to test the relevant assumptions for independent 
variables (e.g., the predisposing risk factors and major 
demographic characteristics). The Mann-Whitney test 
was used to analyze the non-normal distribution of our 
data. The crude mucormycosis hospitalization rate 
variation was derived from averaging monthly Mucor 
mycosis hospitalizations.  

Throughout the study period, change in the 
hospitalization rates was analyzed using a Bayesian 
interrupted time series. While it provides for the 
consideration of longitudinal variation in the dependent 
variable. In the R 4.1 environment, time series analysis 
was conducted using the Causal Impact package. After 
adjusting for age and gender ratio variables, the final 
time series model was fitted. We summarized the 
Bayesian time series model's results using 95 percent 
Credible Intervals (CrI).  

 
Results 
Demographic data and clinical variables 

Ninety mucormycosis patients were hospitalized 
(mean age 56.00 ± 14.53 years, male-to-female ratio 
1.30). Among the 72 patients in the COVID period 
(Group B), only 54 had a documented positive RT-PCR 
test prior to admission (Group B1). The mean and 
standard deviation days between COVID-19 infection 
and admission for mucormycosis infection was 18.51 ± 
5.25. Table 1 illustrates the comparison between groups 
A, B1, and C. 

COVID-period mucormycosis patients' mean age 
was 54.09 ± 14.60 years, which was not different from 
pre-COVID mucormycosis patients (mean ± SD = 
56.44 ± 16.04, p = 0.82) and COVID-19 matched 
controls (mean ± SD = 54.82 ± 14.27, p = 0.94). Both 
COVID (B1 group) (57.4%) and pre-COVID periods 
(61.1%) consistently showed higher rates of male 
mucormycosis patients than female patients. No 
significant relationship between genders was observed 
among the studied groups. 

Regarding risk factors, around 67.3 % of CAM 
patients had taken corticosteroids prior to getting 
admitted. This usage was significantly higher compared 
to patients with mucormycosis in the pre-COVID 
period (22.2 %, p < 0.01) and COVID-19 controls (3.3 
%, p < 0.01). 

CAM patients had a significantly higher diabetes 
mellitus (DM) rate compared to pre-COVID period 
mucormycosis (70.4% vs 44.4%, p = 0.04) and also 
controls (70.4% vs 24.5%, p < 0.01). While there was 
no statistically significant difference (p = 0.94) between 
CAM patients (239.82 ± 116.73) and pre-COVID 
mucormycosis (228.16 ± 138.53) patients in the initial 
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admission mean blood sugar (BS). In contrast, we found 
that CAM patients had a significantly higher mean BS 
level than COVID-19 controls (B1 vs. C, 239.82 ± 
116.73 vs. 158.78 ± 113.43, p = 0.01). 

Compared to patients with pre-COVID 
mucormycosis, CAM patients had a considerably 
decreased risk of malignancies (44.4% vs. 9.3%, p = 
0.01). When compared to patients with pre-COVID 
mucormycosis, the use of immunosuppressive 
medications, such as chemotherapeutic drugs and 
polyclonal or monoclonal antibodies, was considerably 
lower in CAM patients (14.8 % vs. 50 %, p = 0.01). 
Malignancies (9.3 % vs. 3.7 %, p = 0.08) and 
immunosuppressive medication use (14.8 % vs. 4.6 %, 
p = 0.01) rates, however, were greater in comparison to 
COVID-19 controls. 

A CT scan was used to determine mucormycosis 
patients' organ and sinus involvement. Sinus 
involvement in patients did not differ substantially 
across the two time periods, except that 83.3% of CAM 
patients had sphenoid involvement, which was 
considerably higher than that in pre-COVID 
mucormycosis patients (83.3% vs. 55.6%, p = 0.01). 
The percentage of patients with orbital involvement 
rose considerably from 16.7% in pre-COVID 
mucormycosis to 42.6% in CAM (p = 0.04). Brain 
invasion is another vital organ significantly involved in 
CT scanning during the pandemic among 
mucormycotic patients. CT scans revealed brain 
involvement in 37% of CAM patients, which is 
considerably greater than the 11.1% of pre-COVID 
mucormycosis patients (p = 0.03). Rare complications 

Table 1. Baseline demographic and major epidemiological information. 

Variables 

Study Period: July 1st, 2018, to September 30th, 2021 

CAM (N = 54) 
pre-covid period 

Mucormycosis (N = 
18) 

SARS COV 2 
infection (N = 216) pa pb 

Age 54.09 ± 14.60 56.44 ± 16.04 54.82 ± 14.27 0.82 0.94 
Sex      
Male 31 (57.4) 11 (61.1) 125 (57.9) 0.78 0.95 Female 23 (42.6) 7 (38.9) 91 (42.1) 
Predisposing factor      
DM 38 (70.4) 8 (44.4) 53 (24.5) 0.04 < 0.01 
Malignancies 5 (9.3) 8 (44.4) 8 (3.7) < 0.01 0.08 
Immunosuppressive drug 8 (14.8) 9 (50) 10 (4.6) < 0.01 < 0.01 
Renal disease 7 (13) 1 (5.6) 14 (6.5) 0.38 0.11 
Organ transplant 3 (5.6) 2 (11.1) 4 (1.9) 0.59 0.12 
Corticosteroid usage before 
the admission 35 (67.3) 4 (22.2) 7 (3.3) < 0.01 < 0.01 

First admission BS 239.82 ± 116.73 228.16 ± 138.53 158.78 ± 113.43 0.94 < 0.01 
Radiologic involvements      
Lung 1 (1.9) 1 (5.6) ⸺ 0.44 ⸺ 
Maxillary sinus 48 (88.9) 17 (94.4) ⸺ 0.49 ⸺ 
Frontal sinus 37 (68.5) 9 (50) ⸺ 0.15 ⸺ 
Sphenoid sinus 45 (83.3) 10 (55.6) ⸺ 0.01 ⸺ 
Ethmoid sinus 49 (90.7) 16 (88.9) ⸺ 0.81 ⸺ 
Orbit involvement 23 (42.6) 3 (16.7) ⸺ 0.04 ⸺ 
Brain 20 (37) 2 (11.1) ⸺ 0.03 ⸺ 
Bone destruction 29 (53.7) 6 (33.3) ⸺ 0.13 ⸺ 
Therapeutic measurements     
FESS 46 (85.2) 9 (50) ⸺ < 0.01 ⸺ 
LAMB 43 (79.6) 10 (55.6) ⸺ 0.04 ⸺ 
CAMB 33 (61.1) 10 (55.6) ⸺ 0.67 ⸺ 
Amphotericin retrobulbar 26 (48.1) 2 (11.1) ⸺ < 0.01 ⸺ 
Posaconazole 28 (51.9) 1 (5.6) ⸺ < 0.01 ⸺ 
Voriconazole 3 (5.6) 1 (5.6) ⸺ 1.00 ⸺ 
Fluconazole 6 (11.1) 2 (11.1) ⸺ 1.00 ⸺ 
Itraconazole 5 (9.3) 3 (16.7) ⸺ 0.38 ⸺ 
Caspofungin 12 (22.6) 4 (22.2) ⸺ 0.97 ⸺ 
Maxillectomy 4 (7.4) 1 (5.6) ⸺ 1.00 ⸺ 
Mortality and disability      
In-hospital mortality 14 (25.9) 6 (33.3) 37 (17.1) 0.54 0.14 

Categorical variables are shown as number (%); Continuous variables were shown as mean § SD or median [IQR]; LAMB: liposomal amphotericin B; CAMB: 
conventional amphotericin B; pa: Comparison between covid-19 associated mucormycotic patients and pre-COVID period mucormycotic patients; pb: 
Comparison between COVID mucormycotic patients and covid-19 controls. 
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such as lung invasion and bone destruction did not 
change due to the pandemic. 

The monthly crude hospitalization rate for 
mucormycosis for the two time periods is depicted in 
Figure 1. The hospitalization rate of mucormycosis 
showed an increase of + 306% (95% CI: + 259%, + 
353%) from a monthly average value of 0.26 (95% 
confidence interval (CI): 0.14, 0.38) in the pre-COVID 
period to 1.06 in the COVID period. A significant 
increase in the hospitalization rate of mucormycosis 
was observed by 20.17 (p = 0.001). However, without 
COVID-19, we anticipated a value of around 4.96 (95% 
CI: 2.66 to 7.31). Including confounder variables in the 
Bayesian interrupted time series model showed an 
increasing trend in hospitalization rates (Posterior Beta 
of time*period interaction = 0.20; 95% CI: 0.12, 0.31). 
Using a time series model, Figure 2 shows the estimated 
expected and observed trends in mucormycosis 
hospitalization rates. 

 
Mucormycosis treatment and outcome 

FESS plays an essential role in the diagnosis and 
treatment of mucormycosis. During admission for 
fungal infection, FESS was performed on 80.6% of 
CAM patients, which was considerably greater than 
non-COVID-19 mucormycosis (p = 0.008). Overall, 
CAM patients used antifungals more frequently than 
non-COVID-19 mucormycosis patients. However, only 
liposomal amphotericin B (LAMB) significantly 
increased (p = 0.027). 

According to Table 1, the overall death rate of CAM 
patients was 25.9%, which was lower than the 33.3 % 
mortality rate experienced by non-COVID 
mucormycosis patients, although this difference was 
not statistically significant (p = 0.54). Compared to 
COVID-19 controls, CAM patients had a statistically 
significantly higher death rate (25.9% vs. 17.1%, p = 
0.14). 

 
Discussion 

Mucormycosis is an additional COVID-19 
milestone that has become a fatal consequence of this 
infection. 

Similar to previous reports, most CAM cases in our 
study occurred in male patients [1,25]. Although this 
difference in gender disparity is not exactly clear, it may 
be due to different sex susceptibilities since diabetic 
ketoacidosis female mice were more resistant to 
infection and survived longer than diabetic ketoacidosis 
male mice [26]. In the present study, the mean interval 
between COVID-19 infection and admission for 
mucormycosis was 18.51 ± 5. Days (range: 1-37 days). 
Similarly, Hoenigl et al., in analyses of CAM cases 
from 18 countries, reported that mucormycosis was 
clinically diagnosed at a mean of 12.6 days (range = 0–
42 days) after COVID-19 diagnosis [12]. Given the 
current data, physicians should be aware of the 
possibility of mucormycosis in high-risk COVID-19 
patients during the second and third weeks of the 
infection. 

Figure 1. Crude monthly Mucormycosis hospitalization rate per 1,000,000 before and during the COVID- 19 pandemic. Results from 
Recruiting center Namazi Hospital, Fars, Iran. 
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In our study and others [12,27], diabetes is 
considered the leading risk factor for CAM. Compared 
to the general population, the prevalence of DM was 
high among COVID-19 patients. More than two third 
of the patients with CAM in our study had DM, and the 
incidence of DM between CAM patients and those 
having either mucormycosis without COVID or 
COVID-19 without mucormycosis (controls) was 
statistically significant. Moreover, SARS-CoV2 can 
cause hyperglycemia by damage to the pancreatic islet 
cells, insulin resistance induced by a cytokine storm, 
and acute cortisol stress responses [28]. Although DM 
has been found as the predominant predisposing factor 
of CAM, prior to the COVID-19 Pandemic, malignancy 
was the primary risk factor for mucormycosis in this 
investigation, and a previous report of mucormycosis 
from the same center around a decade earlier [29]. 

In CAM and pre-COVID mucormycosis patients, 
respectively, 67.3% (35/54) and 22.2% (4/18) received 
systemic corticosteroids prior to diagnosis. Many 
clinicians have excessively recommended steroids to 
handle the escalating COVID-related cytokine storm. 
According to WHO clinical care guidelines updated on 
September 2nd, 2020, corticosteroids should be used in 
patients with severe and critical COVID-19 under 
medical supervision [30]. Although steroids diminish 
inflammation and subsequent cell damage in SARS-
CoV-2 infection, they may also augment glucose levels, 
suppress the immune system, impair neutrophil 

function, and downregulate genes encoding pro-
inflammatory cytokine [16,31]. These circumstances 
facilitate the invasion of Mucorales and create ideal 
conditions for their rapid expansion. The COVID-19 
pandemic resulted in an increase in mucormycosis 
hospitalizations that may demand revisions to this 
guideline; particularly, people with diabetes should be 
subject to more stringent criteria before starting high-
dose corticosteroids. 

In recent decades, mucormycosis has been on the 
rise due to various factors, with an especially high 
incidence rate among patients with uncontrolled 
diabetes [32,33]. There has been a significant increase 
in mucormycosis incidence after the COVID-19 
pandemic. In their study of 52,966 patients, Hussein et 
al. [34]reported a pooled prevalence of CAM patients 
that was 50 times higher than the highest background 
status of mucormycosis. Mucormycosis prevalence has 
been evaluated in a few studies prior to and after the 
pandemic [20]. To the best of our knowledge, this is the 
first study that uses a BASIAN time series model to 
examine mucormycosis hospitalization rates over time. 

Comparing cases of mucormycosis in the pre-
COVID and COVID periods, cephalic, sphenoid sinus, 
and orbital involvement were significantly higher in 
CAM patients. Amphotericin-B deoxycholate and its 
liposomal formulation are still acceptable options, but 
the latter is favored due to its reduced nephrotoxicity. 
Posaconazole might be considered the second 

Figure 2. Association between COVID-19 and Mucormycosis hospitalization rate, trend. Original panel: The blue line and its associated 
95% confidence interval (CI) represent the expected change in hospitalization rates in the absence of COVID-19, while the solid line 
represents the observed change in hospitalization rates; Pointwise Panel: Indicates the estimated trend of hospitalization rate; Panel 
Cumulative: The cumulative hospitalization rate following the interruption point was revealed. 
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medication for mucormycosis when amphotericin 
treatment has failed or is intolerable [35]. Repeated 
surgical debridement may be necessary to prevent the 
fungus from invading nearby tissue. Although adding 
mucormycosis to COVID-19 infection significantly 
increased the death rate, the mortality of the 
mucormycosis patients did not differ between pre-
COVID and COVID periods. This observation could be 
because, on the one hand, physicians are more aware of 
this infection's clinical symptoms and treatment. On the 
other hand, CAM patients had easier access to FESS 
and liposomal amphotericin B during the COVID era. 

 
Limitations 

The cumulative dose of the steroid could not be 
determined. Different forms of steroids, such as 
dexamethasone and methylprednisolone, were 
administered to COVID patients via different routes, 
including intramuscular (IM), intravenous (IV), and 
oral administration. It would be wise for future studies 
to determine the effective dosage that would pose a 
serious risk of infection with mucormycosis. A further 
limitation of this study is our inability to utilize logistic 
regression analysis to assess the effects of 
corticosteroids due to the small sample size.  

 
Conclusions 

Despite the overall decline of the COVID 
pandemic, recent SARS-1 and SARS-2 outbreaks 
indicate the possibility of a new virus-based pandemic. 
Patients with SIRS often respond well to 
corticosteroids, which can be life-saving; however, in 
patients with risk factors such as diabetics, we must take 
special care to minimize the chance of developing 
opportunistic infections such as mucormycosis. We still 
have time to develop protocols for early diagnosis and 
treatment of mucormycosis or guidelines for using 
specific types and dosages of corticosteroids in 
inflammatory processes caused by potential viral 
agents. 
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