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Abstract: Mucormycosis (MCM) is a serious invasive fungal disease (IFD) that is associated with high
mortality, particularly in immunocompromised patients. A global surge in MCM cases was reported
with the COVID-19 pandemic. We analyzed all recorded cases of MCM at the American University
of Beirut Medical Center (AUBMC), a tertiary care center in Lebanon, over 14 years. We aimed to
identify the incidence, seasonal variation, clinical characteristics of the patients, and predictors of
mortality. We conducted a retrospective chart review between 1 January 2008 and 1 January 2023. All
patients with proven or probable MCM were included in the study. Proven or probable MCM was
defined by positive histopathology and/or positive cultures. A total of 43 patients were identified
as having MCM. Their median age was 53 years, and the majority were males (58.1%). Most of
the cases were diagnosed in the autumn season. In total, 67.4% of the patients had hematological
malignancies (HMs), and 34.9% had uncontrolled diabetes mellitus (DM). The most common site
of involvement was rhino-orbital-cerebral MCM (ROCM) (74%). The annual cases of MCM per
100,000 patient days increased markedly during the years of the COVID-19 pandemic (from 0 to
4.4 cases/100,000 patient days to 7.5 cases/100,000 during 2020 and 2021). Liposomal amphotericin
(Ampho) B was used as a first-line agent in most of the patients (86%). The median duration of total
in-hospital antifungal therapy was 21 days and 51.2% of the patients received step-down therapy
with azoles. Surgical debridement and isolated ROCM were significantly associated with survival
(p-value: 0.02 and <0.001, respectively). All-cause mortality was 46.7%, with chronic renal disease
being significantly associated with mortality (p-value < 0.05). The incidence of MCM has been
increasing at our institution, particularly since the COVID-19 pandemic. Early diagnosis, treatment,
and surgical debridement improve patient outcomes and overall survival.

Keywords: mucormycosis; hematological malignancy; diabetes mellitus; rhino-orbital-cerebral
mucormycosis; amphotericin B; COVID-19; Lebanon

1. Introduction

Mucormycosis (MCM) is a life-threatening invasive fungal disease (IFD) caused
by fungi of the order Mucorales [1,2]. The most frequently reported pathogens include
Rhizopus spp., Mucor spp., and Lichtheinmia, followed by Rhizomucor spp., Cunninghamella spp.,
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Apophysomyces spp., and Saksenaea spp. [3–5]. Various infection rates have been reported for
different institutions and for high-risk populations [2].

Infection usually occurs through the inhalation of fungal spores into the respiratory
tract, ingestion through the gastrointestinal tract, or through direct inoculation to areas of
trauma [6]. MCM occurs mostly in patients with an impaired immune status, including
uncontrolled diabetes mellitus (DM), transplant recipients, patients with hematologic
malignancies (HMs), and neutropenia. However, immunocompetent hosts can also develop
an infection through the direct inoculation of organisms [2]. More recently, MCM has been
increasingly reported in COVID-19-infected patients, particularly following the receipt of
steroids or other immunosuppressant agents such as tocilizumab [7].

The diagnosis of MCM can be challenging as it relies on tissue sampling with specific
findings on histopathologic examination and culture with no available antigen detection
tests as is the case for other deep-seated fungi [8]. The hallmark of MCM is angioinvasion,
resulting in rapid progression of the infection and extensive tissue necrosis; often leading to
the invasion of adjacent organs and blood vessels [9–12]. The spectrum of infection ranges
from rhino-orbito-cerebral MCM (ROCM) to pulmonary, cutaneous, gastrointestinal, and
disseminated MCM [12].

During the COVID-19 pandemic, a global surge of MCM cases was reported with the
majority of cases stemming from India [13]. Numerous cases in low- and middle-income
countries (LMIC) may have gone unreported to healthcare facilities, resulting in limited
representation in the published literature. Moreover, there is limited knowledge regarding
the prevalence of MCM in the Arab countries [14]. The largest study to assess the incidence
of MCM in Lebanon was conducted at the American University of Beirut Medical Center
(AUBMC), a tertiary referral center, where a total of 20 cases of MCM were identified over
a 10-year period from 2008 to 2017. The reported number of MCM cases per 10,000 hospital
admissions was 1.18 in 2017, increasing from 0.47 in 2008 [15].

Since then, and especially after the COVID-19 pandemic, we have noticed an increase
in the number of cases of MCM. To better understand this observation, we conducted a
retrospective study at AUBMC between 1 January 2008 and 1 January 2023. We herein
describe the incidence of MCM, seasonal variations, clinical characteristics of infected
patients, and the predictors of mortality.

2. Research Design and Methods
2.1. Study Design and Setting

We conducted a retrospective study that included all patients that were admitted to
the AUBMC between 1 January 2008 and 1 January 2023 and were diagnosed with MCM.

AUBMC is an academic tertiary care center with a capacity of 420 beds. It is a national
and regional referral center in Beirut, Lebanon. This institution provides inpatient medical
care to over 25,000 patients a year. It provides specialized medical and surgical services in-
cluding a specialized hematology and oncology service and a busy bone marrow transplant
service performing over 100 transplants per year.

2.2. Population and Data Collection

Using the medical records department at AUBMC, we identified all cases of MCM
that were diagnosed between 1 January 2008 and 1 January 2023. Since 2018, AUBMC has
moved to an electronic medical records system.

The collected data included: demographics (age, sex), comorbidities (DM, chronic renal
disease), immunocompromising conditions (solid organ malignancy, HM, chemotherapy,
or immunotherapy within the previous 30 days, hematopoietic stem cell transplant (HSCT)
or solid organ transplantation (SOT), neutropenia), COVID-19 infection and treatment
with immunosuppressant agents (steroids, tocilizumab, baricitinib). Imaging findings of
Computed Tomography (CT) scans were also collected as well as microbiological results
and pathology reports. We also collected data regarding the management of patients
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including surgical debridement from operative reports, antifungal agents used with their
respective durations, and any documented adverse events.

We also aimed to identify the annual and monthly incidence of MCM per 100,000 patient
days between the years 2008 and 2023. Data on annual admissions to all medical and
surgical wards (including pediatrics) to AUBMC was obtained to calculate the annual
incidence per 100,000 patient days.

We also compared patients who survived and those who were deceased within the
first 30 days of admission to identify predictors of mortality.

2.3. Microbiological Definitions

We included both proven and probable cases of MCM. The patients were classified
as having probable or proven disease based on the global guideline for the diagnosis and
management of MCM of the European Confederation of Medical Mycology in cooperation
with the Mycoses Study Group Education and Research Consortium [2]. A case is classified
as “proven MCM” when there is definite microbiological evidence confirmed by culture
from a sterile site while “probable MCM” requires a positive culture from a non-sterile
site combined with clinical and radiological evidence of the disease. Histopathology was
consistent with MCM when broad, non-septate hyphae with irregular right-angle branching
were visualized on microscopy. Cultures and speciation were not always available. For
pulmonary MCM, pathology and culture were performed on samples from endobronchial
aspirates, broncho-alveolar lavages (BAL), or lung biopsy. Molecular methods for fungi
identification are not available at our medical center.

All cases of COVID-19 were confirmed using a real-time reverse transcription poly-
merase chain reaction (RT-PCR) performed on nasal swabs, tracheal aspirates, BAL, or
other respiratory samples.

2.4. Statistical Analysis

Data management and analysis were conducted using IBM SPSS version 28 (IBM,
New York, NY, USA). Categorical data were presented using count (percent), while con-
tinuous data were presented using medians and interquartile ranges (IQR). Associations
between categorical variables and the outcome variable (30-day in-hospital mortality) were
assessed using the Chi-square test or Fisher’s exact test when more than 20% of expected
cell counts were below 5. Associations between continuous variables and the outcome
variables (30-day in-hospital mortality) were assessed using the Mann–Whitney test. Signif-
icance was two-tailed and was set at α < 0.05. A Kaplan–Meier estimate using the log-rank
test was used to analyze survival.

2.5. Ethical Considerations

The study was approved by the institutional review board (IRB) at AUBMC (Protocol
number: BIO-2022-0364). Since this was a retrospective chart review, patients’ consent
was waived. The study posed no risk to patients and its potential benefits outweighed the
potential risks.

3. Results
3.1. Baseline Characteristics of the Study Population

We identified 43 cases of patients with MCM admitted to AUBMC between
January 2008 and January 2023. The median age of our population was 53 and 58.1%
of them were males and had a median Charlson Comorbidity Index of 2. Two-thirds of
our population (67.4%) had an HM. One-third (34.9%) had DM. We identified 5 cases of
COVID-19-associated MCM (CAM).

The most common presenting signs and symptoms were fever (55.8%) and symptoms
and signs of sinusitis (55.8%). A necrotic eschar was seen in 39.5% of cases. ROCM was
the most common presentation and accounted for 32 cases (74.4%). Of those, 84.4% had
isolated ROCM, while the remaining cases had ROCM associated with either pulmonary
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or skin and soft tissue (SSTI) MCM. Common imaging findings for ROCM included soft
tissue edema (40.6%) and mucoperiosteal thickening of the sinuses (40.6%). Imaging
findings of pulmonary MCM consisted mostly of consolidation (66.6%) and infiltrates
(50.0%). Interestingly, the reverse halo sign was not seen in any of the cases. A biopsy
was performed in 39 patients of which 82.1% had, on microscopy, non-septate hyphae
branching at 90 degrees. The most commonly biopsied sites were sino-nasal (56.4%), soft
tissue (20.5%), and palatal (12.8%). On the other hand, culture was positive in only 10 of
those cases.

Regarding the management, surgical debridement was performed in 72.1% of all MCM
cases, mostly in the ROCM and the SSTI MCM cases, with a median time from diagnosis
to surgery of 1 day. Most of the patients received initial treatment with a lipid formula-
tion of amphotericin (Ampho) B, mostly liposomal Ampho B, for a median duration of
21 days. A total of 14% of the patients developed nephrotoxicity, and 23.3% had electrolytes
abnormalities while on antifungal treatment (Supplementary Table S1). Among those
who underwent step-down antifungal therapy, posaconazole was the most commonly pre-
scribed agent (72.4%). Thirty-day in-hospital mortality was 46.5% with a median time from
diagnosis to death of 20.5 days. In those who survived, the median time from diagnosis to
discharge was 29 days (IQR = 24.0–42.0 days) (Supplementary Table S1).

3.2. Seasonal and Annual Variations in the Incidence of Mucormycosis

We calculated the annual incidence of MCM per 100,000 patient days. While the incidence
fluctuated between 0 and 4.4 cases/100,000 patient days, it reached 7.5 cases/100,000 patient
days during the years 2020 and 2021 following the COVID-19 pandemic (Figure 1).

The highest number of cases of MCM was recorded during the month of October.
Over half of the cases occurred during the period extending from the months of August till
November corresponding to the late summer and autumn season (Figure 2).
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3.3. Predictors of Mortality from Mucormycosis

When comparing patients who survived to those who were deceased, we found that
isolated ROCM and surgical debridement were significantly associated with survival on
bivariate analysis. In addition, higher survival rates were seen in male patients and in
patients with recent antifungal use in the past 30 days prior to diagnosis; however, this
was not statistically significant. On the other hand, chronic renal disease, as a comorbidity
present on admission, was significantly associated with mortality (Table 1).

Although female sex, neutropenia, SOT, ROCM and lung MCM, SSTI MCM, and recent
corticosteroid treatment in the past 30 days prior to the diagnosis of MCM were associated
with higher mortality, this was not statistically significant. Furthermore, compared to those
who survived (2), a higher median Charlson Comorbidity Index was seen in patients who
were deceased (4) (p-value: 0.076).

In-hospital 30-day mortality was significantly reduced when surgical debridement of
the site of MCM was performed, mostly in cases of ROCM and SSTI MCM (Figure 3).
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Table 1. Predictors of mortality in patients with mucormycosis. BMT, bone marrow transplant;
GVHD, graft-versus-host disease; IQR, interquartile range; MCM, mucormycosis; qSOFA, quick
Sequential Organ Failure Assessment; ROCM, rhino-orbito-cerebral mucormycosis; SSTI, skin and
soft tissue infection.

Dead
(N = 20)

Survived
(N = 23) p-Value

Age (median, IQR) 56 (35–65) 50 (38–58) 0.592

Male
Female

9 (45.0%)
11 (55.0%)

16 (69.6%)
7 (30.4%) 0.103

Charlson Comorbidity index 4 (2–5) 2 (2–4) 0.076

Diabetes mellitus 8 (40.0%) 7 (30.4%) 0.512

Chronic renal disease 5 (25.0%) 0 (0.0%) 0.016

Immunocompromised (solid organ malignancy,
hematological malignancy, chemotherapy,

or immunotherapy within the previous
30 days, hematopoietic stem cell transplant

or solid organ transplantation, and neutropenia)

20 (100.0%) 18 (78.3%) 0.051

Hematologic malignancy 13 (65.0%) 16 (69.6%) 0.750

Solid organ malignancy 3 (15.0%) 0 (0%) 0.092

Transplant 4 (20.0%) 2 (8.7%) 0.393

Neutropenia 12 (60.0%) 9 (39.1%) 0.172

Solid organ transplant 0 (0.0%) 1 (4.3%) 1

BMT 5 (25.0%) 4 (17.4%) 0.711

GVHD 3 (15.0%) 2 (8.7%) 0.650

Recent corticosteroids in the past 30 days prior to diagnosis 13 (65.0%) 9 (39.1%) 0.091

Recent chemotherapy in the past 30 days prior to diagnosis 15 (75.0%) 15 (65.2%) 0.486

Recent immunotherapy in the past 30 days prior to diagnosis 1 (5.0%) 1 (4.3%) 1

Auto-immune disease 4 (20.0%) 1 (4.3%) 0.110

COVID-19 3 (15.0%) 2 (8.7%) 0.650

Recent antifungals in the past 30 days prior to diagnosis 7 (35.0%) 12 (52.2%) 0.258

Voriconazole prophylaxis 7 (35.0%) 9 (39.1%) 0.780

qSOFA (median, IQR) 0 (0–2) 0 (0–0) 0.309

Isolated ROCM 7 (35.0%) 20 (87.0%) <0.001

Isolated pulmonary mucormycosis 1 (5.0%) 2 (8.7%) 0.554

ROCM and lung mucormycosis 3 (15.0%) 0 (0.0%) 0.092

ROCM and SSTI MCM 2 (10.0%) 0 (0.0%) 0.210

SSTI MCM 5 (25.0%) 1 (4.3%) 0.065

Surgical debridement for MCM 11 (55.0%) 20 (27.0%) 0.020

Time from diagnosis to surgery in days (median, IQR) 0 (0–4) 1 (0–2) 0.902
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4. Discussion

Our study provides informative insights into the trends and clinical characteris-
tics of MCM in patients admitted to a tertiary care center in Lebanon over a 14-year
period. Despite the limited number of infected patients, several key aspects of MCM
could be highlighted.

A cluster of MCM cases was observed in 2020 and 2021 correlating with the COVID-19
pandemic as has been described in other case series [16,17]. Moreover, it is worth men-
tioning that fungi of the order Mucorales are recognized as significant contributors to
wound infections in various settings including natural disasters, and other forms of civilian
trauma [18–20]. In fact, the Beirut Port Blast happened in August 2020 and might have
contributed to a rise in the environmental fungal load of Mucorales spores possibly leading
to an increase in the number of cases admitted to AUBMC, which is located in the city
of Beirut. In addition, our study shows a low culture yield compared to other published
studies [4,21–23]. The discordance between histopathological diagnosis and fungal culture
results has been well described in the literature [23]. Grinding or homogenizing tissue
samples could have potentially damaged the fragile hyphae, leading to negative culture
outcomes. Thus, it is crucial for clinicians and microbiologists to closely collaborate with
each other to ensure proper handling of the specimen [24,25].

Most of the reported cases in this study were seen in the late summer and autumn.
Previous studies from Lebanon also showed this seasonal predominance of cases [15,26].
This seasonal trend is likely related to the role of the predisposing environmental factors.
In a study from Iran, positive soil samples of Mucorales were most frequently detected
in autumn (43.2%) [27]. The warm weather in Lebanon, coupled with increased humidity
extending to the autumn season, may be associated with an increase in Mucorales spores’
concentration [28,29].

The most known risk factors for developing MCM are DM, HMs, other types of cancer,
organ transplantation, long-term neutropenia, the use of corticosteroids, traumatic injuries,
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and excess iron levels [23,30]. In Iran and India, DM has been consistently identified as the
most frequently reported risk factor in patients with MCM, while in Europe and USA, HM
has emerged as the most common underlying disease [4,31–35]. A recent 11-year multi-
center study conducted in Saudi Arabia showed comparable proportions of DM and HMs
among the patient population diagnosed with MCM (48% and 42.4%, respectively) [36].
In our study, almost two-thirds of our patients had an HM and one-third had DM. The
prevalence of DM has been increasing at a faster rate in LMIC compared to high-income
countries, which might explain the consequent expected increase in the incidence of MCM
in these countries [37]. Additionally, poorly controlled DM is more likely in LMIC and
contributes to the differences seen in the incidence of MCM [38]. Although Lebanon is
considered a LMIC, the elevated incidence of MCM in those with an HM could potentially
be attributed to AUBMC’s position as a referral center for complex cases of HMs and
HSCTs, as previously described in a case series from the same tertiary care center [15].

CAM has recently gained attention as a rare but severe complication in COVID-19
patients, likely associated with the widespread use of corticosteroids, uncontrolled hyper-
glycemia, broad-spectrum antibiotics, and interleukin 6 inhibitors [7,21,39–42]. A cumula-
tive dose greater than 600 mg of prednisone and 2 to 7 g of methylprednisolone has been
associated with an increased risk of MCM in immunocompromised patients [43]. The ma-
jority of reported cases of CAM worldwide have originated from the Indian population [44].
Data regarding CAM in the Arab region primarily stems from Egypt where several reports
have described cases of COVID-19 associated with ROCM, as well as the high prevalence
of DM and the use of corticosteroids in these patients [44–47]. In addition, one case series
from a secondary hospital in Oman reported 10 cases of COVID-19 and ROCM, all of which
were observed in patients with poorly controlled DM [48]. It has been shown that the
median duration for patients with COVID-19 to develop MCM is around 10–15 days from
COVID-19 diagnosis [39,49]; however, delayed MCM has also been reported [7]. Although
our study included only 5 cases, this small number could be attributed to the limited sample
size. All the 5 patients had received high dose corticosteroids and only 2 of them had
type II DM with uncontrolled blood sugar levels. Multiple conjectures exist regarding the
causative factors of MCM in COVID-19. First, the administration of corticosteroids leads to
elevated blood sugar levels while diminishing the phagocytic cells, thereby heightening
the susceptibility to MCM [50]. In addition, it has been suggested that the SARS-CoV-2
virus can impair pancreatic islet cells, potentially inducing new onset DM or exacerbating
hyperglycemia in patients with pre-existing DM [39]. In India, it was hypothesized that the
hospitals’ air quality could have potentially played a role in some nosocomial outbreaks of
CAM [21]. It should be mentioned that routine air sampling has been performed at our
facility in the oncology and the bone marrow transplant units over the past 20 years with
the occasional growth of Aspergillus spp. but never of Mucorales (data from the infection
control program at AUBMC). A recently published meta-analysis suggests that prior pul-
monary infection with Aspergillus spp. and tocilizumab use in patients with COVID-19 are
risk factors for MCM [51].

Associations between the site of MCM infection and various underlying medical
conditions have been described in the literature. For example, HM is frequently linked to
pulmonary involvement, whereas in diabetic patients, sinus disease is more commonly
seen than other sites of involvement [4,52]. Globally, including the Middle East region,
ROCM is the most frequently reported site of infection [53,54]. Similarly, in this study,
the most commonly involved site was ROCM with symptoms and signs of sinusitis being
the most commonly presenting clinical picture. In most of the patients, the diagnosis was
suspected based on the clinical picture and the CT scan findings. The symptoms associated
with ROCM are often nonspecific and can vary in terms of range and severity. The nasal or
palatine manifestations of MCM include the presence of grey or reddish mucosa, which
subsequently progresses to the formation of black areas of eschar as necrosis develops.
Eschar can be observed in the nasal septum, palate, eyelid, face, or orbital regions. However,
the absence of eschar does not necessarily exclude the possibility of ROCM [30,54,55]. A CT
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scan offers certain advantages over magnetic resonance imaging (MRI) as it can detect bony
erosion and necrosis, although such findings typically indicate an advanced stage of the
disease with a poor prognosis. A contrast CT scan can also reveal evidence of cavernous
sinus thrombosis and vascular enhancement. On the other hand, MRI is particularly useful
in the early detection of cranial vascular invasion, making it more beneficial than CT
brain scans in these aspects [56]. In our study, a CT scan was the preferred modality over
MRI. The most frequently observed findings of ROCM were orbital invasion, followed
by mucoperiosteal thickening and severe soft tissue edema. Approximately half of the
diagnosed patients with ROCM exhibited orbital involvement, which aligns with findings
from the literature [57–59]. The pterygopalatine fossa serves as a crucial pathway for the
spread of MCM to the orbital, facial, and intracranial regions [60].

Pulmonary MCM mainly occurs in immunocompromised patients with the main risk
factor being an HM [30]. Symptoms are not specific and can range from persistent fever
to cough and hemoptysis [61]. Moreover, after diagnosing pulmonary MCM, clinicians
should actively look for additional invasive signs such as ROCM, or skin or gastrointestinal
symptoms [62]. In our study, 3 of the patients with pulmonary MCM also had concomitant
ROCM on diagnosis. The presence of the reverse halo sign, which is characterized by
a concentrated ground-glass opacity (GGO) surrounded by a ring or crescent-shaped
consolidation, is typically considered a strong indicator of pulmonary MCM [63]. However,
it is important to note that this sign is often an early manifestation and may not be present
in all patients [64]. For instance, in a recent study conducted in France, it was found that
condensations and GGO were the most common types of lesions observed (58% and 65%,
respectively), which is similar to our findings (50% and 66.6%, respectively) [65].

SSTI MCM, ranking as the third most prevalent form of MCM, after ROCM and
pulmonary MCM, was examined in a recent systematic review by Skiada et al. The study
revealed that DM was the leading underlying disease in SSTI MCM cases, accounting
for 20% of the reported cases, followed by HMs at 15.7%. Notably, a significant finding
was that 39.6% of the documented cases involved immunocompetent patients [66]. In our
study, the 5 cases of isolated SSTI MCM were identified in patients with an HM, while
only 2 patients had DM. One of our patients developed MCM on the anterior shins of the
legs following prolonged exposure to the sequential compression device (SCD) used for
deep vein thrombosis prevention. Whether MCM was caused by a direct trauma from
the SCD remains uncertain. Interestingly, two studies from Saudi Arabia showed that the
most common site of infection was cutaneous MCM [36,67]. Elzein et al. showed a notable
occurrence of cutaneous MCM associated with significant trauma, particularly from motor
vehicle collisions (38.9%) [67].

When examining factors correlating with outcomes in our series, it was found that
ROCM and surgical debridement were significantly associated with better survival. It is
likely that patients with ROCM were diagnosed at an early stage, allowing for prompt
surgical debridement and adequate treatment, which contributed to higher rates of survival,
as opposed to patients with MCM in other locations. For instance, the median time from
diagnosis till surgery was 1 day in our study. The morbidity and mortality in ROCM
are primarily influenced by the timing of initiating intravenous Ampho B therapy, and
the timing of surgical debridement, and any delay in implementing these measures, can
have an impact on survival outcomes [68–70]. Additional factors associated with poor
survival from the literature were bilateral sinus involvement on initial diagnosis, brain and
cavernous sinus involvement, and renal disorder [56]. All patients received formulations
of Ampho B, mostly liposomal Ampho B, at a dose varying between 5 and 10 mg/kg/day
except two who had a poor prognosis on diagnosis and opted for palliative care with no
antifungal treatment. In resource-constrained settings, either Ampho B deoxycholate or
Ampho B lipid complex (Abelcet) can also be used. In total, 86% of our patients received
liposomal Ampho B (Ambisome) for a mean duration of 21 days. Around half of them
underwent step-down therapy to posaconazole after a median of 21 days. Prolonged
step-down therapy is warranted for months [2]. Chronic renal disease upon diagnosis
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was significantly associated with mortality in our study. On the other hand, a recent
meta-analysis showed that the mortality in patients with initial chronic renal disease has
decreased from 52% to 19% over 20 years, likely due to the administration of liposomal
Ampho B, which is less nephrotoxic than Ampho B [69].

The strength of our study is the wide clinical data and characteristics presented on
patients with MCM from Lebanon over a 14-year period including pre- and post-COVID-19.
However, several limitations are present. First, the retrospective nature of the study
introduces the possibility of bias during data collection. Second, the small number of
included patients may have influenced the generalizability of the conclusions. Third, the
fact that our tertiary care center serves as a referral facility for HMs and HSCT treatment
could have potentially impacted the findings, thereby not being a true reflection of the
epidemiology of MCM in Lebanon.

5. Conclusions

The incidence of MCM has been increasing over the past 14 years at our institution
with a predominance in the autumn months. The epidemiology and clinical character-
istics of MCM have undergone changes in Lebanon and globally due to the impact of
the recent COVID-19 pandemic and the increase in chronic noncommunicable diseases.
Managing this disease poses significant challenges given its high morbidity and mortality
rates, necessitating a multidisciplinary approach for evaluation and treatment. Under-
standing the specific epidemiological patterns in each country, particularly in LMIC where
resources are limited, is essential as it guides decisions regarding antifungal prophy-
laxis, early detection, and prompt management with surgical debridement and empirical
antifungal therapy.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jof9080824/s1, Table S1: Characteristics of the overall population of
patients with mucormycosis.

Author Contributions: Conceptualization, S.S.K. and F.A.; methodology, S.S.K., F.A., J.Z. and M.E.;
software, J.Z.; validation, F.A. and J.Z.; formal analysis, J.Z. and M.E.; investigation, K.K., E.R.B.
and S.B.N.; data curation, F.A. and J.Z.; writing—original draft preparation, F.A., J.Z., S.B.N., K.K.
and A.G.; writing—review and editing, F.A. and S.S.K.; visualization, J.Z.; supervision, S.S.K.;
project administration, S.S.K. and F.A. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board at the American University
of Beirut Medical Center AUBMC (Protocol number: BIO-2022-0364).

Informed Consent Statement: Patients’ consent was waived since the study is a retrospective chart
review. The study posed no risk to patients and its potential benefits outweighed the potential risks.

Data Availability Statement: The datasets generated during and/or analyzed during the current study
are not publicly available but are available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Steinbrink, J.M.; Miceli, M.H. Mucormycosis. Infect. Dis. Clin. N. Am. 2021, 35, 435–452. [CrossRef]
2. Cornely, O.A.; Alastruey-Izquierdo, A.; Arenz, D.; Chen, S.C.A.; Dannaoui, E.; Hochhegger, B.; Hoenigl, M.; Jensen, H.E.;

Lagrou, K.; Lewis, R.E.; et al. Global guideline for the diagnosis and management of mucormycosis: An initiative of the European
Confederation of Medical Mycology in cooperation with the Mycoses Study Group Education and Research Consortium.
Lancet Infect. Dis. 2019, 19, e405–e421. [CrossRef] [PubMed]

3. Roden, M.M.; Zaoutis, T.E.; Buchanan, W.L.; Knudsen, T.A.; Sarkisova, T.A.; Schaufele, R.L.; Sein, M.; Sein, T.; Chiou, C.C.;
Chu, J.H.; et al. Epidemiology and outcome of zygomycosis: A review of 929 reported cases. Clin. Infect. Dis. 2005, 41, 634–653.
[CrossRef]

https://www.mdpi.com/article/10.3390/jof9080824/s1
https://www.mdpi.com/article/10.3390/jof9080824/s1
https://doi.org/10.1016/j.idc.2021.03.009
https://doi.org/10.1016/S1473-3099(19)30312-3
https://www.ncbi.nlm.nih.gov/pubmed/31699664
https://doi.org/10.1086/432579


J. Fungi 2023, 9, 824 11 of 13

4. Skiada, A.; Pagano, L.; Groll, A.; Zimmerli, S.; Dupont, B.; Lagrou, K.; Lass-Florl, C.; Bouza, E.; Klimko, N.; Gaustad, P.; et al.
Zygomycosis in Europe: Analysis of 230 cases accrued by the registry of the European Confederation of Medical Mycology
(ECMM) Working Group on Zygomycosis between 2005 and 2007. Clin. Microbiol. Infect. 2011, 17, 1859–1867. [CrossRef]
[PubMed]

5. Sridhara, S.R.; Paragache, G.; Panda, N.K.; Chakrabarti, A. Mucormycosis in immunocompetent individuals: An increasing trend.
J. Otolaryngol. 2005, 34, 402–406. [CrossRef]

6. Petrikkos, G.; Tsioutis, C. Recent Advances in the Pathogenesis of Mucormycoses. Clin. Ther. 2018, 40, 894–902. [CrossRef]
[PubMed]

7. Sen, M.; Lahane, S.; Lahane, T.P.; Parekh, R.; Honavar, S.G. Mucor in a Viral Land: A Tale of Two Pathogens. Indian J. Ophthalmol.
2021, 69, 244–252. [CrossRef] [PubMed]

8. Hamilos, G.; Samonis, G.; Kontoyiannis, D.P. Pulmonary mucormycosis. Semin. Respir. Crit. Care Med. 2011, 32, 693–702.
[CrossRef]

9. Higo, T.; Kobayashi, T.; Yamazaki, S.; Ando, S.; Gonoi, W.; Ishida, M.; Okuma, H.; Nakamura, F.; Ushiku, T.; Ohtomo, K.; et al.
Cerebral embolism through hematogenous dissemination of pulmonary mucormycosis complicating relapsed leukemia.
Int. J. Clin. Exp. Pathol. 2015, 8, 13639–13642.

10. Ben-Ami, R.; Luna, M.; Lewis, R.E.; Walsh, T.J.; Kontoyiannis, D.P. A clinicopathological study of pulmonary mucormycosis in
cancer patients: Extensive angioinvasion but limited inflammatory response. J. Infect. 2009, 59, 134–138. [CrossRef]

11. Lelievre, L.; Garcia-Hermoso, D.; Abdoul, H.; Hivelin, M.; Chouaki, T.; Toubas, D.; Mamez, A.C.; Lantieri, L.; Lortholary, O.;
Lanternier, F. Posttraumatic mucormycosis: A nationwide study in France and review of the literature. Medicine 2014, 93, 395–404.
[CrossRef] [PubMed]

12. Reid, G.; Lynch, J.P., 3rd; Fishbein, M.C.; Clark, N.M. Mucormycosis. Semin. Respir. Crit. Care Med. 2020, 41, 99–114. [CrossRef]
13. Sarfraz, Z.; Sarfraz, A.; Jaiswal, V.; Poudel, S.; Bano, S.; Hanif, M.; Singh Shrestha, P.; Sarfraz, M.; Michel, G.; Cherrez-Ojeda, I.

The Past, Present and Future of COVID-19 Associated Mucormycosis: A Rapid Review. J. Prim. Care Community Health 2022,
13, 21501319221099476. [CrossRef]

14. Kmeid, J.; Jabbour, J.F.; Kanj, S.S. Epidemiology and burden of invasive fungal infections in the countries of the Arab League.
J. Infect. Public Health 2020, 13, 2080–2086. [CrossRef] [PubMed]

15. El Zein, S.; El-Cheikh, J.; El Zakhem, A.; Ibrahim, D.; Bazarbachi, A.; Kanj, S.S. Mucormycosis in hospitalized patients at a tertiary
care center in Lebanon: A case series. Infection 2018, 46, 811–821. [CrossRef] [PubMed]

16. Ravani, S.A.; Agrawal, G.A.; Leuva, P.A.; Modi, P.H.; Amin, K.D. Rise of the phoenix: Mucormycosis in COVID-19 times.
Indian J. Ophthalmol. 2021, 69, 1563–1568. [CrossRef] [PubMed]

17. Song, G.; Liang, G.; Liu, W. Fungal Co-infections Associated with Global COVID-19 Pandemic: A Clinical and Diagnostic
Perspective from China. Mycopathologia 2020, 185, 599–606. [CrossRef]

18. Kronen, R.; Liang, S.Y.; Bochicchio, G.; Bochicchio, K.; Powderly, W.G.; Spec, A. Invasive Fungal Infections Secondary to Traumatic
Injury. Int. J. Infect. Dis. 2017, 62, 102–111. [CrossRef]

19. Benedict, K.; Park, B.J. Invasive fungal infections after natural disasters. Emerg. Infect. Dis. 2014, 20, 349–355. [CrossRef]
20. Walsh, T.J.; Hospenthal, D.R.; Petraitis, V.; Kontoyiannis, D.P. Necrotizing Mucormycosis of Wounds Following Combat Injuries,

Natural Disasters, Burns, and Other Trauma. J. Fungi 2019, 5, 57. [CrossRef]
21. Chowdhary, A.; Gupta, N.; Wurster, S.; Kumar, R.; Mohabir, J.T.; Tatavarthy, S.; Mittal, V.; Rani, P.; Barman, P.; Sachdeva, N.; et al.

Multimodal analysis of the COVID-19-associated mucormycosis outbreak in Delhi, India indicates the convergence of clinical
and environmental risk factors. Mycoses 2023, 66, 515–526. [CrossRef] [PubMed]

22. Sekaran, A.; Patil, N.; Sabhapandit, S.; Sistla, S.K.; Reddy, D.N. Rhino-orbito-cerebral mucormycosis: An epidemic in a pandemic.
IJID Reg. 2022, 2, 99–106. [CrossRef] [PubMed]

23. Skiada, A.; Pavleas, I.; Drogari-Apiranthitou, M. Epidemiology and Diagnosis of Mucormycosis: An Update. J. Fungi 2020, 6, 265.
[CrossRef] [PubMed]

24. Skiada, A.; Lanternier, F.; Groll, A.H.; Pagano, L.; Zimmerli, S.; Herbrecht, R.; Lortholary, O.; Petrikkos, G.L. Diagnosis and
treatment of mucormycosis in patients with hematological malignancies: Guidelines from the 3rd European Conference on
Infections in Leukemia (ECIL 3). Haematologica 2013, 98, 492–504. [CrossRef]

25. Walsh, T.J.; Gamaletsou, M.N.; McGinnis, M.R.; Hayden, R.T.; Kontoyiannis, D.P. Early clinical and laboratory diagnosis of
invasive pulmonary, extrapulmonary, and disseminated mucormycosis (zygomycosis). Clin. Infect. Dis. 2012, 54 (Suppl. S1),
S55–S60. [CrossRef]

26. Al-Ajam, M.R.; Bizri, A.R.; Mokhbat, J.; Weedon, J.; Lutwick, L. Mucormycosis in the Eastern Mediterranean: A seasonal disease.
Epidemiol. Infect. 2006, 134, 341–346. [CrossRef]

27. Vaezi, A.; Walther, G.; Kurzai, O.; Mahdi, D.; Dadashzadeh, M.; Nasri, E.; Diba, K.; Badali, H.; Fakhim, H. Frequency of occurrence,
seasonal variation and antifungal susceptibility of opportunistic Mucorales isolated from hospital soils in Iran. Mycoses 2021,
64, 780–787. [CrossRef]

28. Ministry of Environment. Lebanon’s third National Communication to the United Nations Framework Convention on Cli-
mate Change, Ministry of Environment. 2016. Available online: https://unfccc.int/sites/default/files/resource/lbnnc3.pdf
(accessed on 9 July 2023).

29. Zangeneh, S.; Olia, M.; Sharifnabi, B. New Records of Mucorales from Iran. Rostaniha 2007, 8, 43–66.

https://doi.org/10.1111/j.1469-0691.2010.03456.x
https://www.ncbi.nlm.nih.gov/pubmed/21199154
https://doi.org/10.2310/7070.2005.34607
https://doi.org/10.1016/j.clinthera.2018.03.009
https://www.ncbi.nlm.nih.gov/pubmed/29631910
https://doi.org/10.4103/ijo.IJO_3774_20
https://www.ncbi.nlm.nih.gov/pubmed/33463566
https://doi.org/10.1055/s-0031-1295717
https://doi.org/10.1016/j.jinf.2009.06.002
https://doi.org/10.1097/MD.0000000000000221
https://www.ncbi.nlm.nih.gov/pubmed/25500709
https://doi.org/10.1055/s-0039-3401992
https://doi.org/10.1177/21501319221099476
https://doi.org/10.1016/j.jiph.2019.05.007
https://www.ncbi.nlm.nih.gov/pubmed/31248814
https://doi.org/10.1007/s15010-018-1195-4
https://www.ncbi.nlm.nih.gov/pubmed/30121719
https://doi.org/10.4103/ijo.IJO_310_21
https://www.ncbi.nlm.nih.gov/pubmed/34011742
https://doi.org/10.1007/s11046-020-00462-9
https://doi.org/10.1016/j.ijid.2017.07.002
https://doi.org/10.3201/eid2003.131230
https://doi.org/10.3390/jof5030057
https://doi.org/10.1111/myc.13578
https://www.ncbi.nlm.nih.gov/pubmed/36790120
https://doi.org/10.1016/j.ijregi.2021.12.009
https://www.ncbi.nlm.nih.gov/pubmed/35721429
https://doi.org/10.3390/jof6040265
https://www.ncbi.nlm.nih.gov/pubmed/33147877
https://doi.org/10.3324/haematol.2012.065110
https://doi.org/10.1093/cid/cir868
https://doi.org/10.1017/S0950268805004930
https://doi.org/10.1111/myc.13283
https://unfccc.int/sites/default/files/resource/lbnnc3.pdf


J. Fungi 2023, 9, 824 12 of 13

30. Petrikkos, G.; Skiada, A.; Lortholary, O.; Roilides, E.; Walsh, T.J.; Kontoyiannis, D.P. Epidemiology and clinical manifestations of
mucormycosis. Clin. Infect. Dis. 2012, 54 (Suppl. S1), S23–S34. [CrossRef]

31. Patel, A.; Kaur, H.; Xess, I.; Michael, J.S.; Savio, J.; Rudramurthy, S.; Singh, R.; Shastri, P.; Umabala, P.; Sardana, R.; et al.
A multicentre observational study on the epidemiology, risk factors, management and outcomes of mucormycosis in India.
Clin. Microbiol. Infect. 2020, 26, 944.e9–944.e15. [CrossRef]

32. Dolatabadi, S.; Ahmadi, B.; Rezaei-Matehkolaei, A.; Zarrinfar, H.; Skiada, A.; Mirhendi, H.; Nashibi, R.; Niknejad, F.; Nazeri, M.;
Rafiei, A.; et al. Mucormycosis in Iran: A six-year retrospective experience. J. Mycol. Med. 2018, 28, 269–273. [CrossRef] [PubMed]

33. Chakrabarti, A.; Singh, R. Mucormycosis in India: Unique features. Mycoses 2014, 57 (Suppl. S3), 85–90. [CrossRef] [PubMed]
34. Lanternier, F.; Dannaoui, E.; Morizot, G.; Elie, C.; Garcia-Hermoso, D.; Huerre, M.; Bitar, D.; Dromer, F.; Lortholary, O. A global

analysis of mucormycosis in France: The RetroZygo Study (2005–2007). Clin. Infect. Dis. 2012, 54 (Suppl. S1), S35–S43. [CrossRef]
[PubMed]

35. Pagano, L.; Valentini, C.G.; Posteraro, B.; Girmenia, C.; Ossi, C.; Pan, A.; Candoni, A.; Nosari, A.; Riva, M.; Cattaneo, C.; et al.
Zygomycosis in Italy: A survey of FIMUA-ECMM (Federazione Italiana di Micopatologia Umana ed Animale and European
Confederation of Medical Mycology). J. Chemother. 2009, 21, 322–329. [CrossRef] [PubMed]

36. Abanamy, R.; Alsaud, A.; Alabdulali, R.; Alsobaie, M.; Alalwan, B.; Aljohani, S.; Alshieban, S.; Turkistani, H.; Almohaizeie, A.;
Bosaeed, M.; et al. Clinical characteristics and outcome of mucormycosis: A multi-center retrospective analysis in Saudi Arabia
over 11 years. IJID Reg. 2022, 4, 152–156. [CrossRef]

37. WHO. Global Report on Diabetes; WHO: Geneva, Switzerland, 2016.
38. Aschner, P.; Galstyan, G.; Yavuz, D.G.; Litwak, L.; Gonzalez-Galvez, G.; Goldberg-Eliaschewitz, F.; Hafidh, K.; Djaballah, K.;

Tu, S.T.; Unnikrishnan, A.G.; et al. Glycemic Control and Prevention of Diabetic Complications in Low- and Middle-Income
Countries: An Expert Opinion. Diabetes Ther. 2021, 12, 1491–1501. [CrossRef]

39. Sen, M.; Honavar, S.G.; Bansal, R.; Sengupta, S.; Rao, R.; Kim, U.; Sharma, M.; Sachdev, M.; Grover, A.K.; Surve, A.; et al.
Epidemiology, clinical profile, management, and outcome of COVID-19-associated rhino-orbital-cerebral mucormycosis in 2826
patients in India-Collaborative OPAI-IJO Study on Mucormycosis in COVID-19 (COSMIC), Report 1. Indian J. Ophthalmol. 2021,
69, 1670–1692. [CrossRef]

40. Sharma, S.; Grover, M.; Bhargava, S.; Samdani, S.; Kataria, T. Post coronavirus disease mucormycosis: A deadly addition to the
pandemic spectrum. J. Laryngol. Otol. 2021, 135, 442–447. [CrossRef]

41. Rudramurthy, S.M.; Hoenigl, M.; Meis, J.F.; Cornely, O.A.; Muthu, V.; Gangneux, J.P.; Perfect, J.; Chakrabarti, A. ECMM/ISHAM
recommendations for clinical management of COVID-19 associated mucormycosis in low- and middle-income countries. Mycoses
2021, 64, 1028–1037. [CrossRef]

42. Hoenigl, M.; Seidel, D.; Carvalho, A.; Rudramurthy, S.M.; Arastehfar, A.; Gangneux, J.P.; Nasir, N.; Bonifaz, A.; Araiza, J.;
Klimko, N.; et al. The emergence of COVID-19 associated mucormycosis: A review of cases from 18 countries. Lancet Microbe
2022, 3, e543–e552. [CrossRef]

43. Lionakis, M.S.; Kontoyiannis, D.P. Glucocorticoids and invasive fungal infections. Lancet 2003, 362, 1828–1838. [CrossRef]
[PubMed]

44. Fouad, Y.A.; Abdelaziz, T.T.; Askoura, A.; Saleh, M.I.; Mahmoud, M.S.; Ashour, D.M.; Ashour, M.M. Spike in Rhino-Orbital-
Cerebral Mucormycosis Cases Presenting to a Tertiary Care Center During the COVID-19 Pandemic. Front. Med. 2021, 8, 645270.
[CrossRef] [PubMed]

45. Ashour, M.M.; Abdelaziz, T.T.; Ashour, D.M.; Askoura, A.; Saleh, M.I.; Mahmoud, M.S. Imaging spectrum of acute invasive
fungal rhino-orbital-cerebral sinusitis in COVID-19 patients: A case series and a review of literature. J. Neuroradiol. 2021,
48, 319–324. [CrossRef] [PubMed]

46. Alfishawy, M.; Elbendary, A.; Younes, A.; Negm, A.; Hassan, W.S.; Osman, S.H.; Nassar, M.; Elanany, M.G. Diabetes mellitus and
Coronavirus Disease (COVID-19) Associated Mucormycosis (CAM): A wake-up call from Egypt. Diabetes Metab. Syndr. 2021,
15, 102195. [CrossRef] [PubMed]

47. Fouad, Y.A.; Bakre, H.M.; Nassar, M.A.; Gad, M.O.A.; Shaat, A.A.K. Characteristics and Outcomes of a Series of COVID-
Associated Mucormycosis Patients in Two Different Settings in Egypt Through the Third Pandemic Wave. Clin. Ophthalmol. 2021,
15, 4795–4800. [CrossRef]

48. Balushi, A.A.; Ajmi, A.A.; Sinani, Q.A.; Menon, V.; Berieki, Z.A.; Shezawi, A.A.; Azri, S.A.; Rashdi, A.A.; Jardani, A.A.;
Baluki, T.A.; et al. COVID-19-Associated Mucormycosis: An Opportunistic Fungal Infection. A Case Series and Review.
Int. J. Infect. Dis. 2022, 121, 203–210. [CrossRef]

49. Gupta, R.; Kesavadev, J.; Krishnan, G.; Agarwal, S.; Saboo, B.; Shah, M.; Mittal, A.; Durani, S.; Luthra, A.; Singhal, A.; et al.
COVID-19 associated mucormycosis: A Descriptive Multisite Study from India. Diabetes Metab. Syndr. 2021, 15, 102322. [CrossRef]

50. John, T.M.; Jacob, C.N.; Kontoyiannis, D.P. When Uncontrolled Diabetes Mellitus and Severe COVID-19 Converge: The Perfect
Storm for Mucormycosis. J. Fungi 2021, 7, 298. [CrossRef] [PubMed]

51. Özbek, L.; Topçu, U.; Manay, M.; Esen, B.H.; Bektas, S.N.; Aydın, S.; Özdemir, B.; Khostelidi, S.N.; Klimko, N.; Cornely, O.; et al.
COVID-19-associated mucormycosis: A systematic review and meta-analysis of 958 cases. Clin. Microbiol. Infect. 2023, 29, 722–731.
[CrossRef]

52. Vaezi, A.; Moazeni, M.; Rahimi, M.T.; de Hoog, S.; Badali, H. Mucormycosis in Iran: A systematic review. Mycoses 2016,
59, 402–415. [CrossRef]

https://doi.org/10.1093/cid/cir866
https://doi.org/10.1016/j.cmi.2019.11.021
https://doi.org/10.1016/j.mycmed.2018.02.014
https://www.ncbi.nlm.nih.gov/pubmed/29545123
https://doi.org/10.1111/myc.12243
https://www.ncbi.nlm.nih.gov/pubmed/25187095
https://doi.org/10.1093/cid/cir880
https://www.ncbi.nlm.nih.gov/pubmed/22247443
https://doi.org/10.1179/joc.2009.21.3.322
https://www.ncbi.nlm.nih.gov/pubmed/19567354
https://doi.org/10.1016/j.ijregi.2022.07.004
https://doi.org/10.1007/s13300-021-00997-0
https://doi.org/10.4103/ijo.IJO_1565_21
https://doi.org/10.1017/S0022215121000992
https://doi.org/10.1111/myc.13335
https://doi.org/10.1016/S2666-5247(21)00237-8
https://doi.org/10.1016/S0140-6736(03)14904-5
https://www.ncbi.nlm.nih.gov/pubmed/14654323
https://doi.org/10.3389/fmed.2021.645270
https://www.ncbi.nlm.nih.gov/pubmed/34124087
https://doi.org/10.1016/j.neurad.2021.05.007
https://www.ncbi.nlm.nih.gov/pubmed/34087330
https://doi.org/10.1016/j.dsx.2021.102195
https://www.ncbi.nlm.nih.gov/pubmed/34314921
https://doi.org/10.2147/OPTH.S344937
https://doi.org/10.1016/j.ijid.2022.05.005
https://doi.org/10.1016/j.dsx.2021.102322
https://doi.org/10.3390/jof7040298
https://www.ncbi.nlm.nih.gov/pubmed/33920755
https://doi.org/10.1016/j.cmi.2023.03.008
https://doi.org/10.1111/myc.12474


J. Fungi 2023, 9, 824 13 of 13

53. Stemler, J.; Hamed, K.; Salmanton-García, J.; Rezaei-Matehkolaei, A.; Gräfe, S.K.; Sal, E.; Zarrouk, M.; Seidel, D.; Abdelaziz Khedr, R.;
Ben-Ami, R.; et al. Mucormycosis in the Middle East and North Africa: Analysis of the FungiScope(®) registry and cases from the
literature. Mycoses 2020, 63, 1060–1068. [CrossRef]

54. Jeong, W.; Keighley, C.; Wolfe, R.; Lee, W.L.; Slavin, M.A.; Kong, D.C.M.; Chen, S.C. The epidemiology and clinical manifestations
of mucormycosis: A systematic review and meta-analysis of case reports. Clin. Microbiol. Infect. 2019, 25, 26–34. [CrossRef]
[PubMed]

55. Gamaletsou, M.N.; Sipsas, N.V.; Roilides, E.; Walsh, T.J. Rhino-orbital-cerebral mucormycosis. Curr. Infect. Dis. Rep. 2012,
14, 423–434. [CrossRef]

56. Ak, A.K.; Gupta, V. Rhino-Orbital Cerebral Mucormycosis. In StatPearls; StatPearls Publishing LLC.: Treasure Island, FL,
USA, 2023.

57. Safar, A.; Marsan, J.; Marglani, O.; Al-Sebeih, K.; Al-Harbi, J.; Valvoda, M. Early identification of rhinocerebral mucormycosis.
J. Otolaryngol. 2005, 34, 166–171. [CrossRef] [PubMed]

58. Hosseini, S.M.; Borghei, P. Rhinocerebral mucormycosis: Pathways of spread. Eur. Arch. Otorhinolaryngol. 2005, 262, 932–938.
[CrossRef]

59. Karkhur, S.; Soni, D.; Chauhan, K.; Sarkar, D.; Gautam, M.; Verma, S.; Nyodu, R.; Yadav, N.; Sharma, B. Rhino-orbito-cerebral
mucormycosis and its resurgence during COVID-19 pandemic: A review. Indian J. Ophthalmol. 2023, 71, 39–56. [CrossRef]

60. Mossa-Basha, M.; Ilica, A.T.; Maluf, F.; Karakoç, Ö.; Izbudak, I.; Aygün, N. The many faces of fungal disease of the paranasal
sinuses: CT and MRI findings. Diagn. Interv. Radiol. 2013, 19, 195–200. [CrossRef]

61. Lee, F.Y.; Mossad, S.B.; Adal, K.A. Pulmonary mucormycosis: The last 30 years. Arch. Intern. Med. 1999, 159, 1301–1309. [CrossRef]
62. Serris, A.; Danion, F.; Lanternier, F. Disease Entities in Mucormycosis. J. Fungi 2019, 5, 23. [CrossRef] [PubMed]
63. Wahba, H.; Truong, M.T.; Lei, X.; Kontoyiannis, D.P.; Marom, E.M. Reversed halo sign in invasive pulmonary fungal infections.

Clin. Infect. Dis. 2008, 46, 1733–1737. [CrossRef] [PubMed]
64. Legouge, C.; Caillot, D.; Chrétien, M.L.; Lafon, I.; Ferrant, E.; Audia, S.; Pagès, P.B.; Roques, M.; Estivalet, L.; Martin, L.; et al. The

reversed halo sign: Pathognomonic pattern of pulmonary mucormycosis in leukemic patients with neutropenia? Clin. Infect. Dis.
2014, 58, 672–678. [CrossRef]

65. Coste, A.; Conrad, A.; Porcher, R.; Poirée, S.; Peterlin, P.; Defrance, C.; Letscher-Bru, V.; Morio, F.; Gastinne, T.; Bougnoux, M.E.; et al.
Improving diagnosis of pulmonary mucormycosis: Leads from a contemporary national study of 114 cases. Chest 2023. [CrossRef]
[PubMed]

66. Skiada, A.; Drogari-Apiranthitou, M.; Pavleas, I.; Daikou, E.; Petrikkos, G. Global Cutaneous Mucormycosis: A Systematic
Review. J. Fungi 2022, 8, 194. [CrossRef]

67. Elzein, F.; Albarrag, A.; Kalam, K.; Arafah, M.; Al-Baadani, A.; Eltayeb, N.; Aloteibi, F.; Alrashed, A.; Abdullah, R.A.;
Alasiri, S. Mucormycosis: An 8-year experience of a tertiary care centre in Saudi Arabia. J. Infect. Public Health 2020,
13, 1774–1779. [CrossRef] [PubMed]

68. Dhiwakar, M.; Thakar, A.; Bahadur, S. Improving outcomes in rhinocerebral mucormycosis--early diagnostic pointers and
prognostic factors. J. Laryngol. Otol. 2003, 117, 861–865. [CrossRef] [PubMed]

69. Vaughan, C.; Bartolo, A.; Vallabh, N.; Leong, S.C. A meta-analysis of survival factors in rhino-orbital-cerebral mucormycosis-has
anything changed in the past 20 years? Clin. Otolaryngol. 2018, 43, 1454–1464. [CrossRef] [PubMed]

70. Skiada, A.; Lass-Floerl, C.; Klimko, N.; Ibrahim, A.; Roilides, E.; Petrikkos, G. Challenges in the diagnosis and treatment of
mucormycosis. Med. Mycol. 2018, 56, 93–101. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/myc.13123
https://doi.org/10.1016/j.cmi.2018.07.011
https://www.ncbi.nlm.nih.gov/pubmed/30036666
https://doi.org/10.1007/s11908-012-0272-6
https://doi.org/10.2310/7070.2005.04023
https://www.ncbi.nlm.nih.gov/pubmed/16089219
https://doi.org/10.1007/s00405-005-0919-0
https://doi.org/10.4103/ijo.IJO_1219_22
https://doi.org/10.5152/dir.2012.003
https://doi.org/10.1001/archinte.159.12.1301
https://doi.org/10.3390/jof5010023
https://www.ncbi.nlm.nih.gov/pubmed/30875744
https://doi.org/10.1086/587991
https://www.ncbi.nlm.nih.gov/pubmed/18419427
https://doi.org/10.1093/cid/cit929
https://doi.org/10.1016/j.chest.2023.06.039
https://www.ncbi.nlm.nih.gov/pubmed/37419276
https://doi.org/10.3390/jof8020194
https://doi.org/10.1016/j.jiph.2020.08.002
https://www.ncbi.nlm.nih.gov/pubmed/32891591
https://doi.org/10.1258/002221503322542854
https://www.ncbi.nlm.nih.gov/pubmed/14670145
https://doi.org/10.1111/coa.13175
https://www.ncbi.nlm.nih.gov/pubmed/29947167
https://doi.org/10.1093/mmy/myx101

	Introduction 
	Research Design and Methods 
	Study Design and Setting 
	Population and Data Collection 
	Microbiological Definitions 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Baseline Characteristics of the Study Population 
	Seasonal and Annual Variations in the Incidence of Mucormycosis 
	Predictors of Mortality from Mucormycosis 

	Discussion 
	Conclusions 
	References

