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Abstract

come of COVID-19 associated oral mucormycosis cases.

cases being recorded worldwide.

Background Mucormycosis is an invasive and possibly fatal fungal infection that frequently affects the mouth.
Co-infection in post COVID-19 patients is an emerging concern, owing to their complex nature and higher mortality.
Therefore, this study aimed to report the underlying risk factors, clinical characteristics, presentation, and final out-

Results This study included 51 patients with oral mucormycosis 28 (55%) males and 23 (45%) females. Twenty-three
patients (45%) presented with deep necrotic ulcer, 16 patients (31%) presented with superficial ulcer, and 12 patients
(23%) of them presented with fistula. The overall survival rate was 51% (26 patients recovered). On the other hand,
mortality rate was 49% (25 patients), of which 68% suffered from uncontrolled diabetes mellitus.

Conclusions The mortality rate of COVID-19 associated mucormycosis cases with oral manifestations was found

to be quite high mostly due to delayed diagnosis and lack of timely treatment. Thus, increasing the awareness

of dentists and maxillofacial surgeons is crucial for the early diagnosis of oral mucormycosis which is vital to improve
prognosis of this serious infection. This is of high importance in view of the escalating numbers of mucormycosis

Keywords Mucormycosis, Necrotic, Ulcer, Palate, Post COVID-19, Mortality

Background
Mucormycosis or black fungus is an aggressive poten-
tially fatal fungal infection that is caused by phycomy-
cetes mainly by species of Rhizopus and Mucor. Humans
could be infected primarily via inhalation of spores and
sometimes by accidental inoculation or consumption of
polluted diet [1].

Mucormycosis is characterized by angio-invasion and
poor prognosis [2, 3]. The exact frequency or prevalence
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of mucormycosis is difficult to ascertain because most
cases are misdiagnosed because deep tissue samples are
difficult to obtain and current test methods have low
sensitivity [4, 5]. There are six possible clinical manifes-
tations of mucormycosis: cutaneous, pulmonary, gas-
trointestinal, central nervous system, and rhinocerebral
[6]. The rhinocerebral variety, which accounts for about
half of all zygomycosis cases, is the most common form
observed in dental practice [7, 8].

Rhino-orbito-cerebral mucormycosis (ROCM) form
may present with wide range of symptoms, including
runny nose, facial edema, orofacial pain, and loosening of
the teeth, as well as the development of an oro-nasal/oro-
antral fistula and a black necrotic ulcer or sequestrum in
the palate, buccal vestibule, or maxillary alveolus. Fol-
lowing the disease’s spread into the cerebral vault, it may
result in mortality, seizures, lethargy, and blindness [9].
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Mucormycosis of the maxillary sinus follows breathing
of the sporangiospores of mucoromycetes molds that are
abundant in the environment and may spread to the hard
palate and progress into painful necrotic ulcers [10, 11].

The exact species that causes mucormycosis and the
prevalence of risk factors and underlying systemic disor-
ders may vary by country around the world [2]. The ongo-
ing COVID-19 outbreak had damaging and deteriorating
effects on the superior respiratory tract and the eye, rais-
ing the susceptibility to fungal infection along with the
associated acute inflammatory immune response; thus, it
is currently considered one of debilitating condition that
predisposes patients to mucormycosis besides diabetes. It
was even suggested that invasive mucormycosis are more
prone to occur in COVID-19 patients, particularly those
who are immunocompromised or severely ill [12].

Mucorales spores may germinate more easily in
patients with SARS-CoV-2 infection in cases of hypoxia,
diabetes, hyperglycemia, and ketoacidosis brought on by
steroids, immune subversion, mechanical ventilation, and
extended hospital stays [2, 3]. More than 100 occurrences
of oral and maxillofacial mucormycosis in COVID-19
patients were documented in a recent thorough review
[13].

Given the high morbidity and mortality of this rapidly
progressive fulminant fungal infection, a comprehensive
and efficient multidisciplinary treatment must be per-
formed swiftly. The overall mortality rate of rhinocerebral
mucormycosis is still high despite active interventions;,
thus, future research has to concentrate on finding ways
to get an early diagnosis, implementing vigorous mul-
tidisciplinary therapy, and exploring novel therapeutic
options [14].

Currently, the available literature discussing differ-
ent risk factors and clinical presentations of COVID-19
associated oral mucormycosis is still scarce and mostly
limited to either case reports or case series with no long-
term data available.

Methods

Aim

The present investigation aimed to assess the clinical
characteristics, systemic comorbidities, risk factors, and
the final outcome of COVID-19 associated oral mucor-
mycosis cases during the viral pandemic in Egypt.

Study design and patient’s selection

This retrospective cross-sectional multicenter study ana-
lyzed data from 51 post COVID-19 patients with oral
mucormycosis in different hospitals and institutes in

Egypt.
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Sample size

Convenience sampling, a kind of non-probability sam-
pling, was used to recruit patients. It involves considering
the current pool of post COVID-19 patients who have
oral mucormycosis and were infected between Septem-
ber 2021 and March 2023.

Inclusion criteria
Post COVID-19; patients on or who had corticosteroids
and immunosuppressive drugs; ROCM type.

Exclusion criteria
Patients with pulmonary, cutaneous, gastrointestinal, and
disseminated mucormycosis types.

The protocol of this study was in accordance with the
principles established by the Declaration of Helsinki and
approved by the ethics committee of the British Univer-
sity in Egypt, Cairo, Egypt (BUE REC-21-022).

Data for patients were collected by electronic sur-
vey filled by the internal residents in the ENT clinics
which included history taking (personal history, current
and past medical and drug history, presence or absence
of oxygen therapy and its type, presence or absence of
mucormycosis and if yes then presence or absence of the
oral involvement, the presence or absence of eye mani-
festations and the symptoms that mainly affect those
patients).

If the patient had oral mucormycosis in our survey then
he or she was subjected to intra-oral examination by oral
medicine specialist using plain dental mirror under the
artificial light to detect the presence of oral lesion, ask
about its symptoms, detect its location, clinical presen-
tation of the lesion, as well as color of the surrounding
mucosa as showed in Figs. 1, 2 and 3.

Then, a radiographic assessment with computerized
tomography (CT) scan of the paranasal sinuses (PNS)
and magnetic resonance imaging (MRI) requested if cen-
tral nervous system (CNS) manifestations were present
and they were evaluated by multidisciplinary team. A
biopsy specimen from tissue samples, such as nasal/sinus
tissue, and excisional biopsies from ulcers were evalu-
ated microbiologically and histopathologically to reach a
definite diagnosis in all the suspected cases. The patients
with oral mucormycosis were followed up to 12 months
to assess the final outcome.

Data of the patients were recorded and analyzed using
IBM SPSS software package version 20.0." The Kolmogo-
rov—-Smirnov was used to confirm the normality of vari-
ables’ distribution. Comparisons of groups regarding

! Armonk, NY: IBM Corp.
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Fig. 1 a Showing left facial swelling with black crust on the left nostril. b The left half of the hard palate showing superficial ulcer with yellowish
exudates. ¢ Axial CT showing opacification of the left nasal cavity, left ethmoidal air sinus and thickening of the lining mucosa of the left maxillary
sinus
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Fig. 2 a Showing left cheek swelling and facial asymmetry with history of headache and facial pain of acute onset. b Showing superficial ulcer
with yellowish exudate at the hard palate with history of facial pain of acute onset. ¢ T1 weighted MDI image showing low to intermediate signal
intensity within the nasal cavities, thickening of the lining mucosa of the left sinus with intermediate signal intensity
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Fig. 3 a Showing right facial swelling and black crustation at the right nostril. b Showing deep ulcer with black necrotic mucosa at the right half
of the hard palate associated with loose teeth at the same side and perforation of the palate. ¢ Axial CT bone window showing unilateral proptosis
related to the right orbit and partial opacification of the ethmoidal air sinus and complete opacification of the right and left nasal cavities, mucosal
thickening and air-fluid level in the right maxillary sinus
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Table 1 Descriptive data of patients with oral mucormycosis

Parameter Total (n=51)
Sex
Male 28 (54.9%)
Female 23 (45.1%)
Age (years)
Mean+SD 508154
Medical history
Uncontrolled diabetes 25 (49%)
Hypertension 19 (37.3%)
Controlled diabetes 14 (27.5%)
IHD 9 (17.6%)
CKD 5(7.8%)
Medically free 8 (15.7%)
Hepatitis C 1 (2%)
Hypothyroidism 1(2%)
Adenoid cystic carcinoma 1 (2%)
Corticosteroids 51 (100%)
Systemic antibiotics 51 (100%)
Oxygen therapy 37 (72.5%)
Type of O,
C-pap 10 (19.6%)
O, mask 27 (52.9%)
CNS involvement 22 (43.1%)
Eye involvement 26 (51%)

categorical variables were evaluated using chi-square test
(Fisher or Monte Carlo).

Results

The present study included a total of 51 patients with oral
mucormycosis 28 males (55%) and 23 females (45%) with
mean age of 50.8 + 15.4. Many patients 25 (49%) suffered
from uncontrolled diabetes mellitus (DM), 19 (37%) suf-
fered from hypertension, 14 (27%) had controlled diabe-
tes mellitus, 9 (17%) had ischemic heart disease (IHD),
and 8 (16%) were medically free.

All patients with oral mucormycosis received systemic
corticosteroids as well as systemic antibiotics in the
treatment protocol of COVID-19. Besides, 37 (72%) of
them were on oxygen therapy, 10 (19%) of them were on
C-PAP while 27 (53%) used oxygen mask. Regarding eye
and CNS involvement, 26 (51%) of the patients had eye
lesions, while 22 (43%) of the patients had CNS manifes-
tations as shown in Table 1.

All patients had palatal lesions with different clinical
presentations as shown in Fig. 4. Twenty-three patients
(45%) presented with deep necrotic ulcer, 16 patients
(31%) presented with superficial ulcer, and 12 (23%) of
them presented with fistula.
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Regarding the color of affected palatal mucosa, 10
patients (19%) had normally looked mucosa, and 19
patients (37%) had yellowish exudate, while 22 patients
(43%) had necrotic black mucosa.

Regarding early symptoms, 50 patients with oral
mucormycosis (98%) complained of different early symp-
toms, 39 patients (78%) had facial pain, 32 patients (64%)
had dental pain, 18 patients (36%) had headache, and 8
patients (16%) had swelling, while only one patient (2%)
complained of fever. It is apparent that the majority pre-
sented at the first time with dental and facial pain.

Additionally, 25 patients with oral mucormycosis (49%)
presented with late symptoms, 17 of them (68%) had
loose teeth, 20 patients (80%) had foul odor, 22 patients
(88%) had palatal perforation, and 9 patients (36%) had
nasal perforation as shown in Fig. 4.

The overall survival rate was 51% (26 patients recov-
ered). On the other hand, mortality rate was 49% (25
patients) in the present study, of which 68% suffered
from uncontrolled diabetes mellitus. Moreover, 92% of
diseased patients had deep necrotic ulcer and 88% had
necrotic black mucosa. Additionally, 88% of fatalities
were associated with eye lesions and CNS manifestations
as presented in Table 2.

The relation between clinical picture and different
medical conditions showed that patients with uncon-
trolled diabetes mellitus had superficial ulcers (37.5%),
deep necrotic ulcer (65.2%), and fistula (33.3%). Patients
with hypertension had superficial ulcer (37.5%), deep
necrotic ulcer (43.5%), and fistula (25.0%). While 12.5%
of the medically free patients had superficial ulcer, 4.3%
of them had deep necrotic ulcer, and 41.7% had fistula as
presented in Table 3.

Discussion

The current COVID-19 pandemic may coexist with a
variety of bacterial and fungal infections, particularly
mucormycosis, especially in cases where there is underly-
ing comorbidity such diabetes mellitus or lung diseases
[15]. Moreover, the use of systemic corticosteroid in
immune-compromised patients with uncontrolled diabe-
tes is blamed to be the reason behind the current rise in
mucormycosis cases [16].

Certain characteristics of COVID-19, such as its abil-
ity to result in widespread lung disease and consequent
alveolo-interstitial pathology, may increase the risk of
aggressive fungal infections. Furthermore, the immu-
nological dysregulation linked to COVID-19, which is
characterized by a decrease in T lymphocytes, particu-
larly CD4+T and CD8+T cells, may modify the innate
immune response against a range of pathogenic patho-
gens [17].
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Fig. 4 Descriptive data of palatal lesions among patients with oral mucormycosis

Mucormycosis is classified according to the occurrence
site to rhinocerebral, pulmonary, cutaneous, gastrointes-
tinal, and disseminated types [18]. Rhinocerebral or sino-
orbital types are common among diabetics, especially
poorly controlled diabetic patients. These types may pre-
sent with a variety of symptoms of sinusitis. Tissue necro-
sis is a characteristic sign of mucormycosis, stemming
from angio-invasion with consequent vascular thrombo-
sis [19]. Approximately 40—70% of all reported mucormy-
cosis cases manifest signs and symptoms involving facial
and oral tissues [20].

In the present study, males demonstrated a higher prev-
alence in oral mucormycosis patients than females. This
was in accordance with previous studies who reported
the higher prevalence of mucormycosis among males
[21-26]. Results of the present study showed a mean age
in patients with oral mucormycosis of 50.8 +15.4 years.
This agreed with previous studies [21, 24, 25].

The majority of the 43 (84.3%) oral mucormyco-
sis patients in the current study had multiple medical
disorders. However, of these patients, only 8 (15.7%)
were free from medical conditions. Patients that are
medically compromised are typically linked to mucor-
mycosis. These infections often spread locally in an

immunocompetent host, going straight to the nearby tis-
sue and sporadically spreading elsewhere. Mucormycosis
may develop in otherwise healthy or immunocompetent
people as a result of a persistent injury that occurs locally
[27]. This theory was further reinforced by the observa-
tion that a persistent local injury modifies the body’s first
line of defense by impairing the mucous membrane, leav-
ing the victim more susceptible to fungus infection [28].
These factors hence explain possible mucormycosis in
immunocompetent individuals.

However, the most common medical condition
reported in patients with oral involvement in our study
was 22 patients with uncontrolled DM (43.13%). This
result was in accordance with previous studies which
reported a high prevalence of uncontrolled diabetes
mellitus among their studied samples [2, 21, 24, 25, 29,
30]. Patients with uncontrolled DM are poorly affected
by hyperglycemia as well as immune dysfunction, for
instance neutrophils dysfunction, decline of antioxidant
system, and humoral immune system. Germination and
aggressive growth of the fungal spores are accelerated by
elevated glucose levels, increased levels of ketone bodies,
lowered pH, diminished oxygen, and high level of iron
[31].



Ghalwash et al. The Egyptian Journal of Otolaryngology (2024) 40:51 Page 8 of 13

Table 2 Relation between prognosis and different parameters (n=51)

Total (n=51) Final outcome Test of sig p
Death (n=25) Recovery (n=26)
Sex No. (%) No. (%) No. (%)
Male 28 (54.9%) 16 (64%) 12 (46.2%) x>=1639 0.200
Female 23 (45.1%) 9 (36%) 14 (53.8%)
Age (years)
Median (min.—max.) 50 (23-85) 52 (27-85) 49 (23-78) t=0678 0.501
Mean+SD 508+154 523+133 4944172
Medical history
Controlled diabetes mellitus 14 (27.5%) 7 (28%) 7 (26.9%) x?=0.007 0.931
Uncontrolled diabetes mellitus 25 (49%) 17 (68%) 8 (30.8%) X>=7.069" 0.008"
CKD 5 (9.8%) 3(12%) 2(7.7%) x>=0.267 Fp=0668
IHD 9 (17.6%) 7 (28%) 2(7.7%) X’ =3617 p=0075
Hypertension 19 (37.3%) 10 (40%) 9 (34.6%) x>=0.158 0.691
Medically free 8 (15.7%) 1 (4%) 7 (26.9%) x> =5.064 Fp=0049"
Hypothyroidism 1(2%) 1 (4%) 0 (0%) x> =1.061 Fp=0490
Adenoid cystic carcinoma 1(2%) 1(3.8%) 0 (0%) ¥>=0.981 p=1.000
ESRD on hemodialysis 1(2%) 1 (4%) 0 (0%) X>=1.061 Fp=0490
Hepatitis C 1(2%) 1 (4%) 0 (0%) x> =1.061 p=0490
Corticosteroids
Yes 51 (100%) 25 (100%) 26 (100%)
Systemic antibiotics
Yes 51 (100%) 25 (100%) 26 (100%)
Oxygen therapy
No 14 (27.5%) 9 (36%) 5(19.2%) x>=1.800 0.180
Yes 37 (72.5%) 16 (64%) 21 (80.8%)
Type of O,
No 14 (27.5%) 9 (36%) 5(19.2%) x>=1857 0.395
0, mask 27 (52.9%) 12 (48%) 15 (57.7%)
C-pap 10 (19.6%) 4(16%) 6 (23.1%)
Palatal lesion
Yes 51 (100%) 25 (100%) 26 (100%)
Clinical picture
Superficial ulcer 16 (31.4%) 1 (4%) 15 (57.7%) x> =43.580" <0.001"
Deep necrotic ulcer 23 (45.1%) 23 (92%) 0 (0%)
Fistula 12 (23.5%) 1 (4%) 11 (42.3%)
Color of mucosa
Normal looking mucosa 10 (19.6%) 0 (0%) 10 (38.5%) x> =40.891" <0.001"
Yellowish exudate 19 (37.3%) 3(12%) 16 (61.5%)
Necrotic black mucosa 22 (43.1%) 22 (88%) 0 (0%)
Symptoms
Early 50 (98%) 24 (96%) 26 (100%) X>=1.061 Fp=0490
Dental pain 32 (64%) 16 (66.7%) 16 (61.5%) x>=0.142 0.706
Facial pain 39 (78%) 19 (79.2%) 20 (76.9%) x>=0.037 0.848
Swelling 8 (16%) 4(16.7%) 4(15.4%) x>=0.015 p=1.000
Headache 18 (36%) 11 (45.8%) 7 (26.9%) x> =2.880 0.090
Fever 1.(2%) 1(4.2%) 0 (0%) x>=1.105 Ep=0480
Late 25 (49%) 25 (100%) 0 (0%) x>=510" <0.001"
Loose teeth 17 (68%) 17 (68%) - - -

Foul odor 20 (80%) 20 (80%) - - -
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Table 2 (continued)
Total (n=51) Final outcome Test of sig p
Death (n=25) Recovery (n=26)
Perforation of palate 22 (88%) 22 (88%) - - -
Nose 9 (36%) 9 (36%) - - -
Eye involved
No 25 (49%) 3(12%) 22 (84.6%) x> =26.892" <0.001"
Yes 26 (51%) 22 (88%) 4 (15.4%)
CNS manifestations
No 29 (56.9%) 3(12%) 26 (100%) X>=40237" <0.001"
Yes 22 (43.1%) 22 (88%) 0 (0%)

X Chi square test, FE Fisher exact, t Student t-test
" Statistically significant at p <0.05

Table 3 Relation between clinical picture and medical history (n=5T1)

Medical history Clinical picture

Superficial ulcer (n=16)

Deep necrotic ulcer (n=23) Fistula (n=12)

Controlled diabetes mellitus 5(31.3%)
Uncontrolled diabetes mellitus 6 (37.5%)
CKD 2 (12.5%)
IHD 0 (0%)
Hypertension 6 (37.5%)
Medically free 2 (12.5%)
Hypothyroidism 0 (0%)
Adenoid cystic carcinoma 1 (6.3%)
ESRD on hemodialysis 0 (0%)
Hepatitis C 0 (0%)

7 (30.4%) 2(16.7%)
15 (65.2%) 4(33.3%)
3(13.0%) 0 (0%)

7 (30.4%) 2(16.7%)
10 (43.5%) 3 (25.0%)
1(4.3%) 5 (41.7%)
1(4.3%) 0 (0%)

0 (0%) 0 (0%)
1(4.3%) 0 (0%)

0 (0%) 1(8.3%)

In several studies, DM has been described as a predis-
posing factor [32-34]. Patients with poorly controlled
DM, specifically those with ketoacidosis, are the most
liable [7]. Furthermore, mucormycosis is rarely found in
people with well-controlled DM [35], although it may be
the first symptom in some undiagnosed DM patients [35,
36]. There are several purported risk factors for mucor-
mycosis, including type 1, type 2, and secondary DM
[33]. Consequently, with an average mortality rate of 50%,
diabetes mellitus continues to be the main risk factor
internationally connected with mucormycosis [2].

All patients in our study with oral involvement
received systemic corticosteroids as well as systemic
antibiotics. This was not surprising as corticosteroid
therapy is a known major risk factor that renders the
patients more susceptible to mucormycosis by inhib-
iting macrophage and neutrophil functions as well as
steroid-induced hyperglycemia [29, 37]. While con-
sumption of corticosteroids for prolonged durations
has often been associated with numerous opportun-
istic fungal infections as mucormycosis, even a brief

corticosteroids course has just been confirmed to be
associated with mucormycosis especially in diabetic
patients. An accumulative dose of greater than 600 mg
prednisone or a total dose of 2-7 g methyl pred-
nisone provided during the previous month predis-
poses immunocompromised patients to mucormycosis
[38]. Our results agreed with previous studies which
reported up to 88% of the mucormycosis patients were
on corticosteroid therapy [13, 39].

Furthermore, few case reports of mucormycosis fol-
lowing even a shorter steroid course (5—14 days) were
reported, especially in diabetic patients [40]. Moreover,
in a former study, 46% of patients had taken corticoster-
oids during the month preceding the diagnosis of mucor-
mycosis [41]. These findings necessitate reconsideration
of corticosteroid use in the course of COVID-19 pan-
demic. Likewise, a number of case reports are being reg-
istered from other parts of the world. These conclusions
are exceptional and carry an enormous public health
significance particularly because of the high mortality
rate of mucormycosis. Particularly cases of intracranial
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mucormycosis which boosts the mortality rate to as high
as 90% [42].

In the present study, the early symptoms reported by
oral mucormycosis cases were assessed, most cases (78%)
presented at the first time with facial pain, dental pain
(64%), followed by 36% who had headache and 16% who
had swelling, while only 2% had fever. On the contrary,
most cases reported late symptoms (49%) and the most
encountered late symptom (88%) were perforating palate,
followed by foul odor (80%), loose teeth (68%), and perfo-
rating nose (36%). These results were in accordance with
[28, 43, 44], who reported similar clinical findings.

Oral ulceration is preceded by facial pain and swelling,
which then develops into necrotic eschars in the palate
and nasal turbinates, leading to osteomyelitis or denuda-
tion of the underlying bone. Angio-aggressive infections
are indicated by necrotizing lesions [45, 46]. A parana-
sal sinus infection can quickly transfer to the orbit and
nasolacrimal duct, or it might cause palatal perforation.
Infection can reach the brain via the cribriform plate,
vessels, or orbital apex [47].

Moreover, eye involvement was evident in 26 (51%) of
our studied sample of oral mucormycosis cases with var-
ied clinical manifestations. Our findings were also in line
with other studies which reported that the primary symp-
toms might include eye and/or facial pain and numb-
ness pursued by blurry vision [37]. And another study
revealed the signs and symptoms suggestive of mucor-
mycosis in vulnerable people such as unilateral perior-
bital facial pain, multiple cranial nerve palsies, eyelid
edema, orbital inflammation, blepharoptosis, proptosis,
acute ocular motility changes, headache, and acute loss
of vision. Though a black necrotic eschar is the charac-
teristic sign of mucormycosis. Nevertheless, its absence
should not rule out the probability of mucormycosis [48].

Assessment of the clinical manifestations in the pre-
sent study revealed that in most mucormycosis cases
(71.4%) the oral lesions were presented as palatal ulcers
where 52.4% of them were deep necrotic ulcers, and 19%
were superficial palatal ulcers, while 28.6% of cases pre-
sented with fistula. Regarding the color of affected palatal
mucosa, 23.8% had normal looking mucosa, and 28.6%
had yellowish exudate, while 47.6% of cases had necrotic
black mucosa. Our results align with a number of studies
that documented the occurrence of excruciating ulcers
or necrotic palatal ulcers that began early in the illness
course occasionally causing palatal perforation, necrosis,
oral pain, or even loss of maxillary bone. Therefore, pal-
ate ulcerations may be the initial symptom bringing the
patient to the dentist; hence, he could be the first to sus-
pect and diagnose mucormycosis infection [49-53].

Maintaining a high index of suspicion is crucial for
clinicians interacting with patients at risk since early
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diagnosis can save lots of lives [54]. Symptoms typically
start as a generalized headache and malaise, followed by
acute inflammation of the sinuses, eye symptoms, face
edema and pain, rhinorrhea, and finally ophthalmoplegia,
lethargy and blindness [55].

In the current investigation, patients with mucormyco-
sis associated with COVID-19 had an overall survival rate
of 51% (26 individuals recovered). However, the current
study’s mortality rate of 49% (25 patients) was consistent
with other research [56—58]. Furthermore, it was consist-
ent with one of the rare studies carried out in Egypt that
revealed a 46.2% overall mortality rate among patients
with mucormycosis associated with COVID-19.

This high mortality rate is mostly due to the late
appearance, self-medication of COVID-19 instead of
seeking medical care for moderate and severe cases, and
the excessive or redundant use of corticosteroids [59].
Moreover, 68% of diseased patients suffered from uncon-
trolled diabetes mellitus, 92% had deep necrotic ulcer,
and 88% had necrotic black mucosa. Additionally, 88%
of fatalities were encountered in patients with eye lesions
and CNS manifestations with mortality [29, 30].

A significant mortality rate following ROCM was pre-
viously reported, and a subgroup of patients who pre-
sent with severe ocular disease or severe COVID-19 are
at a higher risk of passing away within 10 days of being
admitted [60].

Any disease’s prognosis is heavily influenced by how
quickly it spreads, how aggressive it is, and how long it
takes to treat it. When pulmonary disease is present
along with orbito-cognitive dysfunction, mucormycosis
is thought to have a high mortality rate. If the fungus has
not spread past the sinus prior to the surgery, the prog-
nosis is substantially better [61]. Time between disease
diagnosis and treatment is a significant predictive factor
[62].

A previous study reported that by postponing the
amphotericin B treatment for more than 5 days the mor-
tality rates increased from 48.6 to 82.9%, particularly
in patients with hematologic malignancies [63]. Since
ROCM can be identified quicker than pulmonary type,
it has a better prognosis when treated promptly [64].
The documented mortality rates for all types of mucor-
mycosis range from 40 to 80%, and the survival rates for
individuals who have had organ transplantation or hema-
tological malignancies are much worse [65].

Early diagnosis is the optimum approach in oral
mucormycosis management, alongside elimination of all
predisposing factors and medical conditions, and timely
therapeutic intervention. It is also important for a dentist
to be aware of the early signs and symptoms of mucormy-
cosis, particularly when screening high-risk patients, as
presence of a non-specific ulcer on the palate. Treatment
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for mucormycosis should begin as soon as feasible in an
effort to reduce mortality; therefore, early diagnosis is
essential [45].

Conclusion

Co-infection of mucormycosis in post COVID-19
patients is an evolving concern in Egypt with the docu-
mented high incidence of diabetes as well as the tendency
for excessive use of steroid therapy especially during the
pandemic era. The mortality rate of post COVID-19 asso-
ciated oral mucormycosis in the present study was found
to be quite high mainly due to delayed diagnosis and lack
of timely treatment. Thus, it is necessary to increase the
awareness of dentists and maxillofacial surgeons of the
important oral presentations of mucormycosis in post
COVID-19 patients especially deep palatal ulcers and
dentofacial pain, which is crucial for the early diagno-
sis and improved prognosis of such aggressive infection.
This is of high importance in view of the escalating num-
bers of COVID-19 associated mucormycosis cases in
Egypt with abundance of the associated risk factors.

This is the first multicentric investigation of COVID-19
linked oral mucormycosis in Egypt; however, in order to
track illness patterns during the next pandemic waves, an
online national registry is required.
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