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A B S T R A C T   

Purpose: To evaluate the prevalence of risk factors associated with COVID-associated mucormycosis (CAM) in the 
maxillofacial region with emphasis on clinical and radiological characteristics of the disease reporting to the 
dentists. 
Methods: Archival records of the patients diagnosed with rhino-cerebral mucormycosis through histopathology or 
culture, were screened and 266 records were included. These records were divided into three groups-previously 
diabetic (PD, n = 122), recently diagnosed diabetic (RD, n = 105) and non-diabetic (ND, n = 39). All the records 
were evaluated and compared among the three groups for the duration of presentation, history of co-existing 
medical conditions, the association of treatment given during COVID-19, and the clinical and radiographic 
presentations of the disease. 
Results: The results confirmed uncontrolled diabetes mellitus as the major risk factor for the disease. The prev
alence of steroid administration was lower in our study in contrast to previous literature. The risk factors and 
treatment rendered during COVID-19 did not differ significantly among the three groups (p > 0.05). The findings 
indicate that the disease was milder and progressed more slowly in the ND group, both clinically and radio
graphically, and it had close resemblance to odontogenic infection. 
Conclusion: Patients with early CAM mimicked the odontogenic infection and were more likely to report in a 
dental setup. Hence, a multidisciplinary and holistic management approach is necessary.   

1. Introduction 

COVID-19, a disease caused by SARS-CoV-2, is one of the worst di
sasters that humanity has ever faced. It has been associated with a 
multitude of opportunistic bacterial and fungal infections. Several cases 
of mucormycosis in people with COVID-19 have been reported across 
the world, notably in India.1,2 

Mucormycosis is a rapidly progressing, opportunistic, angio-invasive 
fungal infection that is most common in immune-compromised people.3 

It has six types of presentations which include: rhino-cerebral, pulmo
nary, cutaneous, gastrointestinal, disseminated, and miscellaneous.4 

Rhino-orbito-cerebral form is frequently associated with uncontrolled 
diabetes and diabetic ketoacidosis, pulmonary involvement is frequently 
seen in patients with neutropenia, bone marrow and organ 

transplantation, diabetes, COVID-19 and hematological malignancies, 
and GIT involvement is more common in malnourished people.1,5 

The early symptoms of the rhino-cerebral variant include facial pain 
and swelling, proptosis, and blurry vision, followed by, palatal mucosal 
necrosis, loss of vision, and in later stages may lead to cavernous sinus 
thrombosis and eventually death.4 It may also manifest as toothache and 
mobility of maxillary teeth, as well as abscess formation and restriction 
of jaw movement, which were rarely observed prior to COVID-19.6,7 

Magnetic resonance imaging (MRI) and computed tomography (CT) 
are the most common types of diagnostic imaging used in CAM. MRI has 
an advantage over CT in that it can evaluate the degree of fungal inva
sion, whereas CT is better at detecting the bone erosion that occurs in the 
later stages of infection.7 Owing to its high resolution, CBCT may be 
reserved for accurate visualization of slight osseous and trabecular 
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changes in the maxillary alveolus and adjacent regions that are likely to 
be missed on soft tissue algorithm of CT and MRI.8 Microbiological 
and/or histopathological analysis of tissues taken from various lesions 
can be used to provide a definitive diagnosis.7 

The global fatality rate of mucormycosis is 46%. So, an early diag
nosis and prompt treatment are necessary. A delay of even six days is 
associated with a twofold increase of 30- day mortality from 35% to 
66%. Therefore, a high index of suspicion is fundamental to rapidly 
diagnose and treat this devastating disease.9 

Some of the hypotheses put forth in the literature for the patho
genesis of COVID-19-associated mucormycosis (CAM) include immune 
dysregulation caused by COVID-19, similarity in biological behavior to 
SARS-CoV, the virus’s propensity for ACE-2 receptors in the nasal mu
cosa, overexpression of pro-thrombotic CX3CL1 marker, the virus’ 
propensity to initiate diabetes, the medications given during COVID-19 
(glucocorticoids, remdesivir, tocilizumab, baricitinib zinc supplements, 
antibacterial agents, and antifungal therapy), or the continued use of the 
same mask.10,11 

Most of the current literature available has succeeded in suggesting 
an association of mucormycosis with COVID-19, uncontrolled diabetes 
mellitus (DM), and inappropriate steroid administration. Also, a few 
recent literature analyzed the effect of other co-existing medical con
ditions and their correlation with the severity of COVID-19 and the 
treatment given.10,12,13 

So, the present study was designed to retrospectively evaluate the 
prevalence of risk factors associated with COVID-associated Mucormy
cosis (CAM) in the maxillofacial region. The objectives were to study the 
effect of coexisting medical conditions on CAM, the association of 
medication consumed during the COVID infectivity period, and the 
clinical and imaging features of the disease. 

2. Methods 

This retrospective observational study was conducted at a tertiary 
care dental facility from July 2020 to December 2021. The study design 
was approved and ethically cleared by the Bio-medical & Health 
Research Ethics Committee (PGIDS/BHRC/21/45). 

Complete records of the CAM patients who reported to the outpatient 
and emergency department during this duration were retrieved for the 
study. A case was defined as CAM, only if it was clinically, radiologi
cally, and histopathologically compatible with the diagnosis. The diag
nosis of COVID-19 in all the selected cases was confirmed by either 
reverse transcription polymerase chain reaction (RT-PCR) or by sero
logical testing previously. The history of pre-existing DM and HbA1c 
levels at the time of reporting for mucormycosis was analyzed, and the 
patients were further categorized as PD (previously diabetic), RD 
(recently diagnosed diabetic), and ND (non-diabetic). Incomplete re
cords and the patients who did not complete the treatment/follow-up 
were excluded. The records were analyzed in each group for the de
mographic status, duration of presentation of CAM post COVID-19, co- 
existing medical conditions, history of treatment at the time of COVID- 
19, clinical signs and symptoms of the disease, and the radiographic 
investigations performed at the time of presentation. 

2.1. Statistical method 

Based on a pilot study done on 139 CAM patients, a prevalence rate 
of 79% diabetic population was calculated. This was used to calculate a 
sample size of 266 at a 5% relative error, using the formula sample size 
= 4PQ/l2. The data were tabulated in a Microsoft excel sheet. All ana
lyses were performed by Statistical package for social sciences (SPSS v 
21.0, IBM) Software. Normality of data was checked using Shapiro-Wilk 
test and showed that the parameters were not normally distributed. 
Hence, chi square test was used for comparison of the variables and p <
0.05 was considered to be statistically significant. Mean age distribution 
and duration of presentation was calculated using descriptive analysis 

(compare means). Frequency (%) for the variables of gender distribu
tion, diabetic status, other co-existing medical conditions, evaluation of 
risk factors and medications administered during the COVID-19 period, 
clinical features, and radiological features of CAM were derived using a 
frequency table. 

3. Results 

The mean age for the participants was 50.16 ± 13.127 years with 
71.05% males and 28.95% females. Table 1 depicts the distribution of 
CAM cases according to their diabetic status along with the mean age 
and the time of presentation to the clinics in the three groups. All the 
patients included in the study had time duration of presentation ranging 
from 3 days to 40 days after COVID positivity. The mean duration of 
presentation was the highest in the ND group and the least in the RD 
group, however, the difference was not significant statistically (p =
0.321). 

Table 1 
Diabetic status among the CAM patients with mean age and mean duration of 
presentation of disease among the three groups.   

PD* RD* ND* 

N 45.86% (n = 122) 39.47% (n = 105) 14.66% (n = 39) 
Mean age (days) 53.66 ± 13.150 47.27 ± 11.534 47 ± 14.643 
Mean DOP (days)** 19.28 ± 16.458 14.78 ± 5.289 15.58 ± 3.241 

(*PD- Previously diagnosed diabetic, RD- Recently diagnosed diabetic, ND- Non 
diabetic **DOP- Duration of presentation) (Frequency (%)). 

Table 2 
Frequency of other co-existing medical conditions and evaluation of treatment 
given during COVID-19 as risk factors among the three groups in CAM patients.  

OTHER CO-EXISTING MEDICAL CONDITION  

PD% (n) RD% 
(n) 

ND% 
(n) 

TOTAL 
% (n) 

p 
VALUE 

Hypertension 13.93 
(17) 

8.579 2.561 10.15 
(27) 

0.097 

Cardiovascular disease 2.46 (3) 0.951 5.132 2.266 0.318 
Tuberculosis (old) 0.82 (1) 0 (0) 2.561 0.752 0.284 
Hepatitis 2.46 (3) 2.863 2.561 2.637 0.982 
Multiple co-existing 

conditions 
3.28 (4) 0 (0) 2.561 1.885 0.182 

Others (Paralysis, 
Asthma) 

3.28 (4) 2.863 2.561 3.018 0.968 

None 73.77 
(90) 

84.76 
(89) 

82.05 
(32) 

79.32 
(211) 

0.057 

TREATMENT GIVEN DURING COVID-19  
PD% 
(n) 

RD% 
(n) 

ND% 
(n) 

TOTAL 
% (n) 

p 
VALUE 

Oxygen 30.33 
(37) 

36.19 
(38) 

33.3313 33.08 
(88) 

0.645 

Steroids 37.70 
(46) 

38.10 
(40) 

46.1518 39.10 
(104) 

0.619 

ICU 9.0211 12.3813 7.693 10.15 
(27) 

0.606 

Antibiotics 16.3920 18.1019 23.08 
(9) 

18.04 
(48) 

0.640 

Anticoagulants 4.105 5.716 7.693 5.2614 0.658 
Remdesivir/ 

Tocilizumab 
4.105 6.677 0 (0) 4.5112 0.221 

Plasma Therapy 0.821 0 (0) 0 (0) 0.381 0.553 
Multiple Drugs 2.463 0.951 0 (0) 1.504 0.458 
Antifungals 0.821 0.951 5.132 1.504 0.131 
Antipyretics, 

Antihistaminics and 
multivitamins 

15.5719 16.1917 10.264 15.03 
(40) 

0.659 

No drugs 45.08 
(55) 

30.48 
(32) 

35.9014 37.97 
(101)  

(Frequency (%), Chi square test). 
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Apart from diabetes, other co-existing medical conditions among the 
three groups- PD, RD & ND are depicted in Table 2. The most common 
drugs administered during the COVID-19 treatment in the study groups 
were steroids (39.10%, n = 104) and oxygen administration (33.08%, n 
= 88) as depicted in Table 2. However, a significant number of patients 
(53%, n = 141) did not receive any medical therapy or only symptom
atic therapy in form of antipyretics, anti-histaminics, and multivitamins. 
The results showed no significant difference among the three groups in 
context with co-existing medical conditions and the treatment rendered 
during COVID-19. 

The percentage and number of cases in each group of CAM with their 
corresponding clinical and radiological presentations have been sum
marized in Table 3. The intergroup comparison for clinical presentation 
revealed significantly higher tooth mobility (p < 0.05) and significantly 
lesser orbital involvement in the ND group (p < 0.005). The difference in 
other parameters was however nonsignificant. The intergroup compar
ison for radiological presentation revealed significantly less involve
ment of ethmoid, sphenoid and frontal sinus; and less orbital 
involvement in the ND group. Also, there was less cranial involvement, 
however, the difference was not statistically significant. Maxillary sinus 

(MS) involvement and osteolytic changes were consistently present in all 
the groups. 

4. Discussion 

Most of the studies and reviews done previously show that the age 
range of CAM is 10–86 years, with a median age of nearly 55 
years.1,6,14,15 Similarly, in our study, we found that the mean age of the 
study population was 50.16 ± 13.127 years with an age range of 20–85 
years. Patel A. et al. also reported that the patients with CAM (mean age 
= 56.9 years) were slightly older than those with non-CAM (mean age =
46.9 years) which could predispose them to a higher risk of mortal
ity.6,16 Among the three groups, the mean age and mean duration of 
presentation of the disease was higher in the PD group. 

Most of the studies report that CAM is more prevalent in the male 
population.1,6,15–17 The similar trend of gender distribution was seen in 
our study. Also, a higher occurrence of mucormycosis in males has been 
reported in non-CAM population.6,16 DM is an independent risk factor 
for mucormycosis and some studies suggest that middle-aged men are at 
a significantly higher risk for type 2 DM than women.18,19 This could be 
one possible reason for this observation. It may also be attributed to 
higher outdoor activity in males as compared to females in the Indian 
population that are predisposed to inhalation of the fungal spores. This 
may also be explained in part by hormonal and sexual variations in 
immune response, which manifest as more effective cell-mediated and 
humoral pro-inflammatory responses in females than in males.20 

The mean DOP in our study, ranged from 14.8 days in the RD group 
to 19.3 days in the ND group. This was in consistent with other studies 
done by Hoenigl et al. with a range of 0–90 days and Patel et al. with a 
range of 7–30 days.16,17 RD group had the least DOP, followed by PD 
group and then the ND group, however the difference was not statisti
cally significant. 

According to data from a global fungal infection registry, the most 
common underlying disease for mucormycosis prior to COVID-19 was 
hematological malignancy (63%).21 In the current investigation, how
ever, uncontrolled diabetes was the greatest predisposing factor, ac
counting for 85.34% (n = 227) cases, similar to global guideline for 
mucormycosis by Cornely et al.22 One explanation could be, India a 
country with one of the highest loads of diabetes and a pre-diabetic 
population, is at risk of secondary infections after the COVID-19 
pandemic.15 Secondly, according to the evidence, SARS CoV-1 causes 
pancreatic islet destruction, culminating in acute hyperglycemia and 
DKA. This could explain the "diabetogenic state" in SARS CoV-2 infec
tion because pancreatic islets have increased angiotensin-converting 
enzyme 2 receptor expression and enhanced insulin resistance as a 
result of the cytokine storm. Thirdly, frequent corticosteroid adminis
tration, which exacerbated glucose homeostasis can be the reason that 
made COVID-19 patients susceptible to diabetes.15 Given that a sizable 
portion (39.47% (n = 105)) of the study group was recently diagnosed as 
diabetics, it is possible that they were already pre-diabetic but undiag
nosed at the time COVID was infectious, and the disease was sparked by 
COVID-19’s impact on the pancreas or by the COVID-19 therapy. Hence, 
DM is a ‘classic’ independent risk factor for CAM. 

As per the review done by Hoenigl et al. for CAM, the second most 
common underlying ailment was hypertension, which was found in 
18.8% (15/80) of patients, followed by chronic renal disease (5/80, 
6.3%) and hematological malignancies (5/80, 6.3%).17 As per the study 
done by Patel A. et al., in 37.6% (175/465) of the patients, medical co- 
morbid disorders such as chronic kidney disease (93/465, 20.0%) and 
cardiovascular diseases (67/465, 14.4%) were detected in CAM pa
tients.16 In this study too, there was a similar pattern of co-morbid 
conditions including, hypertension, hepatitis, cardiovascular disease, 
and tuberculosis which showed no difference among the three groups 
statistically. These conditions contributed to the immune-compromised 
status which predisposed the patients to develop CAM. 

This study evaluated the administration of steroids and oxygen, 

Table 3 
Clinical and radiological presentations of CAM.  

CLINICAL PRESENTATIONS  

PD% (n) RD% (n) ND% 
(n) 

TOTAL 
% (n) 

p 
VALUE 

Sinus/Abscess 
formation 

34.43 
(42) 

29.52 
(31) 

38.4615 33.08 
(88) 

0.546 

Palatal Ulceration 42.62 
(52) 

35.24 
(37) 

25.6410 37.22 
(99) 

0.140 

Mucosal Erythema 63.11 
(77) 

56.19 
(59) 

66.6726 60.90 
(162) 

0.412 

Tooth Pain/Mobility 52.46 
(64) 

54.29 
(57) 

79.49 
(31) 

57.14 
(152) 

0.009* 

Mucosal Edema 46.72 
(57) 

40 (42) 51.2820 44.74 
(119) 

0.402 

Bone Necrosis 41.80 
(51) 

35.24 
(37) 

33.3313 37.97 
(101) 

0.484 

Facial Swelling 66.39 
(81) 

71.43 
(75) 

51.2820 66.16 
(176) 

0.076 

Paresthesia 90.98 
(111) 

90.48 
(95) 

89.74 
(35) 

90.60 
(241) 

0.972 

Nasal Discharge 25.41 
(31) 

21.9023 20.518 23.31 
(62) 

0.745 

Orbital Involvement 50.82 
(62) 

45.71 
(48) 

17.957 43.98 
(117) 

0.001* 

Cranial Involvement 1.642 1.902 0 (0) 1.504 0.696 

RADIOLOGICAL PRESENTATIONS  
PD% (n) RD% 

(n) 
ND% 
(n) 

TOTAL 
% (n) 

p 
VALUE 

Maxillary sinus 
involvement 

99.18 
(121) 

100 
(105) 

100 
(39) 

99.62 
(265) 

0.553 

Ethmoid sinus 
involvement 

83.61 
(102) 

82.86 
(87) 

48.7219 78.19 
(208) 

0.000* 

Sphenoid sinus 
involvement 

66.39 
(81) 

60 (63) 33.3313 59.02 
(157) 

0.001* 

Frontal sinus 
involvement 

48.36 
(59) 

45.71 
(48) 

17.957 42.86 
(114) 

0.003* 

Orbital involvement 
without optic nerve 

45.90 
(56) 

45.71 
(48) 

17.957 41.73 
(111) 

0.005* 

Optic nerve 
involvement 

5.747 4.765 0 (0) 4.5112 0.319 

Cranial involvement 10.6613 10.4811 2.561 9.0224 0.285 
Osteolysis 100 

(122) 
100 
(105) 

100 
(39) 

100 
(266) 

– 

Osteosclerosis 11.4814 6.677 2.561 8.2722 0.159 
Soft tissue and spaces 

involvement 
41.80 
(51) 

44.76 
(47) 

41.0316 42.86 
(114) 

0.876 

(*p < 0.05). 
(Frequency (%), Chi square test). 
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along with intensive care unit (ICU) stay in CAM patients and observed 
these in decreasing frequency: steroids (39.10%, n = 104), oxygen 
administration (33.08%, n = 88) and ICU stay (10.15%, n = 27). The 
intergroup comparison did not reveal any difference statistically. The 
prevalence of steroid administration among CAM cases was lower in our 
study. This was in contrast to previous case control study by Muthu V. 
et al. which suggest glucocorticoid use in treatment of COVID-19 was 
significantly associated with CAM.10 However, lower prevalence of 
steroid intake during COVID management in the present study does not 
nullify the role of steroids as risk factor. According to Arora U. et al., 
patients in the CAM group had a 7.7 times higher likelihood of steroid 
administration when compared to COVID-19 patients who did not 
develop mucormycosis.23 A substantial portion of the study group (53% 
cases, n = 141) were administered either no drugs or drugs like anti
pyretics, anti-histaminics and multivitamins. Also, a significant pro
portion of CAM are observed in the mild disease category who were 
never administered steroids, and in non-diabetics, so it may be postu
lated that rather than the factors like diabetes, steroids or ICU stays, it is 
the COVID-19 virus itself that is responsible for mucormycosis. This 
effect is probably mediated through inflammation and microvascular 
thrombosis that occurred in COVID-19.24 Nonetheless, steroids should 
be used very judiciously in the right doses and for an appropriate 
duration in COVID-19 patients. 

In this study, records revealed the administration of steroids 
(39.10%, n = 104), antibiotics (18.04%, n = 48), antipyretics, antihis
taminics, and multivitamins (15.03%, n = 40), anticoagulants (5.26%, n 
= 14), remdesivir/tocilizumab (4.51%, n = 12), antifungals (1.50%, n =
4), multiple drugs (1.50%, n = 4), and plasma therapy (0.38%, n = 1) for 
the management of COVID-19. It has been reported that the dysbiosis 
caused by antibiotic treatment, combined with extensive epithelial 
damage, creates an ideal setting for the development of invasive fungal 
infections, such as mucormycosis.17 Therefore, the use of 
broad-spectrum antibiotics should be reconsidered, especially in the 
absence of infection. Also, the possible association of zinc, a component 
of multivitamins cannot be excluded.25 The patients were treated for 
COVID-19 at different hospitals. So, the constituents of multivitamin 
administered varied among the patients. Hence, it is difficult to infer the 
role of zinc as a risk factor in the present study. Some of the patients also 
received antifungal drugs like fluconazole and itraconazole at the time 
of COVID-19, which do not have much role in the management/pre
vention of mucormycosis. Primary antifungal prophylaxis is not rec
ommended. Also, voriconazole prophylaxis may predispose an 
individual to develop mucormycosis.7 

In the present study, the clinical presentations were classified into 

eleven categories, of which six were intra-oral namely, sinus/abscess 
formation, palatal ulceration, mucosal erythema, tooth pain/mobility, 
mucosal edema, and bone necrosis; and the remaining five were extra- 
oral namely, facial swelling, paresthesia, nasal discharge, orbital 
involvement, and cranial involvement. Almost 90% of the patients 
presented with paresthesia, followed by, facial swelling, mucosal ery
thema, tooth pain/mobility, mucosal edema, orbital involvement, bone 
necrosis, palatal ulceration, sinus/abscess formation, nasal discharge, 
cranial involvement. The findings of our study correlate with Mote
vasseli S. et al., Sharma S. et al.; who also reported that intra-orbital 
involvement is common while the intra-cranial involvement is 
rare.8,26, In the study by Sen M. et al. intra-cranial involvement was 
reported in 16% rhino-orbital mucormycosis cases.12 As the present 
study was done on patients reporting to a dental setup, cranial 
involvement was less represented. Some patients with early presentation 
had features like tooth pain/mobility, mucosal erythema and edema, 
and abscesses involving the maxillary alveolus, which could be easily 
mistaken for odontogenic infection. These findings were reported more 
in the ND group, however, the result was statistically significant only for 
tooth mobility (p = 0.009). Also, the findings such as orbital involve
ment, cranial involvement, palatal ulceration, bone necrosis and facial 
swelling were less reported in ND group (p > 0.05) suggesting slowly 
progressing disease, contained in the maxillary region. There were other 
cases with unhealed extraction sockets in the maxillary region resem
bling dry socket or osteomyelitic changes as depicted in Fig. 1. These 
findings suggest that patients with early presentation of CAM are ex
pected to report more frequently to a dentist. So, it becomes empirical 
for the dental surgeon to diagnose and differentiate CAM in such pa
tients as the initial sign and symptoms resemble odontogenic infections. 
Any delay in diagnosis may lead to the spread of infection with further 
deterioration and poor prognosis. 

Radiologically, rhino-orbito-cerebral mucormycosis is characterized 
by mucosal thickening and opacification of the sinuses, edema, inflam
mation, or infarction of the brain.7 In this study, 9 radiographic pa
rameters were considered, namely, maxillary sinus, ethmoidal sinus, 
sphenoid sinus, frontal sinus, orbital involvement without/with the 
optic nerve, cranial involvement, osteolysis, and osteosclerosis. It was 
noted that the ND group had significantly lesser ethmoid, sphenoid, 
frontal sinus and orbital involvement (p < 0.05); along with least cranial 
involvement (p > 0.05). These findings further support the clinical 
finding that the disease was milder and slowly progressing in the ND 
group. Almost all the patients in this study presented with maxillary 
sinus involvement along with osteomyelitic changes. The other common 
radiological presentations noted are described in Fig. 2 and Table 3. This 

Fig. 1. Clinical presentations of CAM. (A) Multiple abscesses involving the maxillary alveolus. (B) Palatal ulceration. (C) Exposed necrotic bone at the site of recent 
extraction along with mucosal edema. (D) Right side eye involvement with a draining sinus. (E) Palatal necrosis. 
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is in contrast to a study done by Sharma S et al., who noted that 
ethmoidal sinus involvement was present in all cases followed by 
maxillary sinus, sphenoid sinus, and frontal sinus.26 Additionally, there 
was subcutaneous soft tissue and fascial space involvement in 42.86% 
(n = 114) cases. Thorough evaluation of these may help in under
standing the pathway of the spread of the disease. 

However, patients with early rhinocerebral mucormycosis may have 
normal MRI and CT scans, and in high-risk patients, surgical exploration 
with a biopsy of suspected infection sites should always be performed. 
Due to the limits of imaging methods, histological confirmation of fungal 
invasion of the tissues is nearly always required to diagnose 

mucormycosis.27 Mucormycosis management is a collaborative 
endeavor that varies based on the presentation and level of involvement. 
Infectious disease specialists, microbiologists, radiologists, maxillofacial 
surgeons, ENT surgeons, general surgeons, intensivists, ophthalmolo
gists, neurologists, histopathologists, and pharmacologists are among 
the members of the team.7 For CAM patients, early diagnosis is critical 
for a better outcome. Clinicians must counsel all patients, especially 
diabetics, about the early symptoms and indicators of CAM while 
released from COVID wards. 

This study had a large sample size and cases with histological evi
dence. It highlighted the clinical, and radiological presentation of CAM 

Fig. 2. Radiological presentations of CAM. (A–B) Coronal sections of CT scan showing soft tissue densities in bilateral maxillary sinus, sphenoid sinus and left 
ethmoid sinus with osteolytic changes extending cranially. (C–D) Coronal and axial section of MRI showing early medullary bone changes as marked. (E–F) Sagittal, 
axial and coronal sections of CBCT of a CAM patient showing osteomyelitic changes involving the maxillary alveolus. 
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in the craniofacial region, not much discussed previously. However, it 
was an observational study and the treatment provided as well as its 
outcome and follow-up were not monitored. Because it was an 
outpatient-based study, several critically ill COVID-19 patients who 
were either bedridden or died may have been missed. 

5. Conclusion 

Based on the findings of the present study, it can be concluded that 
COVID-19 is associated with an increased incidence of invasive mycosis, 
owing to its immune dysregulation, diabetogenic action, and probable 
microvascular thrombotic action. Optimization of co-morbidities like 
DM is another important factor, which needs to be assessed promptly. 
All the physicians involved in the care of COVID-infected patients must 
pay attention to the high probability of secondary mucormycosis in the 
post-recovery phase even in those suffering from mild or moderate 
symptoms. The use of high-dose of corticosteroids and antibiotics should 
be reduced or eliminated. 

The findings of the present study emphasized on the fact that patients 
with early CAM specially the ND group, are expected to report more 
frequently in dental setup, rather than to the Otolaryngology and 
Ophthalmology departments due to oral presentation of the disease. As 
the first signs and symptoms mirror odontogenic illnesses, it becomes 
empirical for the dental surgeon to identify and differentiate CAM in 
such patients. Hence, dentists should be well aware of the possibility of 
secondary invasive mycosis post-COVID-19 infection, for early diagnosis 
and prompt treatment, thereby reducing the associated morbidity and 
mortality. 
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