
J Stomatol Oral Maxillofac Surg 125 (2024) 101615

Available online at

ScienceDirect
www.sciencedirect.com
Case Report
Maxillary mucormycosis and aspergillosis in post-COVID-19 patients in

Mexico: A case series

Cynthia M. Urias-Barrerasa,b, Alberto Rodríguez-Archillab, Adrian Canizalez-Romanc,d,
Daniela A. Bastidasc, Nidia M. Le�on-Sicairosc,e,*
a School of Dentistry, Autonomous University of Sinaloa, Culiacan, Sinaloa 80013, Mexico
b Department of Stomatology, Oral Medicine Unit, Faculty of Dentistry, University of Granada, Granada, Spain
c School of Medicine, Autonomous University of Sinaloa, Culiacan, Sinaloa 80019, Mexico
d Secretariat of Health, The Women’s Hospital, Culiacan, Sinaloa 80020, Mexico
e Departamento de Investigaci�on, Hospital Pedi�atrico de Sinaloa “Dr. Rigoberto Aguilar Pico” Servicios de Salud de Sinaloa. Blvd. Constituci�on S/N, Colonia Jorge
Almada, C.P, Culiacan, Sinaloa 80200, Mexico
A R T I C L E I N F O

Article History:
Received 7 July 2023
Accepted 27 August 2023
Available online 28 August 2023
This submission has not been published anywhere pre
neously being considered for any other publication.
* Corresponding author at: School of Medicine, Auto

80246, Culiacan, Sinaloa, Mexico.
E-mail address: nidialeon@uas.edu.mx (N.M. Le�on-Sic

https://doi.org/10.1016/j.jormas.2023.101615
2468-7855/© 2023 Elsevier Masson SAS. All rights reserv
A B S T R A C T

Background: Fungal infections, during or as a consequence of SARS-CoV-2 infection, associated with uncon-
trolled diabetes mellitus and indiscriminate use of corticosteroids have been reported. In the jaw, mostly
mucormycosis has been diagnosed in hospitals.
Methods: A retrospective, cross-sectional, descriptive study of the clinical, imaging, and histopathologic char-
acteristics of maxillary invasive fungal infection in post-COVID-19 patients diagnosed in a private non-hospi-
tal oral pathology service in Mexico during 2020−2022 was conducted.
Results: We found 20 cases of maxillary invasive fungal infections in post-COVID-19 patients, 75% including a
diagnosis of mucormycosis and 25% diagnosed as probable aspergillosis. The most common signs and symp-
toms were exposed necrotic bone followed by tooth mobility, discharge, and pain. On imaging, unilateral
maxillary sinus involvement was observed in 6 cases (30%), and bilateral maxillary sinus involvement was
observed in 3 cases (15%).
Conclusions: It is essential to consider the association of osteonecrosis of the jaw in post-COVID-19 patients,
with aspergillosis, not only mucormycosis, for early diagnosis and appropriate treatment.

© 2023 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease
caused by severe acute respiratory syndrome type 2 coronavirus
(SARS-CoV-2) that shows an increased incidence of secondary fungal
and/or bacterial infections during active disease or as a post-COVID-
19 manifestation [1]. The association of uncontrolled diabetes melli-
tus, SARS-CoV-2 infection, indiscriminate use of corticosteroids, and
invasive fungal infections, has been suggested [2]. Mucormycosis,
aspergillosis, and candidiasis are the three most common opportunis-
tic infections observed [1−3]

Mucormycosis is an acute, angioinvasive, rapidly progressive dis-
ease caused by an opportunistic fungal infection of the class Zygomy-
cetes (order Mucorales), usually, Mucor or Rhizopus, whose main risk
factors are type 2 diabetes mellitus, immunosuppression, as well as
the administration of drug combinations including corticosteroids,
monoclonal antibodies, high-dose broad-spectrum antibiotics; in
addition to microbial growth and xerostomia. The most common
clinical presentation is rhinocerebral, although pulmonary, gastroin-
testinal, cutaneous, and disseminated manifestations are known.
Diagnosis of mucormycosis includes imaging and histopathologic
studies, surgical management, and various drugs used in its treat-
ment [1,4,5].

In the oral cavity, mucormycosis usually presents as a necrotic
palate ulcer with blackish exfoliation and bony exposure, tenderness
or paresthesia in the maxillary sinus area, and tooth loss [1].
Other manifestations include facial pain, fistula with purulent dis-
charge from the alveoli, nasal discharge, periorbital swelling, and
headache [4].

Suresh et al., proposed the term "COVID-19-associated fungal
osteomyelitis of the jaws and sinuses" for cases occurring in patients
who have recovered from COVID-19 [6].

The studies reported in the literature were conducted in hospital
centers, but no investigation was conducted in a non-hospital center
or histopathology service. Therefore, this study aimed to describe the
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Table 1
Characteristics of cases of maxillary invasive fungal infections in post-COVID-19 patients.

Year Case 2020 2021 2022

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Sex F F M M M M F M M M M F F M F M F M M F
Age 67 82 38 64 66 53 66 37 48 36 58 71 62 47 83 76 59 74 54 54
Signs and symptoms n/m n/m n/m n/m n/m n/m n/m n/m
Pain + + + + + +
Parestesia + +
Exposed necrotic bone + + + + + + +
Discharge + + + + + +
Tooth mobility + + + + + +
Halitosis +
Oral-nasal communication +
Lesion location by imaging n/m n/m n/m n/m n/m n/m n/m n/m n/m
Maxillary sinus R L R B L R B R L B
Ethmoidal sinus R R B L
Frontal sinus R R
Nasal cavity R L L
Orbital region L
Floating teeth +
Time since diagnosis of COVID-19

(months)
n/m n/m 6 2 n/m n/m 1 n/m n/m 1.5 12 n/m n/m 4 n/m n/m 5 n/m n/m n/m

Personal medical history n/m n/m n/m n/m n/m n/m n/m n/m n/m
T2DM + + + + + + + +
SAH + + + + + +
Others Maxillary

sinusitis
Acute cerebrovascular

accident, pneumonia,
perforated corneal
ulcer

Breast
carcinoma

Squ mous cell carci-
n ma in the left
m xilla

Hypothyroidism

Clinical diagnosis n/m n/m n/m n/m
Osteonecrosis of the jaw + + + + + + + +
Mucormycosis + + + + + + + + + + + +
Aspergillosis + + +
Maxillary abscess +
Osteoradionecrosis +
Osteomielitis +
Biopsy site
Maxilla R L B R B L L + R B + + + + R B L L B +
Nasal cavity L
Orbital region L
Type of biopsy
Incisional + + + + + + + + + + + + + +
Maxillary resection + + + + + +
Histopathological diagnosis
Probable mucormycosis + + + + + + + + + + + + + + + + + +
Probable aspergillosis + + + + +

+, present; B, bilateral; F, female; L, left side; M, male; n/m, not mentioned; R, right side; SAH, systemic arterial hypertension; T2DM, type 2 diabetes mellitus.
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Fig. 1. Clinical features. [A, B] Gingival fistulas (cases 9 and 10). [C to F] Exposed necrotic bone (cases 4, 1, 2, and 6). Imaging features. [G to I] Involvement of paranasal sinuses such
as maxillary, ethmoidal, and frontal sinuses (cases 1, 15, and 16).
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clinical, imaging, and histopathologic characteristics of invasive fun-
gal infections of the jaws in post-COVID-19 patients diagnosed in a
private non-hospital oral pathology service in Mexico.

2. Materials and methods

This is a retrospective, descriptive, cross-sectional study that
included all cases of invasive fungal infections of the jaws in patients
with a previous diagnosis of COVID-19 reported in a private oral
pathology service in Mexico from January 2020 to December 2022.

Data were collected on the patient sex and age, clinical and imag-
ing features, symptomatology, and personal health history. All histo-
logic sections of the cases were analyzed by hematoxylin-eosin
(H&E) staining. In addition, histomorphology was evaluated by histo-
chemical techniques such as periodic acid-Schiff (PAS) staining and
Grocott-Gomori methenamine silver (GMS) staining. Modified Euro-
pean Organization for Research and Treatment of Cancer Mycosis
Study Group (EORTC/MSG) criteria were used to diagnose mycosis
[7]. Probable mucormycosis was defined as histologic evidence of tis-
sue invasion that included non-septate, right-angled branching fila-
mentous fungi. Probable aspergillosis was defined as histologic
3

evidence of tissue invasion, including septate, acute-branched fila-
mentous fungi.
3. Ethical approval

The subjects were informed about the investigation and signed
informed consent forms agreeing to participate in the study. The
study was approved by the Ethics Committee of the Women’s Hospi-
tal, Secretariat of Health (No. 202,306−18). It was conducted follow-
ing the ethical principles of the World Medical Association
Declaration of Helsinki.
4. Results

Twenty cases of invasive fungal infections of the jaws were diag-
nosed in post-COVID-19 patients. Table 1 summarizes these cases’
clinical, imaging, and histopathologic characteristics. Three of the 20
cases were diagnosed in 2020, twelve in 2021, and five in 2022. The
mean age of the patients was 59.7 § 14.0 years, with an age range of
36 to 83 years; the male sex was more common, with a ratio of 1.5:1.



Fig. 2. Macroscopic features. [A, B] Necrotic maxillary bone and teeth with loss of periodontal support (cases 9 and 13).
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All cases involved the maxilla. Among the imaging features, bilat-
eral paranasal sinus involvement was observed in four patients
(20%), three corresponding to maxillary sinus; unilateral maxillary
sinus involvement was observed in 6 cases (30%). The most com-
monly reported signs and symptoms were: exposed necrotic bone
(n = 7, 35%), pain (n = 6 cases, 30%), tooth mobility (n = 6 cases, 30%),
discharge (n = 6 cases, 30%), and paresthesia (n = 2 cases, 10%) (Fig. 1).

All cases had a history of COVID-19 from 1month to 12months prior.
However, in 13 cases, the time between the diagnosis of COVID-19 and
the onset of oral/maxillarymanifestations could not be determined. Eight
cases (40%) had a history of type 2 diabetes mellitus, 6 cases (30%) had
systemic arterial hypertension, 2 cases (10%) had a history of cancer (1
case with squamous cell carcinoma in the left maxilla and 1 case with
breast carcinoma without specifying the type), 1 case (5%) had maxillary
sinusitis, and 1 case (5%) had hypothyroidism. In addition, twelve cases
(60%) were referred to the oral pathology service with a previous pre-
sumptive clinical diagnosis of invasive fungal infection.

The oral pathology service received incisional biopsy specimens
from 14 cases (70%) and maxillary resection specimens from 6 cases
(30%) (Fig. 2). Of the 20 cases, 15 (75%) received a histopathologic
diagnosis of probable mucormycosis, with histologic evidence of tis-
sue invasion that included non-septate, right-angled, filamentous
fungi arranged on a necrotic background. Three cases (15%) included
a differential diagnosis of probable mucormycosis versus probable
aspergillosis because they also had fine septate hyphae branching at
acute angles. Finally, 2 cases (10%) were diagnosed as probable asper-
gillosis, with histologic evidence of tissue invasion that included
abundant acute-branching septate hyphae (Figs. 3 and 4).

Regarding patient follow-up, the clinicians who sent the specimen
for histopathologic examination reported continuing their treatment
in a hospital setting.

5. Discussion

Cases of maxillary invasive fungal infections in post-COVID-19
patients usually present with exposed necrotic bone, tooth mobility,
4

pain, and discharge of purulent material. In addition, palatal ulcera-
tion, foul odor, and nonpurulent gingival inflammation as the initial
suspicious signs leading to the diagnosis of mucormycosis have been
reported in other studies [8−12].

The clinical presentation of invasive fungal infections may suggest
the diagnosis of a malignant neoplasm due to its aggressive course,
which can rapidly involve and invade adjacent oral structures [13]. In
our study, involvement of the left or right maxillary sinus or both
was the most common presentation by imaging, and involvement of
the other paranasal sinuses was less often observed. Similarly, Gupta
et al. reported that maxillary sinuses were involved in 94% of cases of
rhino-orbit-cerebral mucormycosis, being the most common site, fol-
lowed by the ethmoidal, frontal, and sphenoidal sinuses [4]. Mucor-
mycosis diagnosis 1 to 2 months after testing positive for COVID-19
has been reported [4]. Unfortunately, in 65% of our cases, the time
elapsed since COVID-19 diagnosis and initial manifestations of the
invasive fungal infection were not mentioned.

Regarding personal medical history, type 2 diabetes mellitus was
present in 8 cases (40%). Suresh et al. found that hyperglycemia was
the main predisposing factor for fungal osteomyelitis of the jaws and
sinuses associated with COVID-19 [6]. In the case series of Nehara et
al., all patients had a history of diabetes mellitus and were treated
with intravenous steroids for COVID-19 infection [14]. In this sense,
the increased likelihood of fungal co-infections in COVID-19 patients
with pre-existing conditions and the need for reasonable, evidence-
based use of immunomodulatory medications in these patients have
been emphasized [14−17].

In the present study, 12 males (60%) and eight females (40%) had
invasive fungal infections associated with COVID-19; all cases were
located in the maxilla. Similarly, Kamat et al. observed that COVID-
19-associated mucormycosis affected more males (73.9%) than
females (26.1%) [3]. Cases of mandibular fungal osteomyelitis in post-
COVID-19 patients have been described [18,19]. However, whether
this was an invasive fungal infection or the fungus was only superfi-
cially localized without invading the deep bony trabeculae or soft tis-
sue blood vessels was not specified.



Fig. 3. Microscopic features of cases with probable mucormycosis. Tissue invasion with the presence of non-septate, right-angled filamentous fungi. Case 13 [A] H&E, [B] PAS, [C]
GMS, £400. Case 7 [D] H&E, [E] PAS, [F] GMS, £400. Case 9 [G, J] H&E, [H, K] PAS, [I, L] GMS, 400X.
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Histopathologic evaluation is the gold standard for diagnosing
these diseases [5,6,20].

In addition, the presence of a fungus should be confirmed by other
complementary methods (culture, molecular, or in situ identification
techniques). In the present study, the diagnosis of probable mucor-
mycosis was the most common, although probable aspergillosis
should be considered a frequent differential diagnosis. Moreover, in
cases of invasive fungal infections of the jaws in COVID-19 patients,
dual fungal infections (aspergillosis and mucormycosis) and mixed
infections (mucormycosis, actinomycosis, and candidiasis) have been
identified [1,21].

To our knowledge, this is the first study to describe the
clinical, imaging, and histopathologic features of cases of inva-
sive fungal infections of the jaws in post-COVID-19 patients
from a private, non-hospital oral pathology service in Mexico.
This highlights the vital role of dental/maxillofacial health
professionals in identifying the initial manifestations of these
conditions.
5

6. Conclusion

It is essential to consider the association of osteonecrosis of the
jaw in post-COVID-19 patients, with invasive fungal infections such
as aspergillosis, not only mucormycosis, for early diagnosis and
appropriate treatment.
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Fig. 4. Microscopic features of cases with probable aspergillosis. Tissue invasion with septate and acutely branching filamentous fungi. Case 8 [A, D] H&E, [B, E] PAS, [C, F] GMS,
£400. Case 3 [G, J] H&E, [H, K] PAS, [I, L] GMS, £400.
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