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Regardless of rapidly emerging findings on oral lesions described in adult SARS-CoV-2-positive subjects, the
evidence level remains quite low and rather contrasting. It is well known that multiple viral pathogens, first of all,
Herpes and human Papilloma viruses, are directly responsible for the genesis of benign, potentially malignant and
malignant lesions of the oral mucosa, underlining the necessity to examine the potential causative role of SARS-

CoV-2 in oral lesions.

COVID-19 coronavirus disease 2019 oral lesions

| 1. Introduction

The most common manifestations of COVID-19 comprise asthenia, headache, fever, hyposmia, oropharyngeal
inflammation, dysgeusia, dry cough, dyspnea, vomiting, abdominal pain and diarrhea 2, Further enriching the
compound clinical presentation of the disease, muco-cutaneous manifestations, resembling varicella and measles
rushes, as well as Erythema Multiforme lesions, urticaria and petechiae B4l have also been reported in SARS-

CoV-2-positive subjects.

Such multi-system involvement characterizing COVID-19 may be attributable to the wide topographic distribution of
the viral Angiotensin Converting Enzyme 2 (ACEZ2) binding receptor, mediating cell invasion, which has been
detected in upper and lower respiratory apparatus; gastrointestinal tract, including oral epitheliocytes; exocrine
glands, along with salivary ones; cardiovascular and genitourinary systems; skeletal muscles and skin RIS,
Consistently, multiple case reports and series, as well as letters to the Editor and comments EBIRILAILL have |ater
described several lesions of the oral mucosa potentially ascribable to SARS-CoV-2 infection or observed in

patients with COVID-19, clearly highlighting heterogeneous macroscopic features and uncertain prevalence.

2. Prevalence, Features and Degree of Association of Oral
Lesions in COVID-19

A large body of evidence has described lesions of the oral mucosa, potentially ascribable to SARS-CoV-2 infection

or observed in patients with COVID-19, clearly highlighting heterogeneous macroscopic features and uncertain
prevalence [BIEIL0I11]
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Since data from studies included in research but not meeting eligibility criteria were not considered, findings
concerning younger subjects were excluded from the current analysis. In addition, the average age of the cases
diagnosed with oral lesions was only reported in six out of twelve research [12L3I14I1S]I6I17] revealing a mean age
of 50.0 and not allowing a complete computation. Similarly, since appropriate data could only be extracted from six
out of twelve research [L2L4ISI16I8I19] showing a male—female ratio of 3156/1769, a precise estimate could not
be carried out, not permitting a comparison with Nuno-Gonzalez et al.’s 29 results, pointing out a slightly higher
prevalence of oral lesions in females potentially related to the influence of sex hormones on SARS-CoV-2
pathophysiology 21, Severely incomplete data were also found concerning COVID-19 severity in the investigated
populations, currently classified as mild/moderate or severe/hospitalized, as per Amorim Dos Santos et al. 18],
Consequently, the degree of association of oral lesions with SARS-CoV-2 infection 22! could not be determinately
estimated, and the primary lesions, with related clinical presentations and microscopic features, could not be
definitively graded in relation to COVID-19 forms 23, Similarly, largely deficient data were acquired concerning
ongoing COVID-19 treatments, potentially responsible of oral adverse reactions. Indeed, oral lesions, enriching the
multi-systemic phenomenology of the iliness, have been hypothesized to be potentially ascribable to the direct
cytopathic effect of SARS-CoV-2, with the viral invasion of the oral epitheliocytes, mediated by ACE2 receptors 28]
or attributable to the pathophysiology of SARS-CoV-2 infection; therefore, they could manifest as an indirect
epiphenomenon of the immune—-inflammatory reaction against viral antigens [24. Moreover, the reported oral
lesions were proposed to possibly represent the clinical expression of secondary immunity impairment and related

co-infections, as well as adverse reactions to pharmacological therapies and iatrogenic injuries related to COVID-
19 treatment [161[25](26]

However, regardless of the proposed pathogenesis of oral lesions occurring in COVID-19, which goes beyond the
scope of the studies, the overall prevalence of cases diagnosed with oral lesions in SARS-CoV-2-positive subjects
> 18 years of age is still debated. Such prevalence may be very difficult to be determined and, conceivably, under-
evaluated as a result of life-threatening conditions and supplementary breathing bias use in severe and critical
COVID-19 patients, as well as domiciliary care in mild iliness, beyond the particularly defensive personal protective
equipment limiting photographic documentation. The total cases diagnosed with oral lesions accounted for 13.54%
of the population analyzed in the twelve systematic research. Noteworthy, it may be hypothesized that the
presently computed prevalence could be affected by the high number of case reports and series considered in the
systematic research, thus potentially resulting overestimated, although Fidan et al.’s 24 and Elamrousi et al.’s [28]
studies reported prevalence values as high as 65.5% and 90.3%. Such discrepancies may be explained by the
exclusion from the present analysis of oral lesions self-diagnosed by means of questionnaires, which were
included, instead, in Qui et al.’s review 29, of normal variations, such as fissured and geographic tongue, and of
likely pre-existing conditions and diseases, principally represented by Oral Lichen Planus, which were also

recorded.

The retrieved findings revealed extremely heterogeneous denominations of primary oral lesions, probably referable
to the fact that the cases were mainly diagnosed by internists, anesthesiologists and dermatologists, rather than
oral medicine consultants and dentists, especially during the first peak of the pandemic and the related suspension

of non-urgent care. Given these considerations, the researchers categorized the reported primary oral lesions as
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aphthous-like and/or erythema multiforme-like and/or herpetiform erosions and ulcers, white and/or red plaques,
and vesicles and bullae, attempting to reduce heterogeneity in reporting forms and suggesting the use of such
common denominations in future research. In addition, a high frequency of cases with polymorphous and complex
intra- and peri-oral macroscopic pictures clearly emerged, making extremely complex the identification of the
underlying primary lesions. However, the most frequently reported primary oral lesions resulted to be erosion and
ulcers, found in 48.96% of diagnosed cases; in more detail, no specific characteristics were delineated for 38.24%
of such lesions, while aphthous-like, herpetiform and erythema multiforme-like appearances were described in
16.76%, 1.89% and 1.07% of the overall erosions and ulcers recorded, respectively. Similarly, Fidan et al. [27]
described erosions and ulcers as the most frequent primary oral lesions in SARS-CoV-2-positive subjects and
estimated a prevalence of 39.7% of aphthous-like ones. Second for reported frequency were maculae (12.47%),
mostly depicted as erythema, and petechiae (3.96%), representing 16.44% of the primary oral lesions, followed by
vesicles and bullae, mainly diffuse, and plaques, exclusively white, accounting for 4.97% and 0.25% of the reported
oral lesions. Such primary oral lesions could not be analyzed in relation to the most frequently affected intra-oral
site due to the incompleteness of findings, although tongue, buccal and palatal mucosa, gingiva and lip resulted to
be involved in a descending order, also in accordance with Iranmanesh et al. (22, representing the tongue and
labial mucosa as the most common affected locations. Particularly relevant would have also been identifying the
timing of the appearance of the described oral lesions, reported only by Orilisi et al. 13; this has been previously
proposed to be a potential indicator both of COVID-19 onset, as established for taste and smell alterations, and
illness worsening WIBIEILOMLL  Moreover, broadening the knowledge of the natural history of the disease, also
including the expected timing of the appearance of oral lesions in COVID-19, may bring a two-fold effect: on one
hand, it may aid in categorizing lesions into early ones, potentially attributable to the viral cytopathic effect, and late
ones, detected after the start of therapy and potentially associated with it B2, while, on the other hand, it may
improve oral and dental care provision planning, as part of the interdisciplinary management of patients with
COVID-19.

At the current state of knowledge, since the histopathological features of oral mucosal lesions were only reported in
few cases [18I3981 diagnosed with oral erosions or ulcers by mostly describing similar non-specific pictures, no
definitive evidence on the microscopic appearance of the oral lesions most frequently observed in adult SARS-
Cov-2-positive subjects has been achieved. However, the most commonly reported histopathological feature for
such erosive and ulcerative oral lesions is the vacuolization of oral epithelial cells, which, similarly to the
microscopic alterations observed in other infections by epitheliotropic viruses, including those belonging to the
Herpesviridae family, could constitute the epiphenomenon of the direct cytopathic effect operated by SARS-CoV-2.
The latter hypothesis would be validated by the contextual detection of the virus within oral epithelial layers by in
situ hybridization or immunohistochemistry, which was conducted, at the current state of evidence, only by Soares
et al. B2 Necrotic phenomena, leukocytosis and Langerhans cell activation were also described within the oral
epithelium [28I18I30 |n the underlying connective tissue, similar to cutaneous and pulmonary biopsies, multiple
micro-thrombi with consequent partial or total occlusion of small-and medium-caliber vesselswere also described,
along with massive inflammatory cell infiltration at peri-vascular and peri-glandular sites, as well as with a band-like

lichenoid distribution, and reactive vascular hyperplasia and peri-vascular fibrosis (8118120
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In addition to primary oral lesions, desquamative gingivitis (0.63%), lichenoid (4.2%) and hemorrhagic (2.3%)
lesions were also reported, as well as oral candidiasis (5.4%) and necrotizing periodontal disease (1.27%),
probably attributable to immune impairment. Besides the periodontal necrotizing lesions, also those from chronic
periodontitis were related to the COVID-19, and the most severe stages of periodontitis were associated with
higher rates of hospitalization, need of ventilation and mortality 3. Researchers conclude that a periodontal state
assessment could help identify those at risk, recognizing as statistically significant and common risk factors both
COVID-19 and periodontitis in diabetes mellitus and cardiovascular diseases (33134]  |ndeed, it has been
hypothesized that periodontitis, poor oral hygiene and periodontal microbiome may themselves constitute risk
factors for complications from COVID-19 and the worsening of iliness forms B8 |t may be consequently
proposed that instructions and motivation for oral hygiene and, above all, active periodontal treatment should be
systematically integrated into inter-disciplinary management in subjects with mild and moderate COVID-19, and
where possible, in severe cases, especially in those with diabetes and cardiovascular disease. Furthermore,
considering periodontal pockets as possible reservoirs of SARS-CoV-2, as already amply demonstrated for
herpesviruses, including herpes simplex, Epstein-Barr virus andhuman cytomegalovirus (28 it may be
hypothesized that periodontal treatment and oral antisepsis with chlorhexidine and hydrogen peroxide, by
controlling suspected periodontal pathogens and viral microbial load, may reduce the risk of re-infection in COVID-
19 healed subjects 1137,

Despite the very inclusive eligibility criteria applied, only few and poor-quality systematic research could be
retrieved. Moreover, high heterogeneous and incomplete data were extracted, precluding the possibility of
conducting a meta-analysis and achieving definitive results, which may represent the main limitation of studies.
However, current study may be the first to synthesize findings from available systematic research and aim to grade,
based on the reported frequency, the oral primary lesions, with clinical presentations and microscopic features, and
to estimate their degree of association with SARS-CoV-2 infection 221 and with COVID-19 severity (23],

Further studies with a higher evidence level should be conducted to accurately describe and assess the prevalence
of cases diagnosed with oral lesions among adult SARS-CoV-2-positive subjects, especially considering novel
variants and occurring following vaccine administration. Additional investigations may also aid in grading the
frequency of primary oral lesions with related clinical presentations and microscopic features and in determining
their degree of association with SARS-CoV-2 infection 22 and with COVID-19 forms 23], Furthermore, the putative
role of SARS-CoV-2 in oral lesion genesis, on the one hand, and the supposed contribution of periodontitis and
periodontal microbiome, seemingly interconnected with the gut-lung axis B2, in COVID-19 worsening and re-

activations, on the other hand, should be evaluated.

Deeper insights into oral lesions in adult SARS-CoV-2-positive subjects, which may behypothetically attributable to
the direct cytopathic effect of SARS-CoV-2 or to the indirect effect of the immune—inflammatory reactions occurring
in the course of the disease or may be somehow related to COVID-19 pharmacological therapy and treatment
procedures, could enhance the comprehension of illness pathogenesis, thus improving the preparedness of health

professionals, including oral healthcare workers [4I381[391[40][411[42][43][44] i the inter-disciplinary management of
COVID-19 [45]46]147],
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