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Abstract

:

Background: Some oral lesions have been described in patients infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2); the possibility has been raised that the buccal lesions observed in patients with the coronavirus disease 2019 (COVID-19) are due to this virus and the patient’s systemic condition. The aim of this review was to integrate the knowledge related to the oral lesions associated with COVID-19 and the participation of the buccal cavity in the establishment of immunity against SARS-CoV-2. Methods: A literature search on the manifestations of buccal lesions from the beginning of the pandemic until October 2021 was carried out by using the PubMed database. A total of 157 scientific articles were selected from the library, which included case reports and reports of lesions appearing in patients with COVID-19. Results: Oral lesions included erosions, ulcers, vesicles, pustules, plaques, depapillated tongue, and pigmentations, among others. The oral cavity is a conducive environment for the interaction of SARS-CoV-2 with the mucosal immune system and target cells; direct effects of the virus in this cavity worsen the antiviral inflammatory response of underlying oral disorders, immunodeficiencies, and autoimmunity primarily. Conclusions: The oral cavity is an accessible and privileged environment for the interaction of SARS-CoV-2 with the mucosal immune system and target cells; the direct effects of the virus in this cavity worsen the antiviral inflammatory response of underlying oral disorders, in particular those related to immunodeficiencies and autoimmunity.
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1. Introduction


The coronavirus disease 2019 (COVID-19) is the pathology caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which is a virus containing in its genetic material a single strand of RNA [1]. Some of the most common clinical signs and symptoms of COVID-19 are fever, sore throat, headache, shortness of breath, dry cough, belly pain, vomiting, and sometimes diarrhea [2]. Angiotensin-converting enzyme receptor 2 (ACE2) is one of the main known receptors for SARS-CoV-2 to enter the cells of the lungs, liver, kidney, gastrointestinal system, and even on the endothelia of dermal papillary vessels and on the epithelial surfaces of sweat glands [3]. Various skin manifestations have been described in patients with COVID-19, including pseudo-chilblain, varicelliform lesions, erythema multiforme-like lesions, urticaria form, maculopapular, purpura and petechiae, mottling, and livedo reticularis-like lesions [4,5]. In the oral cavity, ACE2 is expressed in the oral mucosa, especially and in greater quantity in the lingual surface and saliva-producing glands in relation to the mucosa of the mouth or palate [6]. Dysgeusia is the first recognized oral symptom of COVID-19 reported in 38% of patients, especially in North Americans and Europeans and patients with mild–moderate disease severity [4]. Since the first oral manifestations associated with COVID-19 were described, several reports have been published describing a wide variety of lesions, where the most frequent oral lesion manifestation is ulceration [7], in addition to white plaques, petechiae, geographic tongue, macules, nodules, bullous angina, necrotizing periodontal disease, blisters, and erythema-multiforme-like lesions [8,9]. It has been reported that loss of taste and/or smell remains for up to 14 days and progresses more rapidly in older patients; recovery from mouth lesions occurs at the same time as patients recover from COVID-19, representing an association between the manifestations of all clinical lesions appearing in the mouth and SARS-CoV-2 infection of patients [10].



Given that the clinical manifestations of COVID-19 beyond lung damage caused by inflammation are not yet adequately understood, the oral health conditions associated with COVID-19 continue to be studied to gain a better appreciation of the oral manifestations. The crisis that the world continues to face from COVID-19 has highlighted the importance of understanding the implicit conditions that lead to COVID-19-related outcomes, primarily mortality, as well as positivity and severity [11,12,13,14].




2. The Oral Cavity and Its Role in Immunity


The oral cavity has three major host defenses against microbial invasion: the oral mucosa, nonspecific (innate) immunity, and adaptive (acquired) immunity. The oral mucosa consists of a layer of interconnected epithelial cells containing mainly keratinocytes resting on a basal membrane and provides a physical barrier that protects the underlying tissues from microorganisms and environmental threats in the oral cavity [15,16,17]. Cells of the immune system and oral keratinocytes in the lamina propria of the oral mucosa detect some pathogen-associated molecular patterns that have been conserved by evolution in specific classes of microorganisms [18,19]. Pattern recognition receptors distinguish between different molecular structures of microorganisms and thus prevent the generation of immunoinflammatory responses against these microorganisms [20,21]. Pattern recognition receptor families have been described in some reports, in which have been included for example the toll-like receptor family (TLR-1 to TLR-10) and the C-type lectin receptor family (Dectin-1, Dectin-2, dendritic cell specific intercellular adhesion molecule 3-grabbing nonintegrin) [22]. The initiation and determination of the type of specific adaptive immune responses induced by pattern recognition receptors also dictate the magnitude and duration of the responses and whether or not memory T cells are activated [20]. The specificity, type, and sensitivity of pattern recognition receptor-mediated adaptive immune responses are determined by the nature of the infectious agent, for example, if they are viruses, bacteria, fungi, and/or protozoan [23]. By the microenvironment characteristics, the type of cells expressing each family of pattern recognition receptors, the anatomical site where these cells are located, and the combination of interactions that occur between these factors [24]. Warning signals generated by some tissue-damaging factors, including hypoxia, radiation, and trauma to some extent affect the speed and magnitude of the immune response [25].




3. Oral Cavity during Viral and Bacterial Infections


Several viral diseases usually affect the oral cavity; for example, human immunodeficiency virus (HIV) infection may initially present with oral lesions, human papillomavirus (HPV) infection often increases the risk of developing oral squamous cell carcinoma, and oral damage has been documented during hepatitis B and C virus infections [26,27,28,29].



There is a combination of proteins with complementary dynamics in virus and/or bacterial infection in the oral cavity. Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) has been shown to be significantly stimulated in response to infections that are primarily viral in origin [30]. Interferon gamma-induced protein-10 (IP-10) levels are generally slightly elevated in patients with bacterial infections and highly elevated in patients with viral infections. It is also known that C-reactive protein (CRP) levels are commonly found to be increased in patients who have developed infections of bacterial origin and that CRP levels are less elevated in patients who have developed infections caused by viruses (Figure 1) [31].



Some drugs used in the treatment of viral infections can also contribute to damage to the oral cavity. High doses of corticosteroids may trigger fungal infections such as oral candidiasis; antiviral drugs can cause dry mouth, aphthous ulcers, and stomatitis; and the use of antiviral drugs can cause dry mouth [33]. Additionally, many patients have been prescribed antibiotics that are effective against Gram-negative and Gram-positive bacteria, which usually has a direct impact on the homeostasis of the mouth and all microorganisms found in this cavity [34].



Oral Cavity and SARS-CoV-2 Infection


As mentioned before, SARS-CoV-2 is an RNA-positive virus with an icosahedral morphology that possesses S proteins that are the binding site for ACE2 in humans [1], which, in addition to the lungs, pancreas, adipose tissue, liver, or kidney, this receptor is also expressed in salivary glands [35]. The oral cavity is a gateway for many pathogens, and SARS-CoV-2 is not the exception. This virus is detected in the saliva of all COVID-19 patients even with more sensitivity than that of nasopharyngeal testing [36].



When the ACE2 protein of the host cell and the S protein of SARS-CoV-2 bind, an interaction occurs that allows the coronavirus to use the machinery of these host cells to replicate and subsequently destroy these same cells, triggering the oral symptoms and signs [37]. In addition to this mechanism, which explains the cause of several manifestations of oral lesions caused by COVID-19, it is also possible that these lesions are the result of opportunistic infections that facilitate immune system alterations and may also be facilitated by possible systemic damage and adverse effects that can be triggered by treatment [38]. Figure 2 represents the location of ACE2 in different tissues and structures of the oral cavity, as well as those interacting with SARS-CoV-2.



Cellular analyses of ACE2 expression as a SARS-CoV-2 entry factor revealed that no oral epithelial subpopulations are at particular risk. The ACE2 receptor was detected in nine oral epithelial cell groups, including basal 1–3, basal cyclic, salivary gland ducts, serous salivary glands, and mucous salivary glands, indicating that multiple oral epithelial cell subpopulations are prone to infection [39]. Coexpression of the most important entry factors ACE2 and TMPRSS2 in mucosal and salivary gland epithelial cells was rare in salivary gland acini and ducts [40]. The clinical development of chemosensitivity disorders usually occurs at the beginning of the infection phase in which the first symptoms are already present, usually within the first three days [41]. Two theories have been described on the pathophysiological factors causing dysgeusia and loss of olfaction in the course of COVID-19 infection: the first theory indicates that SARS-CoV-2 infects neurons using active cellular transport to gain access to the central nervous system [42]. The second theory suggests that these dysfunctions are due to the inhibition of the ACE2 receptor; inhibitors of this protein have already been reported to induce ageusia through a complex mechanism involving the sodium channel present in the taste buds and the G-protein-coupled receptor; upon interaction between SARS-CoV-2 and the host cell receptors, the latter are inactivated, resulting in the loss of chemical taste signaling in their action potentials and, therefore, of the correct sensory perception of taste [41].





4. Oral Manifestations in Patients with COVID-19


Alterations in smell and taste are some early indicators of SARS-CoV-2 infection and are effective in decision making, and dry mouth is an oral presenting symptom [43,44,45], infection of salivary ducts by SARS-CoV-2 has been experimentally confirmed in animal models, which explains the presence of acute sialadenitis, discomfort, pain, inflammation or even improper functioning of the saliva-producing glands [46].



Patients with COVID-19 experience fatigue, anosmia, fever, dysgeusia, and dry cough, in which later appeared a generalized erythema on the hard palate and oropharynx with pustules and petechiae on the edge of the soft palate; the suggested diagnosis was enanthem due to COVID-19 [47]. Petechiae on the palate, lower lip, and oropharyngeal mucosa due to COVID-19 infection were also observed [48]. Pigmentation in the attached and interpapillary gingiva due to increased levels of inflammatory cytokines and arachidonic acid metabolites secondary to the production of basic-fibroblast growth factor (bFGF) and stem cell factor (SCF) from basal layer keratinocytes has been reported in some SARS-CoV-2 patients [49]. In a case series reported by Carreras-Presas et al., patients suspected of being infected with SARS-CoV-2 presented fever, halitosis, submandibular lymphadenopathy, and oral lesions [3]. The oral lesions were common to that reported by Patel et al. and included erythematous, painful, diffuse, and edematous gingiva with necrosis of the interpapillary areas [3,50]. In spite of authors suggesting that the oral lesions observed were due to SARS-CoV-2 provokes exanthematic lesions that may resemble other viral processes [3], it has also been suggested that the lesions may be associated with bacterial coinfections in conjunction with COVID-19 [50]. Many patients with COVID-19 suffer from weakness, present with fever, have episodes of diarrhea, and occasionally have abdominal pain coinciding with the presence of an oral erythematous papular rash; lesions occurring in the oral cavity consist of erosions on the dorsum of the tongue and the mucosa of the mouth, as well as vesicular eruptions [51]. Table 1 lists some of the descriptive characteristics of representative studies evaluating oral manifestations in patients with COVID-19, including type of lesions, the number of patients (sample), study design, the country, and year in which each study was carried out.



4.1. Herpetiform Lesions


Herpetiform lesions present as multiple painful, unilateral round, yellowish-gray, unilateral ulcers with an erythematous border on nonkeratinized and keratinized mucosa. The expression of these lesions precedes the systemic symptoms. In one case, geographic tongue appeared after recovery from herpetiform lesions [9,51,62]. Clinically, it was observed that the presence of oral ulcerations was very varied, ranging from lesions similar to aphthous stomatitis to the presence of generalized ulcerations with necrosis, some of these oral lesions had a herpetiform pattern, with resemblance to herpes infection, but rendered a negative result to the test for herpes simplex virus (HSV) [58,63]. Immunosuppression and stress associated with COVID-19 were suggested as the cause for the appearance of secondary herpetic gingivostomatitis [64,65]. Patients suffering from acute COVID-19 infection, together with inadequate therapeutic measures, could contribute to adverse oral health outcomes [62].




4.2. Erosive or Ulcerative Lesions


Erosive or ulcerative lesions appeared as painful lesions with irregular borders on the tongue, labial mucosa, and hard palate [66,67]. The lesions appeared after a latency time of 4–7 days before the onset of systemic symptoms. Different factors were suggested as causes for the development of ulcerative and erosive lesions, such as drug eruption, thrombotic vasculopathy secondary to COVID-19, and vasculitis [53,68].




4.3. Red and White Plaques


Red and white plaques have also been reported on the gingiva, dorsum of the tongue, and palate of patients with COVID-19 [55]. Candidiasis due to long-term antibiotic therapy, deterioration of general condition, and decreased oral hygiene may be the cause of the red or white plaques [49].




4.4. Erythema-Multiforme-like Lesions


Erythema-multiforme-like lesions appeared as blisters, scaly gingivitis, erosions, and painful cheilitis with hemorrhagic crusting in patients with skin lesions on all four extremities [56,69].




4.5. Angina Bullosa-like Lesions


Some patients confirmed with COVID-19 also had angina bullosa-like lesions as asymptomatic erythematous-purpuric blisters without spontaneous bleeding on the hard palate and tongue [57,59].



Is important to note that patients with COVID-19 who are intubated undergo tracheostomy or assisted external ventilation [70]. These maneuvers cause hyposalivation, which could aggravate the already existing lesions of the oral cavity and could trigger bacterial aspiration pneumonia [71]. The main effect of COVID-19 on the oral mucosa is multifactorial, the prominent role of the immune system is unavoidable, and the certain state of deregulation of this system may lead to infections or the risk of more severe autoimmune conditions through cytokine storm [72]. Some researchers claim that oral lesions contributing to COVID-19 are triggered by an inflammatory response that induces vascular inflammation [73]. Inflammation plays an important role in disease progression and clinical outcomes. Inappropriately increased inflammation causes a cytokine storm, leading to tissue damage, diffuse alveolar damage, myocarditis, renal failure, central nervous system involvement, and multiorgan failure, and is sometimes associated with a poor clinical prognosis. Coronavirus infection causes a release of proinflammatory cytokines, associated with a systemic inflammatory response syndrome (SIRS) [74], resulting in markedly elevated levels of interleukins (IL), which are usually: IL-2, IL-6, IL-7, granulocyte colony-stimulating factor, monocyte chemoattractant protein 1 (MCP-1), macrophage inflammatory protein 1 alpha (MIP1-a), interferon-inducible protein 10-γ (IP-10), and tumor necrosis factor (TNF)-alpha [75,76,77].





5. Periodontal Disease: A Risk Factor Associated with the Development of Chronic Diseases and Negative Outcomes for Human Health


Periodontal disease is one of the most common inflammatory pathologies representing the sixth most prevalent (20–50%) and represents a leading cause of tooth loss and masticatory dysfunction in adults. It is an infectious disease characterized mainly by progressive degradation of the periodontium due to inflammation [50,78]. The severity of periodontal disease increases significantly and gradually with age, showing a steady increase between the ages of thirty and forty [79]; this is a consequence of inefficient oral hygiene, which causes bacteria in dental plaque to trigger a local inflammatory reaction, and also the recruitment of neutrophils and many other inflammation-promoting cells that are mediated by proinflammatory cytokines [80,81]. Therefore, the main cause of periodontal destruction is the host immune defense against pathogens; in addition, periodontal bacteria also have the potential to access the bloodstream and spread systemically [82,83]. When some distant organs are already colonized, oral bacteria can contribute to triggering disease in these organs [84,85]. In established periodontitis, the gingival epithelial barrier is damaged, resulting in ulceration. Thus, the anatomical proximity between the sublingual Gram-negative bacteria and the blood stream facilitates their systemic spread; transient bacteremia may also occur after tooth brushing, chewing, flossing, and some dental office procedures [86,87,88].



Importantly, Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitans) and Porphyromonas gingivalis (P. gingivalis) are key microorganisms implicated in the pathogenesis of periodontal disease and have been identified in atherosclerotic plaques in humans [89]. The presence of P. gingivalis has also been identified in the brain tissue of patients with Alzheimer’s disease [85]. Different mechanisms have already been suggested to describe the translocation of oral bacteria to the respiratory system; saliva aspiration seems to be the most prominent mechanism. A group of oral microorganisms live in saliva, such as some bacteria, which are shed from some of the surfaces of the oral cavity; it can reflect changes in sub- and supragingival bacteria and thus function as a reservoir for multiple pathogens [90]. Several reports have already described that periodontitis affects overall systemic health [91,92], and, therefore, has been associated with an increased risk of many chronic diseases [93], mainly pathologies related to the heart [94,95,96], diabetes mellitus [97,98], high blood pressure [99], chronic disease of one or both kidneys [100], chronic obstructive pulmonary disease (COPD) and pneumonia [101], and cancer (Figure 3) [102]. These associations have been explained by the presence of environmental and genetic risk factors, as well as by the presence of chronic inflammation [103]. It has already been reported that periodontal disease can lead to an increased risk of cardiovascular disease of 19%, and there may even be an increased relative risk of up to 44% if patients with periodontitis are over 65 years of age [104]. Comparative studies have been conducted in patients who have shown a significantly higher prevalence of periodontal disease in patients with COPD compared to healthy individuals [101,105]. DM is clearly a systemic risk factor for periodontal disease, and it generally plays a determining role in the onset and progression of the disease itself, as it is associated with periodontal ligament degeneration, which leads to tooth loss [106,107].



A relationship has been suggested between chronic kidney disease (CKD) and periodontal disease; it has been concluded that periodontitis is a risk factor for CKD and that periodontal treatment produces positive outcomes in people with CKD [108,109]. Research on the subject has determined an increased risk of cancer due to periodontitis. It has been described that the risk of lingual cancer in some reports has increased up to 5.23 times and there is also a loss of several millimeters of alveolar bone. A correlation has also been reported although of lesser risk of periodontitis and esophageal, oral, pancreatic, and gastric cancers [110,111,112]. There are clinical and experimental reports that have suggested the relevance of inflammation at the time when an increase in blood pressure begins to occur; mainly, it has been elucidated that alterations related to chronic inflammation can provide an environment conducive to prohypertensive inflammation [113]. There are data suggesting that moderate to severe periodontal disease is associated with a higher likelihood of hypertension. Figure 3 illustrates the systemic pathologies associated with periodontal disease [78,114,115].



5.1. Periodontal Disease and COVID-19 Severity


Some comorbidities such as diabetes mellitus, obesity, and heart disease have been shown to play an important role in determining the prognosis of COVID-19 [116]. It is also well established that periodontal disease has close links to these chronic conditions [117,118]. From the relationship between periodontal disease and COVID-19, the evidence suggested that the aspiration of periodontal pathogens may contribute to the aggravation of SARS-CoV-2 infection in the lungs by aggravating the secretion of key inflammatory cytokines, such as IL-6 [119]. Since saliva is an important route of transmission of SARS-CoV-2 infection, saliva droplets may contain a high viral load, especially during the early stages of infection [120]. This could contribute to the spread of SARS-CoV-2 when infected individuals cough or sneeze, but in addition, inhalation of saliva droplets can transport SARS-CoV-2 to the lower respiratory tract [121]. Considering that the infected mouth and periodontium with infection are important sources of respiratory pathogenic microorganisms, the risk of pulmonary infection increased in those individuals with poor oral hygiene and active periodontal infection [122,123]. With the fact that the prevalence of P. gingivalis infection increases with age, this periodontal pathogen has been implicated as one of the etiological factors in aspiration pneumonia in elderly patients, in the same way as in acute infection of both lungs [124,125]. Knowing that aspiration pneumonia is frequently caused by P. gingivalis [126] and that it has been possible to identify oral bacteria in bronchoalveolar lavage samples from COVID-19 [127].



Recent research has confirmed that the risk of several adverse events in patients with COVID-19 is considerably higher in patients with periodontitis [128,129]; this resulted from a multivariate logistic regression model in which they found that the associations between patients who had COVID-19 and patients who had periodontitis adjusted for possible confounders such as gender, age, and smoking, as well as comorbidities they might suffer from; after this adjustment, periodontitis undoubtedly had a highly significant impact on the progression and evolution of SARS-CoV-2 infection, having also highly significant associations with health complications caused by COVID-19 (OR = 3.67, 95% CI: 1.46–9.27), ICU admission (OR = 3.54, 95% CI: 1.39–9.05), death (OR = 8.81, 95% CI: 1.00–77.7), and need for mechanical ventilation (OR = 4.57, 95% CI: 1.19–17.4) when compared to patients with mild periodontal disease or healthy periodontium [14]. Periodontal disease shares very similar risk factors with many of the chronic inflammatory diseases, which have been reported to directly influence the severity of COVID-19 [128]; as already described, periodontitis has a significant effect and impact on the progression of COVID-19 infection and a significantly important risk with complications that can be severe in patients with COVID-19, death, admission to the intensive care unit, and the need for assisted ventilation, confirming the association between periodontal disease and a worse evolution of COVID-19 [14].



The observed association between periodontal disease and COVID-19 severity indicates that aspiration of bacteria involved in periodontal pathology could aggravate COVID-19 by inducing the expression of inflammatory cytokines and ACE2 in the lower respiratory tract [130]. It has also been suggested that bacteria involved in periodontal disease may increase the virulence of SARS-CoV-2 by cleaving the S-glycoprotein [130,131] and that in the mouth, the periodontal pockets, in particular, act as a natural reservoir for viruses [132,133,134,135,136]. Helper 17 lymphocyte response in severe periodontitis may aggravate the cytokine storm in COVID-19 [137], which could predict an increase in the incidence of periodontal lesions, in particular necrotizing periodontitis in the course of the current COVID-19 pandemic [50].




5.2. Periodontal Findings after COVID-19


Several types of enanthem have been described, such as aphthous ulcers, Koplik’s spots, Nagayama’s spots, petechiae, papulovesicular or maculopapular lesions, white or red spots, gingival and labial swelling, due to various viral infections [52]. Mucous membranes with keratinocytes (anterior palate, various types of gingiva, and tongue) and those without keratinocytes (labial and buccal mucosa) are usually affected [138]. It has been shown that 7% of patients with a positive reverse transcription polymerase chain reaction (RT-PCR) test for SARS-CoV-2 have plaque-like changes on the dorsum of the tongue. In addition, inflammation of the oral cavity (including lingual and gingival palate) was reported by 8% of patients. In addition, the occurrence of oral lesions was accompanied by loss of taste and smell in patients, and the most severe oral lesions tended to spread in older patients and mainly in the most severe cases of COVID-19 [43]. In another investigation, the presence of enanthem was also reported in 29% of cases with confirmed COVID-19 in addition to cutaneous exanthema [48]. One study found that patients with moderate cases of COVID-19 infection had an association with the presence of oral symptoms, so greater importance should be given to dental examination; they also observed that the incidence of oral manifestations in relation to oral hygiene measures taken by patients while infected with COVID-19 showed a statistically significant difference [60]. If we compare the presence of oral lesions in children infected with SARS-CoV-2 with those in adults, they are milder, in terms of cough, shortness of breath, oxygen saturation, fatigue, and abdominal pain [139]. A study in pediatric patients reported the following oral lesions: hyperemic pharynx, oral pseudomembranous candidiasis, geographic tongue, and saburral tongue, with herpetic pharynx being the most common [61].





6. Pharmacological Therapy for the Treatment of Oral Lesions in Patients with COVID-19


The use of drugs for the treatment of some oral lesions has been reported, including topical agents such as 2% chlorhexidine for lacerations, hyaluronic acid, tranexamic acid for local bleeding, and miconazole for patients with a cytological diagnosis of candidiasis [57]. Cases have been described of patients with erythema multiforme-like lesions using topical antiseptic medications of 0.2% chlorhexidine solution, in addition to the prescription of vitamin C, B complex, systemic corticosteroids, and panthenol-calcium with pantothenic acid (locally applied tablets); promotion of healing of the labial mucosa in these patients was performed with the typical application of Vaseline [48,140].



Angular cheilitis in most cases has been treated with nystatin, neomycin, and triamcinolone acetonide 0.05%. Xerostomia has been treated with artificial saliva (gels); it has been reported that for burning sensation in the oral cavity the indicated treatment has been triamcinolone acetonide 0.05%, as well as for aphthous lesions [44,54]. In cases of coinfection by herpes simplex virus, systemic acyclovir and some local antiseptics such as panthenol or nystatin have been indicated [73], and if there is also coinfection with candidiasis, intravenous fluconazole, mouthwash with 0.12% chlorhexidine digluconate, mouthwash with 1% hydrogen peroxide, and nystatin have been applied, as well as white plates [62]. Chlorhexidine 0.12% (mouthwash), hyaluronic acid, and prednisolone have been indicated to counteract oral blisters [68]. It has been observed that oral ulcers have healed completely within 10 days after their appearance [141]. When facial nerve paralysis is present, favipiravir and ciclesonide have been reported to improve facial nerve paralysis [142].



Is important to note that many of the pharmacotherapeutics agents used in COVID-19 are also used to treat oral diseases, especially orofacial pain and inflammatory conditions. However, analgesics (paracetamol, nonsteroidal anti-inflammatory agents), antivirals (penciclovir), antibiotics (azithromycin, doxycycline), and immunomodulatory agents (hydroxychloroquine, corticosteroids), have been associated with long-term adverse effects that complicate dental treatment [143]. Treatments involving more than two drugs and invasive therapeutics may cause immune function to be diminished or affected, thus worsening oral conditions, especially when candidiasis is present in the oropharynx [144].



A risk factor for negative outcomes in patients with COVID-19 and associated fungal infection is prolonged antibiotic use in association with immune dysregulation [144]. Perioral pressure ulcers, oral candidiasis, herpetic and hemorrhagic oral ulcer, and acute macroglia were the most commonly complicated health conditions in those patients who presented severe COVID-19 [145]. These oral mucocutaneous conditions were triggered by prolonged prone position and mechanical ventilation equipment in the intensive care unit (ICU) setting, along with the immunosuppressive treatments prescribed to these patients [145].




7. Vaccination and Mucosal Immunity


Mucosal immunity is mainly constituted by tissues, nonlymphoid cells, lymphocytes, and effector molecules [146]. Injectable vaccines have been described to be deficient inducers of mucosal immunity, whereas intranasal immunization induces important mucosal immunity to prevent pathogen entry, when SARS-CoV-2 enters the nasal cavity, the first barrier against viral infection is the respiratory epithelial layer [147]. After this, the innate immunity in the upper airway mucosa becomes the first line of defense, consisting of various immune cells, including phagocytic neutrophils, macrophages, dendritic cells, natural killer cells, and mast cells [148], such immune cells form an integrated system that fights against pathogens or induce adaptive mucosal immunity [149]. In situations where viruses reach the deeper airways or lungs, pathogen-associated molecular patterns expressed on viruses will be recognized by pattern recognition receptors expressed on respiratory epithelial cells, dendritic cells, and macrophages located in lung alveoli [150,151]. Surrounding viral particles are degraded by endosomal enzymes, which release single-stranded RNA that can be recognized by toll-like receptor (TLR) 7 or TLR8 [152]. Activation of pattern recognition receptors induces a significantly elevated expression of proinflammatory cytokines such as type I interferon (IFN-I) and IFN-III, which are important for fighting viral infection; however, SARS-CoV-2 infection induces a down-regulated expression of IFN-I and IFN-III [153,154].



Mucosal immunization induces extensive adaptive immune responses, characterized by resident memory T cells (T RM) and mucosal secretory IgA antibodies (sIgA) [155]. sIgA antibodies neutralize toxins or pathogens in the mucosa through three pathways: immune exclusion, intracellular neutralization, and antigen excretion [156,157]. Mucosal sIgA levels are known to increase rapidly in infants and reach adult levels in early childhood, while serum IgA levels increase more slowly and may not reach adult levels until puberty [158]. These presumed differences in the susceptibility of children and adults to COVID-19 must be taken into account in the SARS-CoV-2 vaccine development process [159].



The most effective method to combat the pandemic caused by SARS-CoV-2 is vaccination; currently, all vaccines that have been approved by the World Health Organization to combat SARS-CoV-2 are administered parenterally, inducing high titers of systemic neutralizing antibodies that can neutralize systemic viral infections [160]. Mucosal vaccines are administered by oral, vaginal, intranasal, ocular, rectal, or sublingual routes, although oral and intranasal routes of administration are the most commonly used. Oral immunization can induce strong immune responses in the mammary and salivary glands, as well as in the gastrointestinal tract [161]. The roles of mucous membranes in SARS-CoV-2 transmission and disease progression must be fully understood, as this helps to support the benefits of mucosal immunization with oral or intranasal vaccines [150]. Previously successful mucosal vaccines used to prevent infectious diseases have been effective in inducing and activating the mucosal immune system [162].



Some optimists have already been reported; one of them is the use of different routes of administration in subsequent doses of vaccination, both by the intramuscular and intranasal routes. This application in rhesus macaques showed efficient immune responses against SARS-CoV-2 infection [163]. In a golden hamster animal model, in which the pathophysiology of COVID-19 is very similar to that observed in humans, immunization with intranasal vaccine showed a significant prophylactic effect, which helped prevent excessive lung injury [164]. Another intranasal subunit vaccine containing trimeric or monomeric protein S combined with adjuvant induced strong mucosal immunity in mice [165].



One study reported the generation of a vaccine that, with a single intranasal dose administered to mice, caused a significant T and B cell-mediated immune response and induced IgA antibodies in the mucosa, resulting in complete protection of the animals against SARS-CoV-2 infection [166]. The SARS-CoV-2 structural protein N has received attention as a potential vaccine target. In one study, intranasal vaccination of BALB/c mice with a recombinant adenovirus type 5 (Ad5) expressing the SARS-CoV-2 N protein induced significant amounts of CD8+ and CD4+ T-cell-mediated immune responses [167].




8. COVID-19: Dental Care and Staff Biosecurity


Dentistry is the profession that deals with the health of the oral cavity in humans, this cavity is undoubtedly the main route of transmission of COVID-19 (small droplets of saliva when coughing or sneezing) [168]; with dental staff and dental offices becoming a focus for the spread of infection, from patients to dentists and from patients to patients, it is important that dentists and dental practices keep up to date with all aspects of COVID-19 [53,169,170]. Adequate guidelines are now in place to protect dentists against SARS-CoV-2 during dental practice and the use of aerosols, although there are guidelines that do not fully prevent transmission caused by aerosols [169,170]. Some statistics show that 0.9% of the surveyed dentists contracted COVID-19 infection, which may indicate that social distancing is an appropriate measure in consultation with dentists to control the spread of SARS-CoV-2 [171]. Although thorough disinfection with chlorine or alcohol-based solutions can inactivate the virus on surfaces, reports indicate that SARS-CoV-2 survives on some surfaces for up to 9 days [172] and is estimated to have an average life of approximately 6–8 h in plastic and 5–6 h in stainless steel [173]. The persistence of SARS-CoV-2 was also detected in surgical masks, where the virus was observed to persist for up to 7 days [174]. Adequate hand washing is essential to combat and control the spread of many diseases [175]. Proper hand washing should be performed for at least 60 s to remove infectious microorganisms, especially if combined with hydroalcoholic solutions that aid in the inactivation of enveloped viruses, including coronaviruses [176]; adequate provision of personal protective equipment is the first and foremost requirement to ensure that healthcare personnel [177]. For proper dental treatment, most dentists prescribed a mouth rinse before starting any procedure. The rinses they recommended using were hydrogen peroxide or chlorhexidine [178,179,180], since the presence of viruses in saliva represents an important risk factor [181,182]. During dental practice, aerosol production should be limited [183,184], limiting the use of handpieces, the use of surgical suction, the four-handed technique, ventilation, and disinfection of surfaces are effective in preventing infections [173,185]. It is considered necessary to consider the recommendations listed in Table 2 for dental care.




9. Conclusions


The findings on oral involvement in COVID-19 may be extensive, since oral mucosal epithelial cells and salivary glands express ACE2, which, as already described in this literature review, is the entry receptor protein for SARS-CoV-2 in host cells [199]. This indicates that the oral cavity is an accessible and privileged environment for SARS-CoV-2 interaction with the mucosal immune system and target cells [62]; direct effects of the virus in this cavity worsen the antiviral inflammatory response of underlying oral disorders, in particular those related to immune deficiencies and autoimmunity [200]. Oral symptomatology in patients with COVID-19 is infrequently described in most of the clinical reports of the disease. There remains uncertainty about the evidence described for oral mucosal lesions in SARS-CoV-2-infected patients, and there is still insufficient information about their etiopathogenesis. Loss of taste and/or smell has been reported to be sustained for up to 14 days and progresses more rapidly in older patients; recovery from oral lesions occurs at the same time as patients recover from COVID-19, correlating the occurrence of oral lesions with SARS-CoV-2 infection [10]. In addition to the loss of taste and loss of smell experienced by patients with COVID-19, the oral manifestations reported are very varied, ranging from inflammation of Wharton’s duct to inflammation of the tongue papillae, tongue depapilation, xerostomia, candida-associated lesions, recurrent herpesvirus infection, aphthous lesions, ulcers, erythema-multiforme-type lesions, necrotizing periodontitis, and salivary gland infections [10,37,44,50,69,201,202,203,204,205]. Based on what has been reported and including the clinical aspects presented by the patients, it has been suggested that coinfections, immunosuppression, and poor oral hygiene are related to COVID-19 in the search for oral mucosal lesions caused by SARS-CoV-2 infection. Because this review article shows several periodontal and buccal mucosal lesions that are likely to be associated with COVID-19, we observed that some properly designed prospective cohort or case–control studies are essential to determine the relationship between COVID-19 and the etiology of oral lesions. If such studies were conducted, they could be carried out in several centers or hospitals, which would facilitate the collection of a larger number of patients. The veracity and validity of the diagnoses provided in relation to oral lesions should be considered, in addition to standardizing them according to their type and location. There could also be reports indicating the treatment provided to patients with COVID-19 to heal the oral lesions related to SARS-CoV-2 infection.
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Figure 1. Selective host response against bacterial and viral infections. Different molecules and signaling pathways are dynamically involved in complementing the response to virus and bacterial infections (including CRP, IP-10 and TRAIL). IL-6: interleukin-6; LPS: lipopolysaccharide; PAMPs: pathogen-associated molecular patterns; PGN: peptidoglycan; ssRNA: single-stranded RNA; dsRNA: double-stranded RNA. Adapted with permission from Oved, K. et al. (2015) [32], which was distributed under the terms of the Creative Commons Attribution License https://creativecommons.org/licenses/by/4.0/; accessed date 28 November 2021. 
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Figure 2. Location of ACE2 on oral cavity and its interaction with the SARS-CoV-2. Binding between the SARS-CoV-2 S protein and the ACE2 protein allows entry of the coronavirus, which subsequently allows its replication and the immediate activation of a possible innate immune response against the virus, including the infiltration of a myriad of immune cells and the subsequent production of many proinflammatory cytokines. This triggers the manifestation of symptoms and signs in the oral cavity of patients with COVID-19 (a). Various spaces and surfaces in the oral cavity where the virus and its receptors are detected, such as the oral mucosa, periodontal tissues, salivary glands, and tongue (b). 
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Figure 3. Relationship between different systemic pathologies and periodontal disease. 
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Table 1. Representative studies evaluating oral manifestations in patients with COVID-19.
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	Design/Reference
	Oral Lesions (Percentage, Frequency)
	Sample
	Country





	Case series,

Sinadinos, 2020 [9]
	Herpetic recurrent stomatitis (n = 2, 67%)

Erythema multiform (n = 1, 33%)
	3
	UK



	Cross-sectional study,

Mascitti, 2020 [52]
	Oral lichenoid lesions (n = 13, 32.5%)

Oral enanthem (n = 11, 27.5%)

Macroglossia (n = 10, 25%)

Herpes (n = 1, 2.5%)

Cheilitis (n = 5, 12.5%)
	40
	France



	Case series,

Carreras-Presas, 2021 [53]
	Herpetic recurrent stomatitis (n = 1, 33.3%)

Multiple ulcerations on palate (n = 1, 33.3%)

Desquamative gingivitis (n = 1, 33.3%)
	3
	Spain



	Cross-sectional study

Katz, 2021 [54]
	Aphthous stomatitis (n = 6, 0.67%)
	889
	USA



	Cross-sectional study

Halepa, 2021 [55]
	Red or swollen lips (n = 23, 48.9%)

Strawberry tongue = (n = 5, 10.6%)

Other oral manifestation (n = 7, 14.9%)
	47
	USA



	Cross-sectional study

Fidan, 2021 [56]
	Aphthous-like ulcers (n = 27, 46.6%)

Erythema (n = 19, 32.8%)

Lichen planus (n = 12, 20.6%)
	74
	Turkey



	Cross-sectional study

Favia, 2021 [57]
	Geographic tongue (n = 2, 2%)

Fissured tongue (n = 3, 2%)

Ulcerative lesion (n = 65, 53%)

Blisters (n = 19, 15%)

Hyperplasia of papillae (n = 48, 39%)

Angina bullosa (n = 11, 9%)

Candidiasis (n = 28, 23%)

Necrotizing ulcerative gingivitis (n = 7, 6%)

Petechiae (n = 14, 11%)

Spontaneous oral hemorrhage (n = 1, 1%)
	123
	Italy



	Cross-sectional study

Falah, 2020 [58]
	Oral cavity changes (n = 9, 90%) (unspecified)
	10
	Pakistan



	Case series

Cruz Tapia, 2020 [59]
	Angina bullosa hemorrhagic-like lesion (n = 2, 50%)

Vascular disorder associated with COVID-19 (n = 1, 25%)

Mucosal nonspecific localized vasculitis and thrombosis (n = 1, 25%)
	4
	Columbia, Brazil, and Mexico



	Case series

Brandão, 2021 [10]
	Ulcer (n = 4, 50%)

Focal erythema/petechiae (n = 1, 13%)

Aphthous-like ulcers (n = 2, 25%)

Hemorrhagic ulcer (n = 2, 25%)
	5
	Brazil



	Cross-sectional study

Abubakr, 2021 [60]
	Ulcerations (n = 117, 20.4%)

Xerostomia (n = 273, 47.6%)

Oral or dental pain (n = 132, 23%)

Pain in jaw joint (n = 69, 12%)

Halitosis (n = 60, 10.5%)
	665
	Egypt



	Cross-sectional study

Retrospective study

Bardellini, 2021 [61]
	Oral pseudomembranous candidiasis (n = 2, 7.4%)

Geographic tongue (n = 1, 3.7%)

Coated tongue (n = 2, 7.4%)
	27
	Italy
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Table 2. Recommendations and procedures that should be performed during dental care throughout the COVID-19 pandemic.
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	Priority Level

Consideration
	Description/Recommendation





	Priority cases for dental health care
	Pericoronitis, pulpitis, abscess, osteitis, localized bacterial infection, dental trauma, extensive caries, broken or defective restorations causing tissue damage or pain, suture removal, adjustments to appliances and prostheses causing damage to oral structures, and replacement of temporary endodontic fillings and patients with presence of pain [186].



	Nonpriority dental

procedures
	Cosmetic dental procedures, orthodontic and orthopedic treatments, replacement of permanent restorations for aesthetic reasons, intentional root canal treatment, elective periodontal care, and nonurgent oral surgery and prosthetics [186].



	Regarding location of

dental care personnel
	It is of vital importance to avoid overcrowding in all areas of circulation of patients and health personnel in addition to waiting rooms; take a distance of not less than 1.8 m within the room or care area of the cases that have been confirmed with COVID-19 [187].



	Appointments and

schedules
	Appointing patients at established times, which must be respected, with a safe time interval between each of the dental consultations, avoiding contact and approach between patients [187].



	During the emergency

dental consultation
	
	-

	
Evaluate patients suspected of COVID-19 by signs and symptoms, particularly cough and fever [188].




	-

	
Attenuate the symptoms that provoke pain and cause inflammation in the dental organs, this can be with analgesics and anti-inflammatory drugs [189].




	-

	
Provide information to staff and provide them with the use of personal protective equipment (N95 respirators, safety goggles, clinical gloves, disposable aprons, and hair covers) [190,191].




	-

	
Wash hands with soap and water or clean them with 70% isopropanol or 70% ethanol before and after care [186].




	-

	
Do not touch the nose, mouth, and eyes without having cleaned hands [192,193].




	-

	
Use computed tomography and extraoral radiographs in preference to intraoral radiographs, and avoid the generation of lumps in the areas that trigger coughing and vomiting [194,195].




	-

	
Use rubber dam for absolute isolation during the dental procedure and do not use air-water syringe lavage, ultrasonic and sonic scalers, rotary handpieces, and air abrasion units [196].




	-

	
Do not remove the mask before 30 min in the environment where dental care is performed because it increases the risk of contagion [197].




	-

	
Disinfect all surfaces and structures of the dental office and patient care equipment with hospital germicides. Proper sterilization of all dental instruments should be performed according to the biosafety techniques that have been established by the manufacturers of the devices used for sterilization [173].




	-

	
Dispose of the remains of all dental procedures in special packages or bags for infected waste [198].
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