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Abstract

The aim of this integrative review consisted of verifying whether the oral manifestations detected in patients diagnosed
with COVID-19 are useful in diagnosing the disease, whether they are a manifestation resulting from the disease, or
whether there is evidence that there is no correlation between the pathologies. Therefore, articles in the PubMed, Lilacs,
Scopus, Science Direct, Web of Science and Embase databases were searched, in addition to the search in gray literature.
The terms used in the search were: “COVID-19” or “Sars-Cov-2” or “coronavirus” and “oral conditions” or “oral health”
or “oral manifestations” and “diagnosis/complications” or “symptoms”. Thus, 1.305 articles were selected, of which 61
were selected to compose this review. Most of the included studies considered oral symptoms as taste changes,
xerostomia and ulcerative lesions in the oral and labial mucosa. All symptoms related to this pathology still need further
studies and investigations so that all mechanisms and manifestations related to it are completely elucidated.
Keywords: Coronavirus infections; Oral manifestations; Pathology, oral.

Resumo

O objetivo desta revisdo integrativa consistiu em verificar se as manifestagdes bucais detectadas em pacientes com
diagnostico de COVID-19 sdo Uteis no diagndstico da doenca, ou se sdo manifestagdes decorrentes da doenga, ou ainda,
se ha evidéncias de que ndo ha correlagdo entre as patologias. Para tanto, foram pesquisados artigos nas bases de dados
PubMed, Lilacs, Scopus, Science Direct, Web of Science e Embase, além de uma busca na literatura cinzenta. Os termos
utilizados na busca foram: "COVID-19" ou "Sars-Cov-2" ou "coronavirus" e "condicdes bucais" ou "salde bucal" ou
"manifestacfes orais" e "diagnéstico / complicag¢fes" ou "sintomas". Assim, foram localizados 1.305 artigos, dos quais
61 foram selecionados para compor esta revisdo. A maioria dos estudos incluidos considerou sintomas orais como
alteragdes do paladar, xerostomia e lesdes ulcerativas na mucosa oral e labial. Todos os sintomas relacionados a essa
patologia ainda precisam de mais estudos e investigacdes para que 0s mecanismos e manifestacdes a ela relacionados
sejam completamente elucidados.

Palavras-chave: Infec¢des por coronavirus; Manifestagdes bucais; Patologia bucal.

Resumen

El objetivo de esta revision integradora consiste en verificar si las manifestaciones orales detectadas en pacientes con
COVID-19 son utiles en el diagndstico de la enfermedad, si son una manifestacion resultante de la enfermedad o si
existe evidencia de que no existe correlacion entre las patologias. Se realizaron blsquedas de articulos en las bases de
datos PubMed, Lilacs, Scopus, Science Direct, Web of Science y Embase, ademas de la bdsqueda en literatura gris. Los
términos utilizados en la busqueda fueron: "COVID-19" o "Sars-Cov-2" 0 "coronavirus" y "afecciones bucales" o "salud
bucal™ o "manifestaciones bucales" y "diagnostico / complicaciones" o "sintomas". Asi, se seleccionaron 1305 articulos,
de los cuales se seleccionaron 61 para componer esta revision. La mayoria de los estudios incluidos consideraron los
sintomas orales como cambios en el gusto, xerostomia y lesiones ulcerativas en la mucosa oral y labial. Todos los
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sintomas relacionados con esta patologia aln necesitan méas estudios e investigaciones para que se esclarezcan por
completo todos los mecanismos y manifestaciones relacionados con ella.
Palabras clave: Infecciones por Coronavirus; Manifestaciones bucales; Patologia bucal.

1. Introduction

On March 11, 2020, Coronavirus Disease (COVID-19) was declared a pandemic situation by the World Health
Organization (WHO) (Osseni, 2020). It is a disease caused by SARs-CoV-2, discovered in 2019 in China with the occurrence of
the first cases of the disease. It has had a fast progression throughout the years 2020 and 2021 with more than 203 million infected
people around the world, spread over 215 countries (Khan et al., 2020). On August 2021, the main countries affected is: the
United States of America (35.824.366 confirmed cases), India (240.842 confirmed cases), Brazil (20.177.757 confirmed cases)
and the Russian Federation (11.012 confirmed cases) (WHO, 2021). To date, the profile of viral action and pathogenesis has not
been fully elucidated, but it is known that the main signs and symptoms manifest themselves in the form of acute respiratory
conditions (Ali & Alharbi, 2020). However, new characteristics emerge from time to time, and the lack of complete knowledge
of the disease's etiopathogenesis associated with its potential risk of death and high probability of contagion form the set that
characterizes COVID-19 as perhaps the greatest health crisis of the current century (Alvi et al., 2020; Lai et al., 2020; Osseni,
2020).

The epidemiological profile so far is the prevalence of symptom onset in men, with a mean age of 56 years (Huang et
al., 2020), with the onset of symptoms within 8 days (which may vary from 5 to 13) after contact with the virus (Guan et al.,
2020), and increased risk of death associated with older adults over 80 years of age (Wilson et al., 2020). Several comorbidities
are associated with an unfavorable prognosis for the course of the disease, the main ones being cardiovascular diseases,
hypertension, diabetes, chronic inflammatory diseases and the abusive habit of smoking (Ejaz et al., 2020).

The predominant form of contagion is direct contact, which can also happen indirectly and through the air when
contaminated by aerosols (Umakanthan et al., 2020). Most of the symptoms presented are nonspecific (such as fever, cough and
myalgia), and the course of the disease can follow a mild to moderate route (with and without pneumonia), severe (presence of
dyspnea and respiratory distress) or critical (failure respiratory and even multiple organ failure), with rapid evolution and in
many cases unpredictable (Raoult et al., 2020).

Even though acute pneumonia and respiratory manifestations were the first sign of the disease's challenge (Khan et al.,
2020), today other systemic manifestations are directly associated with COVID-19 (Lai et al., 2020; Wiersinga et al., 2020).
Cardiac, gastrointestinal, hepatic, renal, neurological, olfactory and taste, ocular, cutaneous, hematological and immunological
conditions and/or sequelae are already mentioned (Lai et al., 2020; Yang et al., 2020). They are cited as uncommon occurrences,
but not rare in patients who went through the hospitalization process, coagulopathies, thromboembolic accidents, heart disease,
hemodynamic instability and encephalopathies (Hendren et al., 2020; Long et al., 2020; Mao et al., 2020; Middeldorp et al.,
2020; Wiersinga et al., 2020). In this context, it is important to emphasize the systemic inflammatory favoritism, directly
associated with COVID-19, in which pre-existing chronic inflammatory conditions find room for acute and more intense
manifestations, as well as the manifestation of more severe forms of COVID-19 itself (Zeng et al., 2020).

In addition to systemic manifestations, some oral manifestations have also been reported (Sinjari, D’ardes, et al., 2020).
Not restricted only to olfactory disorders and taste disorders, already directly associated with COVID-19, others involving oral
mucosa, glossitis and gingival inflammation are reported, mainly in hospitalized patients (Amorim dos Santos et al., 2020a).
However, despite the reports, there is still no clinical consensus on which mechanisms are responsible for the manifestations,
whether they are causes directly linked to the course of COVID-19 or events secondary to it, and even whether they can serve

as a form of diagnosis (Iranmanesh et al., 2021a). The presence of bullous lesions, ulcerations, erosions, plaques and macules
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was noticed in different regions of the mucosa and under different clinical presentations (Amorim dos Santos et al., 2020a) such
as transient lingual papillitis, mucositis, glossitis, aphthous stomatitis, burning sensation in the mouth, among others (Iranmanesh
et al., 2021a; Nuno-Gonzalez et al., 2021; Sinjari, D’ardes, et al., 2020). Due to the existence of gaps in the literature regarding
the understanding of this relationship between COVID-19 and oral health, and regarding the role of the dentist in monitoring
these manifestations and the clinical evolution of patients, this review finds space and justification for its realization.

To assess, through an integrative literature review, whether the oral manifestations detected in patients diagnosed with
COVID-19 are useful in the diagnosis of the disease, whether they are a manifestation resulting from the disease, or whether

there are signs of no correlation between the pathologies.

2. Methodology
Study design and eligibility criteria

This is an integrative review, carried out in accordance with the PRISMA checklist (Page et al., 2021), and registered
within PROSPERO (CRD42021253256). The review guiding question is “Is COVID-19 cause or consequence of changes in the
pattern of oral health?”, and based on that, the PICO strategy is specified in Table 1, with the eligibility criteria.

Table 1. PICO Strategy.

Domain Inclusion criteria Exclusion criteria

Children patients confirmed for COVID-19, and

Partici . . .
articipants patients not diagnosed with COVID-19.

Adult patients diagnosed with COVID-19.

Intraoral exam and test or clinical evaluation to assess
the confirmation for SARS-CoV-2 presence and/or the
COVID-19.

Patients with and without oral manifestations

Non-realization of intraoral exam, absence of test or

Intervention . . .
terventions clinical evaluation to diagnose the COVID-19.

Comparisons

Absence of any kind of oral manifestation associated

m Presence of oral manif ions. .
Outcomes esence of oral manifestations with COVID-19.

Randomized clinical trials, observational cohort Mini-reviews, laboratory studies (in vivo, in vitro and
Study design studies, clinical reports, reviews, case-control studies ex vivo) and all kinds of publications different from

and case series.

articles published in scientific journals.

Source: Authors.

The inclusion criteria were defined via the PICO strategy and consisted of randomized control trials (RCTS),
observational cohort studies (prospective or retrospective), literature reviews (narrative, integrative or systematic), clinical
reports, case-control studies, or case series that included adult participants with COVID-19 infection and oral manifestations
were included. There was no language restriction, and the papers that could not be accessed in the full-text version were excluded.

Therefore, the literature search was conducted using a single search engine through PubMed, Lilacs, Scopus, Science
Direct, Web of Science, and Embase databases. An additional search in the gray literature was performed, including Google
Scholar. The search included all articles published until March 24, 2021, across all databases. To identify eligible articles, using
the Medical subject headings (MeSH) “COVID-19” or “Sars-Cov-2” or “coronavirus” and “oral conditions” or “oral health” or
“oral manifestations” and “diagnosis/complications” or “symptoms”, using Boolean operators. The publication time was limited
to 2019 onward, to assess the pandemic time course.

A free-web tool for review management (Rayyan QCRI®) (Ouzzani et al., 2016) was used to collect references and

remove duplicate articles. The same search strategies will be run on every update.
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Initially, broad screening was conducted according to the title and abstracts under the use of the tool Rayyan (Ouzzani
et al., 2016). In the end, all potentially included articles were retrieved for a full assessment and those that could be accessed
were reviewed in full length to be verified if they were answering the eligibility criteria. Translation of included papers from
Chinese to English was conducted with the use of Google Chrome's built-in translation tool.

Data Extraction

Two reviewers (XX and XX) separately assessed the potentially included papers to verify eligibility. Discrepancies
were resolved by a third reviewer (XX). Those three reviewers were supported by a fourth (XX) to accomplish the data extraction.
The main information to be extracted was related to the clinical conditions of the COVID-19 course, and any oral manifestations
reported (ulceration, erosion, plaque, macules, bullous lesions, dysgeusia, mucositis, glossitis, burning mouth sensation, and
others). This data extraction was based on information about the incidence and prevalence of oral manifestations detected on
patients confirmed for COVID-19, in a way that all percentages and samples sizes, clinical states reported, the severity of the
disease, moment of evaluation, and other relevant clinical data was also important to be summarized. All data extracted from the
papers were tabulated on a unique sheet on Google Docs, simultaneously fed by the reviewers, seeking out the favoring of the
qualitative synthesis.

3. Results

The literature search resulted in 1305 hits. After the removal of the duplicates, broad screening by title and abstract,
retrieval of those selected for appraisal and critical evaluation by eligibility criteria in full-text version, and assessment in full
length of them, 61 papers composed the sample of this review, for qualitative synthesis (Supplementary Table 1). The PRISMA
flow diagram detailing the steps of identification, screening, and inclusion is available in Figure 1.
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Figure 1. illustrates the Prisma flowchart that details the entire sequence of location, identification and final inclusion of the 61

articles.
‘ Identification of studies via databases and registers
Records identified from:
Embase (n = 496)
lh.;lggsl- I(rr:|=E ?(.‘) i Records removed before
n=41) screening.
—
ScienceDirect (n=156) Duplicate records removed
Scopus (n=498) fn =133\
Web of Science (n=12)
Google Scholar (n=100)
Registers (n = 1305)
v
Records screened .
(n=1172) e Records excluded (n = 1060)
v
Reports sought for retrieval > Reports not retrieved
(n=112) (n =8)
|
v
Reports assessed for eligibility ——» | Reports excluded (n=58):
(n=104) Wrong Publication Type (n =51)
Wrong outcome (n =2)
Not oral presentations (n =2)
Wrong population (n=1)
Not COVID-19 (n=1)
Studies included in review
(ﬂ Bl 61)
Source: Authors.
4. Discussion

More than 206.757 patients were considered in this review and there was a wide variation in the audience analyzed,
probably due to the large variability of studies included, from case reports (Amorim Dos Santos et al., 2021; Amorim dos Santos
et al., 2020a; Cebeci Kahraman, Ozen, et al., 2020; Cherif et al., 2020; Chern et al., 2020; Cirillo et al., 2021b; Cruz Tapia et al.,
2020; Eghbali Zarch & Hosseinzadeh, 2021b; Kitakawa et al., 2020b; Moreira et al., 2020b; Ramires et al., 2021) to clinical
studies (Karadas et al., 2020; Marouf et al., 2021). There were no restrictions regarding the gender investigated by the studies,
nor were there any discrepancies regarding this information to the course of the disease, clinical manifestations or even the
severity of the outcome found. Age was also a factor considered in some investigations, although it did not interfere in the course
of COVID either (Bao et al., 2020; Cebeci Kahraman, Ozen, et al., 2020; Cirillo et al., 2021b; Coke et al., 2021b; Larvin et al.,
2020b).

The aim and conduct of each study also varied a lot, which diversifies the findings and how each one was carried out.

While some focused on biomolecular (L. Chen et al., 2020a; Fernandes Matuck et al., 2020) others emphasized the clinical

5


http://dx.doi.org/10.33448/rsd-v10i14.22516

Research, Society and Development, v. 10, n. 14, e594101422516, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i14.22516

aspects and aspects of the disease itself, its possible associations and its consequences (Amorim Dos Santos et al., 2021; Amorim
dos Santos et al., 2020a; Cebeci Kahraman, Ozen, et al., 2020; Lechien et al., 2020a; Manzalawi et al., 2020; M. Mousavi-
Hasanzadeh et al., 2020; Pang et al., 2020).

Although among the studies that clinically addressed COVID-19, the most used form of diagnosis was RT-PCR in the
detection of viral RNA, the serological analysis also was used in the detection of IgG and IgM antibodies (Amorim Dos Santos
et al., 2021; Amorim Dos Santos et al., 2020b; Brandao et al., 2021; Cebeci Kahraman, Ozen, et al., 2020; L. Chen et al., 2020b;
Cherif et al., 2020; Cirillo et al., 2021a; Coke et al., 2021a; Cruz Tapia et al., 2020; Eghbali Zarch & Hosseinzadeh, 2021a;
Elibol, 2021; Fantozzi et al., 2020; Fernandes Matuck et al., 2020; Fidan et al., 2021; Freni et al., 2020; Gherlone et al., 2021,
Halboub et al., 2020; Hockova et al., 2021; Karadas et al., 2020; Kitakawa et al., 2020a; Lechien et al., 2020b; Moreira et al.,
2020a; Morteza Mousavi-Hasanzadeh et al., 2020; Nitecki et al., 2021; Ramires et al., 2021; Saniasiaya et al., 2021; Sheng et
al., 2021; Sirin & Ozcelik, 2021; Tham et al., 2021). Sputum and saliva analysis, nasal and throat smears were also used (Bao et
al., 2020; Cherif et al., 2020; Coke et al., 2021a). A localized article also considered the presence of taste disorders as a way of
diagnosing this condition (Cirillo et al., 2021a).

Another variable investigated by some authors was the previous health conditions of the patients who composed the
samples, with systemic alterations being mentioned chronic obstructive pulmonary disease (Bao et al., 2020; Brandao et al.,
2021; Elibol, 2021; Fantozzi et al., 2020; Gherlone et al., 2021; Larvin et al., 2020a; Sirin & Ozcelik, 2021), diabetes mellitus
(Baoetal., 2020; Biadsee et al., 2020; Brandao et al., 2021; Chern et al., 2020; Coke et al., 2021a; Fantozzi et al., 2020; Fernandes
Matuck et al., 2020; Freni et al., 2020; Gherlone et al., 2021; Halboub et al., 2020; Lovato & de Filippis, 2020; Marouf et al.,
2021; Ramires et al., 2021; Sirin & Ozcelik, 2021), arterial hypertension (Amorim Dos Santos et al., 2021; Bao et al., 2020;
Biadsee et al., 2020; Brandao et al., 2021; Chern et al., 2020; Coke et al., 2021a; Eghbali Zarch & Hosseinzadeh, 2021a; Elibol,
2021; Fantozzi et al., 2020; Fernandes Matuck et al., 2020; Freni et al., 2020; Halboub et al., 2020; Hockova et al., 2021; Larvin
et al., 2020a; Lovato & de Filippis, 2020; Nitecki et al., 2021; Ramires et al., 2021; Sirin & Ozcelik, 2021), cancer (Coke et al.,
2021a; Fantozzi et al., 2020; Fernandes Matuck et al., 2020; Gherlone et al., 2021; Sirin & Ozcelik, 2021), heart diseases
(Amorim Dos Santos et al., 2020b; Coke et al., 2021a; Elibol, 2021; Fantozzi et al., 2020; Fernandes Matuck et al., 2020;
Gherlone et al., 2021; Lovato & de Filippis, 2020; Moreira et al., 2020a), obesity (Brandao et al., 2021; Coke et al., 2021a; Freni
etal., 2020; Hockova et al., 2021; Ramires et al., 2021), kidney problems (Amorim Dos Santos et al., 2021; Amorim Dos Santos
et al., 2020b; Brandao et al., 2021; Gherlone et al., 2021; Halboub et al., 2020), hypothyroidism (Biadsee et al., 2020; Chern et
al., 2020; Freni et al., 2020; Sirin & Ozcelik, 2021), gastroesophageal reflux disease (Chern et al., 2020; Freni et al., 2020),
asthma (Biadsee et al., 2020; Elibol, 2021; Fernandes Matuck et al., 2020; Freni et al., 2020; Nitecki et al., 2021; Sirin & Ozcelik,
2021; Tham et al., 2021) and allergic rhinitis (Freni et al., 2020; Nitecki et al., 2021; Tham et al., 2021). Other conditions, which
were less mentioned, are described in the Supplementary Table 1.

It is interesting to note that a higher prevalence of these comorbidities in patients affected by COVID-19 is not a mere
coincidence (Iranmanesh et al., 2021b), since some of these conditions, such as heart disease, hypertension, diabetes and chronic
inflammatory diseases, were associated with a worse prognosis of this pathology (Coke et al., 2021a; Larvin et al., 2020a). In
the case of hypertension, what can justify the relationship is the use of drugs that inhibit the Angiotensin-Converting Enzyme 2
(ACE-2) which is considered one of the main ways of viral dissemination throughout the body. In this way, a progression of the
virus would be facilitated, resulting in a more severe manifestation of the infection. Diabetes would have the development and
worsening of this condition facilitated due to hyperglycemia-induced by this pathology that facilitates the entry of the virus into
the cells, generating a greater number of contaminated cells, and consequently greater systemic damage (Coke et al., 2021a).
Patients with COVID-19 may present asymptomatically or even with mild symptoms, which may progress to severe cases (Fathi

et al., 2021; Halboub et al., 2020; Iranmanesh et al., 2021b; Jayasrikrupaa et al., 2020; Kitakawa et al., 2020a; La Rosa et al.,
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2020; Mahmoud et al., 2021). The main symptoms associated with COVID-19 include fever, cough, myalgia, fatigue and
dyspnea that usually appear five days after infection (Brandini et al., 2021; Karadas et al., 2020; Morteza Mousavi-Hasanzadeh
et al., 2020). However, symptoms such as headache, gastrointestinal changes, runny nose and cough have also been associated
with this infection. The most severe cases of this contamination evolve to a severe acute respiratory syndrome which, due to
complications in the course of the disease, progress to multiple organ failure and finally to death (Coke et al., 2021a; Elibol,
2020; Jayasrikrupaa et al., 2020; Maciel et al., 2020; Sinjari, D'Ardes, et al., 2020).

The studies included in this review mentioned as symptoms of COVID-19: anosmia (Cirillo et al., 2021a; Cruz Tapia
et al., 2020; Halboub et al., 2020; Jayasrikrupaa et al., 2020; Maciel et al., 2020; Passarelli, Lopez, et al., 2020; Pitak-Arnnop et
al., 2021; Risso et al., 2020; Sahin et al., 2020), hyposmia (Cruz Tapia et al., 2020; Halboub et al., 2020; Maciel et al., 2020;
Risso et al., 2020; Tanasa et al., 2020), fever (Amorim Dos Santos et al., 2020b; Bao et al., 2020; Brandao et al., 2021; L. Chen
et al., 2020b; Chérif et al., 2020; Chern et al., 2020; Cirillo et al., 2021a; Coke et al., 2021a; Elibol, 2021; Fantozzi et al., 2020;
Fathi et al., 2021; Freni et al., 2020; Halboub et al., 2020; Hockova et al., 2021; Karadas et al., 2020; Lechien et al., 2020b;
Manzalawi et al., 2021; Moreira et al., 2020a; Morteza Mousavi-Hasanzadeh et al., 2020; Nitecki et al., 2021; Sheng et al., 2021;
Tapia et al., 2020; Zarch & Hosseinzadeh, 2021), fatigue (Bao et al., 2020; L. Chen et al., 2020b; Manzalawi et al., 2020; Nitecki
etal., 2021), cough (Bao et al., 2020; Biadsee et al., 2020; Brandao et al., 2021; Chérif et al., 2020; Cirillo et al., 2021a; Coke et
al., 2021a; Fantozzi et al., 2020; Freni et al., 2020; Hockov4 et al., 2021; Jayasrikrupaa et al., 2020; Lechien et al., 2020b;
Morteza Mousavi-Hasanzadeh et al., 2020; Nitecki et al., 2021; Pitak-Arnnop et al., 2021; Sheng et al., 2021; Tham et al., 2020;
Zarch & Hosseinzadeh, 2021), dyspnea (Bao et al., 2020; Coke et al., 2021a), acute respiratory distress syndrome (Bao et al.,
2020; Cruz Tapia et al., 2020; Jayasrikrupaa et al., 2020; Morteza Mousavi-Hasanzadeh et al., 2020; Mulcahy et al., 2020; Santos
et al., 2021; Tham et al., 2020), multiple organ failure (Bao et al., 2020; Coke et al., 2021a; Mulcahy et al., 2020), bacterial
complications in other respiratory viral infections (coinfections) (Bao et al., 2020; Cirillo et al., 2021a; Moreira et al., 2020a),
myalgia (Biadsee et al., 2020; J. Chen et al., 2020; Chérif et al., 2020; Coke et al., 2021a; Eghbali Zarch & Hosseinzadeh, 2021a;
Fantozzi et al., 2020; Halboub et al., 2020; Morteza Mousavi-Hasanzadeh et al., 2020), headache (Coke et al., 2021a; Cruz Tapia
et al., 2020; Freni et al., 2020; Halboub et al., 2020; Jayasrikrupaa et al., 2020; Karadas et al., 2020; Kitakawa et al., 2020a;
Lechien et al., 2020b; Manzalawi et al., 2020), diarrhea (Coke et al., 2021a; Eghbali Zarch & Hosseinzadeh, 2021a; Freni et al.,
2020; Sirin & Ozcelik, 2021), runny nose (Coke et al., 2021a; Fantozzi et al., 2020; Jayasrikrupaa et al., 2020; Pitak-Arnnop et
al., 2021), gastrointestinal complications (Brandao et al., 2021; Chérif et al., 2020; Coke et al., 2021a; dos Santos et al., 2021;
Fathi et al., 2021; Freni et al., 2020; Lechien et al., 2020b; Maciel et al., 2020; Moreira et al., 2020a; Tham et al., 2020), cutaneous
manifestations (Capocasale et al., 2021; Chérif et al., 2020; Drago et al., 2021; Fathi et al., 2021; Halboub et al., 2020; Hockova
et al., 2021; Maciel et al., 2020), sore throat (Halboub et al., 2020; Kitakawa et al., 2020a), dyspnea (Brandao et al., 2021; dos
Santos et al., 2021; Fantozzi et al., 2020; Halboub et al., 2020; Hockova et al., 2021; Moreira et al., 2020a; Ramires et al., 2021),
conjunctivitis (Chérif et al., 2020; Maciel et al., 2020; Pitak-Arnnop et al., 2021), loss of appetite (Eghbali Zarch & Hosseinzadeh,
2021a). Other less mentioned manifestations can be found in the Supplementary Table 1.

Although cases with atypical manifestations of this disease can be found (Halboub et al., 2020; Iranmanesh et al., 2021b)
most cases have a common evolution, which includes the manifestation of SARS and the involvement of other organs (Halboub
et al., 2020; Hockova et al., 2021; Iranmanesh et al., 2021b). Both the involvement of the respiratory system and the unusual
expressions of the disease may be related to the distribution of Angiotensin-Converting Enzyme 2 (ACE-2) in the human body,
which is considered the main functional receptor through which SARS-CoV-2 infects cells, generating manifestations in the
respiratory, gastrointestinal, neurological and even cutaneous expressions, which may also be the mechanism responsible for the
oral affections of this condition (La Rosa et al., 2021; Mahmoud et al., 2021; Pitak-Arnnop et al., 2021; Sinjari, D'Ardes, et al.,
2020).
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It is worth noting that ACE2 plays an important role in blood pressure regulation. Thus, the disruption of the blood-
brain barrier can happen due to endothelial dysfunctions as a consequence of the evolution of COVID-19. Likewise, SARS-
CoV-2 can present neurological manifestations by direct or indirect mechanisms (Karadas et al., 2020; Pedrosa et al., 2020).
Furthermore, the manifestations of infection in skeletal muscle can occur due to contamination of isolated muscle cells or due to
the link between pro-inflammatory cytokines with ACE2 (Karadas et al., 2020; Pedrosa et al., 2020).

Finally, opportunistic infections of other microorganisms can also be favored during COVID-19 infection and, as a
result, potentiate the identified symptoms and even worsen the disease prognosis (Jayasrikrupaa et al., 2020; Nitecki et al., 2021;
Parra-Ortega & Rodriguez-Ortega, 2021; Tham et al., 2020).

The majority of the included studies in this review investigates oral symptoms derived from taste/gustatory alterations
(ageusia, hypogeusia or dysgeusia) (Ammar et al., 2020; Amorim Dos Santos et al., 2021; Amorim Dos Santos et al., 2020b;
Biadsee et al., 2020; Brandao et al., 2021; Brandini et al., 2021; Capocasale et al., 2021; L. Chen et al., 2020b; Cirillo et al.,
2021a; Coke et al., 2021a; Eghbali Zarch & Hosseinzadeh, 2021a; Elibol, 2021; Fantozzi et al., 2020; Jayasrikrupaa et al., 2020;
Karadas et al., 2020; Maciel et al., 2020; Morteza Mousavi-Hasanzadeh et al., 2020; Nitecki et al., 2021; Padre & Mourao, 2020;
Passarelli, Passarelli, et al., 2020; Pitak-Arnnop et al., 2021; Risso et al., 2020; Saniasiaya et al., 2020; Sheng et al., 2021; Sinjari,
D'Ardes, et al., 2020; Tanasa et al., 2020), xerostomia (Amorim Dos Santos et al., 2020b; Biadsee et al., 2020; Brandini et al.;
L. Chen et al., 2020b; Coke et al., 2021a; Eghbali Zarch & Hosseinzadeh, 2021a; Fantozzi et al., 2020; Freni et al., 2020;
Gherlone et al., 2021; Halboub et al., 2020; Jayasrikrupaa et al., 2020; Lechien et al., 2020b; Maciel et al., 2020; Pitak-Arnnop
etal., 2021; Sinjari, D'Ardes, et al., 2020), as well the presence of ulcerative lesions in oral mucosa and lips (Amorim Dos Santos
et al., 2021; Brandao et al., 2021; Brandini et al., 2021; Capocasale et al., 2021; Cebeci Kahraman, Ozen, et al., 2020; Chérif et
al., 2020; Cruz Tapia et al., 2020; Drago et al., 2021; Eghbali Zarch & Hosseinzadeh, 2021a; Fathi et al., 2021; Fidan et al.,
2021; Halboub et al., 2020; Hockova et al., 2021; Iranmanesh et al., 2021b; Jayasrikrupaa et al., 2020; Kitakawa et al., 2020a;
La Rosa et al., 2020; Maciel et al., 2020; Mulcahy et al., 2020; Pitak-Arnnop et al., 2021; Ramires et al., 2021). A few studies
also bring gingivitis and periodontal alterations as oral manifestations of COVID-19 though (Brandini et al., 2021; Coke et al.,
2021a; Drago et al., 2021; Eghbali Zarch & Hosseinzadeh, 2021a; Elibol, 2021; Larvin et al., 2020a; Maciel et al., 2020;
Manzalawi et al., 2020; Marouf et al., 2021; Pitak-Arnnop etal., 2021). Minor reports of other lesions and affections are described
in the Supplementary Table 1.

Even though gustatory impairments don’t represent a direct threat to oral health, they should be considered as an early
symptom of value in the diagnosis of coronavirus. The included studies describe the loss of taste in different levels and times of
manifestation (Cirillo et al., 2021a). Further, it is observed that in many cases the loss of taste could go along with the loss of
smell (Brandini et al., 2021; Coke et al., 2021a; Morteza Mousavi-Hasanzadeh et al., 2020; Nitecki et al., 2021; Pitak-Arnnop et
al., 2021; Risso et al., 2020). Therefore, detecting this kind of symptom could be valuable during anamnesis for possible positive
COVID-19 cases (Cirillo et al., 2021a; Elibol, 2021).

Another important finding in COVID-19 positive patients is xerostomia. It has been proved that salivary glands act as
a reservoir of the virus, leading to contamination by saliva droplets and affecting salivary flow (Biadsee et al., 2020; Sinjari,
D'Ardes, et al., 2020). Even more, some included studies suggest that xerostomia has been associated with taste sensorial
complaints, common in positive COVID-19 patients, not only by the role that saliva plays during chewing but also by the
predilection of the virus for nervous tissues that affects gustatory papillae (Fantozzi et al., 2020; Karadas et al., 2020; Pedrosa et
al., 2020). It’s also well known how the low rate of saliva affects oral health and, because of it, how coronavirus might have
influence, even temporarily, on oral affections and functions by the patient directly or indirectly (Coke et al., 2021a).

The presence of painful ulcerated or necrotic oral lesions is also described as a possible manifestation of coronavirus.

The location, size and characteristics of the lesions vary in the included studies, been reported aphthous-like ulcers in the upper
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and lower lip mucosa as well as the anterior dorsal tongue (Brandao et al., 2021; Chérif et al., 2020) and small hemorrhagic
blisters and ulcerations affecting the upper and lower lips, as well as focal areas of shallow necrosis on the anterior dorsal tongue
(Drago et al., 2021). Other studies also describe painful hemorrhagic ulcers along the upper and lower lips, leading to a thick-
crusted hemorrhagic necrosis covering the lips entirely (Cebeci Kahraman, Ozen, et al., 2020; Coke et al., 2021a; Cruz Tapia et
al., 2020; Fathi et al., 2021; Hockova et al., 2021; Karadas et al., 2020; Kitakawa et al., 2020a) (ST1). Therefore, these lesions
should be considered during the patient’s complaints and oral examination as a possible manifestation of COVID-109.

The scientific literature describes how periodontal disease, oral infections and the lack of oral hygiene can affect cases
of intubated patients, inducing aspiration pneumonia (Marouf et al., 2021). Conversely, included studies in this review also
reported gingival bleeding, necrotizing gingivitis and worsening of periodontal disease in positive COVID-19 patients (Brandini
et al., 2021; Coke et al., 2021a; Drago et al., 2021; Eghbali Zarch & Hosseinzadeh, 2021a; Elibol, 2021; Larvin et al., 2020a;
Maciel et al., 2020; Manzalawi et al., 2020; Marouf et al., 2021; Pitak-Arnnop et al., 2021). Although the interference
mechanisms for COVID-19 in periodontal disease are not very sedimented yet, the occurrences might indicate a two-way path
for these conditions to be explored in future studies where periodontitis can lead to aspiration pneumonia and the infection by
COVID-19 can worst cases of gingivitis and periodontitis.

Minor reports and other oral conditions related to coronavirus were also reported in included studies of this review
(ST21). In general, all reported oral manifestations and symptoms derived from COVID-19 are still under investigation by the
international scientific community and future studies might show new interactions and mechanisms between the coronavirus and
its influence in the stomatognathic system. Still there, the clinician needs to understand the possible manifestations of the disease
to help in its diagnosis and treatment.

The majority of the studies informed a non-specific treatment for both interests: COVID-19 and the correlated oral
manifestations. For the COVID-19, it is clear that there is no specific protocol of treatment. In general, the mild and moderate
forms of the disease are treated with corticosteroids (hydrocortisone and dexamethasone), NSAIDs (Naproxen), antivirals
(Rendemsivir, favipiravir, ribavirin, oseltamivir, lopinavir, ritonavir, acyclovir, and valacyclovir), and antibiotics (Azithromycin,
Levofloxacin, cefuroxime, ceftriaxone, metronidazole, and meropenem) in association, or isolated (Brandao et al., 2021; Chérif
et al., 2020; Coke et al., 2021a; Cruz Tapia et al., 2020; Eghbali Zarch & Hosseinzadeh, 2021a; Fathi et al., 2021; Halboub et
al., 2020; Iranmanesh et al., 2021b; Santos et al., 2020; Sinjari, D'Ardes, et al., 2020). This recommendation varied a lot. Some
authors reported the administration of those principal medicines with a large range of other ones (nasal saline irrigation,
hydroxychloroquine, chloroquine, diphenhydramine, acetaminophen, Vitamin B, dipyrone, and Fexofenadine) arbitrarily (Coke
etal., 2021a; Halboub et al., 2020; Manzalawi et al., 2020; Morteza Mousavi-Hasanzadeh et al., 2020; Sheng et al., 2021; Tanasa
etal., 2020). Taking into account that there are many strands in the therapy approach for COVID-19 a wide range of combinations
of medicines were already expected to be observed.

For the oral manifestations, most of the studies have not informed the therapy applied. It leads to the guesswork that
they were not treated separately from the suggested therapy for COVID-19. However, some interesting reports were observed.
Two cases of phototherapy were reported: Ramires et al. (2021) have used photodynamic therapy for 2 days to treat crusted
ulcers in the upper lip, that healed in 4 days; and Brandao et al. (2021) have used photobiomodulation associated with acyclovir
daily, with complete resolution of aphthous-like ulcers in 11 days. Similarly, Cebeci Kahraman, Ozen, et al. (2020) has used
Triticumvulgare extract, four times a day, with Subcutaneous low-molecular-weight heparin to treat hemorrhagic necrosis
covering the lips, which was resolved in 10 days.

Other conventional treatments, such as the combination of antifungal and chlorhexidine for white plaques on tongue
dorsum (dos Santos et al., 2021), removal of dental plague (Fathi et al., 2021), oral palliative intervention, and oral hygiene (Cruz

Tapiaetal., 2020; Kitakawa et al., 2020a; Santos et al., 2021), a mouthwash of chlorhexidine and alcohol-free solutions (Brandao
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et al., 2021; Halboub et al., 2020; Iranmanesh et al., 2021b; Manzalawi et al., 2020) and none, with spontaneous resolution (dos
Santos et al., 2021). For gustatory impairment and salivary glands, I-carnitine (Tanasa et al., 2020), sialagogues, warm
compresses, and massage (Chern et al., 2020) were recommended.

Most importantly, all suggested therapies were successful, with few exceptions. It highlights the efficiency of the
suggested therapies and the high chances of spontaneous healing of COVID-19 and the associated oral manifestations. Just three
studies have reported some non-fully recovered patients in the follow-up (Coke et al., 2021a; Marouf et al., 2021; Tanasa et al.,
2020), and with a non-expressive n. Some of those reports of non-recovering were also related to committed patients, with one
or more comorbidities (Coke et al., 2021a). Long-lasting or persistent symptoms were also reported: gingival hyperpigmentation
(Eghbali Zarch & Hosseinzadeh, 2021a), olfactory and taste disorder (Tham et al., 2020), and burning mouth sensation (Cruz
Tapia et al., 2020).

The time for oral manifestations related to the COVID-19 infection also varies from each study and symptom (Amorim
Dos Santos et al., 2021; Brand&o et al., 2020; Brandini et al., 2021; Capocasale et al., 2021; Cebeci Kahraman, Ozen, et al., 2020;
L. Chen et al., 2020b; Cruz Tapia et al., 2020; Eghbali Zarch & Hosseinzadeh, 2021a; Fantozzi et al., 2020; Fathi et al., 2021,
Halboub et al., 2020; Iranmanesh et al., 2021b; Kitakawa et al., 2020a; La Rosa et al., 2020; Lechien et al., 2020b; Manzalawi
et al., 2020; Ramires et al., 2021; Sheng et al., 2021; Tanasa et al., 2020). While the majority of the included studies describe a
wide range period of onset for oral manifestations, from one to forty-two days (Eghbali Zarch & Hosseinzadeh, 2021a; Sheng et
al., 2021), some studies also report the onset of oral symptoms before diagnosis of COVID-19, been until seven days prior
(Cebeci Kahraman, Ozen, et al., 2020; Cirillo et al., 2021a; Fantozzi et al., 2020; Iranmanesh et al., 2021b; Manzalawi et al.,
2020). Gustatory dysfunctions, xerostomia, ulcerative lesions and periodontal alterations were described such before as after
COVID-19 diagnosis confirmation and presence of other symptoms in this review. Finally, it is noteworthy that some studies
describe sensorial impairments in the early stages of COVID-19, however, many of the included studies in the review report the
cases from hospital admission, which may be responsible for such a difference in time for oral symptoms and manifestations

appearance.

5. Conclusion

In conclusion, despite the large number of studies located in the literature on the subject, the diversity of methodologies,
populations, objectives and approaches makes it difficult to conclude on it. However, it is well established that prevention is the
best approach in these cases, when there is a failure in this objective, the early diagnosis is of great value for a better prognosis.
Thus, although it is still early to establish a direct relationship between oral manifestations and COVID-19, dental surgeons must
recognize the symptoms related to this condition in their offices and make the appropriate referrals. Finally, more studies are
needed to establish the link between COVID-19 and Dentistry in the future.
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