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Abstract 

The pandemic of coronavirus disease (COVID-19) is considered as the biggest global health crisis for the world since 
the Spanish flu, also known as the 1918 flu pandemic. Driven by the SARS-CoV-2 novel coronavirus infection, the rapid 
spread of this disease and the related pneumonia COVID-19 are a challenge for healthcare systems in over the world, 
and it is a constantly evolving situation with new symptoms and prognostic factors.  

SARS-CoV-2 has lately been detected in infected patient’s oral cavity; the COVID-19 outbreak is an alert that all dental 
and other health professionals must be vigilant in defending against the infectious disease spread.  

This review summarizes an update from current medical literature about the relationship between oral cavity and 
coronavirus disease by presenting some oral aspects which was detected in infected patients such as the oral lesions 
related to this virus and its therapeutic protocol, taste disorders and also the diagnostic value of saliva for SARS-CoV-2. 
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1. Introduction

The present outbreak of the 2019 coronavirus strain (COVID-19) constitutes a worldwide public health emergency [1]. 
The novel coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), discovered in December 2019 
in China, is a highly contagious enveloped single stranded RNA virus that results in a life-threatening pulmonary illness 
known as COVID-19 [2,3]. 

On January 30, 2020, the rampant spread of SARS-CoV-2 and its associated disease was declared by World Health 
Organization (WHO) as a public health emergency with a currently known overall mortality rate to be as high as 3.4% 
[3,4]. On February 11, 2020, WHO used the term COVID-19 to name the latest strain of coronavirus [4, 5, 6]. In humans, 
six different coronavirus have been identified: HCoV-OC43, HCoV-229E, HCoV-NL63, HKU1, the Middle East respiratory 
syndrome (MERS)-CoV and (SARS)-CoV [7, 8]. Although the latter virus became widely discussed recently, the first 
human coronaviruses were isolated for the first time in 1937 [9]. The choice of coronavirus denomination was due to 
its microscopic aspect resembling crown-like spikes on its surface and the main host receptor for humans seems to be 
the Angiotensin-Converting Enzyme 2 (ACE2) [8, 10]. 

Patients with COVID-19 usually experienced fever and dry cough, while some also had shortness of breath, fatigue, and 
other atypical symptoms such as muscle pain, confusion, headache, sore throat, vomiting and diarrhea. Reduced sense 
of smell (hyposmia to anosmia), and abnormal taste sensation (ageusia and hypogeusia) have also been reported [11, 
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12]. Among patients who underwent chest computed tomography, most showed bilateral pneumonia, with ground-
glass opacity and bilateral patchy shadows being the most common patterns [12, 13]. 

Some specific aspects and characteristics of the virus remain yet unknown given the novelty of SARS-CoV-2. The COVID-
19 outbreak serves as both a reminder and an opportunity to assist. Considering that SARS-CoV-2 was recently 
identified in saliva of infected patients [14, 15], the COVID-19 outbreak is a reminder that dental/oral and other health 
professionals must always be rigorous and accurate in protecting against the spread of infectious disease, and it 
provides a chance to determine if a non-invasive saliva diagnostic for COVID-19 could assist in detecting such viruses 
and reducing the spread [15]. 

SARS-CoV-2 human-to-human transmission occurs firstly between family members, including relatives and friends who 
have intimate contact with infected or asymptomatic patients or carriers. Several potential scenarios of SARS-CoV-2 
transmission have been described. The transmission via contact with droplets from talking, coughing, sneezing (related 
to human respiratory activities), and aerosols generated during clinical procedures is expected, as it would be for other 
respiratory infections. The origin of droplets can be nasopharyngeal or oropharyngeal, normally associated with saliva. 
Larger droplets could contribute to viral transmission to subjects nearby, and, on the other side, the long-distance 
transmission is possible with smaller droplets infected with air-suspended viral particles [16]. 

Furthermore, the presence of SARS-CoV-2 in swabs from fecal and blood samples has been identified, indicating the 
possibility of multiple routes of infection [17]. The laboratory diagnostic test is among the priorities to facilitate public 
health interventions. It should be performed using nasopharyngeal, oropharyngeal, and blood samples [15]. In acute 
respiratory infections; RT-PCR is routinely used to detect viruses caused by respiratory secretions. During international 
health emergencies, the viability of real-time detection of the virus by real-time RT-PCR has been demonstrated through 
coordination between public laboratories and universities [8, 18]. 

The oral cavity, as a secondary external opening for the respiratory tract, presents a potentially huge COVID-19 

infectious vulnerability risk and brought up a proof for the possible presence of some oral aspects of this disease. 
Moreover, due to the characteristics of dental settings, the risk of cross infection may be high between dental/oral 
practitioners and patients.  

2. Methods 

This literature review was performed from recent publications related to the COVID-19 pandemic to provide a more 
comprehensive understanding of the effects of SARS-CoV-2 on oral cavity; such as the possible role of saliva in early 
detection and transmission, the taste disorders and oral lesions. Unfortunately, there are limited evidence-based data 
available, as, which is understandable clinicians and scientists must focus on life-saving aspects.  

3. Discussion 

3.1. The role of saliva in COVID-19 test 

Saliva is a complex mixture comprising of proteins, enzymes, hormones, antibodies, cytokines and antimicrobial 
constituents [19]. Entry process of these constituents from the blood into the saliva is by transcellular, passive 
intracellular diffusion and active transport, or paracellular routes by extracellular ultrafiltration within the salivary 
glands or through the gingival crevice. Recent technologies have reported a numbers of medically important salivary 
biomarkers for different disease conditions including cancer, viral, autoimmune, bacterial, cardiovascular and metabolic 
diseases [20, 21, 22]. 

As the oral cavity is an entrance and an outlet of body, saliva may have a role in early diagnosis and close contact 
transmission in infectious diseases. SARS-CoV-2 is associated with human-to-human transmission and was recently 
detected in the saliva of infected patients [23]. 

Detection of some virus strains in saliva has been reported 29 days after infection [24, 25], which indicated that a rapidly 
non-invasive platform; to differentiate the biomarkers using saliva, could enhance disease detection [15, 26]. 

There is a suggestion of a minimum three different pathways for SARS-CoV-2 to present in saliva: firstly, from SARS-
CoV-2 in the lower and upper respiratory tract [27, 28] that enters the oral cavity together with the liquid droplets 
frequently exchanged by these organs. Secondly, SARS-CoV-2 present in the blood can access the mouth via crevicular 
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fluid, an oral cavity-specific exudate that contains local proteins derived from extracellular matrix and serum-derived 
proteins [15]. Finally, another way for SARS-CoV-2 to occur in the oral cavity is by major and minor salivary gland 
infection, with subsequent release of particles in saliva via salivary ducts. It is essential to point out that salivary gland 
epithelial cells can be infected by SARS-CoV a short time after infection in rhesus macaques, suggesting that salivary 
gland cells could be a pivotal source of this virus in saliva [29]. 

Previous studies have demonstrated that salivary specimens have a higher than 90% concordance rate with 
nasopharyngeal specimens in the detection of respiratory viruses [14]. 

The use of oral swabs is presumably applicable in early detection. By collecting oral swabs and testing RNA in 15 COVID-
19 patients, Zhang et al. found that half of them (50%) were SARS-CoV-2 RNA positive in oral swabs, four (26.7%) had 
positive anal swabs, six (40%) had positive blood test, and three (20%) were serum positive [30]. Dynamic viral RNA 
presence in saliva compared with anal swabs were analyzed among 16 patients. Among all swab positive together, most 
of the positive result was from oral swabs at early stage, while more positive came from anal swabs at late stage of 
COVID-19, suggesting that oral swabs may indicate early infection of SARS-CoV-2 but cannot be used as a discharge 
criteria [23, 30]. 

On the other hand, and to rule out contamination of respiratory secretion, Chen et al. collected saliva directly from the 
opening of salivary gland and found SARS-CoV-2 nucleic acid, which suggest the infection of salivary glands by SARS-
CoV-2. Thirteen cases who were nucleic acid positive by oropharyngeal swab among 31 COVID-19 patients were 
included, and four of them (12.90%) were positive in saliva. Three cases of these four were critically ill patients in need 
of ventilator support, suggesting SARS-CoV-2 nucleic acid positive in salivary-gland-originated saliva as an indicator of 
severity of COVID-19 [23, 31]. 

Close contact between healthcare workers and patients is required in the collection of these specimen types, which 
compromise a risk of transmission of the virus to the healthcare workers. In addition, the collection of nasopharyngeal 
or oropharyngeal specimens causes discomfort and may cause bleeding, particularly in patients with condition such as 
thrombocytopenia [22, 32]. A recent clinical study indicates that 29% of 138 hospitalized patients with COVID-19- 
infected pneumonia in Wuhan, China, are healthcare workers [13].  

Latest researches from RUCDR Infinite Biologics at Rutgers University have successfully validated saliva as being a 
viable bio sample source for SARS-CoV-2 detection when compared to nasopharyngeal or oropharyngeal swabs. 
According to them, the use of saliva to extract viral RNA was in fact a robust source for SARS-CoV-2 detection and equals 
in performance to the approved swab-based collection samples [22, 33]. 

However, it seems that the diagnostic value of saliva depends on how saliva specimens are harvested. Saliva from deep 
throat (91.67 and 86.96% corresponding to two studies), from oral cavity (50%), or from salivary glands (12.90%) 
indicates a diagnostic tendency of decreased positive rate of SARS-CoV-2 RNA among COVID-19 patients [14, 15, 30, 31, 
34]. 

Various sizes from salivary droplets generated by breathing, talking, and sneezing, large droplets easily fall into the floor 
and only set up short-distance transmission. Saliva could form aerosols and reach a distant host along airflow when in 
a favorable environment. So far, no solid evidence supports that SARS-CoV or SARS-CoV-2 can survive in air outdoors 
for long time to set up long-distance aerosol transmission [35]. Hence, wearing masks to prevent formation of infectious 
saliva droplets projecting to the air, thorough disinfection of indoor air to block dissemination of infectious saliva 
droplets, and keep a distance with people not to acquire infectious saliva droplets could slow down COVID-19 epidemic 
to a certain degree [23]. 

In conclusion, although saliva is currently perceived as an enemy in the battle against COVID-19 due to it being a 
prominent source for disease transmission via droplets and possibly aerosols, it is also apparent that it can be harnessed 
as a friend in the detection of the virus and an individual’s immunity to it. Early diagnosis of SARS-CoV-2 is still difficult 
and the diagnostic value of saliva specimens for SARS-CoV-2 nucleic acid examination remains limited but promising. 
Specific guidelines are needed to standardize the method for collection of salivary specimens, and implement the use of 
appropriate assays, and processing methods, which is crucial to improve effective strategies for prevention, especially 
for dentists and healthcare professionals that perform aerosol-generating procedures.  
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3.2. Gustatory disorders: Hypogeusia and ageusia 

Viral Upper Respiratory Tract Infections can lead to olfactory and gustatory Disorders of varying degrees and duration, 
which can also occur in 70% of cases caused by rhinovirus, influenza virus and parainfluenza, respiratory syncytial 
virus, adenovirus and the severe acute respiratory syndrome virus (SARS-CoV-2). Several observations indicate that 
gustatory and olfactory disorders were also added to the list of symptoms of coronavirus infection that should warn 
people to self-isolate before medical consultation. This topic deals only the data concerning the taste disorders [15, 18, 
36].  

The meta-analysis conducted by Tong JY et al [36], using a random-effects model, demonstrated a significant prevalence 
of gustatory dysfunction among patients with COVID-19. Analysis of nine studies with 1390 COVID-19 patients showed 
that 626 total patients reported some level of gustatory dysfunction, which demonstrated 43.93% (95% CI, 20.46%-
68.95%) prevalence of this dysfunction among these patients.  

Gustatory dysfunction may also represent an early suggestive symptom of SARS-CoV-2 infection, but this symptom 
appears to have been less robustly studied. As a result, it remains unclear as to whether gustatory dysfunction 
represents a distinct clinical manifestation of the virus or if this occurs secondary to olfactory dysfunction [36]. 

The pathogenesis of this chemo sensitive disorder has not yet been clarified. Moreover, the comprehension of this 
mechanism could be useful to understand the way in which the virus spreads through the organism [37]. 

Angiotensin-converting enzyme 2 (ACE2) is the cellular receptor for SARS-CoV-2 [28]. ACE2 receptors are expressed on 
the mucous membrane of the whole oral cavity, especially on the tongue [38]. The role of ACE2 in modulating taste 
perception has been highlighted in many studies analyzing the chemo sensitive side effects of ACE2 inhibitors and 
angiotensin II blockers. The mechanism by which ACE2 inhibitors cause taste disturbance is unclear but does not appear 
to be related to any alteration in serum and saliva zinc levels. Probably, these drugs inactivate the G-protein-coupled 
proteins and sodium-ion channels present in the taste receptors. The taste disturbance generally regresses after the 
suspension of treatment [37-40]. 

Moreover, the Middle East Respiratory Syndrome (MERS) coronavirus may bind to the sialic acid receptors, an ability 
which has also recently been described for SARS-CoV-2 [41, 42]. Sialic acid is a fundamental component of the salivary 
mucin, and it protects the glycoproteins that convey gustatory molecules inside the taste pores from premature 
enzymatic degradation [43]. A reduction of sialic acid in the saliva is associated with an increase in the gustatory 
threshold [44]. In such a way, SARS-CoV-2 could therefore occupy the binding sites of sialic acid on the taste buds, 
accelerating the degradation of the gustatory particles. Another possibility is that the ability to perceive flavors in these 
patients is adversely affected by the concomitant presence of olfactory disturbances, due to the intimate functional 
correlation between these two chemosensory systems [37]. 

As well as heighten vigilance for viral spread, an increased awareness of this fact may encourage earlier diagnosis and 
treatment of COVID-19. The studies have shown that both olfactory and gustatory disorders of varying intensities and 
in which onset occurred prior to the general symptoms of SARS-CoV-2 infection may occur, and such disorders should 
be considered as part of the symptoms that may be present, even in mild cases of COVID19. There is still no scientific 
evidence of specific treatments for such disorders in COVID-19. 

3.3. Oral dermatologic lesions 

Other oral manifestations have been observed in patients with COVID-19. Nevertheless, there is still a question if these 
lesions are due to coronavirus infection or secondary manifestations resulting from the patient’s systemic condition. 

There have been some COVID-19 cases reporting painful oral manifestations including lesions like irregular oral ulcer 
of the tongue [45], white lingual plaque [46], oral vesiculobullous lesion; as seen in herpes simplex lesions and erythema 
multiform, were also observed in single cases [47,48]. 

Pathogenesis of oral lesions could be associated with a variable inflammatory reaction of COVID-19 that can induce 
vascular inflammation [49]. Thus, these oral lesions could be an inaugural symptom of Covid-19, which needs to be 
proven in larger cohorts of patients.  

Presence of these oral conditions support the hypothesis that they are suggestive of secondary lesions resulting from 
the deterioration of systemic health or due to treatments for COVID-19 [46]. 
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The epidemiologic significance of the oral manifestations remains unclear, thus necessitating larger observational 
studies to reveal the prevalence and the onset of these symptoms. Healthcare workers such as dentists, dermatologists 
other medical doctors must be encouraged to perform intraoral examinations in patients suspected or affected by SARS-
CoV-2 always when having the recommended protection measures available.  

3.4. COVID-19 treatment and oral health 

Medical treatment of COVID-19 patients causes side effects; nevertheless, their benefits exceed the disadvantages. 
Because of intense pharmacotherapy, some of patients may suffer from oral problems associated with soft tissues, saliva 
production and neurological-based oral sensations, even after recovery from COVID-19 [46, 50]. 

The experimental anti-viral treatment using lopinavir and ritonavir may be responsible for side effects (<2%) affecting 
oral cavity among the other parts of gastrointestinal track, such as stomatitis, mouth ulcers and dry mouth [50]. It has 
been reported that interferon alfa/beta, well known for their anti-viral activity, could be responsible of dry mouth, 
which can result in frequent cases of oral thrush [50].  

At present, when facing the reality of lack of data about the relationship between SARS-CoV-2 and oral diseases, it could 
be easy to imagine that a vast proportion of COVID-19 symptomatic and intensely treated patients must develop some 
sort of oral complications. If the patient survives, especially during recovery phase, it is likely that will need an adjunct 
antifungal and/or antimicrobial treatment, supported by cytoprotective topical measures. 

The use of systemic and topical steroids is not be suitable in COVID-19 infection [51], some of immune related long-
term oral medicine conditions (pemphigus, lichen planus, pemphigoid) may potentially exacerbate in SARS-CoV-2 
positive patients who were advised to discontinue such therapy [50,52].  

As a consequence of life-saving therapies, such as external ventilation and blood oxygenation, in severely ill hospitalized 
patients, deterioration of oral health had been detected, especially in case of those staying in intensive care units. A lack 
of oral care as treatment priority is given to advanced medical care; intubation, tracheostomy, external ventilation, as 
well as mouth breathing, hyposalivation can lead to rapid oral health deterioration and subsequent complications, 
affecting also the lower respiratory track, similar to aspiration pneumonia [50, 53]. Disturbances of oral microbiota 
balance are a result of systemic treatments and intraoral ecosystem alteration may lead to further problems.  

Severe COVID-19 acute infection, along with associated therapeutic measures, could potentially contribute to negative 
outcomes with regard to oral health, likely leading to various opportunistic fungal infections, xerostomia linked to 
decreased salivary flow, ulcerations and gingivitis because of impaired immune system and/or susceptible oral mucosa. 
It is worth noting that cytokine storm caused by dysregulated humoral and cellular mechanisms can aggravate existing 
autoimmune conditions within the oropharyngeal area.  

Patients recovering from COVID-19 disease need more post-acute care to recuperate from primary and concomitant 
infection, with a necessary monitoring of their oral health, especially during transition from hospital to other care 
settings and homes. The reinforcement of existing oral medicine facilities should also allow to continue the provision of 
secondary care for patients with existing oral diseases, regardless their COVID-19 negative/positive status, whose 
follow-up treatment was postponed due to emergency measures introduced. 

4. Conclusion 

In conclusion, COVID-19 pandemic has required medical professionals to make new decisions with development of 
innovative methods of care that focused on patient safety, attenuation efforts, and clinical management of disease 
processes. 

Oral cavity could be responsible of transmission of this virus, and dental professionals that perform aerosol-generating 
procedures, are at high risk for nosocomial infection and can become potential carriers of the disease, which is crucial 
to improve effective strategies for prevention.  

Specific general measures comprise daily monitoring of the temperature and testing the health care provider team; use 
of N95 masks; distance from the workplace (when possible) with the establishment of network technologies to 
communicate with patients; social distance; mobility restriction; avoid crowd places; diagnostic tests and isolation of 
infected individuals as well as their families. Particularly for dentists it is important to follow guidance protocols and 
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new tools/technologies for dental practice aimed at safeguarding oral health professionals, as well as the population 
under their care. 

This review may provide new clinical information to raise awareness among dental practitioners that careful intraoral 
examination is mandatory and could increase the ability to diagnose COVID-19 patients sooner. The Sars-CoV-2 
infection is responsible for several events in the mouth. More studies, however, are necessary to understand the real 
connection between oral cavity and COVID-19, and to demonstrate the previously exposed aspects in SARS-CoV-2 
positive patients. 
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