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Summary

The coronavirus disease 2019 (Covid-19) is a viral infection caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) that clinically affects multiple
organs of the human body. Cells in the oral cavity express viral entry receptor
angiotensin-converting enzyme 2 that allows viral replication and may cause tissue
inflammation and destruction. Recent studies have reported that Covid-19 patients
present oral manifestations with multiple clinical aspects. In this review, we aim to
summarise main signs and symptoms of Covid-19 in the oral cavity, its possible
association with oral diseases, and the plausible underlying mechanisms of hyper-
inflammation reflecting crosstalk between Covid-19 and oral diseases. Ulcers,
blisters, necrotising gingivitis, opportunistic coinfections, salivary gland alterations,
white and erythematous plaques and gustatory dysfunction were the most reported
clinical oral manifestations in patients with Covid-19. In general, the lesions appear
concomitant with the loss of smell and taste. Multiple reports show evidences of
necrotic/ulcerative gingiva, oral blisters and hypergrowth of opportunistic oral
pathogens. SARS-CoV-2 exhibits tropism for endothelial cells and Covid-19-medi-
ated endotheliitis can not only promote inflammation in oral tissues but can also
facilitate virus spread. In addition, elevated levels of proinflammatory mediators in
patients with Covid-19 and oral infectious disease can impair tissue homeostasis
and cause delayed disease resolution. This suggests potential crosstalk of immune-
mediated pathways underlying pathogenesis. Interestingly, few reports suggest
recurrent herpetic lesions and higher bacterial growth in Covid-19 subjects, indi-
cating SARS-CoV-2 and oral virus/bacteria interaction. Larger cohort studies
comparing SARS-CoV-2 negative and positive subjects will reveal oral manifestation

of the virus on oral health and its role in exacerbating oral infection.
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1 | INTRODUCTION

Viruses are molecular parasites that depend on host cells for
reproduction.! Viral infection occurs when a virus releases its nucleic
acid into a cell, followed by transcription and translation of proteins
essential for viral replication, for which it relies on host protein
machinery. Evidently, viruses require specific proteins to enter and
replicate inside cells. Incessant evolution of viruses allows them to
adapt with their host and also provides an opportunity to broaden
their host(s) spectrum.

Coronaviruses (CoVs) constitute a family of single-stranded RNA
viruses, with the potential to infect different animal species.? Infec-
tion with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a recent zoonotic CoV, results in coronavirus disease 19
(Covid-19). SARS-CoV-2 transmission primarily occurs via small
airborne droplets, larger respiratory droplets and direct contact with
infected individuals or contaminated surfaces.®> SARS-CoV-2 appears
to have originated from bats, as SARS-CoV-2 shares 96% of its
genome with a SARS-like bat COV.*> However, bat COVs cannot
infect humans, which introduces the pangolin as the potential inter-
mediate host where the virus may have acquired mutations to infect
humans.

SARS-CoV-2 is a positive-sense RNA virus with icosahedral
morphology and spike-shaped angiotensin-converting enzyme 2
(ACE?2) binding proteins.® The spike proteins are responsible for high-
affinity binding of SARS-CoV-2 to human ACE2 receptors, expressed
on the lungs but primarily on salivary glands in the oral cavity.>” In
individuals with angiotensin-2-dominated expression (e.g., chronically
ill or elderly), the binding of SARS-CoV-2 to intact ACE2 receptors
possibly inactivates ACE2 proteins, therefore attenuating ACE2 re-
ceptor expression.2 Ultimately, the inability to regulate the renin-
angiotensin system leads to vascular inflammation.” Patients diag-
nosed with Covid-19 often experience mild-to-severe fever, cough
and fatigue.® In severe cases, SARS-CoV-2 can also lead to obstruc-
tion of lung airways, resulting in pneumonia, cytokine storm syn-
drome and/or acute respiratory distress syndrome. Recently, it has
been found that Covid-19 can result in multisystem inflammatory
syndrome in children (MIS-C).2° The diagnosis of MIS-C has also been
found to coincide with other inflammatory markers such as elevated
levels of troponin, interleukin-6 (IL-6), and procalcitonin.

With primary expression of ACE2 receptors occurring in the oral
cavity, Covid-19 manifestations may be linked to oral cavity ACE2
expression as well and thus warrant further investigation.” %! The
objective of this article is to conduct a review of a wide variety of oral
manifestations observed in patients with Covid-19. We present evi-
dences strongly suggesting adverse clinical presentations in Covid-19
patients and its impact on common oral diseases and their manifes-
tations. Treatments prescribed to Covid-19 were largely aimed at
bacterial or viral aetiological agents and improving oral hygiene. The
favourable outcomes indicate presence of opportunistic pathogens or
coinfection of SARS-CoV-2 and other infectious agents in oral cavity.
Finally, we provide several plausible molecular and cellular mecha-

nisms behind these occurrences. This article highlights clinical

outcomes of an evolving microbiome interaction in Covid-19 patients
and its impact on oral tissue homeostasis.

2 | ORAL DISEASE MANIFESTATION IN
SARS-CoV-2 PATIENTS

Covid-19 is a viral infection caused by SARS-CoV-2 that has mani-
festations in multiple organs of the human body.'?"** Patients
infected with SARS-CoV-2 present a myriad of clinical signs and
symptoms with variable severity.!®> In the oral cavity, the main
manifestations are related to tongue depapillation,®!” Candida-
associated lesions,>” xerostomia,*® aphthous like-lesions,**” recur-

rent herpesvirus infection, 121317 14.19-22

ulcers, necrotising gingi-
vitis,>®> erythema multiforme-like lesions®* and salivary gland
infections.?® It has been reported that these oral manifestations, in
general, appear concomitant with the loss of smell and/or taste a few
days later (up to 14 days), and progress more rapidly and severely
among older patients.!® Interestingly, resolution of the oral lesions
occurs in parallel with the resolution of Covid-19'% indicating an
association between virus infection, oral clinical manifestation and
their recession.

The oral cavity is the entry portal for several pathogens,
including SARS-CoV-2, which can be detected in the saliva of patients
with laboratory-confirmed Covid-19. High viral load in saliva is
detected at the beginning of infection and the titres reduce with
disease resolution, suggesting that salivary shedding of virus corre-
lates with disease manifestation.’* SARS-CoV-2 binds to the ACE2
receptor that is expressed in the oral cavity, with a strong interaction
between the receptor and viral spike protein (S).”1%! Figure 1 il-
lustrates the presence of ACE2 and virus in different oral tissues. The
interaction of transmembrane protein ACE2 with the S protein allows
the virus to fuse with the host cell, use cellular machinery to replicate
and lyse the cell to trigger oral signs and symptoms.”*® Apart from
this mechanism, that could explain the cause of some oral manifes-
tations, oral lesions may also result from opportunistic infections
facilitated by systemic damage, alterations in the immune system and
adverse effects of treatment. In this section, we will present evidence
that suggests an association of Covid-19 and oral disease as man-
ifested by exacerbation of oral disease symptoms.

2.1 | Periodontal disease and Covid-19

Periodontal diseases (PDs) are a variety of inflammatory conditions
of multifactorial aetiology that affect the supportive tissues around
the tooth and are commonly associated with long-term biofilm
accumulation. In Covid-19 infection, it has been reported that pa-
tients have a wide variety of oral manifestations, including acute
periodontal lesions. The prevalence of patients who present peri-
odontal manifestations associated with Covid-19 remains uncertain
because of limited case reports with small cohort size.?® For instance,

Patel and Woolley?® have described a case of necrotising gingivitis
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FIGURE 1

(a) The interaction between angiotensin-converting enzyme 2 (ACE2) and SARS-CoV-2 spike protein (S) will allow viral entry,

replication and activation of innate antiviral response including proinflammatory cytokine production and infiltration of immune cells. This may
result in manifestation of signs and symptoms in the oral cavity of Covid-19 patients. (b) Different sites of the oral cavity where virus and its
receptors are reportedly detected including periodontal tissues, buccal mucosa, tongue and salivary glands. Covid-19, coronavirus disease

2019; SARS-COV-2, severe acute respiratory syndrome-coronavirus-2

with severe halitosis, generalised oedema and erythema, necrotic
interdental papillae and spontaneous gingival bleeding. Table 1 lists
the studies with reported clinical periodontal manifestations and
prescribed treatment.

ACE2 and transmembrane protease serine 2 (TMPRSS2) are
expressed in the sulcular epithelium and periodontal pocket epithe-
lium.X® Recently, it was shown that TMPRSS2 inhibitor blocked
SARS-CoV-2 invasion via ACE2, presuming that there is a possibility
of SARS-CoV-2 infection via periodontal epithelium and that peri-
odontal epithelium may exhibit tropism for the virus.2”?® Although
SARS-CoV-2 has many pathways to invade the host cells, the re-
ceptor-protease-mediated pathway is valuable for increasing viral
infectivity.”'® SARS-CoV-2 interaction with ACE2 might alter the
function of oral epithelial cells and it is one of the mechanisms that
could explain the appearance of ulcerated gingival lesions.® How-
ever, whether the periodontal lesions are a direct result of viral
infection or a related manifestation caused by severe systemic impact
is not understood.

Given that PD results from an uncontrolled immune response
elicited against oral microbiome and the patients with severe Covid-
19 exhibit immune derangement and higher rates of Prevotella
intermedia, Streptococci, Fusobacterium and other infectious agents
related to the development of acute periodontal conditions, it is
suspected that the aetiology of these lesions may be associated with
bacterial coinfection.2?2° It has been hypothesised that the peri-
odontal pocket could act as a favourable niche or reservoir for both
active and latent SARS-CoV-2 forms. This would allow the virus to

replicate in the periodontium, reach the oral cavity and saliva or

progress through the bloodstream of the periodontal capillary
network to reach distant organs, implying that periodontal condition
contributes to the recurrence of clinical conditions of Covid-192732,
Recently, a postmortem study confirmed the presence of SARS-CoV-
2 RNA in the periodontal tissues of Covid-19-positive patients
several days (up to 24 days) after the onset of first symptoms, sug-
gesting that the oral cavity could be a source of the virus and
emphasising the possibility of viral presence in gingival crevicular
fluid.>?

Importantly, there is evidence in the literature of a common in-
flammatory response pathway between PD and Covid-19. In PD,
immune cell-mediated pathogenesis and greater levels of cytokines in
inflamed gingival tissue induce altered serum levels of cytokines
systemically. In addition, the signs and symptoms of Covid-19 have
been associated with pathophysiological mechanisms related to
“cytokine storm” derived from dysregulated immune reaction with
overproduction of proinflammatory cytokines and chemokines such
as IL-1B, IL-6, tumour necrosis factor-a (TNF-a), macrophage in-
flammatory protein 1a, IL-10 and interferon-y (IFN-y).22%33-35 |n this
sense, it is reasonable to consider that PD influences Covid-19-
related outcomes as a predisposing factor for more severe forms of
the disease mediated by widespread inflammation.?”-2%3% It has been
reported that affected nonsurvivor patients with severe Covid-19
had higher levels of circulating IL-6 compared to patients affected by
the mild form of the disease.® Moreover, a recent study suggested
that proinflammatory cytokines such as IL-18 and TNF-a from the
inflamed gingiva could infiltrate saliva and aspirate to the lungs,

contributing to acute inflammation in this organ.2?34
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TABLE 1 Characteristics and treatment of periodontal lesions associated with Covid-19

Oral

lesions
onset

Age

Patients’
number

Covid-19 oral

Coinfection Treatment/outcome

Signals and symptoms

Local

Gender

(years)

Author

manifestations

Metronidazole 400 mg three times per day for 5 days

Erythematous and Bacterial

Gingivae

3 days

F

35

Patel and

Necrotising

and chlorhexidine 0.12% mouthwash two times per

oedematous gingivae,
necrotic interdental

papillae, bleeding
in gingival sulcus
and halitosis

(maxillary

Woolley?®

gingivitis

day for 10 days/The signs and symptoms completely

regressed after 5 days of treatment

and mandibular
labial sextants)
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Ibuprofen/N/A

N/A

Dark brown pigmentation

Palate and gingiva

8 days

F

40

Corchuelo

Dark

and Ulloa®

pigmentation

Abbreviations: Covid-19, coronavirus disease 2019; F, female; M, male; N/A, not assessed.

Following this line of interaction between PD and Covid-19, it is
clear that good oral hygiene habits could reduce the incidence of
acute viral respiratory infections in hospitalised patients, decrease
the possibility of more severe forms of Covid-19 symptoms and

prevent the recurrence of viral disease.?3*

2.2 | Endodontal disease and Covid-19

Inflammation of the dental pulp, or pulpitis, is a very painful disease
and is the most predominant inflammatory oral infection in
dentistry.>® Multiple microbial infections in the root canal system
caused by disruption of enamel integrity or periapical contamination
may lead to inflammation of the pulp and periradicular tissues.?”
Severe odontogenic pain and necrosis of the tissue are the main signs
and symptoms of the disease. In general, immediate procedures to
access the pulp chamber and debride the root canal system are
necessary to mitigate pain and control the inflammation response.®®
The role of Covid-19 in exacerbating endodontic infection is a matter
of debate. Recently, Guo et al.3? described an increase of more than
20% in dental pulp and periapical infections during the Covid-19
pandemic. Yu et al.*° suggested the potential role of Covid-19
infection on the recovery of endodontic emergency patients (mean
age: 42.24 + 18.32 years, 52.08 % males while 47.92% were fe-
males). Four patients admitted in this study had previous Covid-19
history or possible Covid-19 cases that were identified by the
designed questionnaire. Irreversible pulpits was the most common
pathology observed in this study and the therapy recommended
involved reduction in the time of dentist visit to minimise possible
exposure of professionals to the virus from asymptomatic patients.*°
Although elective dental treatments were suspended during the
Covid-19 pandemic, pulp and periradicular diseases are the most
common dental emergency and immediate face-to-face treatment is
deemed necessary. A global transcriptomic analysis reported that
the receptors for SARS-CoV-2, ACE2 and TMPRSS2 are detected in
healthy and inflamed human dental pulp without significant differ-
ences between healthy control and diseased biopsies.?®4! In this
regard, it has been inferred that healthy and inflamed pulp tissues
have a similar tendency to be infected by SARS-CoV-2.42% How-
ever, further studies are required to establish a direct correlation
between exacerbation of pulpal disease among individuals positive
or suspected positive for SARS-CoV-2 and pulpitis/periapical

periodontitis.

2.3 | Oral lesions

Covid-19 patients present with a broad variety of signs and symp-
toms, including a variety of oral lesions.12-1416:17,19-21.2644-46 |,
Covid-19 patients, oral lesions may resemble dermatologic lesions
and the prevalence of oral and dermatologic lesions are similar
(about 2%-20%).478 It has been stated that Covid-19 has a higher

mortality rate among men compared to women; however, there is no
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difference between genders with regard to prevalence of oral
lesions.??
To date, the main sites of appearance of oral lesions described in

13,17,20,22,49,50 paIatey12,17,19721,24,49,51 |Ip

the literature were: tongue,
mucosa?®*1”1? and gingiva?>>? (Table 2). Previously published data
have shown that most oral lesions can generally be categorised into
two types. The first type refers to lesions similar to aphthous-like
ulcers that occur in younger patients with mild Covid-19 symptoms.
The second type resembles herpetic ulcers that are spread throughout
the oral cavity and are commonly reported in older patients with some
degree of immunosuppression.’**® Besides these two types, other
types of oral lesions have also been reported, including tongue

17:49 angular cheilitis,'” ulcers,*31419-2250 pisters, 1921

depapillation,
erythema multiforme-like lesions,?* white plaques®® and dark pig-
mentations.** The occurrence of facial pain,* oral submucous
fibrosis,”® burning mouth sensation”*? and xerostomia is also re-
ported in Covid-19 patients'”*8 (Table 2).

The aetiology of oral lesions in patients with SARS-CoV-2
infection remains unknown; however, some hypotheses could explain
the onset of these lesions. First, the virus may directly or indirectly
interact with oral mucosal cells.”1%1¢ A recent study has also stated
that interaction between the virus and host epithelial cells could
disrupt the integrity of the tissue and trigger the lesion.2® Second,
lesions may be triggered by adverse reactions to drugs that are
administered for treatment of viral infection. Some therapeutics
could likely contribute to herpes simplex virus and Candida infection,
xerostomia, nonspecific ulceration and gingivitis.>° Third, the lesions
could also be a result of systemic immune dysregulation and coin-
fection by opportunistic bacteria, fungi or other types of viruses
mainly associated with the period of hospitalisation. Finally, it has
been hypothesised that the oral lesions could be related to psycho-
logical factors such as restricted social interaction due to lockdown
or work-related stress.>* Several investigations have stated that long
periods of hospitalisation can significantly increase the risk of
developing oral lesions and emphasised the importance of multi-
professional care during this period and in the supportive treatment
of patients at home.?>°° Although the oral lesions present an onset
and development course concurrent with the signs and symptoms of
Covid-19, there is still no consensus among the medical and dental
communities regarding the role of these lesions in the diagnosis of
Covid-19.%8 It has been reported that tissues of the oral cavity could
be the first to be infected with SARS-CoV-2 and hypothetically oral
lesions could be the first signs of Covid-19. If this hypothesis is
confirmed, dental practitioners will have an important role in the
initial diagnosis of the disease and can send suspected SARS-CoV-2
patients for testing and appropriate treatment.>*

In most reported cases of fungal coinfection (mainly Candida), the
treatment options used were Nystatin solution 10,000 1U” and so-
lutions containing triamcinolone acetonide 0.05%.>°> Systemic
acyclovir or valaciclovir associated with photobiomodulation therapy
and local anaesthetic were used in the management of secondary
herpes infections.'®48°¢ Moreover, mouthwashes with chlorhexidine

0.12% were prescribed for preventing coinfections.t317:19:2249

Topical or systemic corticosteroid therapy with dexamethasone,
prednisone, or triamcinolone acetonide was employed in most cases
of oral lesions.r”*??! Resolution of oral lesions posttreatment
suggests that recurrence or growth of opportunistic oral pathogens
is a common feature in Covid-19 patients, indicating that immuno-
suppressive or hyperinflammatory conditions may prompt virus
reactivation and promote growth of certain infectious agents
microbes.

2.4 | Gustatory dysfunction

Gustatory and olfactory dysfunction are symptoms that have been
reported by patients with Covid-19.>”7%* These symptoms are most
commonly diagnosed between 2 and 14 days after contact with
SARS-CoV-2°7 (Table 3). Due to a great variety of assessment
methods for olfactory and taste dysfunction among Covid-19 pa-
tients, the prevalence of these disorders is variable in the literature.
According to Giacomelli et al.> 66% of Covid-19 patients presented
with anosmia and dysgeusia dysfunctions. A systematic review and
meta-analysis showed that the prevalence of gustatory dysfunction
in patients affected by SARS-CoV-2 is about 63%.¢ Fjaeldstad®®
reported that approximately 88% of diagnostic-confirmed Covid-19
patients described some chemosensory loss. Lechien et al.®”
observed that among 30 patients with SARS-CoV-2, 60.7% showed
changes in taste sensation. The high prevalence of gustatory and
olfactory symptoms led to the Centers for Disease Control and
Prevention to include dysgeusia/ageusia and anosmia as symptoms
that manifest from 2 to 14 days after exposure to Covid-19, being

considered as potential subclinical markers of SARS-Cov-2

infection.>”:%8

Changes in smell and taste are more common among younger
patients with a milder course of the disease and approximately 14%
of the hospitalised patients have these symptoms after hospital-
isation.?® This could explain the lower prevalence of gustatory and
olfactory disorder among older patients that are more affected by
severe viral infection.?? While Covid-19 infection is more common in
males with severe symptoms, women are more frequently affected by
changes in taste and smell. According to Bodnia and Katzenstein,>®
about 77% of women, 40% of men, and 14% of children with Covid-
19 have a loss of smell and taste sense.

The exact mechanisms involved in the smell and taste changes
caused by SARS-CoV-2 viral infection remain unclear although some
explanations have been cited.®® Human ACE2 is the main host cell
receptor for SARS-CoV-2 and is widely expressed by respiratory
epithelial cells and in the oral cavity, mainly in the tongue. The
damage caused by the virus to these cells may be related to the
development of anosmia and dysgeusia/ageusia.'®?® Furthermore,
the pathogenic mechanisms underlying olfactory and gustatory al-
terations in Covid-19 have been related to injuries in the peripheral
nervous system that might affect central processing pathways.° Mao
et al.®? have reported that almost 37% of patients with Covid-19

presented some neurologic symptoms with direct transmission of the
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virus to the brain. Recent studies have also suggested that changes in
taste may be secondary to olfactory problems or nasal obstruction.”®

Probable hypotheses that justify dysgeusia and ageusia in Covid-
19 also include the possibility of damage caused by SARS-CoV-2 to
the epithelial cells of the salivary glands that are considered a target
of the virus because of ACE2 expression.?® It has been acknowledged
that changes in salivary flow and composition can cause changes in
taste perception. Moreover, the increased use of oral chemicals and
disinfectants to prevent secondary oral infections could also injure
the epithelial cells, thus disturbing taste sensation.”*

In general, it is not yet known whether the olfactory and gus-
tatory symptoms caused by Covid-19 are transient or can be per-
manent,>® but most cases (about 75%) show improvement within a
few weeks in parallel with the improvement of other Covid-19

symptoms.

3 | SARS-CoV-2, IMMUNE DYSREGULATION AND
ORAL DISEASE

Evaluation of the molecular mechanisms underlying the pathogenesis
of PD and Covid-19 positive subjects will unravel the nature and
extent of crosstalk in the manifestation of symptoms. Immune dys-
regulation in a susceptible host is central to the pathogenesis of oral
diseases and SARS-CoV-2. The multifactorial, microbial aetiology of
oral diseases suggests impaired host-pathogen interaction. The
overpowering response by host immune cells can have a detrimental
impact on tissue integrity. Synergistic interaction between resident
oral microbes and SARS-CoV-2 may elicit an overt immune response
that could further exacerbate oral inflammation. Multiple inflamma-
tory mediators including cytokines, prostaglandins and histamines
generated in response to oral pathogens may exert pleiotropic ef-
fects on local cells and facilitate infiltration of innate and adaptive
immune cells, further amplifying the immune response. While a large
percent of SARS-CoV-2-infected individuals are asymptomatic,
approximately 10% exhibit mild to severe manifestations. Among
these, copious secretion of proinflammatory cytokines including IL-6,
TNF-a, IL-1B, IL-8 and IL-12 are frequently detected in infected tis-
sues as well as plasma/blood.”??33-35 A rapid production of inflam-
matory cytokines, termed cytokine storm, is commonly reported in
severe Covid-19 subjects and increases risk of vascular hyper-
permeability and multiorgan failure.”? The lytic nature of SARS-CoV-
2, coupled with its broad tropism due to ubiquitous expression of
ACE2, allows the virus to promptly replicate. To counter this, massive
immune activation is required to contain the virus. In addition, these
cytokines can amplify inflammatory functions by paracrine and
autocrine positive feedback signalling. Activation of different pattern
recognition receptors can trigger various inflammatory pathways
that can reinforce each other, leading to uncontrolled immune acti-
vation. Therapeutic blockage of IL-6 by tocilizumab can significantly
reduce invasive mechanical ventilation or death in severe Covid-19
pneumonia, strongly supporting that suppression of inflammation can

mitigate severe manifestations of virus infection.”® Increased levels

of proinflammatory cytokines acts as a double-edged sword by
activation of osteoclasts, bone resorbing cells critical in the alveolar
bone loss observed in chronic periodontitis. IL-6-mediated induction
of receptor activator of NF-kB ligand (RANKL) in osteoblasts aug-
ments the differentiation of osteoclasts and hence augments bone
resorption. Similarly, TNF-a induces osteoclastogenesis by inducing
RANKL in osteoblasts and RANK in osteoclast precursors. Obitsu

et al.”*

showed that SARS-CoV-2 protein 3a/X1 induces expression
of TNF-a in human lung epithelial A549 cells and RANKL expression
in mouse bone marrow stromal ST2 cells, suggesting that the virus
can perturb bone metabolism. Thus, the proinflammatory environ-
ment is pro-osteoclastic and hence detrimental to periodontal health.

In addition to local inflammation, systemic diseases may exac-
erbate oral diseases and their manifestation in Covid-19 patients.
Indeed, Covid-19 subjects with systemic disease are reported to
present with worse clinical outcomes.”® Similarly, individuals with
systemic diseases like obesity, rheumatoid arthritis, atherosclerosis
and so forth, are predisposed to oral inflammatory diseases, in
particular periodontitis, suggesting that systemic inflammation may
augment localised inflammation.”® This could be attributed to dys-
biosis or overt activation of immune cells. In the context of oral
disease, however, there is a complete lack of studies assessing this
correlation. Cytokine analysis in SARS-CoV-2 negative and positive
subjects with PD will reveal whether the virus directly impacts oral
inflammation. Equally important is to longitudinally evaluate peri-
odontal health in Covid-19 subjects to examine outcomes in recov-
ering patients. This will further signify the role of SARS-CoV-2 in the
initiation and progression of periodontitis.

Another molecular circuitry that links Covid-19 and PD is the T
helper-17 (Th-17) pathway. IL-17 is a member of the IL-23 family and
is comprised of six isoforms (IL-17A-F); their role in autoimmune
disorders is well established.”””® These cytokines are secreted pre-
dominantly by adaptive immune cells including Th-17, yd T cells,
innate lymphoid cells 3 and natural killer cells. Higher expression of
IL-23 family cytokines is associated with various immunopathologies
including Covid-19 and PD.”2798° Covid-19 patients with severe
disease exhibit pulmonary oedema and lung fibrosis. With regard to
PD, IL-17 is secreted by myeloid cells challenged with the periopathic
bacteria Porphyromonas gingivalis and by IL-1-stimulated fibroblasts,
further supporting the notion that innate cytokines reinforce in-
flammatory status by activating distinct yet mutually overlapping
functions. Moreover, elevated levels of IL-23 in the GCF is detected
in chronic periodontitis subjects, indicating the role of activated
Th-17 cells and suggests their role in periopathogenesis. Destruction
of the periodontium is mediated by effector Th-17 cells that secrete
copious levels of IL-17 family cytokines and facilitate production of
IL-6, IL-1B and TNF-e.

Galectins are a class of soluble-galactoside-binding proteins with
proinflammatory or proresolution functions.®* Recent studies indi-
cate galectins as a potential connecting link between PD and Covid-
19. Higher plasma levels of galectins (including Gal-1, Gal-3 and Gal-
9) are reported in Covid-19 subjects.®2 In addition, macrophages,

monocytes and dendritic cells in patients with severe symptoms
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compared with mild symptoms suggests their pathological role in the
disease severity.®384 Inhibition of Gal-3, a proinflammatory galectin,
suppresses cytokine secretion in macrophages indicating its thera-
peutic potential as a target for Covid-19 treatment.®® Interestingly,
subjects with severe PD also exhibit increased expression of Gal-3.3°
Expression of Gal-9, another galectin isoform, was induced in peri-
odontal ligament cells challenged with P. gingivalis-derived lipopoly-
saccharide, suggesting that higher Gal-9 expression further
exacerbate periodontal inflammation.2¢ Multiple reports have
demonstrated that proinflammatory cytokines TNF-a induce Gal-9
expression,®” while overexpression of Gal-9 in monocytes upregulate
IL-1a, IL-1B and IFN-y levels®® suggesting a feedforward correlation
between inflammatory cytokines and Gal-9 in maintaining inflam-
matory microenvironment. Importantly, expression of these cyto-
kines are significantly higher in inflamed tissues and contribute to
periopathogenesis. Thus, it is plausible that higher levels of Gal-9, in
conjunction with proinflammatory cytokines, may exacerbate peri-
odontal inflammation. However, a direct association of Gal-9 in
Covid-19 patients presenting periodontal lesions requires further
studies.

In addition, higher levels of Gal-3 and Gal-9 were detected in
periapical granulomas compared to control by in situ immune-his-
tochemical staining.2? Increased galectin expression correlated with
elevated toll-like receptor 2 (TLR2) and TLR4 levels. Secreted
galectins (Gal-3 and Gal-9) bind to TLRs and activate the NF-kB
pathway and production of proinflammatory cytokines IL-1, IL-6 and
TNF-a; this positive feedback cycle can amplify inflammatory sig-
nalling.8%?° These evidences indicate a role of galectins in the
pathogenesis of oral inflammatory diseases. Systemic (due to Covid-
19) and local (due to oral disease) induction of galectin expression
may further exacerbate inflammation and perturb resolution
pathways.

3.1 | SARS-CoV-2 and oral pathogens: Synergy or
superinfection?

The case studies of Covid-19 patients show presentation of recur-
rent herpetic lesions. Stress, inflammation and corticosteroid use
are well-known factors that can drive human herpesviruses (HHV)

ISO

reactivation. A subject described by dos Santos et a was on

immunosuppressants that are known to reactivate herpesviruses.>®
Recurrence of HHV in the exacerbation of oral pathologies and
their synergy with bacterial aetiological agents is proposed. Indeed,
members of HHV accumulate in various oral pathologies including
periodontitis, periapical periodontitis, inflamed pulp, peri-implantitis
and so forth.?*%7 Interestingly, HHV-encoded microRNAs, small
noncoding regulatory RNAs, are frequently detected in inflamed
periodontal and pulp tissues suggesting reactivation of virus. Viral
microRNAs, by virtue of their suppression of multiple host tran-
scripts, can contribute to evasion of host defence responses
including antiviral responses and clearance of virus infected cells by

blocking antigen presentation.”®?? Detection of viral microRNAs

can provide important information on copresence of SARS-CoV-2
and active HHV. Whether Covid-19 infection in the oral mucosa and
tissues favours an ecological niche suitable for opportunistic viral
and/or bacterial infections remains unclear; however, a subtle shift
in some pathogens is evident in the form of clinical manifestations.
This is supported by a recent metagenomic analysis of Covid-19
subjects which revealed abnormally high bacterial reads of
P. intermedia and other common microbes (such as the Streptococci,
Fusobacterium, Treponema and Veillonella genera) implicated in the
onset and progression of oral diseases.3® Interestingly, animals
coinfected with Streptococcus pneumoniae and the periopathic bac-
teria P. intermedia exhibit severe bacteraemia, inflammatory cyto-
kines and low survival rate.’®° Similar effects of P. intermedia were
observed in human alveolar epithelial cells A549 with increased S.
pneumoniae adhesion. These results indicate that periopathic bac-
teria can exacerbate systemic manifestations of respiratory disease,
which are a hallmark of Covid-19. Improving oral health has been
shown to reduce the risk of acute viral respiratory infections, in
particular pneumonia.’®* Thus, bacterial superinfection in PD can
not only exacerbate local inflammation, but can also impair respi-
ratory functions and worsen outcomes of Covid-19 by augmenting
systemic inflammation. Further multicohort and longitudinal analysis
will be required to reveal the impact of SARS-CoV-2 on the oral
microbiome, which pathogenic genera/species are enriched in virus-
infected subjects, and whether that correlates with disease

manifestation.

4 | CONCLUSION

The main oral manifestations in Covid-19 patients are related to
ulcers, blisters, necrotising gingivitis, coinfection by opportunistic
bacteria, fungi or other viruses, salivary gland alterations, white and
erythematous lesions and gustatory dysfunction. Emerging evidences
support the presence of virus in the oral cavity, including saliva and
periodontal tissues and correlates with the presence of viral entry
receptors in these tissues. Various small cohort studies and case
reports suggest similar oral manifestations of a newly evolved
pathogen, in line with Koch's postulates. The oral signs and symptoms
presented by patients with Covid-19 are a direct result of SARS-CoV-
2 infection or secondary disorders facilitated by systemic damage,
alterations in the immune system, or adverse effects of treatment
and require further investigation with larger cohort sizes. It is
strongly recommended that health professionals complete a detailed
oral examination with extra attention to oral manifestations for

ensuring patient support and pain control.

ACKNOWLEDGEMENT
This work was supported by the NIH/NIDCR (Grants nos. RO1
DE027980 and RO3 DE027147) to A. R. Nagvi.

CONFLICT OF INTERESTS

The authors declare that there are no conflict of interests.



BRANDINI ET AL

Wl LEY 13 of 15

AUTHOR CONTRIBUTIONS
Afsar R.Naqvi and Daniela A. Brandini conceived of the presented idea.

Daniela A. Brandini, Aline S. Takamiya, Pari Thakkar, Samantha

Schaller, Rani Rahat and Afsar R. Naqvi wrote different sections of the

manuscript. Daniela A. Brandini and Aline S. Takamiya compiled tables

and figures. Daniela A. Brandini, Samantha Schaller and Afsar R. Naqvi

revised the manuscript. All authors contributed to the final manuscript.

DATA AVAILABILITY STATEMENT
No datasets were generated or analyzed during the current study.

ORCID

Afsar R. Naqvi

https://orcid.org/0000-0001-7436-3056

REFERENCES

1

10.

11.

12.

13.

14.

15.

Lopez-Garcia P, Moreira D. Viruses in biology. Evol Educ Outreach.
2012;5(3):389-398. https://doi.org/10.1007/s12052-012-0441-y.
Hu B, Guo H, Zhou P, Shi Z-L. Characteristics of SARS-CoV-2 and
COVID-19. Nat Rev Microbiol. 2020;19(3):141-154. https://doi.org/
10.1038/s41579-020-00459-7.

Morawska L, Tang JW, Bahnfleth W, et al. How can airborne
transmission of COVID-19 indoors be minimised? Environ Int.
2020;142:105832. https://doi.org/10.1016/j.envint.2020.105832.
van Staden C. COVID-19 and the crisis of national development.
Nat Hum Behav. 2020;4(5):443-444. https://doi.org/10.1038/
s41562-020-0852-7.

Lum L, Tambyah P. Outbreak of COVID-19—an urgent need for
good science to silence our fears? Singapore Med J. 2020;61(2):55-
57. https://doi.org/10.11622/smedj.2020018.

Haque SM, Ashwaq O, Sarief A, Azad John Mohamed AK. A
comprehensive review about SARS-CoV-2. Future Virol. 2020;15(9):
625-648. https://doi.org/10.2217/fvI-2020-0124.

Herrera D, Serrano J, Roldan S, Sanz M. Is the oral cavity relevant
in SARS-CoV-2 pandemic? Clin Oral Investig. 2020;24(8):2925-
2930. https://doi.org/10.1007/s00784-020-03413-2.

Imanpour H, Rezaee H, Nouri-Vaskeh M. Angiotensin 1-7: a novel
strategy in COVID-19 treatment. Adv Pharm Bull. 2020;10(4):488-
489. https://doi.org/10.34172/apbh.2020.068.

Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of COVID-
19: immunity, inflammation and intervention. Nat Rev Immunol.
2020;20(6):363-374. https://doi.org/10.1038/s41577-020-0311-8.
Xu H, Zhong L, Deng J, et al. High expression of ACE2 receptor of
2019-nCoV on the epithelial cells of oral mucosa. Int J Oral Sci.
2020;12(1):8. https://doi.org/10.1038/s41368-020-0074-x.

Bajaj N, Granwehr BP, Hanna EY, Chambers MS. Salivary detection
of SARS-CoV -2 (COVID -19) and implications for oral health-care
providers. Head Neck. 2020;42(7):1543-1547. https://doi.org/10.
1002/hed.26322.

Glavina A, Biocina-Lukenda D, Mravak-Stipeti¢ M, Markeljevi¢ J.
Oral symptoms and lesions in SARS-CoV-2-positive patient. Oral
Dis. 2020. https://doi.org/10.1111/0di.13596.

Brandao TB, Gueiros LA, Melo TS, et al. Oral lesions in patients
with SARS-CoV-2 infection: could the oral cavity be a target organ?
Oral Surg Oral Med Oral Pathol Oral Radiol. 2021;131(2):e45-e51.
https://doi.org/10.1016/j.0000.2020.07.014.

Chaux-Bodard A-G, Deneuve S, Desoutter A. Oral manifestation
of Covid-19 as an inaugural symptom? J Oral Med Oral Surg.
2020;26(2):18. https://doi.org/10.1051/mbcb/2020011.

Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients
with pneumonia in China, 2019. N Engl J Med. 2020;382(8):727-
733. https://doi.org/10.1056/NEJM0a2001017.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

Sakaguchi W, Kubota N, Shimizu T, et al. Existence of SARS-CoV-2
entry molecules in the oral cavity. Int J Mol Sci. 2020;21(17):6000.
https://doi.org/10.3390/ijms21176000.

Rodriguez MD, Jimenez Romera A, Villarroel M. Oral manifesta-
tions associated with COVID-19. Oral Dis. 2020. https://doi.org/10.
1111/0di.13555.

Fantozzi PJ, Pampena E, Di Vanna D, et al. Xerostomia, gustatory
and olfactory dysfunctions in patients with COVID-19. Am J
Otolaryngol. 2020;41(6):102721. https://doi.org/10.1016/j.amjoto.
2020.102721.

Martin Carreras-Presas C, Amaro Sanchez J, Lopez-Sanchez AF,
Jané-Salas E, Somacarrera Pérez ML. Oral vesiculobullous lesions
associated with SARS-CoV-2 infection. Oral Dis. 2020. https://doi.
org/10.1111/0di.13382.

Ansari R, Gheitani M, Heidari F, Heidari F. Oral cavity lesions as a
manifestation of the novel virus (COVID-19). Oral Dis. 2020.
https://doi.org/10.1111/0di.13465.

Soares C, Carvalho Ra, Carvalho Ka, Carvalho Mg, Almeida O.
Letter to editor: oral lesions in a patient with Covid-19. Med Oral
Patol Oral Cir Bucal. 2020;25(4):e563-e564. https://doi.org/10.
4317/medoral.24044.

Riad A, Klugar M, Krsek M. COVID-19-Related oral manifestations:
early disease features? Oral Dis. 2020. https://doi.org/10.1111/0di.
13516.

Patel J, Woolley J. Necrotizing periodontal disease: oral manifes-
tation of COVID-19. Oral Dis. 2020. https://doi.org/10.1111/odi.
13462.

Jimenez-Cauhe J, Ortega-Quijano D, Carretero-Barrio |, et al. Er-
ythema multiforme-like eruption in patients with COVID-19
infection: clinical and histological findings. Clin Exp Dermatol.
2020;45(7):892-895. https://doi.org/10.1111/ced.14281.

Xu J,LiY,Gan F,Du Y, Yao Y. Salivary glands: potential reservoirs
for COVID-19 asymptomatic infection. J Dent Res. 2020;99(8):989.
https://doi.org/10.1177/0022034520918518.

Hjelmesaeth J, Skaare D. Covid-19 Med Nedsatt Lukte- Og Smakssans
Som Eneste Symptom. Tidsskr Den Nor Legeforening; 2020. https://
doi.org/10.4045/tidsskr.20.0287.

Machhi J, Herskovitz J, Senan AM, et al. The natural history,
pathobiology, and clinical manifestations of SARS-CoV-2 in-
fections. J Neuroimmune Pharmacol. 2020;15(3):359-386. https://
doi.org/10.1007/511481-020-09944-5.

Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 cell
entry depends on ACE2 and TMPRSS2 and is blocked by a clinically
proven protease inhibitor. Cell. 2020;181(2):271-280.e8. https://
doi.org/10.1016/j.cell.2020.02.052.

Botros N, lyer P, Ojcius DM. Is there an association between oral
health and severity of COVID-19 complications? Biomed J.
2020;43(4):325-327. https://doi.org/10.1016/j.bj.2020.05.016.
Chakraborty S. Metagenome of SARS-Cov2 Patients in Shenzhen with
Travel to Wuhan Shows a Wide Range of Species-- Lautropia, Cuti-
bacterium, Haemophilus Being Most Abundant--and Campylobacter
Explaining Diarrhea. Open Science Framework; 2020. https://doi.
org/10.31219/osf.io/jegwa.

Badran Z, Gaudin A, Struillou X, Amador G, Soueidan A. Peri-
odontal pockets: a potential reservoir for SARS-CoV-2? Med Hy-
potheses. 2020;143:109907. https://doi.org/10.1016/j.mehy.2020.
109907.

Fernandes Matuck B, Dolhnikoff M, Maia GVA, et al. Periodontal
tissues are targets for Sars-Cov-2: a post-mortem study. J Oral
Microbiol. 2021;13(1):1848135. https://doi.org/10.1080/20002297.
2020.1848135.

Sahni V, Gupta S. COVID-19 & periodontitis: the cytokine
connection. Med Hypotheses. 2020;144:109908. https://doi.org/10.
1016/j.mehy.2020.109908.


https://orcid.org/0000-0001-7436-3056
https://orcid.org/0000-0001-7436-3056
https://doi.org/10.1007/s12052-012-0441-y
https://doi.org/10.1038/s41579-020-00459-7
https://doi.org/10.1038/s41579-020-00459-7
https://doi.org/10.1016/j.envint.2020.105832
https://doi.org/10.1038/s41562-020-0852-7
https://doi.org/10.1038/s41562-020-0852-7
https://doi.org/10.11622/smedj.2020018
https://doi.org/10.2217/fvl-2020-0124
https://doi.org/10.1007/s00784-020-03413-2
https://doi.org/10.34172/apb.2020.068
https://doi.org/10.1038/s41577-020-0311-8
https://doi.org/10.1038/s41368-020-0074-x
https://doi.org/10.1002/hed.26322
https://doi.org/10.1002/hed.26322
https://doi.org/10.1111/odi.13596
https://doi.org/10.1016/j.oooo.2020.07.014
https://doi.org/10.1051/mbcb/2020011
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.3390/ijms21176000
https://doi.org/10.1111/odi.13555
https://doi.org/10.1111/odi.13555
https://doi.org/10.1016/j.amjoto.2020.102721
https://doi.org/10.1016/j.amjoto.2020.102721
https://doi.org/10.1111/odi.13382
https://doi.org/10.1111/odi.13382
https://doi.org/10.1111/odi.13465
https://doi.org/10.4317/medoral.24044
https://doi.org/10.4317/medoral.24044
https://doi.org/10.1111/odi.13516
https://doi.org/10.1111/odi.13516
https://doi.org/10.1111/odi.13462
https://doi.org/10.1111/odi.13462
https://doi.org/10.1111/ced.14281
https://doi.org/10.1177/0022034520918518
https://doi.org/10.4045/tidsskr.20.0287
https://doi.org/10.4045/tidsskr.20.0287
https://doi.org/10.1007/s11481-020-09944-5
https://doi.org/10.1007/s11481-020-09944-5
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.bj.2020.05.016
https://doi.org/10.31219/osf.io/jegwq
https://doi.org/10.31219/osf.io/jegwq
https://doi.org/10.1016/j.mehy.2020.109907
https://doi.org/10.1016/j.mehy.2020.109907
https://doi.org/10.1080/20002297.2020.1848135
https://doi.org/10.1080/20002297.2020.1848135
https://doi.org/10.1016/j.mehy.2020.109908
https://doi.org/10.1016/j.mehy.2020.109908
https://orcid.org/0000-0001-7436-3056

14 of 15 WI LEY

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.
49.

50.

51

BRANDINI ET AL

Sampson V, Kamona N, Sampson A. Could there be a link between
oral hygiene and the severity of SARS-CoV-2 infections? Br Dent J.
2020;228(12):971-975. https://doi.org/10.1038/s41415-020-
1747-8.

Kara C, Celen K, Dede FO, Gokmenoglu C, Kara NB. Is periodontal
disease a risk factor for developing severe Covid-19 infection? The
potential role of Galectin-3. Exp Biol Med. 2020;245(16):1425-
1427. https://doi.org/10.1177/1535370220953771.

Allareddy V, Rampa S, Lee MK, Allareddy V, Nalliah RP. Hospital-
based emergency department visits involving dental conditions. J
Am Dent Assoc. 2014;145(4):331-337. https://doi.org/10.14219/
jada.2014.7.

Yu C, Abbott P. An overview of the dental pulp: its functions and
responses to injury. Aust Dent J. 2007;52:54-Sé. https://doi.org/10.
1111/j.1834-7819.2007.tb00525.x.

Antonelli JR. Acute dental pain, Part II: diagnosis and emergency
treatment. Compendium. 1990;11(9):530-533.

Guo H, Zhou Y, Liu X, Tan J. The impact of the COVID-19 epidemic
on the utilization of emergency dental services. J Dent Sci. 2020.
https://doi.org/10.1016/j.jds.2020.02.002.

Yu J, Zhang T, Zhao D, Haapasalo M, Shen Y. Characteristics of
endodontic emergencies during coronavirus disease 2019
outbreak in Wuhan. J Endod. 2020;46(6):730-735. https://doi.org/
10.1016/j.joen.2020.04.001.

Galicia JC, Guzzi PH, Giorgi FM, Khan AA. Predicting the response
of the dental pulp to SARS-CoV2 infection: a transcriptome-wide
effect cross-analysis. Genes Immun. 2020;21(5):360-363. https://
doi.org/10.1038/s41435-020-00112-6.

Burgueno JF, Reich A, Hazime H, et al. Expression of SARS-CoV-2
entry molecules ACE2 and TMPRSS2 in the gut of patients with
IBD. Inflamm Bowel Dis. 2020;26(6):797-808. https://doi.org/10.
1093/ibd/izaa085.

Li G, He X, Zhang L, et al. Assessing ACE2 expression patterns in
lung tissues in the pathogenesis of COVID-19. J Autoimmun.
2020;112:102463. https://doi.org/10.1016/j.jaut.2020.102463.
Corchuelo J, Ulloa FC. Oral manifestations in a patient with a
history of asymptomatic COVID-19: case report. Int J Infect Dis.
2020;100:154-157. https://doi.org/10.1016/j.ijid.2020.08.07 1.
Biadsee A, Biadsee A, Kassem F, Dagan O, Masarwa S, Ormianer Z.
Olfactory and oral manifestations of COVID-19: sex-related
symptoms—a potential pathway to early diagnosis. Otolaryngol
Neck  Surg.  2020;163(4):722-728.  https://doi.org/10.1177/
0194599820934380.

Homma Y, Watanabe M, Inoue K, Moritaka T. Coronavirus disease-
19 pneumonia with facial nerve palsy and olfactory disturbance.
Intern Med. 2020;59(14):1773-1775. https://doi.org/10.2169/
internalmedicine.5014-20.

Kaya G, Kaya A, Saurat J-H. Clinical and histopathological features
and potential pathological mechanisms of skin lesions in COVID-
19: review of the literature. Dermatopathology. 2020;7(1):3-16.
https://doi.org/10.3390/dermatopathology7010002.

Sousa FACG, Paradella TC. Considerations on oral manifestations
of COVID-19. J Med Virol. 2020;93(2):667-668. https://doi.org/10.
1002/jmv.26451.

Tomo S, Miyahara Gl, Simonato LE. Oral mucositis in a SARS-CoV-
2-infected patient: secondary or truly associated condition? Oral
Dis. 2020. https://doi.org/10.1111/0di.13570.

dos Santos JA, Normando AGC, Carvalho da Silva RL, et al. Oral
mucosal lesions in a COVID-19 patient: new signs or secondary
manifestations? Int J Infect Dis. 2020;97:326-328. https://doi.org/
10.1016/.ijid.2020.06.012.

Jimenez-Cauhe J, Ortega-Quijano D, de Perosanz-Lobo D, et al.
Enanthem in patients with COVID-19 and skin rash. JAMA Der-
matol. 2020;156(10):1134. https://doi.org/10.1001/jamadermatol.
2020.2550.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Ciccarese G, Drago F, Boatti M, Porro A, Muzic SI, Parodi A. Oral
erosions and petechiae during SARS-CoV-2 infection. J Med Virol.
2021;93:129-132. https://doi.org/10.1002/jmv.26221.

Sarode SC, Sarode GS, Gondivkar S, Gadbail A, Gopalakrishnan D,
Patil S. Oral submucous fibrosis and COVID-19: perspective on
comorbidity. Oral Oncol. 2020;107:104811. https://doi.org/10.
1016/j.oraloncology.2020.104811.

Petrescu N, Lucaciu O, Roman A. Oral mucosa lesions in COVID-
19. Oral Dis. 2020. https://doi.org/10.1111/0di.13499.
Poncet-Megemont L, Paris P, Tronchere A, et al. High prevalence of
headaches during COVID-19 infection: a retrospective cohort
study. Headache J Head Face Pain. 2020;60(10):2578-2582. https://
doi.org/10.1111/head.13923.

Bodnia NC, Katzenstein TL. Acute loss of smell and taste among
patients with symptoms compatible with COVID-19. Dan Med J.
2020;67(9):A05200370.

Benazzo M, Cassaniti |, Maiorano E, et al. SARS-CoV-2 virologic
and immunologic correlates in patients with olfactory and taste
disorders. Microorganisms. 2020;8(7):1052. https://doi.org/10.
3390/microorganisms8071052.

Tong JY, Wong A, Zhu D, Fastenberg JH, Tham T. The prevalence
of olfactory and gustatory dysfunction in COVID-19 patients: a
systematic review and meta-analysis. Otolaryngol Neck Surg.
2020;163(1):3-11. https://doi.org/10.1177/0194599820926473.
Yan CH, Faraji F, Prajapati DP, Boone CE, DeConde AS. Association
of chemosensory dysfunction and COVID-19 in patients presenting
with influenza-like symptoms. Int Forum Allergy Rhinol. 2020;10(7):
806-813. https://doi.org/10.1002/alr.22579.

Fjaeldstad AW. Prolonged complaints of chemosensory loss after
COVID-19. Dan Med J. 2020;67(8):A05200340.

Mohamud MFY, Garad Mohamed Y, Mohamed Ali A, Ali Adam B.
Loss of taste and smell are common clinical characteristics of pa-
tients with COVID-19 in Somalia: a retrospective double centre
study. Infect Drug Resist. 2020;13:2631-2635. https://doi.org/10.
2147/IDR.S263632.

Lee Y, Min P, Lee S, Kim S-W. Prevalence and duration of acute loss
of smell or taste in COVID-19 patients. J Korean Med Sci.
2020;35(18):e174. https://doi.org/10.3346/jkms.2020.35.e174.
Vargas-Gandica J, Winter D, Schnippe R, et al. Ageusia and
anosmia, a common sign of COVID-19? A case series from four
countries. J Neurovirol. 2020;26(5):785-789. https://doi.org/10.
1007/s13365-020-00875-8.

Vaira LA, Hopkins C, Petrocelli M, et al. Do olfactory and gustatory
psychophysical scores have prognostic value in COVID-19 pa-
tients? A prospective study of 106 patients. J Otolaryngol Head Neck
Surg. 2020;49(1):56. https://doi.org/10.1186/540463-020-00449-y.
Giacomelli A, Pezzati L, Conti F, et al. Self-reported olfactory and
taste disorders in patients with severe acute respiratory corona-
virus 2 infection: a cross-sectional study. Clin Infect Dis. 2020;
71(15):889-890. https://doi.org/10.1093/cid/ciaa330.

Agyeman AA, Chin KL, Landersdorfer CB, Liew D, Ofori-Asenso R.
Smell and taste dysfunction in patients with COVID-19: a systematic
review and meta-analysis. Mayo Clin Proc. 2020;95(8):1621-1631.
https://doi.org/10.1016/j.mayocp.2020.05.030.

Lechien JR, Chiesa-Estomba CM, De Siati DR, et al. Olfactory and
gustatory dysfunctions as a clinical presentation of mild-to-mod-
erate forms of the coronavirus disease (COVID-19): a multicenter
European study. Eur Arch Otorhinolaryngol. 2020;277(8):2251-
2261. https://doi.org/10.1007/s00405-020-05965-1.

Centers for Disease Control and Prevention. Coronavirus Disease
2019 (COVID-19)—Symptoms; 2020. https://www.cdc.gov/corona
virus/2019-ncov/symptoms-testing/symptoms.html. Accessed
October, 2020.

Mao L, Jin H, Wang M, et al. Neurologic manifestations of hospi-
talized patients with coronavirus disease 2019 in Wuhan, China.


https://doi.org/10.1038/s41415-020-1747-8
https://doi.org/10.1038/s41415-020-1747-8
https://doi.org/10.1177/1535370220953771
https://doi.org/10.14219/jada.2014.7
https://doi.org/10.14219/jada.2014.7
https://doi.org/10.1111/j.1834-7819.2007.tb00525.x
https://doi.org/10.1111/j.1834-7819.2007.tb00525.x
https://doi.org/10.1016/j.jds.2020.02.002
https://doi.org/10.1016/j.joen.2020.04.001
https://doi.org/10.1016/j.joen.2020.04.001
https://doi.org/10.1038/s41435-020-00112-6
https://doi.org/10.1038/s41435-020-00112-6
https://doi.org/10.1093/ibd/izaa085
https://doi.org/10.1093/ibd/izaa085
https://doi.org/10.1016/j.jaut.2020.102463
https://doi.org/10.1016/j.ijid.2020.08.071
https://doi.org/10.1177/0194599820934380
https://doi.org/10.1177/0194599820934380
https://doi.org/10.2169/internalmedicine.5014-20
https://doi.org/10.2169/internalmedicine.5014-20
https://doi.org/10.3390/dermatopathology7010002
https://doi.org/10.1002/jmv.26451
https://doi.org/10.1002/jmv.26451
https://doi.org/10.1111/odi.13570
https://doi.org/10.1016/j.ijid.2020.06.012
https://doi.org/10.1016/j.ijid.2020.06.012
https://doi.org/10.1001/jamadermatol.2020.2550
https://doi.org/10.1001/jamadermatol.2020.2550
https://doi.org/10.1002/jmv.26221
https://doi.org/10.1016/j.oraloncology.2020.104811
https://doi.org/10.1016/j.oraloncology.2020.104811
https://doi.org/10.1111/odi.13499
https://doi.org/10.1111/head.13923
https://doi.org/10.1111/head.13923
https://doi.org/10.3390/microorganisms8071052
https://doi.org/10.3390/microorganisms8071052
https://doi.org/10.1177/0194599820926473
https://doi.org/10.1002/alr.22579
https://doi.org/10.2147/IDR.S263632
https://doi.org/10.2147/IDR.S263632
https://doi.org/10.3346/jkms.2020.35.e174
https://doi.org/10.1007/s13365-020-00875-8
https://doi.org/10.1007/s13365-020-00875-8
https://doi.org/10.1186/s40463-020-00449-y
https://doi.org/10.1093/cid/ciaa330
https://doi.org/10.1016/j.mayocp.2020.05.030
https://doi.org/10.1007/s00405-020-05965-1
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html

BRANDINI ET AL

Wl LEY 15 of 15

70.

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

JAMA Neurol. 2020;77(6):683. https://doi.org/10.1001/jamaneurol.
2020.1127.

Beltran-Corbellini A, Chico-Garcia JL, Martinez-Poles J, et al.
Acute-onset smell and taste disorders in the context of COVID-19:
a pilot multicentre polymerase chain reaction based case-control
study. Eur J Neurol. 2020;27(9):1738-1741. https://doi.org/10.1111/
ene.14273.

Keyhan SO, Fallahi HR, Cheshmi B. Dysosmia and dysgeusia due to
the 2019 Novel Coronavirus; a hypothesis that needs further
investigation. Maxillofac Plast Reconstr Surg. 2020;42(1):9. https://
doi.org/10.1186/s40902-020-00254-7.

Jose RJ, Manuel A. COVID-19 cytokine storm: the interplay be-
tween inflammation and coagulation. Lancet Respir Med. 2020;8(6):
e46-e47. https://doi.org/10.1016/52213-2600(20)30216-2.
Guaraldi G, Meschiari M, Cozzi-Lepri A, et al. Tocilizumab in pa-
tients with severe COVID-19: a retrospective cohort study. Lancet
Rheumatol. 2020;2(8):e474-e484. https://doi.org/10.1016/52665-
9913(20)30173-9.

Obitsu S, Ahmed N, Nishitsuji H, et al. Potential enhancement of
osteoclastogenesis by severe acute respiratory syndrome corona-
virus 3a/X1 protein. Arch Virol. 2009;154(9):1457-1464. https://
doi.org/10.1007/s00705-009-0472-z.

Richardson S, Hirsch JS, Narasimhan M, et al. Presenting charac-
teristics, comorbidities, and outcomes among 5700 patients hospi-
talized with COVID-19 in the New York City area. J Am Med Assoc.
2020;323(20):2052. https://doi.org/10.1001/jama.2020.6775.
Hasturk H, Kantarci A, Van Dyke TE. Oral inflammatory diseases
and systemic inflammation: role of the macrophage. Front Immunol.
2012;3:118. https://doi.org/10.3389/immu.2012.00118.

Maddur MS, Miossec P, Kaveri SV, Bayry J. Th17 cells. Am J Pathol.
2012;181(1):8-18. https://doi.org/10.1016/j.ajpath.2012.03.044.
Tesmer LA, Lundy SK, Sarkar S, Fox DA. Th17 cells in human dis-
ease. Immunol Rev. 2008;223(1):87-113. https://doi.org/10.1111/j.
1600-065X.2008.00628.x.

Dutzan N, Abusleme L, Bridgeman H, et al. On-going mechanical
damage from mastication drives homeostatic Th17 cell responses
at the oral barrier. Immunity. 2017;46(1):133-147. https://doi.org/
10.1016/j.immuni.2016.12.010.

Dutzan N, Kajikawa T, Abusleme L, et al. A dysbiotic microbiome
triggers Ty 17 cells to mediate oral mucosal immunopathology in
mice and humans. Sci Transl Med. 2018;10(463):eaat0797. https://
doi.org/10.1126/scitransImed.aat0797.

Liu F-T, Rabinovich GA. Galectins: regulators of acute and chronic
inflammation: galectins and inflammation. Ann N Y Acad Sci.
2010;1183(1):158-182. https://doi.org/10.1111/j.1749-6632.2009.
05131.x.

De Biasi S, Meschiari M, Gibellini L, et al. Marked T cell activation,
senescence, exhaustion and skewing towards TH17 in patients
with COVID-19 pneumonia. Nat Commun. 2020;11(1):3434.
https://doi.org/10.1038/s41467-020-17292-4.

Liu X, Zhu A, He J, et al. Single-cell analysis reveals macrophage-driven
T cell dysfunction in severe COVID-19 patients. Pathology.
2020;11(9):680-687. https://doi.org/10.1101/2020.05.23.20100024.
Caniglia JL, Asuthkar S, Tsung AJ, Guda MR, Velpula KK. Immu-
nopathology of galectin-3: an increasingly promising target in
COVID-19. F1000Research. 2020;9:1078. https://doi.org/10.
12688/f1000research.25979.2.

Chen S-S, Sun L-W, Brickner H, Sun P-Q. Downregulating galec-
tin-3 inhibits proinflammatory cytokine production by human
monocyte-derived dendritic cells via RNA interference. Cell
Immunol. 2015;294(1):44-53. https://doi.org/10.1016/j.cellimm.
2015.01.017.

Kasamatsu A, Uzawa K, Shimada K, et al. Elevation of galectin-9 as
an inflammatory response in the periodontal ligament cells
exposed to Porphyromonas gingivalis lipopolysaccharide in vitro and

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

in vivo. Int J Biochem Cell Biol. 2005;37(2):397-408. https://doi.org/
10.1016/j.biocel.2004.07.014.

Steelman AJ, Smith R, 3rd, Welsh CJ, Li J. Galectin-9 protein is up-
regulated in astrocytes by tumor necrosis factor and promotes
encephalitogenic T-cell apoptosis. J Biol Chem. 2013;288(33):
23776-23787. https://doi.org/10.1074/jbc.M113.451658.
Matsuura A, Tsukada J, Mizobe T, et al. Intracellular galectin-9 ac-
tivates inflammatory cytokines in monocytes. Gene Cell. 2009;14
(4):511-521. https://doi.org/10.1111/j.1365-2443.2009.01287 x.
de Oliveira RdeCM, Beghini M, Borges CRB, et al. Higher expres-
sion of galectin-3 and galectin-9 in periapical granulomas than in
radicular cysts and an increased toll-like receptor-2 and toll-like
receptor-4 expression are associated with reactivation of peri-
apical inflammation. J Endod. 2014;40(2):199-203. https://doi.org/
10.1016/j.joen.2013.10.031.

Yang R-Y, Rabinovich GA, Liu F-T. Galectins: structure, function
and therapeutic potential. Expert Rev Mol Med. 2008;10:e17.
https://doi.org/10.1017/51462399408000719.

Naqgvi AR, Shango J, Seal A, Shukla D, Nares S. Viral miRNAs alter
host cell miRNA profiles and modulate innate immune responses.
Front Immunol. 2018;9:433. https://doi.org/10.3389/fimmu.2018.
00433.

Naqvi AR, Seal A, Shango J, et al. Herpesvirus-encoded microRNAs
detected in human gingiva alter host cell transcriptome and regu-
late viral infection. Biochim Biophys Acta Gene Regul Mech.
2018;1861(5):497-508. https://doi.org/10.1016/j.bbagrm.2018.03.
001.

Naqvi AR, Shango J, Seal A, Shukla D, Nares S. Herpesviruses and
microRNAs: new pathogenesis factors in oral infection and dis-
ease? Front Immunol. 2018;9:2099. https://doi.org/10.3389/fimmu.
2018.02099.

Zhong S, Naqvi A, Bair E, Nares S, Khan AA. Viral MicroRNAs
identified in human dental pulp. J Endod. 2017;43(1):84-89. https://
doi.org/10.1016/j.joen.2016.10.006.

Naqvi AR, Brambila MF, Martinez G, Chapa G, Nares S. Dysregu-
lation of human miRNAs and increased prevalence of HHV miRNAs
in obese periodontitis subjects. J Clin Periodontol. 2019;46(1):51-
61. https://doi.org/10.1111/jcpe.13040.

Slots J. Periodontal herpesviruses: prevalence, pathogenicity, sys-
temic risk. Periodontol 2000. 2015;69(1):28-45. https://doi.org/10.
1111/prd.12085.

Slots J. Periodontitis: facts, fallacies and the future. Periodontol
2000. 2017;75(1):7-23. https://doi.org/10.1111/prd.12221.

Naqgvi AR. Immunomodulatory roles of human herpesvirus-enco-
ded microRNA in host-virus interaction. Rev Med Virol. 2020;30(1):
e2081. https://doi.org/10.1002/rmv.2081.

Ahmad |, Valverde A, Siddiqui H, Schaller S, Naqvi AR. Viral
MicroRNAs: interfering the interferon signaling. Curr Pharm Des.
2020;26(4):446-454. https://doi.org/10.2174/1381612826666200
109181238.

Nagaoka K, Yanagihara K, Morinaga Y, et al. Prevotella intermedia
induces severe bacteremic Pneumococcal pneumonia in mice with
upregulated platelet-activating factor receptor expression. Infect
Immun. 82; 2014:587-593. https://doi.org/10.1128/IA1.00943-13.
Miiller F. Oral hygiene reduces the mortality from aspiration
pneumonia in frail elders. J Dent Res. 2015;94(3_suppl):14S-16S.
https://doi.org/10.1177/0022034514552494.

How to cite this article: Brandini DA, Takamiya AS, Thakkar

P, Schaller S, Rahat R, Naqgvi AR. Covid-19 and oral diseases:

crosstalk, synergy or association? Rev Med Virol. 2021;31(6):
e2226. https://doi.org/10.1002/rmv.2226


https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1111/ene.14273
https://doi.org/10.1111/ene.14273
https://doi.org/10.1186/s40902-020-00254-7
https://doi.org/10.1186/s40902-020-00254-7
https://doi.org/10.1016/S2213-2600(20)30216-2
https://doi.org/10.1016/S2665-9913(20)30173-9
https://doi.org/10.1016/S2665-9913(20)30173-9
https://doi.org/10.1007/s00705-009-0472-z
https://doi.org/10.1007/s00705-009-0472-z
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.3389/fimmu.2012.00118
https://doi.org/10.1016/j.ajpath.2012.03.044
https://doi.org/10.1111/j.1600-065X.2008.00628.x
https://doi.org/10.1111/j.1600-065X.2008.00628.x
https://doi.org/10.1016/j.immuni.2016.12.010
https://doi.org/10.1016/j.immuni.2016.12.010
https://doi.org/10.1126/scitranslmed.aat0797
https://doi.org/10.1126/scitranslmed.aat0797
https://doi.org/10.1111/j.1749-6632.2009.05131.x
https://doi.org/10.1111/j.1749-6632.2009.05131.x
https://doi.org/10.1038/s41467-020-17292-4
https://doi.org/10.1101/2020.05.23.20100024
https://doi.org/10.12688/f1000research.25979.2
https://doi.org/10.12688/f1000research.25979.2
https://doi.org/10.1016/j.cellimm.2015.01.017
https://doi.org/10.1016/j.cellimm.2015.01.017
https://doi.org/10.1016/j.biocel.2004.07.014
https://doi.org/10.1016/j.biocel.2004.07.014
https://doi.org/10.1074/jbc.M113.451658
https://doi.org/10.1111/j.1365-2443.2009.01287.x
https://doi.org/10.1016/j.joen.2013.10.031
https://doi.org/10.1016/j.joen.2013.10.031
https://doi.org/10.1017/S1462399408000719
https://doi.org/10.3389/fimmu.2018.00433
https://doi.org/10.3389/fimmu.2018.00433
https://doi.org/10.1016/j.bbagrm.2018.03.001
https://doi.org/10.1016/j.bbagrm.2018.03.001
https://doi.org/10.3389/fimmu.2018.02099
https://doi.org/10.3389/fimmu.2018.02099
https://doi.org/10.1016/j.joen.2016.10.006
https://doi.org/10.1016/j.joen.2016.10.006
https://doi.org/10.1111/jcpe.13040
https://doi.org/10.1111/prd.12085
https://doi.org/10.1111/prd.12085
https://doi.org/10.1111/prd.12221
https://doi.org/10.1002/rmv.2081
https://doi.org/10.2174/1381612826666200109181238
https://doi.org/10.2174/1381612826666200109181238
https://doi.org/10.1128/IAI.00943-13
https://doi.org/10.1177/0022034514552494
https://doi.org/10.1002/rmv.2226

	Covid‐19 and oral diseases: Crosstalk, synergy or association?
	1 | INTRODUCTION
	2 | ORAL DISEASE MANIFESTATION IN SARS‐CoV‐2 PATIENTS
	2.1 | Periodontal disease and Covid‐19
	2.2 | Endodontal disease and Covid‐19
	2.3 | Oral lesions
	2.4 | Gustatory dysfunction

	3 | SARS‐CoV‐2, IMMUNE DYSREGULATION AND ORAL DISEASE
	3.1 | SARS‐CoV‐2 and oral pathogens: Synergy or superinfection?

	4 | CONCLUSION
	ACKNOWLEDGEMENT
	CONFLICT OF INTERESTS
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT


