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Abstract

Purpose of Review In recent years, much attention has focused on the role of poor oral health in the development or wors-
ening of systemic diseases, including COVID-19. The mouth is an important site of cellular infection early in the disease
course of COVID-19. We review how oral pathology, and specifically viral infection within the oral cavity, may mediate the
disease severity and duration of COVID-19. In particular, the previously reported model of SARS-CoV-2 vascular delivery
from the mouth to the lungs via the bloodstream is revisited.

Recent Findings We previously proposed that an oral-vascular-pulmonary route of infection could facilitate severe lung dis-
ease in COVID-19. This pathway could also explain the vital link between periodontitis and COVID-19 severity, including
higher mortality risk. This model of pathogenesis is reconsidered in light of recent findings regarding the involvement of the
mouth as a viral reservoir, and pathological processes in the blood, pulmonary vasculature, and elsewhere in the body. Oral
dysbiosis in COVID-19 and the effect of oral hygiene in mitigating disease severity are discussed. The evidence for viral
persistence in the mouth and intravascular viral passage from the mouth to the rest of the body via blood is also discussed
in the context of post-acute COVID (long COVID).

Summary High viral load in the mouth and poor oral health status are associated with COVID-19 disease severity, increas-
ing the risk of death. Pathophysiological links between viral activity in the mouth, oral health status, and disease outcome
in the lungs and blood provide a rationale for further evaluation of the oral-vascular-systemic pathway in patients with acute
COVID-19 and long COVID. The potential benefits of oral hygiene protocols and periodontal procedures in COVID-19 also
warrant further investigation.

Keywords COVID-19 - Oral dysbiosis - Periodontitis - Oro-systemic disease - Oral-vascular-pulmonary route

Introduction

The connection between oral dysbiosis and the develop-
ment of systemic diseases is an important emerging field
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of research. Oral dysbiosis and periodontal diseases are
linked directly with the development and/or complications
of multiple systemic diseases [1], including type II diabetes
[2, 3], cardiovascular disease [4], neurodegenerative dis-
eases [5, 6], and rheumatoid arthritis [7, 8]. Oral organisms
have been directly implicated in the pathophysiology of
these conditions and in haematological disorders of platelet
activation [9], leukocyte production [10], and endothelial
dysfunction [11]. A simple anatomical model suggests that
specific periodontal pathogens disseminate intravascularly
from the subgingival biofilm to other body parts via the
bloodstream, impacting the development and progression
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of systemic diseases. Previously, we proposed an ‘oral-vas-
cular-pulmonary’ route of SARS-CoV-2 infection as a cen-
tral mechanism in developing acute COVID-19 lung disease,
thus framing periodontal disease as a primary risk factor
for severe COVID-19 [12]. This review highlights the role
of the mouth in this disease model, specifically as a site of
viral entry, replication, reservoir formation, and subsequent
transfer to the blood. The evidence for the contribution of
this anatomical route to severe COVID-19 lung disease is
presented, focusing on vascular pathological processes and
viral-endothelial interactions in acute and post-acute phases
of COVID-19. The impact of poor oral health status, oral
hygiene measures, and periodontal therapy on COVID-19
severity are also reviewed.

The Oral-Vascular-Pulmonary Infection
Route

Others have hypothesised that the association between peri-
odontitis and increased severity of acute COVID-19 is medi-
ated by oral biofilm overgrowth, predisposing to the adverse
effects of aspiration into the airways. [13]. However, because
of the distinct vascular pattern of COVID-19 lung disease
and the lack of airway inflammation—unlike conventional
viral pneumonia [14]—we previously proposed an anatomi-
cal oral-vascular-pulmonary route of infection from the upper
respiratory tract as the potential main driver of lung paren-
chymal damage [12] (Fig. 1). Although viral entry into the
bloodstream via both the nasal and oral mucosa is possible,
viral escape into the blood predominantly from the mouth,
rather than the nose, provides the most likely explanation for
the increased risk of severe COVID-19 linked to periodonti-
tis. The steps of this proposed pathway are discussed herein
with reference to new literature on pathological processes
in the mouth, blood, and lungs for acute and long COVID.

Acute COVID-19
Acute COVID-19: Pathogenesis in the Oral Cavity

The upper respiratory tract is the first site of viral entry and
replication of SARS-CoV-2, with ACE2 receptors expressed
200-700 times more intensely in the nasal passages than in
the airways of the lungs [15]. The mouth is also an initial
entry site with multiple oral epithelial cell types susceptible
to infection and replication [16]. Viral load in the mouth can
reach 10%/ml of saliva [17], and SARS-CoV-2 saliva detec-
tion is more sensitive than nasal or nasopharyngeal swab
sampling [18-20], with 84.2% sensitivity for salivary rt-PCR
compared with only 9.5% for nasopharyngeal and throat
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swabs on paired sampling [18-20]. Notably, high viral load
in saliva has been reported to predict poor outcomes and
mortality in acute COVID-19 more accurately than patient
age, irrespective of the nasopharyngeal viral load [21].

Multiple studies have shown periodontitis to be a risk
factor for disease severity in acute COVID-19 [22-25].
An odds ratio for death from COVID-19 of 8.81 has been
reported in those with periodontal bone loss [22]. Another
study demonstrated odds ratios for hospitalisation, need
for mechanical ventilation, and death of 36.52, 7.45, and
14.58 respectively, in COVID-19 patients with clinically
confirmed severe periodontitis [23]. Compared to survi-
vors, deceased patients presented with deeper periodontal
pockets, worse clinical attachment loss, and gingival reces-
sion [23]. Other studies corroborate the increased risk of
severe COVID-19 in periodontitis patients [26—30]. Dental
plaque and gingival crevicular fluid can harbour SARS-
CoV-2 [31, 32], pointing to the oral cavity as a viral reser-
voir in acute COVID-19.

Oral Dysbiosis/Oral Microbiome in Acute COVID-19

Over the last few years, evidence has emerged regarding
the link between oral dysbiosis and systemic diseases [33].
Even the mildest forms of COVID-19 confined to the upper
respiratory tract can reflect oral dysbiosis, as SARS-CoV-2
can reach high concentrations in saliva [17]. Evidence for
the connection between acute COVID-19 and oral dysbiosis
emerges from studies showing altered spectra of oral and gut
microorganisms in COVID-19 patients [34-36]. In a cross-
sectional study, oral dysbiosis was associated with more
severe COVID-19 symptoms [37]. SARS-CoV-2 has also
been suggested to be a bacteriophage, potentially altering
the composition of the microbiome [38].

Oral Manifestations of Acute COVID-19

Altered taste is a common symptom of COVID-19 [39],
possibly resulting from direct viral infection of mucosal
epithelial cells—specifically of minor salivary glands of
the tongue surface [16, 40]—and positively correlates with
salivary viral load [16]. Histological findings show papillary
inflammation and destruction of taste buds in COVID-19,
with infection of the tongue and gingival tissues [39, 41].
Other oral manifestations of COVID-19 are common [42],
and could be considered intrinsic to disease pathogenesis.

Oral Immune Barrier, Periodontitis, and Acute
CovID-19

The oral mucosa is an immune defence barrier, provid-
ing physical and antimicrobial protection in healthy
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Oral epithelial infection and replication

Endothelial viral interaction

Vascoconstriciton ‘ ‘ ‘

Immunothrombosis

Fig. 1 Summary of the oral-vascular-pulmonary model of viral
transfer. A Initial viral infection of epithelial lining of the upper
respiratory tract mucosa (nose and mouth). B Viral reservoir forma-
tion in the mouth (saliva, gingival crevicular fluid, dental plaque,
periodontal tissues, salivary glands). C Transfer of viral particles/
elements into the gingival venous drainage facilitated by micro-
ulceration of the sulcular/pocket-lining epithelium due to gingivi-
tis or periodontitis. D Intravascular passage of viral particles/ele-
ments from the venous drainage of the mouth to the neck and chest
veins (jugulars and superior vena cava), the right side of the heart
(E), and into the pulmonary circulation via the pulmonary artery

individuals through the beneficial effects of a health-
promoting oral microbiome. Oral pathogens or toxins can
more readily enter the body via the bloodstream when
this barrier is compromised [43—45]. Simple actions like
toothbrushing can result in transient bacteraemia in those
with a healthy mouth [43-45], or even chewing in those
with periodontitis [45]. Therefore, high titres of SARS-
CoV-2 in a healthy mouth could result in viral entry into
the bloodstream and to a greater degree in those with
periodontal disease.

Periodontitis is strongly associated with chronic
inflammatory diseases, such as type-2 diabetes mellitus,

Oral viral reservoir

Normal
blood flow

Normal gas exchange Pulmonary vascular congestion

(F), dominantly in the highly vascularized gravity-dependent lung
peripheries. G Direct interaction of viral particles/elements with
endothelial cells of the pulmonary microvasculature, with intravas-
cular pro-coagulant and pro-inflammatory viral interactions lead-
ing to endothelial dysfunction, vasoconstriction and intravascular
thrombosis (immunothrombosis) (H). I Normal capillary network.
J Vascular congestion and impaired lung perfusion leading to lung
damage, dominantly in the lung peripheries, with upstream pulmo-
nary arteriovenous (AV) shunting, with dilated proximal blood ves-
sels, thus explaining preservation of physiological dead space in the
airways and ‘silent hypoxemia’

atherogenic cardiovascular disease, chronic kidney disease,
inflammatory lung diseases, cognitive decline, and rheuma-
toid arthritis [1-8, 46, 47]. Periodontitis plays a role in the
worsening of systemic inflammation by cytokine production
and recruitment of primed polymorphonuclear neutrophils
[48, 49]. Inflammatory cytokines in periodontitis have been
hypothesised to contribute to COVID-19 severity [50, 51].
However, the degree to which oral disease contributes to the
overall cytokine burden in acute COVID-19 has not been
established. We propose that direct viral translocation from
the mouth to the blood could constitute a significant disease
mechanism.

@ Springer
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Acute COVID-19: Translocation
of SARS-CoV-2 from the Mouth to Blood

Considering the oro-systemic link and the impact of peri-
odontitis upon the systemic environment, it is crucial to
appreciate existing evidence for the translocation of specific
pathogens to other body parts. For example, the periodontal
pathogen Porphyromonas gingivalis (P. gingivalis) has been
implicated in the pathogenesis of multiple systemic diseases.
It has been identified in the brain of individuals with Alzhei-
mer’s disease, confirming its ability to cross the blood—brain
barrier [52]. Findings from animal studies suggest it con-
tributes to amyloid production, the underlying pathologi-
cal driver of Alzheimer’s [53]. P. gingivalis can translocate
to the vascular endothelium, being implicated in atheroma
formation and instability in cardiovascular disease [4]. The
DNA of P. gingivalis has also been found in the synovium
of rheumatoid arthritis patients, with potential involvement
in the production of anti-citrullinated protein autoantibodies,
which mediate rheumatoid arthritis pathology [54]. Given
that oral microbes can be transferred systemically, it is plau-
sible that periodontitis facilitates the translocation of SARS-
CoV-2 from oral reservoirs via the bloodstream to the lungs
and elsewhere in the body.

Inhabitants of the oral microbiome, such as Streptococcus
viridans species, are primary pathogens of infective endo-
carditis [55, 56]. Their translocation to the heart valves in
endocarditis provides further plausibility to the proposed
oral-vascular-pulmonary infection route for SARS-CoV-2.

Acute COVID-19: Pathogenesis in the Lungs

Any pathogen that evades the oral immune response can
enter gingival blood vessels, reaching the jugular veins,
superior vena cava, right atrium, right ventricle, and sub-
sequently the pulmonary vessels. Following this oral-vas-
cular-pulmonary infection route, a pathogen would encoun-
ter its first capillary bed in the lungs. Pulmonary arteries
predominantly vascularize gravity-dependent areas of the
lungs. Slower flow of blood through these peripheral parts
of the lower lungs results in increased interaction between
circulating pathogens and the pulmonary vascular bed [57].
Thus, viral delivery via this route would explain the distinct
vascular phenomena affecting the peripheral, posterior, and
lower parts of the lungs in acute COVID-19 [12, 14, 58-61].

A conventional understanding of the pathogenesis of
acute COVID-19 suggests viral inhalation into the lungs,
causing respiratory pneumonia. Although SARS-CoV-2
does infect lower respiratory tract cells [62], the disease
is not characterized by inflammation of the lung airways
[63], suggesting that COVID-19 lung disease pathogenesis
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significantly differs from influenza and influenza-like pneu-
monias [14, 64].

The proposed oral-vascular-pulmonary pathway chal-
lenges the notion that airway inhalation is the sole route of
lung infection. Firstly, ACE2 receptors are expressed with
very low intensity in the lower respiratory tract [15] and are
absent in healthy individuals [65]. Secondly, the radiologi-
cal disease pattern does not indicate airway inflammation
[14]. The central areas of the lungs, which are those most
accessible to inhaled pathogens, are the least affected, and
the upper lungs—which are the most aerated on lung venti-
lation—are spared in acute COVID-19 until late in the dis-
ease course [66, 67]. Corresponding with this distribution
of lung disease demonstrated radiologically, autopsy find-
ings demonstrate topological correlation of viral loads with
histopathological damage; the upper parts of the lungs are
not damaged and are negative for viral detection on electron
microscopy, and the lower lungs, which are severely dam-
aged, demonstrate high viral loads [68]. These findings fur-
ther corroborate a vascular distribution of the virus SARS-
CoV-2, rather than an inhalational distribution.

The assumption that poor oral health leads to poorer
COVID-19 outcomes because of aspiration of oral bacteria
is also challenged by radiological, microbiological, and his-
tological findings. In COVID-19, radiological studies have
not shown aspirated fluid, mucous secretion, or bronchial
inflammation in the central or peripheral airways [14, 63, 67].
Microbiological studies do not support a link between bacterial
superinfection and critical care needs in acute COVID-19 [69].
When bacterial superinfection was observed in critical/inten-
sive care, it did not impact the clinical outcomes [70]. Impor-
tantly, autopsies show a surprising lack of bacterial superinfec-
tion in the Iungs of those dying from COVID-19 [71].

COVID-19 lung disease is radiologically characterised by
lung parenchymal damage associated with abnormally dilated
blood vessels and areas of peripheral consolidation analogous
to pulmonary vascular congestion in the lung peripheries,
such as in conventional pulmonary thromboembolic disease,
a phenomenon referred to as ‘infarct pneumonia’ [72].

Studies using computerised tomography pulmonary
angiography (CTPA)—the conventional scan technique for
identifying pulmonary thromboembolic disease—show a
higher incidence of macroscopic clots in COVID-19 patients
(18-50%), compared to 5.9% in influenza [73, 74]. The dis-
tribution of macroscopic pulmonary thrombotic disease
in COVID-19 also differs from conventional pulmonary
emboli. In COVID-19, visible thrombi are more peripheral,
smaller, and more likely to be associated with peripheral
lung damage due to in situ pro-inflammatory clotting pro-
cesses (immunothrombosis) [61, 75].

Specialised dual-energy CT scans reveal perfusion
defects analogous to thromboembolic processes in 100% of
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subjects with acute COVID-19 lung disease, irrespective of
macroscopic pulmonary thromboembolic disease visible on
conventional CTPA [76, 77].

Recent optical coherence tomography (OCT) studies
demonstrate clotting in the small distal pulmonary arteries
in vivo in acute COVID-19, regardless of macroscopic clots
visible on CTPA images [78]. Post-mortem studies using
hierarchical phase-contrast tomography (HiP-CT) also reveal
material consistent with thrombus in alveolar sacs of those
who have died of acute COVID-19 [79]. This further indi-
cates clotting as a central mechanism rather than inflamma-
tory processes of the airways.

The dominant vascular phenomena observed radio-
logically align with histological autopsy studies showing
microangiopathic processes—such as capillary vascular
congestion accompanied by microthrombosis and endothe-
lial damage—as critical drivers of COVID-19 lung dis-
ease [80-84]. Microthrombosis is present on both sides
of the capillary bed, in the small pulmonary arteries and
venules [71]. Upstream pulmonary arteriovenous shunting
and impaired perfusion follow these microvascular events,
thereby explaining the preservation of physiological dead
space in the airways and ‘silent hypoxemia’ [58].

Thus, acute COVID-19 lung disease is primarily driven
by microvasculopathic processes, rather than airway inflam-
mation. Aspiration of oral bacteria does not adequately
explain the connections between poor oral health and
COVID-19 severity, and this model cannot account for the
differences between COVID-19 (vascular disease) and influ-
enza pneumonia (airway disease) [14]. This crucial differ-
ence requires a new pathophysiological model, explained by
vascular delivery of SARS-CoV-2 to the lungs [12].

Acute COVID-19: Pathogenesis in the Blood

In considering the delivery of SARS-CoV-2 via damaged
oral mucosa in the bloodstream to the pulmonary vessels, it
is essential to discuss haematological processes and endothe-
lial interactions. Autopsy studies indicate that SARS-CoV-2
is found in most organs, including the lungs, brain, heart,
and kidneys [85, 86], providing clear evidence of vascular
viral delivery around the body. Thus, direct primary intra-
vascular delivery to the lungs is also possible if the virus can
reach other organs via the blood. Importantly, endothelial
cells are a site of direct viral infection in the lungs and other
organs via endothelial ACE2 receptors [80, 81].

Although periodontal diseases may indirectly contrib-
ute to systemic disease through circulating inflammatory
mediators, critical illness in COVID-19 is directly linked
to circulating SARS-CoV-2 plasma levels [87, 88]. Many
complex pathways account for thrombotic processes in acute
COVID-19 [89, 90], characterized as a hypercoagulable state

with impaired breakdown of blood clots. [91, 92]. This is
likely partly mediated by increased angiotensin II levels
resulting from direct viral interaction via ACE2 receptors.
This hormone triggers vasoconstriction, pro-thrombotic, and
pro-inflammatory events. [93]. Direct viral interaction with
endothelial ACE2 receptors has been proposed to be respon-
sible for immunothrombosis and lung endothelial dysfunc-
tion [94, 95]. Moreover, COVID-19 has also been widely
described as a disease of the endothelium [80, 81, 96].

In addition to activating clotting cascades [97], binding
of the SARS-CoV-2 spike protein to ACE2 receptors on
platelets enhances thrombosis [98]. The viral lipid mem-
brane also exposes pro-coagulant phospholipids—such as
are found on the surface of activated platelets—significantly
accelerating plasma coagulation [99]. Viral interaction with
the pro-coagulant heparinase/heparan sulphate pathway is
potentially involved in the induction of coagulation. [100].
Furthermore, the plasminogen/plasmin pathway is impli-
cated in oral viral entry, activation of the complement cas-
cade, and impaired clot breakdown in COVID-19 [101].

These multiple examples of viral-triggered coagulation
pathways point to the intravascular delivery of SARS-CoV-2
resulting in clotting if complete virions or viral elements,
such as the spike protein or the lipid membrane, were to
enter the blood.

Long COVID

Potential for an Oral-Vascular-Pulmonary/Systemic
Pathological Route in Long COVID

Post-acute COVID (also known as long COVID) is defined
by the World Health Organization as—the continuation or
development of new symptoms 3 months after the initial
SARS-CoV-2 infection, with these symptoms lasting for at
least 2 months with no other explanation [102]. This condi-
tion affects two million people in the UK alone (May 2023)
[103]. Although long COVID disease pathogenesis has not
been fully established, progress in understanding has been
made. The disease shares characteristics of other post-viral
conditions, such as myalgic encephalomyelitis/chronic
fatigue syndrome (ME/CFS) [104]. Possible long COVID
mechanisms include dysbiosis, endothelial dysfunction,
abnormal persistence of circulating fibrinoid microclots,
autoimmune processes, and persistent viral reservoirs [104].

Long COVID: Pathophysiology in the Mouth
The detection of SARS-CoV-2 genetic material in the faeces
of individuals with long COVID symptoms months after

initial infection points to the gut as a potential viral reser-
voir [105]. The oral cavity has not been fully investigated as
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a potential viral reservoir in long COVID despite multiple
oral niches being proven long-term reservoir sites for other
viruses, including human immunodeficiency virus, cytomeg-
alovirus, and herpesviruses. [106—109]. Importantly, SARS-
CoV-2 is detectable in saliva for much longer than is widely
understood—for over 2 months in some individuals who
were symptomatic in the acute phase and up to 3.5 weeks in
those without symptoms [16]. The tongue and tonsils have
also been shown to remain a reservoir for SARS-CoV-2 for
several months [110, 111].

Autopsy studies of individuals previously infected with
SARS-CoV-2 have shown its presence in many organs [85,
86], suggesting persistent intravascular viral distribution. In
addition, immune dysfunction indicative of viral persistence
and mucosal involvement has been demonstrated in long
COVID [112].

An in vitro study simulating acute and long COVID
infection reports direct SARS-CoV-2 infection of human
periodontal fibroblasts, causing fibrosis through impaired
mitochondrial oxidation [41], suggesting that the virus can
contribute to periodontal inflammation. This also implies
a bi-directional relationship, where periodontal inflamma-
tion increases the risk for acute COVID-19 and potentially
long COVID, and SARS-CoV-2 can worsen periodontal sta-
tus. This bi-directional link has been demonstrated in other
periodontal-systemic disease relationships such as type 2
diabetes [2, 113], chronic kidney disease [46], and rheuma-
toid arthritis [114].

Whether prolonged oral viral detection relates to long-
term COVID-19 symptoms is unknown. In addition to its
potential as a long-term viral reservoir, the oral cavity may
also foster the reactivation of latent oral epithelial viruses,
including Epstein-Barr Virus (EBV). Of note, EBV reacti-
vation has been reported in individuals with long COVID
symptoms. [115].

Oral manifestations are commonly reported in patients
with long COVID, including ulceration, discolouration,
haemorrhagic changes, mycosis, aphthous-like lesions, and
cheilitis [116].

Perhaps the most substantial evidence for the role of the
oral cavity in long COVID is the finding that oral dysbiosis
can predict the onset of systemic long COVID symptoms.
A study by Haran et al. demonstrated that the spectrum of
an inflammatory-type dysbiosis represented in the context
of long COVID is similar to that seen in other post-viral
illnesses such as ME/CFS. Specific lipopolysaccharide-pro-
ducing oral microorganisms are implicated [117].

Long COVID: Pathophysiology in the Lungs
In post-acute COVID, imaging reveals persistent lung dam-

age in some patients following severe lung disease during
the acute phase [118, 119]. A study using dual-energy CT
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(DECT) in patients previously hospitalised with COVID-
19 who had persistent respiratory symptoms 6 months after
acute infection showed macroscopic pulmonary artery clots
(acute or chronic) in 7.5% and persistent lung perfusion
defects in 87% of patients [120]. In some patients, these
defects were detected even when the lung parenchyma was
macroscopically normal. This suggests that persistent hyper-
coagulation and endothelial dysregulation in pulmonary cap-
illaries are mechanistically involved in long COVID, similar
to the acute phase [120, 121].

Nuclear medicine scans, which specifically detect lung
perfusion defects, have been advocated as the most appropri-
ate technique for investigating respiratory symptoms in long
COVID, as conventional scans (CTPA) can underestimate
thromboembolic disease in this context [122].

Furthermore, xenon MRI studies show persistent gas
transfer failure in the lungs for a year following acute
COVID-19 infection [123, 124]. This phenomenon has
been demonstrated even in structurally normal lungs in
long COVID and regardless of acute phase severity. These
findings indicate thrombosis of alveolar capillaries as the
primary pathology in long COVID, rather than disease of
the airways [123-126].

Long COVID: Pathophysiology in the Blood
and Vascular Endothelium

As well as evidence for viral persistence, current hypotheses
relating to long COVID pathology include the presence of
persistent circulating ‘microclots’. Microclots are amyloid
fibrin(ogen) particles which are resistant to breakdown via
normal fibrinolytic pathways and are proposed as a contrib-
uting factor to long COVID. [121, 127]. This phenomenon is
not unique to long COVID. It has also been described in ME/
CFS and in diabetes, but it is more severe in long COVID.
[128]. Although it is currently unclear whether microclots
directly cause symptoms, discovering their anatomical ori-
gin could be critical. Regarding anatomical vascular cham-
bers, if the mouth is a persistent viral reservoir, virus/blood
interactions could lead to clotting on entry into the venous
drainage of the mouth or on arrival in the pulmonary vascu-
lature. This may provide a model for impaired pulmonary
gas transfer in long COVID, as this would be the first capil-
lary bed to be reached, just as is proposed above for acute
COVID-19 [12]. Studies are required relating to the mouth
being a potential source of persistent microclots, especially
in view of the potential for SARS-CoV-2 to interact with oral
cellular infection routes which may dysregulate fibrinolytic
factors [101].

Videomicroscopy of the sublingual area of the mouth
demonstrates significantly lower vascular density in long
COVID patients than in healthy individuals. This rarefica-
tion of capillaries may contribute to long COVID symptoms.
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It is demonstrated irrespective of the need for hospitalisation
or oxygen in the acute phase of COVID-19 [129].

As well as gut viral persistence [105], SARS-CoV-2 RNA
is detectable in plasma in 45% of patients with long COVID
symptoms. [130]. Spike antigen also persists in the plasma
of those with long COVID for up to 12 months [131], sug-
gesting ongoing viral reservoirs in the body. If the mouth is
a reservoir and poor oral health impacts long COVID, the
intravascular route from the mouth to the lungs and rest of
the body via the systemic circulation may be a plausible
pathogenic model, the oral cavity being upstream of all other
anatomical sites.

Evidence for the Benefits of Oral Hygiene
and Periodontal Therapy

Based on the potential translocation of SARS-CoV-2 from
the mouth to the blood, the role of oral hygiene measures
and periodontal treatment in reducing disease severity
should be considered.

Some specific ingredients of readily available oral rinses
have anti-viral properties against SARS-CoV-2 to the extent
that the virus is completely eradicated in vitro by disrupting
the viral lipid membrane, leading to undetectable viral load
in vivo, in saliva, for a prolonged period [99, 132].

Use of a mouthwash containing a phthalocyanine deriva-
tive—active against SARS-CoV-2—was evaluated as a sin-
gle addition to standard hospital care [133]. A non-active
mouthwash was used as a control. The study showed ben-
eficial outcomes with reduced length of hospital stay (7 days
on average in the non-active mouthwash group, reduced to
4 days in the active group), reduced admission rates to inten-
sive care (28% in the non-active group, 0% in the active
mouthwash group), and reduced mortality (50% of those
admitted to intensive care in the non-active group, 0% in
the active mouthwash group). This specific ingredient is not
widely available outside of Brazil, but the authors concluded
that other mouthwashes capable of reducing SARS-CoV-2
viral load in the mouth may have similar positive effects in
mitigating disease progression [133]. A systematic review
of the ingredient cetylpyridinium chloride (CPC) suggests
superior potential in reducing SARS-CoV-2 load in vivo in
the saliva of patients with acute COVID-19 compared with
mouthwashes containing other anti-viral ingredients. [134].

Saliva is an essential source of transmission of SARS-
CoV-2 infection via droplets small enough to mediate aerosol
transmission on coughing, sneezing, and talking [18]. There-
fore, mouthwashes with anti-viral activity are potentially valu-
able in reducing infection risk in certain settings [134].

Given the pathological links between periodontitis and
COVID-19, periodontal interventions are potentially benefi-
cial in both acute and post-acute COVID-19. Periodontitis

triggers platelet activation [135], and periodontal treatment
can improve endothelial dysfunction [136]. In a case—con-
trol study, COVID-19 patients presenting with complications
were compared to those without complications following
experience of previous periodontal treatment. Volunteers
with untreated periodontitis exhibited an increased risk of
COVID-19 complications compared to those with a history
of periodontal therapy or periodontally healthy individuals
[137]. Thus, periodontitis management has the potential to
lower the severity of acute and post-acute COVID-19, as it
reduces local inflammation and restores the gingival immune
barrier. Hence, sufferers of long COVID may benefit from
a periodontal examination, as periodontitis typically pre-
sents asymptomatically. Studies evaluating the effect of oral
hygiene measures and periodontal therapy are required in the
context of long COVID.

Summary

A unifying understanding of acute and post-acute COVID-
19 pathology is enhanced by considering pathogenesis from
a broad anatomical perspective. Acute lung disease, coagu-
lation abnormalities, systemic vascular phenomena, and
the persistence of viral elements implicate the subgingival
biofilm as a source of repeated viraemia via the ulcerated
sulcular or periodontal pocket lining epithelium. The pro-
posed oral-vascular-pulmonary route of infection provides
a model to explain why the severity of acute COVID-19 is
associated with high viral load in the mouth and with peri-
odontitis. It also offers an anatomically based explanation for
the vascular characteristics and distribution of severe lung
disease, endothelial dysfunction, and clotting disorders in
both acute and post-acute COVID-19.

In this review, our original hypothesis is enhanced by a
discussion of recent studies highlighting the dominance of
vascular processes in the lungs and a growing awareness that
endothelial dysfunction and clotting processes are primary
in the pathogenesis and development of COVID-19. Recent
studies increasingly support the potential for a persistent oral
reservoir in the post-acute COVID-19 phase. This is impor-
tant because, given the potential for vascular viral transloca-
tion, the mouth is anatomically upstream of all other organs.
Detailed analysis of a range of oral niches is required in
those with persistent symptoms of long COVID.

Conclusion

The proposed disease model of the oral cavity as a SARS-
CoV-2 reservoir combined with a breach of the oral mucosal
immune barrier facilitating vascular viral delivery to the lungs
and body remains compelling. Thus, the mouth can act as a
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mediator for disease severity via intravascular viral transloca-
tion. This oral-vascular-pulmonary infection route provides
an anatomical model for the dominant vascular pathological
mechanisms characteristic of the acute-phase COVID-19 lung
disease and a potential model for long COVID. Detailed stud-
ies are required to enhance evidence for this pathway and to
determine the role of oral hygiene measures and periodontal
therapy, particularly in the context of long COVID.
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