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A B S T R A C T

Periodontal disease is a chronic multifactorial infectious and inflammatory disease associated with several
chronic systemic diseases, such as diabetes, cardiovascular diseases (CVD), chronic obstructive pulmonary dis-
ease, hypertension, Alzheimer’s disease and so on. These same systemic diseases have been associated with
severe COVID-19 infections. Several recent studies have suggested hypotheses for the potential association be-
tween periodontal disease and severe COVID-19. Periodontal disease is also one of the most prevalent diseases
globally. All this supports the importance of good oral health, also in the COVID-19 era. Thus, new strategies and
approaches to identify patients at risk of periodontal disease could be beneficial to enhance secondary pre-
vention, especially if targeted to COVID-19 risk groups. Diagnostic biomarkers for periodontal disease have been
researched extensively. Potential biomarkers in oral fluid with currently available rapid non-invasive point-of-
care technology, such as aMMP-8, could help to extend screening and identification of patients at risk for
periodontal disease also to situations and places where professional dental expertise and equipment are limited
or unavailable. i.e., nursing and care homes, and rural and distant places. The oral fluid point-of-care tech-
nologies could also be useful in the hands of medical professionals (diabetes, CVD, etc.) to identify patients at
risk for undiagnosed periodontal disease and to refer them to a dentist for examination and evaluation. Finally, if
there is a causality between periodontal disease and severe COVID-19 infections, these point-of-care oral fluid
biomarker technologies could possibly also help in the assessment of the risk of deterioration and complications.

Introduction

Oral diseases, including periodontitis (gum disease), are one of the
most prevalent diseases globally [1,2]. They also represent a significant
public health problem and have major health and economic burdens for
individuals, communities and society [2]. In 2017, there were almost
800 million people globally with severe periodontitis [1]. Periodontitis
is a chronic multifactorial infectious and inflammatory disease that not
only leads to the destruction of tooth supporting tissues but can also
have adverse systemic effects [3]. Mounting evidence in the literature
suggests that periodontitis as a chronic low-burden inflammation is

associated with several chronic systemic diseases, including diabetes,
cardiovascular diseases (CVD), chronic obstructive pulmonary disease
(COPD), hypertension, and cancer [4–10]. These same systemic dis-
eases, as well as old age, have been identified as risk factors for severe
COVID-19 infections [11,12].

Recently, several studies have suggested hypotheses for the poten-
tial link between periodontitis and COVID-19 complications [13–21].
For example, bacterial superinfections have been common in severe
COVID-19 cases, and the bacteria seem to be associated with the oral
cavity [13–15]. Periodontitis may elevate the risk of invasion by bac-
terial pathogens [3], and potentially also viral pathogens such as SARS-
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CoV-2 [4,20,21], as periodontitis leads, even in mild and moderate
forms, to the ulceration of the gingival epithelium. This exposed, ul-
cerated and inflamed surface area can be of substantial size, compar-
able with the surface area of the palm of a hand (8–20 cm2 vs. 78 cm2,
respectively) [22]. Furthermore, periodontitis also increases the sys-
temic inflammatory burden, as the inflamed periodontal tissues release
host-derived proinflammatory cytokines and tissue destruction media-
tors to the circulatory system [3]. This can activate acute-phase re-
sponse in the liver and amplify systemic inflammation [3]. The cytokine
storm in severe COVID-19 infections has many components common
with the cytokine expression profile of periodontitis suggesting a pos-
sible link between periodontitis and COVID-19 infection and compli-
cations, as well [16].

The aforementioned studies support the importance of good oral
health also during the current COVID-19 pandemic. The spread of
SARS-CoV-2 has been rapid. Already over 30 million people have been
infected and more than 900,000 people have died of the COVID-19
disease globally. Senior citizens and individuals with underlying health
conditions have been at higher risk of severe COVID-19 infections
[23–25]. Moreover, the prevalence of underlying health conditions and
periodontitis are higher among older individuals [1,25]. This under-
scores the role of preventive oral health strategies with improvements
in risk assessment and targeted disease prevention in reducing the
disease burden of the COVID-19 pandemic.

Hypothesis

This study proposes to evaluate if non-invasive oral fluid point-of-
care tests based on biomarkers, such as active matrix metalloproteinase-
8 (aMMP-8), could be beneficial for interdisciplinary screening and
identification of individuals with severe periodontitis and active peri-
odontal breakdown during COVID-19 pandemic to refer them to tar-
geted periodontal disease prevention (Fig. 1). Periodontitis could be
associated with severe COVID-19 infections. Thus, the proposed pre-
ventive oral health strategy with point-of-care testing could mitigate
the risk of adverse systemic effects of periodontitis and possibly also the
risk of severe COVID-19 infections, especially among older patients and
those with underlying health conditions. Moreover, it could also in-
crease awareness of periodontal disease among individuals and en-
courage them to seek oral care before periodontal disease has pro-
gressed to severe stage.

Evaluation of hypothesis: Preventive oral health strategy and
point-of-care diagnostics for better oral health

Point-of-care oral fluid testing in periodontitis diagnostics

Typically, patients suffering from periodontitis are mostly not aware
of their disease especially in the early phase because the oral symptoms
are often painless and subclinical. As periodontitis advances and
symptoms become more apparent that is usually the time when patients
start to seek care. However, the loss of tooth supporting periodontal
tissues is usually irreversible in periodontitis. As periodontitis becomes
more generalized, the local inflammation might markedly extend its
effect into the systemic circulation. Therefore, early and accurate di-
agnosis of periodontitis is crucial in controlling periodontitis and pre-
venting further attachment loss and disease progression.

Periodontitis is diagnosed based on clinical and radiographic ex-
amination [26,27]. The examination includes clinical measurements
such as clinical attachment level and bleeding on probing by using a
periodontal probe. These classical oral diagnostic methods provide in-
formation about the extent and severity of periodontitis and the degree
of past attachment loss. However, accurately identifying patients with
periodontitis, especially in its initial/early stage, requires lots of
training and experience [27]. Furthermore, it is still unclear whether
the clinical measurements alone are accurate enough to monitor disease

activity, progression and treatment effects for all patients [27–29]. This
is where accurate biomarkers come in.

Point-of-care oral fluid biomarker research has actively sought for
suitable biomarker(s) and methods to improve the accuracy of oral
health and periodontal disease diagnostics [27–29]. This is very im-
portant because of the aforementioned limitations related to the clas-
sical oral diagnostic methods. Oral fluids (e.g., mouth rinse, saliva,
gingival crevicular fluid [GCF], peri-implant sulcular fluid [PISF])
contain several locally and systemically derived biomarkers associated
with periodontitis, which makes them a potential diagnostic medium
for periodontitis [30,31]. Unlike periodontal probing and associated
bacteremia [32], collection of oral fluids can be done in an atraumatic,
non-invasive and sterile way that reduces the risk of bacteremia to the
barest minimum [28,29,31]. Many potential biomarkers for periodontal
disease have been studied and identified including, but not limiting to,
macrophage inflammatory protein-1α (MIP-1α), neutrophil elastase,
interleukin-1β (IL-1β), myeloperoxidase and neutrophil collagenase,
also known as matrix metalloproteinase-8 (MMP-8) and gelatinase B,
also known as matrix metalloproteinase-9 (MMP-9) [33–35]. Most po-
tential biomarkers, in saliva, include MMP-8, MMP-9, IL-1β, MIP-1α
and, in GCF, MMP-8 and neutrophil elastase [33–35]. Recently, aMMP-
8 was proposed as a diagnostic biomarker for the updated periodontitis
classification system [27] and presented a lower risk of false positives
compared to traditionally used clinical measure bleeding on probing
[36].

Matrix metalloproteinase-8 (MMP-8)

Matrix metalloproteinase-8 (MMP-8, neutrophil collagenase or col-
lagenase-2) is a member of matrix metalloproteinases (MMPs) family of
genetically distinct but structurally related endopeptidases. MMPs have
catalytic properties responsible for tissue remodeling and degradation
of structural components of the extracellular matrix (ECM) [37]. MMP-
8 degrades particularly interstitial collagens (types I–III), which are
important structural components of the extracellular matrix [37–39].
The enzyme also degrades non-matrix bioactive proteins such as pro-
and anti-inflammatory cytokines, chemokines, insulin-receptor, fi-
brinogen, angiotensin, bradykinin and several others [37–39]. MMP-8
was first found/identified in neutrophils, but MMP-8 expression has
been observed in other cells such as chondrocytes, human rheumatoid
synovial fibroblasts, smooth muscle cells and activated macrophages
[37]. Furthermore, various inflammatory cytokines, for example, IL-1β,
tumor necrosis factor-α CD40 ligand (CD40L), can induce and upre-
gulate the expression of MMP-8 [37]. PMN-derived MMP-8 is stored in
latent pro-MMP-8 form and is activated to aMMP-8 when released at
inflammatory sites. The activity of MMP-8 in the tissue is regulated by a
complex network of enzymatic activators and inhibitors and de-
granulating stimuli [37,38]. The imbalance between MMPs and tissue
inhibitors of matrix metalloproteinases (TIMPs) is believed to initiate
the degradation of the ECM, basement membrane, and alveolar bone,
and eventually periodontal disease [37,38]. Moreover, period-
ontopathogenic bacteria T. denticola and P. gingivalis can increase the
activation of MMP-8 with their proteases, as well [37,38]. MMP-8
seems to have a role in several chronic inflammatory diseases such as
diabetes, rheumatoid arthritis, dental peri-implantitis, and particularly
periodontal disease [37–39].

Active MMP-8 (aMMP-8) mouthrinse point-of-care test

According to several studies, the excessive elevation and activation
of MMP-8 (aMMP-8) is linked to the progression of periodontitis, which
is also reflected in oral fluids [40–42]. However, this is not the case
regarding total or latent MMP-8 [40–44]. Monitoring aMMP-8 levels in
oral fluids can be utilized in the assessment of the risk of increased
collagenolytic activity and disease progression [36–38]. Increased le-
vels of aMMP-8 indicate patients at risk of periodontal disease and
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requiring periodontal examination and evaluation of treatment needs
[36–38]. Low levels of aMMP-8 represent a low risk of periodontal
disease activity, which can be interpreted as a sign of controlled or
eliminated active periodontal disease in the periodontal treatment and
maintenance phase [36–38,45].

The screening procedure with the aMMP-8 mouthrinse point-of-care
test is simple, low-cost and requires no professional dental equipment
and expertise. Patients simply rinse with the provided sterile water,
which is then quantitatively analyzed by using a reader-equipped lat-
eral flow immunoassay within five minutes [45,46]. Previous studies
have demonstrated successful results for aMMP-8 mouthrinse point-of-
care testing in identifying patients with periodontitis [36,45–52]. A
recent pilot study also demonstrated promising results of the possibility
to screen and identify patients at risk of prediabetes by an aMMP-8
mouthrinse point-of-care test [53]. Severe periodontal disease status
and problems in HbA1c levels were reflected in elevated aMMP-8 levels
(Fig. 2) [53].

Preventive oral health strategy

Due to the rapid spread of COVID-19, we need to think of new ways
of strengthening the health care system. Oral health seems to be one
part of the puzzles. Periodontitis is associated with several underlying
health conditions that are also considered as risk factors for severe
COVID-19 disease [4–10,54]. Therefore, next to the typical re-
commendations of social distancing and respiratory, hand, and surface
hygiene from the official health organizations, targeted prevention of
periodontal disease among COVID-19 risk groups based on individual
oral health risk seems important and becomes even more important as
the epidemic may last longer than expected.

The preventive oral health strategy consists of screening and iden-
tification of COVID-19 risk patients with elevated risk profile (older
age, underlying health conditions, and active periodontal disease) to
offer them selective and proper dental care and/or regular anti-in-
flammatory treatment, e.g., antimicrobial mouthwash. Periodontal
disease's activity and the risk of its progression could be screened in

Fig. 1. A) Periodontal disease diagnostics and B) related preventive oral health strategy.

Fig. 2. aMMP-8 levels measured from 69 Greek patients by aMMP-8 point-of-
care mouth rinse test (PerioSafe® with the ORALyzer®), test cut-off 20 ng/ml.
Patients classified by their stage of periodontitis and HbA1c levels. Calculated
from the data in Grigoriadis et al. (2019) [53].
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various situations and locations, such as in the dental, medical, or even
at-home settings (Fig. 1). The identified risk patients could be then
referred to a dentist for further evaluation and confirmation of their
diagnosis. The goal should be to get their periodontal disease under
control and to lower its adverse systemic effects in relation to various
chronic systemic diseases such as diabetes. This could aid in reducing
the severity of the COVID-19 infection and related complications
among these patients.

Dentists have the best expertise and equipment for diagnosing
periodontitis. Based on the examination, the stage and grade of peri-
odontitis are defined to offer precise treatment for an individual patient
[27]. However, there are most likely not enough dental professionals to
make this screening of periodontitis patients feasible, even if targeted
directly to the COVID-19 risk groups. Modern rapid point-of-care di-
agnostics technologies based on biomarkers in oral fluids, such as
aMMP-8, could offer a solution to this problem [36,45–52]. The ability
to screen and identify patients at risk of active periodontal disease.
point-of-care and non-invasively. could extend the periodontal disease
screening to places and situations where professional dental expertise
and equipment are limited or not available (Fig. 1). COVID-19 has also
inspired the use of novel approaches, namely teledentistry [55,56], to
provide medical and dental care remotely using information technology
that reduces the need for direct person-to-person contacts with patients
and also reduces infection transmission routes [56]. The first results
from this new approach have been positive [57]. Yet, there is still much
work needed to make teledentistry a routine among the dentists and
patients [56]. Teledentistry with point-of-care testing could help to
extend periodontal diagnostics and access to oral health care even to
rural and distant places and also to developing countries, where dental
care diagnostic resources can be insufficient [46,58]. Performing a
point-of-care test is simple, low-cost and possible even at home settings.
A positive test result would indicate the risk of active periodontal dis-
ease and need to contact a dentist for oral care.

Point-of-care testing could be particularly effective among the in-
stitutionalized, nursing and care home senior citizens. Poor oral health
and comorbidities are common among them [59], which makes them
especially vulnerable against COVID-19 [60]. The evidence supports
that the systemic inflammation connects periodontitis to several
chronic diseases of aging [10]. Furthermore, hospitalized patients are
more likely to suffer from nosocomial pneumonia if they have period-
ontitis [61]. Previous studies suggest that providing oral care has a
positive effect especially on the incidence of aspiration pneumonia
[62]. However, it should be noted that there are still barriers to ac-
cessing oral care services that need to be overcome among these elderly
individuals, even if point-of-care testing could enhance their period-
ontal disease diagnostics [62,63].

Medical professionals providing treatment to COVID-19 risk group
patients could benefit from using point-of-care diagnostics for screening
in case of undiagnosed active periodontal disease [36,45–52]. If the
point-of-care test is positive indicating a risk of active periodontal
disease, patients should be referred to a dentist for periodontal ex-
amination and evaluation. Systemic inflammation links periodontitis to
several other chronic inflammatory diseases, such as diabetes, CVD and
Alzheimer’s disease, and can alter their course [4–10,64]. Previous
studies also indicate the positive effect of periodontal therapy on sys-
temic markers of inflammation [65]. For example, recent consensus
reports recommend regular oral examination, monitoring and main-
tenance for patients with a diagnosis of CVD and diabetes [5,6]. Finally,
although not a COVID-19 risk group, evidence suggest that maternal
periodontal disease is associated with pregnancy complications such as
gestational diabetes with elevated aMMP-8 levels in oral fluids [66,67].
In this regard, identifying patients at risk for periodontitis early enough
by using an aMMP-8 point-of-care test could be beneficial also at the
maternity outpatient clinics for referring the risk patients to targeted
oral health promotion [66].

Conclusion

In conclusion, currently available oral fluid point-of-care tests could
be useful for interdisciplinary screening and identification of in-
dividuals with severe periodontitis and active periodontal breakdown.
They could extend periodontal disease diagnostics to situations and
places where professional oral health care and resources are limited or
unavailable, such as distant and rural areas, or nursing homes and care
homes. This could help to identify individuals at potential risk for un-
diagnosed periodontitis and be an important step towards helping pa-
tients initiate access to oral care for early intervention. After all, peri-
odontitis is one of the most prevalent diseases globally, which
underscores the need for new approaches to identify patients at risk to
enhance secondary prevention for periodontitis. This study presented a
rapid oral fluid point-of-care technology based on aMMP-8 that has had
successful results in the periodontal disease diagnostics. There is en-
ough data to warrant further research to determine the benefits of using
the aMMP-8 point-of-care testing also outside the dentist’s office, for
example, in the hands of medical professionals in relation to chronic
systemic diseases, such as diabetes and CVD. Finally, if there is a
causality between periodontal disease and severe COVID-19 infections,
aMMP-8 oral fluid analytics could help to assess the risk of deteriora-
tion and complications. Therefore, further research on the association
between aMMP-8 levels in oral fluids and severity of COVID-19 seems
important.
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