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ABSTRACT

Introduction: Active matrix metalloproteinase (@MMP)-8 utilized in point-of-care testing (POCT) is
regarded as a potential biomarker for periodontal and peri-implant diseases. Various host and microbial
factors eventually influence the expression, degranulation, levels and activation of aMMP-8. The type of
oral fluids (saliva, mouthrinse, gingival crevicular, and peri-implant sulcular fluids [GCF/PISF], respec-
tively) affect the analysis.

Areas covered: With this background, we aimed to review here the recent studies on practical,
inexpensive, noninvasive and quantitative mouthrinse and GCF/PISF chair-side POCT lateral flow
aMMP-8 immunoassays (PerioSafe and ImplantSafe/ORALyzer) and how they help to detect, predict,
monitor the course, treatment and prevention of periodontitis and peri-implantitis. The correlations of
aMMP-8 POCT to other independent and catalytic activity assays of MMP-8 are also addressed.
Expert opinion: The mouthrinse aMMP-8 POCT can also detect prediabetes/diabetes and tissue
destructive oral side-effects due to the head and neck cancers’ radiotherapy. Chlorhexidine and
doxycycline can inhibit collagenolytic human neutrophil and GCF aMMP-8. Furthermore, by a set of
case-series we demonstrate the potential of mouthrinse aMMP-8 POCT to real-time/online detect
periodontitis as a potential risk disease for coronavirus disease 2019 (COVID-19). The clinical interdisci-
plinary utilization of aMMP-8 POCT requires additional oral, medical, and interdisciplinary studies.
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1. Introduction aMMP-8 POCT, to amend diagnostic procedures in periodontitis

and peri-implantitis [3].
Periodontitis is a major infection-induced chronic inflammatory P P [31

disease that is caused by inflammatory response associated with

and resulting from imbalanced interaction between host and the
periodontal microbiome [1]. Periodontitis is classified by the
severity and complexity of the disease and its management
(stage of periodontitis) with assessment of the risk for further
disease progression [2]. Periodontitis is not only leading to local
tissue destruction in the tooth supporting structures (period-
ontium) but also associates with several systemic diseases such
as diabetes and cardiovascular diseases [1]. Periodontitis
increases the systemic inflammatory burden, as host-derived
mediators of periodontal inflammation and tissue destruction
(e.g., cytokines and metalloproteinases) are released from the
inflamed periodontal tissue to the circulatory system [1]. Recent
developments in the molecular periodontal and peri-implant
research has addressed potential oral fluid [saliva, mouthrinse,
GCF, peri-implant sulcular fluid (PISF)] biomarkers among them

1.1. aMMP-8’s accuracy as oral fluid biomarker for
periodontitis, peri-implantitis, diabetes disease, and
radiotherapy induced side effects

Among the chair-side/point-of-care -tests (POCT) developed so
far, active matrix metalloproteinase (aMMP)-8 POC-lateral
flow-immunotests discovered and developed by Sorsa et al.
and validated independently in various studies exerts promis-
ing results as an adjunctive diagnostic/screening and prognos-
tic tool for periodontitis, peri-implantitis, diabetes, Chrohn’s
disease, and oral periodontal side-effects of cancer radiother-
apy [3-22].

Utilizing oral fluids (i.e,, mouthrinse, peri-implant sulcular
fluid [PISF], gingival sulcular fluid [GCF]) as samples; aMMP-8
serves as a biochemical marker to distinguish between the
disease and health status of periodontal and peri-implant
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Article highlights

e There is a need for reliable complementary adjunctive chair-side
/point-of-care (POC) diagnostic tool in periodontitis and peri-
implantitis. Lateral flow quantitative active matrix metalloproteinase
(@aMMP)-8 point-of-care testing (POCT) is a potential such tool with
sensitivity 75-85% and specificity 80-90%. It agrees well with other
independent catalytic protease activity assays of aMMP-8.

e aMMP-8 as the key biomarker can be implemented in the new
periodontitis and peri-implantitis disease classification. Mouthrinse
aMMP-8 POCT can additionally detect prediabetes/diabetes and tis-
sue degenerative oral side-effects of head and neck cancer
radiotherapy.

e Chlorhexidine and doxycycline can inhibit aMMP-8 originating from
collagenolytic human neutrophils as well as from gingival crevicular
fluid (GCF) of periodontitis patients

o Mouthrinse aMMP-8 POCT can furthermore be utilized to identify
periodontitis as a potential risk disease for coronavirus disease 2019
(COVID-19).

e aMMP-8 -technology, as a systemic medical biomarker, is useful in
cardiovascular diseases, diabetes, obesity, bacteremia, sepsis, menin-
gitis, and pancreatitis.

tissue. aMMP-8 POCT has also been implemented as not only
a viable but a key biomarker relevant to the new classification
of both periodontitis and peri-implantitis [4-6,18,23-25].
Assessment of aMMP-8 levels in oral fluids especially in
mouth rinse and GCF/PISF [3-6,10,23,26-29], can thus provide
adjunctive diagnostic and prognostic data on collagenolytic
inflammation around natural teeth and dental implants prior
to detectable clinical and radiographic changes [4-6,8,9,23].
Significantly higher aMMP-8 levels have also been found in
whole saliva samples of patients suffering from periodontal
disease when compared with healthy controls [3,30]. However,
mouth-rinse, GCF/PISF aMMP-8, analysis, and testings were
more precise than salivary total MMP-8 analysis [30-33].
Available data encourages utilization of aMMP-8 as the key
diagnostic biomarker and predictor of periodontal/peri-
implant disease progression, in addition to monitoring treat-
ment and therapeutic outcomes [3-6,10,18,23,34,35].

In health, MMP-8 in oral fluids is mainly present in its latent
form and is detected at considerably lower levels, while the
expression of aMMP-8 increases in severe forms of the period-
ontal/peri-implant diseases [3-5,12,18,24,35-40]. The low level
or absence of aMMP-8 signifies and indicates a state of period-
ontal/peri-implant health [3-5,23,24,39,40], whereas the activ-
ity, severity and progression of periodontitis and peri-
implantitis have been significantly and positively associated
with an increase in aMMP-8 levels. The same, however, has not
been found when total/latent MMP-8 levels were utilized
[3,10,12,26,36-40]. Currently, aMMP-8-based lateral flow
immunoassays are commercially available as U.S. Food and
Drug Administration (FDA) - and EU-approved chair-side
(PoC) - test kits that are quantitative, sensitive, time-saving,
specific, accurate and economical while discriminating period-
ontal and peri-implant health and disease [3-6,10,12,18,23,24].
The introduction of an aMMP-8-based point of care test, which
utilizes mouthrinse samples, and not saliva [3-6,18,31,32], for
monitoring periodontal disease is a ‘game-changer’ in the field
not only by providing information about the current situation
but also predictively susceptible individuals/sites and

prognosis of treatment rendered [3-6,12,18,23,25]. It acts as
an alarm in predicting collagenolysis in periodontitis/peri-
implantitis situations, prior to the occurrence of irreversible
clinical and x-ray manifestations [3-6,10,22,34,41]. With aMMP-
8 POCT one can conveniently follow in real time and online
the reversible and irreversible changes in grading and staging
of periodontitis [22]. Finnish/Swedish studies have shown that
an active MMP-8 PoC test (POCT) can effectively detect initial
periodontitis associated with single nucleotide polymorphisms
of Vitamin D Receptor (VDR) and MMP-3 genes [42,43].
Measurement of aMMP-8 by lateral-flow chair-side/PoC immu-
noassay demonstrated a high sensitivity (75-85%) and speci-
ficity (80-90%) for the detection of periodontitis while utilizing
a 20 ng/ml cutoff value, with at least two sites exhibiting
probing depth (PD) =5 mm vs. less than two PD=5 mm sites
[3,4,7,8,23,43-45]. The association of aMMP-8 level alterations
with clinical parameters and radiographic findings has been
demonstrated in several studies [6,8,9,12,18,35]. Although
a chair-side/PoC aMMP-8 test could not discriminate between
smokers and nonsmokers with progressive periodontitis
[35,44,46], it was demonstrated that this assay could effec-
tively predict the prognosis of smokers, in that elevated base-
line-aMMP-8 levels indicated a poor response to conventional
periodontal treatment (e.g. scaling and root planing [SRPI)
[35,44,46] whereas sites which were non-responsive to treat-
ment continued to express high levels of aMMP-8 [35,44,46].
Diseased peri-implant sites exhibit elevated aMMP-8 levels in
PISF similar to the periodontitis sites [5,10,23,35,47-49], and
the cellular source is mainly inflammatory cells, particularly
neutrophils [3,35,50]. The severity of bone loss and osteolytic
activity during peri-implantitis was found to be associated
with an increase in aMMP-8 levels in PISF, which was further
confirmed by studies utilizing independent polyclonal anti-
body and western-immunoblot technology for the aMMP-8
assessment [47-49,51,52]. Figure 1 shows that with aid of
ImplantSafe it is possible to real-time and online monitor the
effects of successful treatment on implantitis; positive (>
20 ng/ml aMMP-8) [8,53] aMMP-8 POCT sites were converted

treatment
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Figure 1. Implantitis sites were tested before (+), two lines indicated by arrows
and after (-), one line indicated by arrows surgical treatment by ImplantSafe;
treatment caused positive sites (before, +) to be negative (after, -). Elevated
active matrix metalloproteinase (aMMP)-8 levels in PISF detected by ImplantSafe
positivity (before, +, two lines) and associated significantly with peri-implantitis
and could be PoC -detected in 5 min by ImplantSafe.



to negative (< 20 ng/ml aMMP-8) by successful treatment of
peri-implantitis [8,53,54].

Results from a ten-year retrospective analysis, indicated
a positive correlation between upregulated and fragmented
aMMP-8 expression in oral fluids (GCF/PISF), the degree of
inflammation and severity of periodontitis [26,27,33]. Similar
to natural dentition, the therapeutic response of tissues sup-
porting dental implants can be predicted by measuring
aMMP-8 levels in mouth-rinse and/or PISF more precisely
than salivary measurements [31,32]. The cutoff points of
aMMP-8 in oral fluids i.e. 20 ng/ml in mouth-rinse, PISF and
GCF, have been determined to differentiate with sensitivity of
the 75-85% and specificity of 80-90% a healthy state from
both periodontitis and peri-implantitis [3-5,7,8,17,23,43,45].
One study has utilized a 10 ng/ml cutoff; however, no test
kits with this cut off test value are commercially available or
have been fabricated [6,18]. The lower sensitivity (35%)
assessed by Deng et al. [18] was eventually due to their
periodontally healthier patient cohort with lesser clinical dis-
ease activity in comparison to cohort with enhanced clinical
disease activities by Lahteenméki et al. [10] and Sorsa et al.
[4,6]. Thus in patients on maintenance therapy or in those with
low disease activity, aMMP-8 values are known to be lower
[15,16,18] than those in patients with more enhanced period-
ontal clinical disease activity [4,6,10,22,24].

Genetic polymorphisms of MMP-3 and Vitamin D Receptor
(VDR) are significantly associated with aMMP-8 levels; thus the
MMP-8 POCT identifies genetically susceptible subjects [35,43].
Results from aMMP-8 POCT were consistent with treatment
needs determined by Community Periodontal Index of
Treatment Needs (CPITN)-index in both adults and adolescents
[35,55]. HbA1c along with aMMP-8 POC testing can provide
dentists and medical professionals an opportunity to diagnose
prediabetic and diabetic patients [20,21,35]. aMMP-8 was
twice higher in terms of sensitivity and more accurate than
bleeding on probing (BOP) in detecting early stages of period-
ontal disease [18,32,35]. aMMP-8 was positively associated
with the severity of periodontitis by virtue of mediating the
pathogenicity of potent periodontopathogens, such as the
activation of Treponema denticola protease [33,56-59].
aMMP-8 POCT correctly diagnosed all healthy and peri-
implantitis cases, and discriminated health from peri-
implantitis with higher accuracy than BOP, calprotectin, total
MMP-8, polymorphonuclear neutrophil (PMN)-elastase, MMP-
2, MMP-9, tissue inhibitor of matrix metalloproteinase (TIMP)-
1, and myeloperoxidase (MPO) [3-6,10,12,23,31,32,35]. These
data clearly indicate that aMMP-8 POCT can be implemented
as the key biomarker for staging and grading (i.e. the new
Tonetti-classification [25]) of both periodontitis and peri-
implantitis [4-6,10,18,23,24,28].

The PerioSafe® and ImplantSafe® aMMP-8-POCT kits are
efficient adjunctive tools in enhancing the accuracy of diag-
nostic and prognostic of periodontal and peri-implant dis-
eases. They are commercially available FDA (USA)- and EU -
approved technologies [2-6,12,18,32,35]. Future development
of these POC test kits should ideally take into account the
assured criteria introduced by the World Health Organization
(WHO) [6,12,18]. The quantitative, noninvasive and economic
PerioSafe® and ImplantSafe®/ORALyzer® tests have already
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been validated to function sufficiently and fluently with
a single biomarker, i.e, aMMP-8 that is demonstrated as
a biomarker of significance in the new classifications of both
periodontitis and peri-implantitis [4-6,10,12,18,23,24,27,28].
Further studies are required to increase their diagnostic and
prognostic power through combining with other possible bio-
markers and integrating these test kits into periodontal risk
assessment [12,18,35]. However, POCT methodologies utilizing
multiple biomarkers are yet to be developed [3,30,35,60].

aMMP-8 present in periodontitis-affected oral fluids, i.e., in
periodontitis-affected GCF and that degranulated by triggered
human neutrophils [59,60], can be inhibited and down-
regulated not only by doxycycline but also by chlorhexidine
(Figure 2A and B) [58,60,61].

Overall, the aMMP-8 chair-side-POCT technologies are used
for diagnostic and prognostic purpose in periodontitis, peri-
implantitis, prediabetes/diabetes (diabetes I, ll, and preg-
nancy-related diabetes 1), Crohn’s disease, radiotherapy-
related immunodeficiency, and other oral destructive side-
effects of head and neck cancers [4-7,10,12,18-23]. At present
oral fluid, i.e., salivary POCTs have also been developed for
calprotectin and MMP-9 [62,63]. Noteworthy recent compara-
tive studies have shown that mouthrinse aMMP-8 POCT is
more precise than salivary total MMP-8, calprotectin, MMP-9,
human neutrophil elastase, myeloperoxidase immunoassays,
and BOP [10,12,18,23]. Lee et al. [36], Mancini et al. [37],
Teronen et al. [47], Mc Crudden et al. [40], Uitto et al. [39] by
specific catalytic independent activity assays for aMMP-8 have
consistently and repeatedly shown that aMMP-8 but not
latent/total MMP-8 is associated with, and reflects the ethio-
pathogenesis, course and severity of periodontitis, and peri-
implantitis.

As established, the aMMP-8 POCT assumes greater value
during the COVID-19 pandemic in light of periodontal disease
predisposing demonstrably greater COVID-19 related adverse
outcomes. The ability of this testing methodology to indicate
the staging and grading of periodontitis, especially in the early
stages, may prove to be invaluable, not only as a point-of-care
test in the ICU but also as an at-home test in order to decide
whether professional opinion should be sought.

1.2. SARS CoV-2 and the oral cavity

It remains to be clarified, whether the oral fluid aMMP-8-chair-
side-POCT can be utilized to identify periodontitis as
a potential disease/comorbidity increasing the risk and sever-
ity of Coronavirus disease 2019 (COVID-19) [12,64,65]. The
emergence of severe acute respiratory syndrome coronavirus
2 (SARS CoV-2) has posed a significant challenge to clinical
practice forcing many branches of medicine to reevaluate the
established concepts. Dental treatments have been limited
with the urgent procedures putting aside the elective inter-
ventions. The focus lately, seems to be on avoiding aerosol
generating procedures, which for the large part, form the
entire purview of modern clinical dental practice. This, how-
ever, stems from evidence suggesting the transmission of
SARS CoV-2 via aerosols. High viral titers have been recovered
not only from the saliva of infected individuals, but also from
the GCF. This is a serious concern as these oral fluids are
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Figure 2. Inhibition of native type | collagen degradation by human neutrophil (PMN) active matrix metalloproteinase (aMMP)-8 and adult chronic periodontitis
gingival crevicular fluid (GCF) aMMP-8 by chlorhexidine (CHX). Figure 2A, lane 1: 1.5 uM native type | collagen; lanes 2 and 3: 1.5 uM native type | collagen incubated
with PMN aMMP-8 (400 ng [59]) for 8 h at 22°C; lanes 4 and 5: as lanes 2 and 3 but in the presence of 0.01%, 0.02%, and 0.04% CHX. Figure 2B, lane 1: 1.5 uM native
type | collagen; lanes 2 and 3: 1.5 upM native type | collagen incubated with GCF aMMP-8 for 8 h at 22°C; lanes 4—8: as lanes 2 and 3 but in presence of 0.005%,
0.01%, 0.02%, and 0.04% CHX. B indicates intact native type | collagen dimers and a indicates intact native type | collagen monomers, A, and aA indicate classical
% (75%) - degradation products resulting from catalytically competent (active) collagenolytic action of aMMP-8 on native type collagen. Observe the dose —

dependent inhibition of type | collagenolytic activity of aMMP-8 by CHX.

unavoidable entities while working inside the oral cavity,
excluding certain procedures that can be performed using
a rubber dam. A vast number of seemingly urgent procedures
in the maxillofacial region have been either deferred or man-
aged by methods other than conventionally established pro-
tocols [66,67].

The SARS CoV-2 has been detected in a number of intraoral
tissues which can subsequently act as or mediate points of
entry for the virus. This is attributed to the presence of angio-
tensin converting enzyme (ACE)-2 receptors, the entry points
for the virus, being exhibited in generous numbers in the
tissues of the oral cavity. The greatest concentration of these
receptors is at the floor of the mouth and the oral portion of
the tongue, followed by gingival tissue and cells lining the
buccal mucosa [68].

Both early and late stages of the COVID-19 disease process
relate to salivary viral shedding, with ductal openings serving
as the primary source of the virus in later stages of the disease.
It has been found in rhesus macaques, that glandular epithe-
lial cells expressing the ACE-2 receptors acted as initial targets
for infection by the SARS CoV. The recovery of live viral load of
SARS CoV-2 from saliva cannot be solely attributed to it, since
saliva composes both GCF and/or sputum. Regardless of the
source, saliva plays a key role in virus transmission with high

viral titers being detectable within the first seven days of
disease presentation and continuing up to a post-onset period
of 25 days. A number of potential advantages such as the ease
and noninvasive nature of the collection along with the pos-
sibility of self- or home-collection of samples make saliva
preferential as the diagnostic fluid [69,70]

1.3. Immune response, COVID-19 infection and
periodontal disease

The prevalence of periodontal disease far outweighs that of
COVID-19, something to consider in the midst of a pandemic.
Especially when the two diseases seem have a confluence in
terms of the responsible immunological mechanisms. The
etiopathogenesis of periodontal disease involves host immune
response as the chief pathway to promote tissue destruction.
The immunological fallout of the disease process involves the
local and systemic elevation of a number of cytokines which
have been utilized over the years as diagnostic and prognostic
tools not only for periodontal disease but also for the systemic
conditions it might influence. COVID-19 symptomatology has
also been related to the occurrence of a proverbial ‘cytokine
storm’ translating as elevated levels of interleukin (IL)-2, IL-1
beta, IL-7, IL-10, IL-17, granulocyte macrophage-colony



stimulating factor (GM-CSF), tumor necrosis factor (TNF)-alpha,
granulocyte colony-stimulating factor (G-CSF), monocyte che-
moattractant protein (MCP)-1 and macrophage inflammatory
protein (MIP)1A [68,71]. This can be associated with an ele-
vated response profile of the Th17 pathway as was previously
reported in infections with SARS-CoV and Middle East respira-
tory syndrome coronavirus (MERS-CoV) [66,68].

There seems to be a peculiar similarity in the periodontal
disease-like inflammatory profile of patients developing such
a cytokine storm and their subsequent progress into
a condition similar to acute respiratory distress syndrome
(ARDS). Bronchoalveolar lavage fluid recovered from patients
of acute chronic obstructive pulmonary disease (COPD) and
ARDS exhibits neutrophil extracellular trap (NET) formation
[68]. Being a form of cell death, NETosis is a disaster at the
cellular level where it contributes to destruction. A similar
brand of bystander damage is elicited in periodontal disease
by means of TNF-alpha induced NETosis. Hence, there seems
enough evidence at an immunological level to advocate an
association between COVID-19 and periodontal disease.

1.4. Maintenance of oral hygiene in COVID-19 infection
and periodontal disease

With the immunological plausibility between periodontal dis-
ease and COVID-19 being present along with the existence of
certain reports in literature commenting on an association
between periodontal disease and COVID-19-related adverse
outcomes, oral hygiene maintenance would assume greater
significance in battling the pandemic.

The standard recommendation of maintaining oral hygiene
practices would seem to stand firm in the face of the SARS
CoV-2 as well. This seems logical since maintenance of hand
hygiene with soaps, detergents and antiseptics has been pro-
pounded since the beginning of the pandemic and a number
of oral hygiene products contain similar preparations [72].
Recent laboratory studies have reported that zinc or stannous
containing toothpastes are capable of eliminating the SARS
CoV-2 to the tune of 99.9% [71]. Moreover, there has been an
increasing contention lately that the risk of contracting infec-
tion via contaminated surfaces is rather low [73]. Since tooth-
brushes along with toothpaste are the recommended means
to maintain oral hygiene, it would seem logical to assume that
any viruses shed on to the head of the toothbrush would be
destroyed by the antimicrobial components of the toothpaste.
As such, there is sparse evidence in literature on toothbrush
contamination. Furthermore, patient compliance forms
a significant aspect of oral hygiene maintenance.
Toothbrushing is generally recommended to last not less
than 2 min. If a disinfection protocol including multiple steps
and different antiseptic solutions prior to and/or after brush-
ing were to be recommended possibly lasting for up to 20 min-
utes, patient compliance may be at risk.

As the world continues to grapple with COVID-19, post-
COVID-19 sepsis appears to be an issue itself. A number of
studies have pointed out the association between diabetes
and COVID-19-related adverse outcomes [74]. Mucormycosis,
regarded as a rare infection, continues to be one of the most
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catastrophic complications in patients with uncontrolled dia-
betes. The immune exhaustion, which accompanies post
COVID-19 sepsis along with the fallout of utilizing steroid
therapy and anti-IL-6 treatment strategies to combat the infec-
tion leave the patient susceptible to the development of this
infection. The most significant manifestations of these infec-
tions seem to be pulmonary and rhino-orbital-cerebral.
A hallmark feature to be observed clinically in order to discern
the infection is the manifestation of an eschar, necrotic lesion
or a black-colored discharge from the oral or nasal cavity.
Other significant clinical clues are pansinusitis and involve-
ment of the ethmoids [75]. Dentists working both in the
clinical and hospital settings need to be aware of this presen-
tation along with other important signs such as involvement
of the cranial nerves, orbits and ocular tissue, in order to affect
prompt referrals. The treatment involves management of
underlying conditions, antifungal therapy and debridement
of the lesions. It is important to identify and act on this
condition promptly as improper diagnosis can lead to further
steroid and antibacterial prescriptions which would tend to
compound the problem.

1.5. COVID-19 and aMMP-8

Periodontitis, being a chronic inflammatory disease has been
hypothesized to be associated and involved with adverse
COVID-19 related outcomes. There remains, however,
a dearth of literature to validate this concept. Matrix metallo-
proteinase-8 belongs to the MMP superfamily, which are a set
of genetically distinct but structurally related endopeptidases.
Pathological levels of especially aMMP-8 are associated with
the tissue destruction in periodontitis/peri-implantitis diseases
[4-6,9,12,18,64,76-78]. It has been established that this
enzyme is elevated beyond its physiological limits in COVID-
19 patients seen to be in what has been purportedly labeled
as ‘cytokine storm.” This knowledge can be utilized to ratify
whether periodontal disease and the ensuing underlying
inflammatory process contribute to the overall host immune
response in patients suffering from COVID-19. For this pur-
pose, it would seem logical to utilize a rapid bedside non-
invasive aMMP-8 POCT [4,6,12,18] which could aid in the real-
time monitoring of MMP-8 status in these patients. This would
not only validate if periodontal disease may play any role in
the overall clinical presentation but also serve as a convenient
diagnostic tool to tailor therapy in order to achieve ideal
therapeutic outcomes all the while sensitizing patients to the
importance of oral health care as a component of overall
wellbeing. Moreover, the treatment of COVID-infection
patients’ oral diseases involve often chlorhexidine-rinsing
(Figure 2A and B), especially in intensive care unit (ICU)
[6,61,64,77-79]. Furthermore, identification of periodontitis as
the potential COVID-infection linked risk disease or comorbid-
ity identified by the aMMP-8 POCT can eventually be demon-
strated (Figure 3 and 4) [64,65,71,76-78].

The COVID-19 pandemic has, for the large part involved the
repurposing of existing treatment modalities based on what is
established in literature. Research in periodontal medicine has
led to the identification of therapeutic targets which can aid in
the management of respiratory disease of a severe nature. This
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Figure 3. PerioSafe kit (negative: < 20 ng/ml; positive: > 20 ng/ml), a mou-
thrinse active matrix metalloproteinase (aMMP)-8 point-of-care test (POCT).
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Figure 4. ImplantSafe kit (negative: < 20 ng/ml; positive: > 20 ng/ml), a site-
specific peri-implant sulcular and gingival crevicular fluid (PISF/GCF) active
matrix metalloproteinase (aMMP)-8 point-of-care test (POCT).

primary stems from an understanding of the commonality in the
host-side immune response in both COVID-19 and periodontal
disease. Pulmonary tissue damage and eventual mortality
observed in SARS CoV-2 infections can be attributed to
a hyperactivity of the neutrophil response elicited. At the same
time, as a result of microbial insult, periodontal disease also
involves the constant influx of hyperactive neutrophils which
lead to tissue destruction. With a background of this knowledge,
it seems quite logical that host modulation therapy (HMT)
designed to tackle the host's immune response and proteolytic
burden in periodontal disease can be repurposed to manage the
acute respiratory distress syndrome pathophysiology as
observed in COVID-19 [78]. As a short-term and provisional
treatment modality, chlorhexidine, as inhibitor of aMMP-8
(Figure 2A and 2B), can also be used to tackle both the microbial
and proteolytic burden in the COVID mouth [61,79,80].

1.6. Doxycycline therapy and chair-side diagnostics in
the treatment of high-risk COVID-19- positive patients

With no cure in sight, the COVID-19 pandemic has seen a number
of drugs being repurposed in order to tackle the presentation of
this novel entity. The pathophysiology of this disease involves
elevated levels of pro-inflammatory cytokines, which have been
dubbed in serious cases as a ‘cytokine storm’ or at the least been
related to the symptomatic presentation of cases.

Respiratory failure as a result of acute respiratory distress
syndrome (ARDS) has been touted as the most significant
reason for mortality [78]. The pathological features of COVID-

19 bear an uncanny resemblance to those observed in SARS
CoV infections which are known to cause remodeling of the
lung tissue as a result of a number of pathways including
those involving matrix metalloproteinases (MMPs) [78].

MMPs are responsible for the deterioration of the extracel-
lular matrix and lung tissue remodeling which eventually leads
to an increase in vascular permeability and damage to the
basal lamina of the endothelium [78]. To compound the pro-
blem, ARDS management entails mechanical ventilation,
which can result in MMP mediated lung injury via induction
from ventilation [78]. MMP-8 along with MMP-2, MMP-9, and
TIMP-1 has been observed to be elevated and activated in
early stages of sepsis and has been related to mortality.

The role of MMPs is elucidated not only in acute conditions
but also in those of a more chronic and/or low-grade variety
such as obesity. Obesity has been linked to diabetes with
insulin resistance. This has been purportedly attributed to
the elevated levels of MMPs, specially MMP-8 in obese and
otherwise healthy patients. High levels of MMPs, especially
MMP-8, correlate in metabolic syndrome and the resulting
diabetes, which have been linked with adverse outcome of
COVID-19. While females seem to have less severe forms of
COVID-19, the level of MMP-8 in obese women seem to be less
pronounced as well.

It has been suggested that cleavage of the human insulin
receptor protein by MMP-8 is responsible for the development of
insulin resistance and subsequent diabetes mellitus in these
cohorts.

MMP-8 levels have also been found to be indicative of not
only local infections but also systemic and multi-organ pro-
blems [4,27,78,81-83]. Metabolic syndrome increases the
levels of ACE2 receptors. ACE2 receptor is a key entry point
to the Sars-CoV-2 in the lungs. This receptor is counteracting
the ACE receptor, commonly antagonized in hypertension
treatment. The use of ACE inhibitors modulate the expression
of the ACE2 and might increase the number of ACE2 receptors.
However, the use of ACEi medication seem to have little or no
impact in morbidity of COVID-19. This observation goes in
hand with the fact, that the ACE inhibition does not change
the MMP-8 levels either.

However, MMPs have been demonstrated to have an anti-
inflammatory and protective role as well, in physiological
levels. It would hence, seem logical to utilize ‘leaky’ MMP
inhibitors such as a chemically modified tetracyclines or sub-
antimicrobial dose doxycycline in order to modify host
response while maintaining adequate levels of safety [81].

Doxycycline through its pleiotropic mechanisms provides
an improvement in the symptomatic presentation of COVID-19
cases by virtue of its action as a pro-inflammatory inhibitor
encompassing the entire family of MMPs in addition to pos-
sessing antiviral properties [81]. There is evidence in literature
to support the role doxycycline plays to protect the lung
against injury [81]. It has been observed to be efficacious in
the management of viral infections such as chikungunya and
dengue. The action of doxycycline on viral replication path-
ways confers unique antiviral properties as it can potentially
inhibit the papain-like protease (PLpro) and 3 C-like protease
(3CLpro) components [81].



Elevated levels of inflammatory biomarkers have been asso-
ciated with poorer clinical outcomes [81]. MMPs have been
suspected to facilitate early viral entry into cells. Inhibition of
these MMPs along with that of IL-6 can in part, explain the
efficacy of doxycycline in managing COVID-19 infections since
these components are key regulators of the purported ‘cyto-
kine storm’ observed in severe COVID-19 cases. Not only this,
but doxycycline being an ionophore, also mediates intracellu-
lar zinc transport which, in vitro, has been demonstrated to
impede the replication of the coronavirus [81]. Doxycycline
also acts in the inhibition of the nuclear factor-kB which in
turn brings about a direct inhibition of the Dipeptidyl pepti-
dase-4 (DPP4) receptor on the cell surface which can subse-
quently diminish the chances of viral entry via this route.
Extracellular matrix metalloproteinase inducer (CD147/
EMMPRIN) has been suspected to facilitate T-lymphocyte
SARS CoV-2 entry. Low dose doxycycline which is essentially
non-antimicrobial in nature has been demonstrated to inhibit
these receptors [81]. Hence, the role of doxycycline in COVID-
19 management, seems quite evident.

In a double-blind placebo-controlled study by Payne &
Golub on post-menopausal women, all subjects received scal-
ing and root planing and oral hygiene instructions every
3-month over a 2-year protocol, after due approval from the
Ethics Committee [83]. Following random allocation in test
and control groups, the women on Periostat® (20 mg doxycy-
cline twice daily or 40 mg once a day) recorded 50% lower
mean serum MMP-8 levels than those on placebo capsules
(Table 1); indicating direct evidence of effect of low dose
doxycycline on the systemic MMP-8 levels. This sub antimicro-
bial dose of doxycycline is available as a sustained release
tablet which produces peak blood levels of approximately
0.5 pg/ml vis. a vis. the usual antimicrobial dose of 100 mg
which produces a peak of 2-5 pg/ml.

A ‘two-hit’ concept has been discussed in literature where
in local and systemic predilection of inflammatory disease
processes may be equated [83]. A local inflammatory process
such as endotoxins released by pathogenic oral microflora
(first ‘hit’) may induce a cascade of events which ultimately
lead to elevated levels of MMPs [83]. This is further com-
pounded by the underlying systemic level (second ‘hit’) such
as diabetes, cardiovascular disease, rheumatoid arthritis, post-
menopausal osteoporosis etc [83]. To reverse engineer this
concept in order to aid disease management, it can be argued
that the utilization of validated natural remedies like the lin-
gonberry mouthwash to lower the inflammatory load at the
local level (first ‘hit’) of the oral cavity, would manifest in
a reduction of systemic inflammation as well. Their addition

Table 1. Active Matrix metalloproteinase (aMMP)-8 levels in post-menopausal
women adherent to a 2-year study protocol as described in Payne & Golub [83].

aMMP-8 levels in serum

(ng/mL)
Number of Standard
Group subjects Mean Deviation
Placebo 16 46.0 48.6
Sub antimicrobial dose 22 226 14.0
doxycycline

aMMP-8: Active matrix metalloproteinase-8
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to the sub antimicrobial dose doxycycline regime/ chemically
modified tetracycline therapy aimed at targeting the second
‘hit" would then have synergistic benefits in such compro-
mised patients.

As mentioned previously, an absolute inhibition of MMP
activity is in fact deleterious and MMPs need only be lowered
to within their physiological limits for treatment to be effective.
To accomplish this, the ideal requirement would be that of
a noninvasive, bedside diagnostic tool which provided real-
time assessment. It would hence, be both prudent and practical
to have at our disposal, a noninvasive aMMP-8 PoC test, a quick
diagnostic tool which aids in the real-time determination of the
cytokine profile of patients. The MMP-8 PoC test is a point of care
test which provides a quantitative and visual determination of
MMP-8 levels [4]. It can be utilized as a bed side test and the
sampling methodology involves rinsing to obtain saliva samples
[4]. Oral fluids have been validated as being reflective of systemic
MMP-8 levels in previous studies. Utilizing these validated bed-
side test can aid in monitoring and subsequently tailoring the
disease management process to improve patient outcomes and
provide caregivers with an accurate real-time picture of the
therapeutic response rendered.

1.7. Expert opinion

There remains a limited understanding of the reasons for clinical
variability of coronavirus disease 2019 (COVID-19), and a lack of
oral fluid-based biomarkers to identify individuals at potential
risk of developing severe periodontal and lung diseases. We have
addressed aMMP-8 POCT and a potential vascular route of inva-
sion and transfer of SARS-CoV-2 from the oral cavity to the
systemic circulation and lungs. Oral fluid aMMP-8 POCT can be
regarded as an interdisciplinary ‘C-reactive protein (CRP)' of
mouth [4,6,10,12,18]. Saliva/oral fluids can thus be regarded as
a potential reservoir of SARS-CoV-2, and consequently any
breach in the immune defenses in the mouth may eventually
facilitate entrance of the virus and microbial infectants to the
systemic circulation through the proteolytically (aMMP-8) pro-
cessed inflamed gingival/implant sulcus or periodontal pocket. It
is suggested that dental plaque accumulation (T. denticola and
P. gingivalis) and periodontal inflammation with aMMP-8 burden
would further intensify this pathway. T. denticola, P. gingivalis and
Candidal proteases can degrade basement membrane compo-
nents laminin 5 y 2-chain and occludin as well as activate
proMMP-8 thus not only degrading tissue basement membranes
but also potentially promoting microbial and viral invasion
[48,57-59,84-89]. Therefore, it is suggested that optimal plaque
control and oral healthcare should be prioritized as such mea-
sures could be potentially lifesaving for COVID-19 patients. If
justified, this elevated oral fluid aMMP-8 POCT, and proposed
pathological pathway, may provide significant improvement in
disease management. Simple low-cost diagnostic aMMP-8 POCT
and therapeutic approaches, such as use of specific
mouthwashes [79,80], could decrease the salivary viral and
microbial burden and invasion, and protect from aMMP-8 pro-
teolytic and proinflammatory burden load, and help prevent or
mitigate the development of lung disease related to the severe
COVID-19.
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The aMMP-8 technology has been demonstrated to be utilized
a systemic biomarker in the destructive inflammatory and infec-
tious disease activity such as in sepsis, obesity/diabetes; bactere-
mia, meningitis, cardiovascular diseases and pancreatitis [90-95].

The COVID-19 pandemic has created indications to surge to
the teledentistry. A significant number of patients have been
unable to attend for regular dental checkups have also had
oral health concerns, of which the examinations and manage-
ments have been a challenge. Periodontal disease is chronic in
nature, usually painless, contributes to local/systemic morbid-
ity and requiring a certain level of experience and expertise to
diagnose and manage. The presence of periodontal disease
has also been correlated to poorer COVID-19-related out-
comes [64,65,75,76,96]. These studies do, however, have the
obvious drawback of not assessing active periodontal disease
or its activity and severity [64,65,75,76].

With this background many practices are initiating to resort to
tele- or e-dentistry, it would thus be useful to have a diagnostic
methodology for periodontal/peri-implant diseases without
a formal face-to-face examination. Oral fluid point-of-care
aMMP-8 POCT diagnostics provide for simple, noninvasive,
quick and real-time assessment of a patient’s periodontal/peri-
implant status [10,12,23]. The test can even be self-administered
by patients similarly to the classical pregnancy test (Alassiri et al.,
2018). aMMP-8 levels above 20 ng/ml are indicative of active
periodontal disease, diagnosing which can lead to timely and
needed the therapeutic intervention [10,12]. It is available as
a mouthrinse (PerioSafe; Figure 3) and sulcular fluid/gingival
crevicular fluid (ImplantSafe; Figure 4) variants [4,5,8,18,53].
PerioSafe can be utilized as an indicator of general periodontal
status, whereas the ImplantSafe variant can be used as a site-
specific test. It has the evident advantage of being user friendly
and practical tool-kit, and general practitioners/medical profes-
sionals can also interpret the results and then decide if a dental
specialist referral is required [12]. The results can be both quali-
tative and quantitative utilizing the ORALyser reader
[4,6,8,10,12,18]. In older patients who are more prone to having
COVID-19 related adverse outcomes and are, at the same time
more likely to have dental implants, the ImplantSafe variant can
be utilized to assess the implant status as well. Lastly, patients
admitted in the ICU, may not always be amenable to specialist
referral or to a full-fledged oral/periodontal examination. aMMP-
8 POCT diagnostics thus provide a highly convenient methodol-
ogy to assess/monitor the periodontal status of such patients
and institute care where necessary [96]. These aMMP-8 POCT
technologies, owing to their simplicity may thus be conducted
by patients, laymen, and healthcare workers alike.
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