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Summary

The SARS-CoV-2 virus leads to symptoms ranging from mild flu
symptoms to severe COVID-19 pneumonia requiring mechanical
ventilation and even death. According to epidemiological
observations, diabetes mellitus is a major risk factor for severe
outcome, next to older age, s, hypertension, and other serious chronic
illnesses. Recent studies have determined that the oral cavity mucosa
is the main entry portal for the SARS-CoV-2 virus into the body. The
viruses accumulate in the mouth at locations where the main viral
receptor is highly expressed. The oral pathway of the virus into the
body and the contributing factors are described in this review. The
immune system of people with diabetes is generally impaired.
Diabetes induces chronic systemic inflammation, which regularly
manifests as periodontitis in the oral cavity. Furthermore, frequent
hyperglycemia leads to additional weakening of the mucosal immune
barrier. These findings provide plausible explanations for the more
frequent severe courses of respiratory viral infections in diabetes
patients. An oral examination helps to identify patients at elevated
risk. Activated matrix metalloproteinase-8 (aMMP-8) is an established
biomarker for measuring the degree of oral inflammation and is an
indicator of the destruction of collagen and bone structures in the
mouth. aMMP-8 point-of-care tests are readily available. We
propose that the current recommendations for the prevention of SARS-
CoV-2-associated severe COVID-19 disease should be extended to
consider the aspects of measuring and sanitizing oral health, as well
as to include preventive regular daily disinfection of the mouth and
the pharynx.
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Introduction

Diabetes mellitus is one of the most frequent
global diseases and affects approximately 10-12
% of the world's population [1]. It represents a
major economic burden to all countries and societies
[2]. When the SARS-CoV-2 pandemic spread
around the world, infected people with diabetes
were found to have a twofold higher risk for severe
COVID-19 pneumonia and a twofold higher
mortality [3-5]. A similarly increased risk for
negative outcomes was already previously seen for
other respiratory viral infections [6]. At the same
time, it is known that people with diabetes have a
higher risk for periodontitis and that periodontitis
significantly contributes to developing severe
COVID-19. This article aims to elucidate and
explain this deleterious three-way relationship and
identify preventive measures.

The oral-systemic link

Diabetes mellitus is considered a major risk
factor for periodontitis, as susceptibility to
periodontitis is increased by approximately
threefold in people with diabetes [7, 8]. Secondary

complications of diabetes, such as
macroalbuminuria, end-stage renal disease, and
cardiorenal mortality (diabetic nephropathy
combined with ischemic heart disease) are

increased twofold and threefold, respectively, if
people with diabetes suffer from severe
periodontitis as compared to diabetes subjects
without  periodontitis.  Untreated  periodontitis
impairs diabetes control [?9], while treatment of
periodontitis is associated with clinically relevant
HbA1. improvement [10]. Therefore, it isnecessary
fo pay attention to the possible oral complications
already in the early stages of diabetes. The IDF
(International Federation of Diabetes) [11]
recommends adding an annual evaluation of the
oral cavity for gum disease, including bleeding
during tooth brushing, or inspection for swelling
during routine diabetes care visits. In times of poor
glycemic control, hyperglycemia causes connective
tissue damage in the oral cavity with a decreased
synthesis of gingival fibroblasts, resulting in the loss
of periodontal fibers and supportive alveolar bone
[12]. Hyperglycemia impairs the phagocytic activity
of mononuclear and polymorphonuclear cells,

leading to the development of aggressive
pathogenic  subgingival flora. Therefore, a
periodontal infection can induce systemic

inflammation, which in turn builds or reinforces
chronic insulin resistance. A vicious cycle consisting of
hyperglycemia, periodontitis and connective tissue
breakdown, inflammation (oral and systemic), and
insulin resistance develops, which is virtually

Correlation between Diabetes mellitus, Periodontitis and COVID-19 Outcome

impossible to control without effective simultaneous
interventions againstall disorders [12]. Hence, there
is solid evidence to support the existence of a two-
way relationship i.e., an oral-systemic link, between
diabetes and periodontitis, with diabetes increasing
the risk for periodontitis and periodontal
inflammation negatively affecting glycemic control

[8].

Periodontitis and Respiratory Disease

Pneumonia can be caused by infection with a
bacterium, virus, fungus, or parasite. Typically, the
lower respiratory tract is protected from
microorganisms by the cough reflex, ciliary
movement of mucosal cells, and innate immune
mediators able to disperse salivary bacteria
aspirated during sleep or through accidental
ingestion [13]. However, impairment of these
defenses due to long-term smoking, diabetes,
chronic  obstructive  pulmonary  disease or
immunosuppression, intubation, or prolonged
postoperative  hospitalization, can lead to
nosocomial pneumonia [14, 15]. Cross-sectional
studies have shown that in edentulous patients, poor
oral hygiene and failure to attend dental
appointments increase the risk of developing
pneumonia, suggesting that oral pathobionts may
be a potential link between oral and pulmonary
disease [16]. In hospitalized individuals suffering
from pneumonia, the respiratory pathogens
Klebsiella pneumoniae, Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus,
Haemophilus  influenzae  and  Haemophilus
parainfluenzae have been detected [17-19], while
periodontal pathogens, e. g. Poryphyromonas
gingivalis, Fusobacterium nucleatum, Prevotella
oralis, Campylobacter gracilis, Fusobacterium
necrophorum and Aggregatibacter
actinomycetemcomitans, have been identified in
lung aspirates from individuals with pneumonia [20-
23]. Gum disease (periodontitis), even mild to
moderate forms, leads to ulceration of the gingival
epithelium. It can be postulated that this exposed,
ulcerated surface increases the risk of invasion by
pathogens such as SARS-CoV-2 in the same way as
has already been shown for Human
Immunodeficiency Virus (HIV) transmission [24, 25].

A recently published long-term study
examined the association between oral health and
the incidence of pneumonia in 98,800 people in
Taiwan over 12 years. The authors concluded that
patients who received periodontal treatment had
an average 31% reduced risk of pneumonia and
that those who received even more intensive
periodontal therapy had as much as a 66%
reduced risk of pneumonia compared to the control
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group. The study also found that patients with other
chronic diseases, including diabetes, had a
significantly increased risk of pneumonia. Diabetic
patients had a 78% increased risk of developing
pneumonia compared to the control group. This
study demonstrates the value of oral care for the
primary prevention of pneumonia through oral care,
especially in people with diabetes [26]. In a
systematic review from 2017, dental and/or
periodontal disease was found to be a clear
significant risk factor for community-acquired
pneumonia with an adjusted odds ratio of 2.78
[27]. It is further known that bacterial colonization
of dental plaques with respiratory problem
bacteria such as Staphylococcus. aureus or
Pseudomonas aeroginosa can be detected in
ventilated patients [28, 29]. Regular oral care
resulted in a 7-12% lower absolute risk of
pneumonia in hospitalized patients and in residents
of nursing homes compared to omitting this
preventive measure [30], as also shown by other
studies. In ventilator patients, regular oral care with
chlorhexidine results in a significant 18-24%
reduction in ventilator-associated pneumonia
(systematic review of 28 randomized controlled
trials) [31-33].

Researchers have identified angiotensin-
converting enzyme Il (ACE2) as the likely receptor
by which SARS-CoV-2 infects human cells [34].
Recent evidence now suggests that ACE2 is highly
expressed in the oral cavity and that it may be even
more prevalent in the oral cavity than in the lung,
which has been commonly considered the primary
route of infection of SARS-CoV-2 [35, 36].
Furthermore, detectable viral concentrations are
found in saliva in severe COVID-19 disease, so it
can be assumed that a viral load is also present in
the oral mucosa and periodontal pockets [37-39].
These findings suggest that the initial entry of the
virus into the body may indeed be more likely
through the oral mucosa, from where it then spreads
to the rest of the body, as has been described for
other viruses [40, 41]. A symptom frequently
reported by COVID-19 patients, temporary loss of
sense of taste can be taken as further evidence of
the specific focus of the SARS-CoV-2 virus on the
mouth and its mucous membranes as a portal of
entry [38, 42]. It could, therefore, possibly increase
the sensitivity of the polymerase chain reaction tests
(PCR tests) if the pharyngeal cavity and the sulcus
or the saliva-filled fold of the mouth were included
in the smear.

The oral immune barrier
Oral pathogens can cause respiratory
disease when (i) oral bacteria or respiratory

Correlation between Diabetes mellitus, Periodontitis and COVID-19 Outcome

pathogens are aspirated from oral reservoirs into
the lower airways, (ii) salivary enzymes released
during chronic periodontal disease or smoking
modify the oral mucosa and lead to increased
adhesion of airway pathogens and/or (i)
circulating pro-inflammatory cytokines, released as
a result of periodontal inflammation, modify the
oral mucosa and weaken the protective barrier [43,
44].

Salivary proteins (mucins and immune-
globulins) play an important role in natural oral
immunity to prevent bacterial colonization of the
oral cavity. This is especially true for respiratory
pathogens commonly found in the mouth, such as
Staphylococcus.  aureus  and Pseudomonas
aeruginosa. Normally, salivary mucins bind to
respiratory pathogens to remove them as they swim
around in planktonic form. However, when
Staphylococcus aureus forms a biofilm due to poor
oral hygiene, salivary defense proteins are unable
to bind as well, which increases bacterial
colonization [45]. Salivary mucins and amylase are
produced more during periodontitis as the body
reacts to the disease and tries to get rid of the
bacteria [46, 47].

There are several hypotheses about how
salivary enzymes promote the colonization of
respiratory pathogens in the oral cavity in people
with and without diabetes [47-50]:

1. salivary enzymes associated with
periodontal disease may alter mucosal surfaces
along the airways, facilitating colonization by
pathogens. Possible mechanisms of mucosal surface
modification leading to increased bacterial
adhesion include (a) modification of the mucosal
epithelium due to high concentrations of proteolytic
periodontal bacteria and their specific enzymes
such as mannosidase, fucosidase, hexosaminidase,
and sialidase; (b) loss of surface fibronectin, the
protein that covers the mucosa, resulting in the
unmasking of surface receptors; (c) removal of
surface fibronectin by hydrolytic enzymes; and (d)
release of cytokines.

2. hydrolytic enzymes resulting from
periodontal disease can destroy salivary films,
making it more difficult for bacteria to be removed
and promoting the possibility of these pathogens
being aspirated into the lungs.

3. inflammatory molecules and peripheral
mononuclear cells present in saliva may modify the
respiratory epithelium and promote colonization by
respiratory pathogens [47-50].

The pathophysiological relationship between
oral health and lung disease is illustrated in Figure
1.
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Figure 1: The oral-systemic link negatively impacts chronic systemic inflammation in the body and in the oral
cavity and impairs the oral immune barrier. Consecutively, there is an elevated risk that a SARS-CoV-2
infection leads to severe COVID-19 disease and increased mortality. Elevated aMMP-8 levels (>20 ng/mL)
in the gingival crevicular fluid or in saliva indicate the ongoing destructive periodontitis process leading to

this situation.
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Thus, patients with pre-existing gum disease, which
is often accompanied by oral inflammation with a
consequent reduction in the protective function of
the mucosa, are currently likely to be at increased
risk of COVID-19 infection, in addition to the other
systemic complications that can be expected.
Current population-based analyses of severe
COVID-19 courses in China [51] show clear
parallels with regard to age distribution to the
increasing  prevalence of  periodontitis  in
comparable studies, e.g. in the USA [52]. Such high-
risk patients with compromised oral mucosa are
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usually unaware of their increased risk, as the oral
symptoms of chronic inflammation are often
subclinical. Another indication can be found in the
COVID-19 mortality statistics at the beginning of
the pandemic. European countries without regular
and government-supported oral hygiene
consultations and treatments (such as Belgium, Italy
and Spain) had significantly higher death rates
compared to countries with better-established oral
hygiene programs, but with otherwise comparable
infrastructure and standard of living (such as
Germany, Austria or Norway, Fig 2) [7].
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Figure 2: COVID-19 mortality at the beginning of the SARS-Cov-2 pandemic (end of April 2020) in countries
with a lower level of governmentally supported dental care (black) and countries with intensive and regular

dental care efforts.
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The multimorbid patient with periodontitis
as a comorbidity has a frighteningly high risk of
pneumonia even  without other underlying
respiratory diseases (e.g. COPD). This is due to the
large surface area of the ulcerated periodontal
pocket, which poses a "triple" risk for virus
penetration, which is often neglected. This exposed
ulcerated surface area in periodontitis has been
estimated to be about 44 cm? (= half the palm of
an adult hand) [45]. In addition, some
periodontopathogenic bacteria associated with
periodontitis, including Porphyromonas gingivalis,
are able to further affect the integrity of the mucosa
by blocking the natural immune response of the oral
epithelium and epithelial barrier function (e.g., tight
junctions and adherens junctions) [53]. The dentist
should, therefore, advise patients to undergo
regular oral examinations and dental hygiene
treatments [54, 55].

Diagnostic Aspects

To identify people with and without
diabetes who are at elevated risk for severe
COVID-19 disease due to the presence of
periodontitis, it is of uppermost importance to
employ regular and valid screening measures for
the detection of gum disease. Traditionally, the
presence and severity of periodontitis are assessed
by clinical indices and radiographic parameters,
which  primarily  reflect periodontal tissue
destruction. [56]. A new case definition of

—
I
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periodontitis combines the traditional approach
with serum and oral fluid biomarkers to improve
diagnostic accuracy in the early detection of the risk
of periodontal breakdown [57]. The new
periodontitis classification system includes grading
parameters to assess the future risk of periodontitis
progression. They are associated with periodontitis
and increase the likelihood of future periodontal
breakdown, but they cannot be considered to be
reliable enough to indicate when periodontitis is in
its active phase. This applies to even the grade
modifiers smoking and diabetes, which are well-
known risk factors for periodontitis [58-60]. The
current grading parameters are mainly able to
predict that it is likely that the periodontal
breakdown will occur in the future, but not the exact
time when it is occurring. A noninvasive point-of-
care assay for an inflammatory biomarker (active
matrix metalloproteinase-8; aMMP-8) has proven
to be an invaluable adjunctive measure to
periodontal pocketing of the index teeth and to
increase the probability of detecting periodontal
attachment tissue loss in a recent study [61-63].
Activated matrixmetalloproteinase-8
(aMMP-8, collagenase 2) is a collagenolytic
enzyme, which induces the destruction and digestion
of the most dominant (type |) collagen in the
periodontal tissue [64-66]. Elevated aMMP-8 levels
have been observed in many chronic systemic
diseases, such as atherosclerosis, diabetes mellitus,
inflammatory bowel disease, asthma, and oral
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cancer [64, 66]. The enzyme plays a major role in
both physiological collagen turnover activity and
pathologic tissue destruction [65, 67-70]. It exists in
both inactive and active form, and the active form
has been demonstrated to have a strong association
with periodontal status and better diagnostic
accuracy for detection of periodontal disease [61,
65, 71]. An oral rinse Point-of-care (POC)
immunoassay detecting aMMP-8 has been
developed and has been used to evaluate the
importance of aMMP-8 in detecting the progression
of periodontal disease and attachment loss by
numerous prospective studies in several countries
[61, 62, 65, 70-77]. In a most recent investigation,
this lateral-flow-based oral mouth rinse test was
employed in addition to the new periodontitis
staging for the identification of active periodontal
disease in COVID-19 patients as well as individuals
spared from the pandemic. Compromised
periodontal status, as indicated by elevated
aMMP-8 levels, significantly correlated with
admission to intensive care units among patients

Correlation between Diabetes mellitus, Periodontitis and COVID-19 Outcome

with COVID-19 [78, 79]. Furthermore, patients with
severe periodontitis defined by elevated aMMP-8
levels had a much higher risk for hospital admission
and need for ventilation, developing COVID-19
pneumonia, and mortality. These findings strongly
support the aMMP-8 point-of-care test as a
screening tool for periodontitis in COVID-19
patients.

The aMMP-8 point-of-care test can be
utilized to to quantitatively screen patients in a
timely fashion [65-70]. In a most recent
investigation in Germany, 80 healthy subjects
without signs or with only very minor symptoms of
periodontal disease (stages 1 and 2 according to
the international classification [57]) were
additionally screened for elevated aMMP-8 levels
in the oral cavity. A substantial amount of 39 % in
the stage 1 cohort and 55 % in the stage 2 cohort,
respectively, had an active ongoing destructive
periodontitis process as indicated by the biomarker
(see Figure 3; Pfiutzner Science & Health Institute,
data on file).

Figure 3: Prevalence of elevated aMMP-8 levels in German patients with different degrees of periodontitis

as classified by the international 2018 staging [57].
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For effective prevention of severe COVID-
19 disease, it is therefore recommended to even
screen apparently healthy individuals for the
presence of periodontal inflammation. In addition,
the parameter can be used to monitor treatment
success. Figure 4 shows the aMMP-8 levels, clinical
attachment level (CAL), and the number of deep

aMMP8 > 20 ng/mL

dental pockets in 12 Finish patients prior to
intervention and four weeks later. aMMP-8 was
measured in parallel with a point-of-care test
(Oralyzer, dentognostics GmbH,  Solingen,
Germany) and with a reference method
(immunoflurometric assay, IFMA).
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Figure 4: Treatment effect of anti-infective treatment/scaling and root planing (SRP) in 12 Finnish adult
patients with periodontitis (A) ORALyzer (point-of-care test) aMMP-8 (ng/ml), (B) aMMP-8
immunoflourometric assay (IFMA, ng/ml), (C) clinical attachment level (CAL, mean, mm), and (D) the number
of pockets with a probing depth =4 mm (PPD) at tO = base level and t1 = a recall visit (4 weeks) (data on

file, Department of Oral and Maxillofacial Diseases, Helsinki University)

According to a recent systematic review,
aMMP-8/MMP-8 is currently the most accurate
diagnostic biomarker in gingival crevicular fluid
and saliva for periodontitis in systemically healthy
patients [82-84]. In consideration of the above
mentioned pathophysiological information related
to COVID-19 entry into the body via the ACE2
receptors in the oral mucosq, it is of note that
salivary levels of ACE2 increase with the severity
and complexity of periodontitis and correlate
positively with alveolar bone loss and salivary
MMP8 [85].

|....-u..- .._I

H ot

Conclusions

There is a strong correlation between
diabetes mellitus, periodontitis, and a severe course
of COVID-19 disease. Therefore, in addition to the
typical recommendations of official health
organizations, targeted oral prevention measures
based on the high susceptibility of the oral cavity to
SARS-CoV-2 binding appears to be particularly
important. The goal of targeted oral prevention
must be to reduce the individual risk of COVID-19
disease for patients with chronic oral inflammatory
activity present and medically vulnerable patients
with an elevated oral risk profile, such as people
with diabetes mellitus. The measurement of aMMP-
8 in a mouth rinse sample appears to be the most
effective diagnostic tool for this purpose.
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