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a  b  s  t  r  a  c  t

The  global  population  is aging,  and  elderly  people  have a higher  incidence  of  lower  airway  diseases  owing
to  decline  in  swallowing  function,  airway  ciliary  motility,  and overall  immunity  associated  with  aging.
Furthermore,  lower airway  diseases  in the  elderly  tend  to have a high  mortality  rate.  Their  prevention  is
important  for  extending  healthy  life  expectancy  and  improving  the quality  of life of  each  individual.

In recent  years,  the relationship  between  “chronic  periodontitis  and  oral  bacteria,  especially  the peri-
odontopathic  ones”  and “respiratory  diseases”  (e.g.,  pneumonia,  chronic  obstructive  pulmonary  disease,
and  influenza)  has  become  clear.  In addition,  the association  of  several  periodontal  pathogens  with  the
onset  and  aggravation  of coronavirus  disease  2019  (COVID-19)  is  also  being  reported.

In  support  of  these  findings,  oral  health  management  has  shown  to reduce  deaths  from  pneumonia  and
prevent  influenza  in  nursing  homes  and  inpatient  wards.  This  has  led to  clinical  and  multidisciplinary
COVID-19 cooperation  between  physicians  and  dentists,  among  others.  However,  to  date,  the  mechanisms  by  which
“chronic  periodontitis  and  oral  bacteria”  contribute  to lower  airway  diseases  have  not  been  well  under-
stood.  Clarifying  these mechanisms  will  lead  to a  theoretical  basis  for answering  the  question,  “Why  is
oral  health  management  effective  in  preventing  lower  airway  diseases?”

© 2021  Published  by Elsevier  Ltd  on  behalf  of  The  Japanese  Association  for Dental  Science  This is an
open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/
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1. Introduction

The oral cavity is the entry point for bacteria and viruses to enter
the body, and it is also the entrance to the lower airway, includ-
ing the bronchi and lungs, in which inflammation occurs during
lower airway diseases. Therefore, if aspiration of oral bacteria has
an adverse effect on lower airway diseases, it is not difficult to
imagine such an effect. In fact, a number of clinical studies have
shown that “chronic periodontitis and oral bacteria” are associated
with the onset, progression, and exacerbation of the following dis-
eases: pneumonia, influenza, and chronic obstructive pulmonary
disease (COPD) [1–4]. It has also been reported that coronavirus dis-

ease 2019 (COVID-19) becomes more severe and results in higher
mortality rates in SARS-CoV-2-infected individuals with underly-
ing diseases such as diabetes, heart disease, and COPD [5,6], which
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re known to be closely related to “chronic periodontitis and oral
acteria” [4]. In fact, oral bacteria have been detected in the sputum
nd bronchial lavage fluid (BALF) of patients with COVID-19 [7,8],
nd reports stating that chronic periodontitis is associated with the
everity of COVID-19 are accumulating [9].

Considering that the bacterial density in the normal salivary
ora of healthy subjects is 108 CFUs/mL at maximum, people with
oor oral hygiene are speculated to have more than 108 CFUs/mL of
acteria in their saliva [10]. Because humans swallow 1.0–1.5 L of
aliva a day, it is calculated that they swallow more than 1011 CFUs
f oral bacteria daily. When some of these bacteria enter the tra-
hea through aspiration, they cause inflammation in the bronchi
nd lungs and are thought to be involved in the development of
ower airway diseases [11–13]. The mechanism, however, is not

ell understood.
On the other hand, it has been reported that oral health man-
gement, including oral care, is effective in preventing the onset of
ower airway diseases such as aspiration pneumonia and influenza
1,2].
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Therefore, active oral health care is now being provided mainly
to elderly people who need nursing care.

In this review, the effects of oral health management on the
development of lower airway diseases will be examined, in addi-
tion to the relationship between “chronic periodontitis and oral
bacteria” and lower airway diseases.

2. Relationship between oral bacterial flora and the
development of pneumonia

As a result of global bacterial flora analysis using the BALF of
patients with community-acquired pneumonia, many Streptococ-
cus pneumoniae and Haemophilus influenzae,  which are causative
agents of pneumonia, have been detected, along with many oral
bacteria.

In addition, many anaerobic bacteria, which are difficult to
detect using conventional culture methods, have also been found.
Among those anaerobes, the periodontopathic bacterial genera Pre-
votella and Fusobacterium show the possibility that oral bacteria are
also involved in the development of community-acquired pneumo-
nia. Furthermore, global bacterial flora analysis from the viewpoint
of aspiration has shown that genera of oral Streptococcus are signif-
icantly more abundant in the BALF of pneumonia patients, and the
ratio is even higher in patients with suspected aspiration pneumo-
nia [14]. These results suggest that oral bacteria may  be involved in
the development of not only community-acquired pneumonia but
also aspiration pneumonia.

The association between chronic periodontitis and pneumonia
has also been reported by a number of studies. Awano et al. fol-
lowed 697 subjects, aged 80 years, for 4 years and reported that
people with 10 or more teeth with periodontal pockets (patholog-
ically deepened grooves that form mainly between the roots of the
teeth and the gums) of 4 mm or more had a 3.9 times higher risk
of dying from pneumonia than those without periodontal pockets
[15]. Furthermore, it has been reported that patients with moderate
to severe chronic periodontitis have a 4.4-fold higher risk of devel-
oping community-acquired pneumonia [16] and a 2.9-fold higher
risk of developing nosocomial pneumonia [17]. The risk of develop-
ing pneumonia is increased in patients with chronic periodontitis,
not only in the elderly, suggesting that prevention of chronic peri-
odontitis can lead to prevention of pneumonia.

On the other hand, in one study, when professional oral care
was provided in elderly care facilities, the incidence of pneumonia
was successfully reduced by approximately 40% [1]. The impor-
tance of oral care in the prevention of pneumonia was highlighted
in the “Guidelines for the Treatment of Pneumonia in Adults 2017,”
published by the Japanese Respiratory Society, and oral care for
the prevention of pneumonia is now being actively provided in
elderly care facilities in Japan. Furthermore, from a life-saving
perspective, it is clinically important to note that oral care can sig-
nificantly reduce the incidence of ventilator-associated pneumonia
in patients whose lives cannot be prolonged without ICU care [18].

3. Relationship between oral microbiota and the
development of COPD

COPD is a general term for diseases that were previously known
as chronic bronchitis and emphysema. The number of patients with
COPD continues to increase, with the disease having become the
third leading cause of death worldwide in 2020, and global coun-
termeasures are required. COPD is mainly caused by prolonged

inhalation of tobacco smoke and presents as airflow obstruction.
As inflammation progresses, the disease destroys lung tissue and
the ability to inhale oxygen and expel carbon dioxide; thus, exter-
nal respiratory function is reduced, which interferes with daily

I
i
t
m

225
Japanese Dental Science Review 57 (2021) 224–230

ife. Nowadays, COPD is regarded as chronic, systemic inflamma-
ion rather than local inflammation confined to the lungs, and it is
ssociated with a high incidence of comorbidities such as diabetes,
schemic heart disease, and osteoporosis.

In recent years, there have been many reports on the association
etween COPD and chronic periodontitis as well as the association
ith pneumonia. Among smokers, those with severe chronic peri-

dontitis had higher odds (ratio of 3.71) of developing COPD than
hose without chronic periodontitis [19]. A cross-sectional study
f 13,792 patients in the U.S. showed that the more severe the
hronic periodontitis, the more likely the patient was to develop
OPD, even after taking into account the patient’s age and smoking
istory [20]. In Japan, Takeuchi et al. conducted a follow-up study
f 900 adults aged 60 years and older and reported that the rate of
eveloping COPD within 5 years was  3.5 times higher in those with
evere chronic periodontitis than in healthy individuals or those
ith mild chronic periodontitis [21]. In addition, a meta-analysis

f observational studies showed a significant correlation between
hronic periodontitis and COPD [22]. Interestingly, as inflamma-
ion improved as a result of chronic periodontitis treatment, the
requency of COPD exacerbations decreased [23,24].

These studies suggest that chronic periodontitis is a risk fac-
or for COPD exacerbation and that oral bacteria also influence the
athogenesis of COPD. However, at this time, the causal relation-
hip between oral microbiota and the pathogenesis of COPD, or the
echanism of COPD exacerbation, is not clear.

It is well known that COPD is exacerbated by lower airway
nfections such as pneumonia and bronchitis, which are caused
y bacteria and viruses. The frequency of acute exacerbations of
OPD has a significant impact on the progression and prognosis
f COPD, and the process of exacerbation often leads to death in
OPD patients. In a similar vein, the possibility that oral bacteria
ay  be involved in the development and progression of COPD is

nvestigated. From the perspective described above, if researchers
an elucidate how oral bacteria, including the causative agents of
hronic periodontitis, are involved in the onset and progression of
neumonia and the exacerbation of COPD, a theoretical basis for
he effectiveness of oral health management can be provided.

. Mechanisms of oral bacterial pathogenicity for the
evelopment and progression of pneumonia as well as the
evelopment and exacerbation of COPD

.1. Aspiration of oral bacteria may promote infection with
neumonia-causing bacteria

Bacterial and viral infections require the bacteria/virus to bind
o specific receptors expressed on the cell membranes of target
ells, and this phenomenon is known as “bacterial attachment” or
viral adsorption.” Pneumonia-causing bacteria such as S. pneu-
oniae and H. influenzae infect lower airway epithelial cells and

ause pneumonia by binding to the PAF receptor (PAFR), which
s a receptor for platelet-activating factor (PAF). In addition to
his, PAFR-mediated infection of lower airway epithelium with
neumonia-causing bacteria is also an important trigger for COPD
xacerbations.

In one study, when alveolar epithelial cells were stimulated
ith culture supernatants of P. gingivalis, a major periodontopathic

acterium, the authors found that the expression of PAFR was
pregulated, which was  consequently accompanied by increased
dhesion of S. pneumoniae to alveolar epithelial cells (Fig. 1A) [25].

nterestingly, among the virulence factors of P. gingivalis released
nto the culture supernatant, LPS and fimbriae were not involved in
he expression of PAFR, but experiments using a gingipain-deficient

utant strain revealed that gingipain, a trypsin-like protease, was



K. Imai et al. Japanese Dental Science Review 57 (2021) 224–230

Fig. 1. The presence of oral bacteria-induced PAFR, ACE2, and MUC5AC expression in alveolar epithelial cells and proinflammatory cytokine secretion and MUC5AC expression
in  murine lungs.
(A) When alveolar epithelial cells were incubated with the periodontal pathogen P. gingivalis, PAFR expression was induced in the cells at the gene level after 24 h [25].
(B)  When F. nucleatum was introduced into the trachea of mice, a much larger amount of IL-6 and KC (IL-8 isoform in mice) was induced in the lungs and blood than when
Streptococcus pneumoniae was  introduced [27].
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(C) When the culture supernatant of the P. gingivalis parent strain was  introduced 

(brown), but no such phenomenon was  observed with P. gingivalis gingipain-deficie
(D)  When alveolar epithelial cells were incubated with the periodontal pathogen F.

the stimulant that had promoted the observed increase in PAFR
[25]. It has also been reported that another periodontopathic bac-
terium, Prevotella intermedia,  promotes the expression of PAFR
[26].

Aspiration of periodontopathic bacteria may  increase PAFR
expression on the alveolar epithelium, which in turn may  promote
infection with pneumonia-causing bacteria.

4.2. Aspiration of oral bacteria may promote secretion of
proinflammatory cytokines in the lower airway epithelium and
exacerbate lung inflammation

Proinflammatory cytokines play a central role in lung inflam-
mation during pneumonia and COPD exacerbations. Killed
periodontopathic bacteria, such as P. gingivalis and Fusobacterium
nucleatum, were reported to cause massive secretion of proinflam-
matory cytokines, such as IL-6 and IL-8, from human epithelial cell
lines originating from the bronchi, alveoli, and pharynx (Fig. 1B)
[27,28]. This result was observed not only in the above cell lines but
also in primary human respiratory epithelial cells [29]. In addition,
intratracheal inoculation of the above periodontal pathogens to
mice strongly induced secretion of IL-6 and KC (the mouse isoform
of IL-8) in the lungs and bronchi [27]. Surprisingly, high concen-
trations of these cytokines were also induced in the blood of the
mice, and the concentrations were several times higher than those

induced by S. pneumoniae (Fig. 1B).

Since periodontopathic bacteria are obligate anaerobes, they
are unlikely to grow in the respiratory system, even when
aspirated alive. Therefore, it is hypothesized that the mere
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ouse bronchi (Top), MUC5AC was induced in airway epithelia in the mouse lungs
p/Rgp(-)) mutant strains [30].
tum,  ACE2 expression was  induced in the cells at the protein level [35].

ontact of periodontal pathogens with respiratory epithe-
ial cells would induce the production of proinflammatory
ytokines.

The fact that large amounts of IL-6 and IL-8 secretion were
nduced from respiratory epithelial cells, even by dead bacterial
ells, suggests that periodontal pathogens may  induce inflamma-
ion simply by touching epithelial cells of the pharynx, bronchi,
nd alveoli, without causing infection. It is also possible that proin-
ammatory cytokines secreted by pharyngeal epithelial cells that
re in contact with these periodontopathic bacteria before they are
spirated, combined with stimulation by aspirated bacteria, may
nduce inflammation of bronchi and alveoli in an additive or syner-
istic manner. Experiments hitherto suggest that P. gingivalis may
tilize Toll-like receptor-2 (TLR2) of respiratory epithelial cells as

 receptor for the bacterial stimulus [28].
Aspiration of periodontal bacteria, including P. gingivalis,

nduces the secretion of large amounts of inflammatory cytokines
rom respiratory epithelial cells below the pharynx, which may  be
nvolved in the development of pneumonia and exacerbation of
OPD.

Furthermore, PAF itself, a ligand for PAFR, induces secretion
f proinflammatory cytokines from respiratory epithelial cells. In
ther words, since it is known that patients with chronic peri-
dontitis have high oral PAF levels, it is possible that aspirated
AF may  also act on respiratory PAFR, whose expression has been
levated by bacterial aspiration. Thus, the inflammation of chronic

eriodontitis itself and the periodontopathogenic bacteria released

rom periodontitis lesions may  promote inflammation of the lower
irway, including the lungs.
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Fig. 2. Enzymes secreted by oral bacteria can spread influenza infection.
In the life cycle of influenza viruses, adsorption to target cells by hemagglutinin (HA) and release from target cells by neuraminidase (NA) are the most important processes
for  viral replication and spread.
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Gingipains secreted by the periodontal pathogen Porphyromonas gingivalis can fac
secreted by oral streptococci may  act as a substitute for viral NA, whose activity is in
viral  release.

4.3. Oral bacteria may  promote bronchiole lumen obstruction
and respiratory epithelial barrier breakdown

Excessive production of mucin in patients with pneumonia and
COPD leads not only to excessive sputum production but also to
bronchial lumen obstruction, thus reducing the respiratory func-
tion of patients. Using primary human bronchial epithelial cells,
P. gingivalis was found to strongly induce the gene expression of
MUC5AC, a core protein of mucin [30]. The gingipains of P. gin-
givalis, mentioned earlier, was revealed to play a central role in
this effect. Furthermore, MUC5AC expression and mucin produc-
tion were strongly induced by P. gingivalis also in the murine lung,
while, as expected, no such effect was observed with the gingipain-
deficient strains (Fig. 1C) [30]. It was suggested that gingipains from
P. gingivalis may  reduce respiratory function by inducing excessive
mucin production in the lungs and bronchi, resulting in bronchial
lumen narrowing.

Furthermore, periodontopathic bacteria have been confirmed to
disrupt the barrier function of the bronchial epithelium, including
the alveolar epithelium, in experiments using cultured cell sys-
tems and COPD model mice. In the lungs of mice with intratracheal
inoculation of periodontopathic bacteria, the mean interalveolar
distance was significantly increased, indicating that the alveolar
walls were destroyed. In the mice, MMP-12 expression, which
is involved in the destruction of alveolar walls, was  increased.
By contrast, the gene expressions of claudin1 and JAM-A, which
are involved in epithelial barrier formation, were significantly
suppressed. In addition, Benedyk et al. have also reported that

gingipain destroys mouse alveoli [31].

Aspiration of periodontopathic bacteria may  promote over-
production of mucin in the alveoli and bronchial lumen, thereby
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 viral infection by cleaving influenza virus HA into HA1 and HA2. In addition, NA
d by anti-NA drugs, resulting in a weakened effect of anti-NA drugs and accelerated

mpairing respiratory function, and disrupt tight junctions in the
espiratory epithelia, facilitating tissue invasion of viruses and
neumonia-causing bacteria (Fig. 2).

. Relationship between the composition of oral
ommensal flora and infectivity of influenza viruses in the
ost

Seasonal influenza caused by influenza A and B viruses often
auses severe illness and consequently leads to death in those
ith underlying diseases and in the elderly. Hemagglutinin (HA)

nd neuraminidase (NA) are expressed as spikes on the surface
f influenza A and B viruses, and they play important roles in
dsorption and release during viral proliferation (Fig. 3). During
dsorption, HA on the surface of the virus binds to sialic acid on the
iral receptor expressed on the host’s upper respiratory mucosa,
llowing the virus to adsorb to the target cell and then be taken up
nto the target cell for entry. Viral nucleic acids and viral proteins
re synthesized in the target cell, and these components are aggre-
ated to form progeny viral particles, which exit the target cell by
udding and are moored by sialic acids on the target cell surface.

t should be noted that release of the progeny virus does not occur
n this state. When the NA on the virus itself degrades sialic acid,

hich holds the progeny virus in place, the progeny virus then are
eleased from the infected cell and spread to other target cells in
he vicinity (Fig. 3).

Okuda’s group has reported that after weekly professional oral

are intervention among elderly people, the number of people with
nfluenza in the control group was 9 out of 92 (9.8%), while in
he oral care intervention group it was  1 out of 92 (1.0%) [2]. It is
hought that professional oral care reduces the number of oral bac-
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Fig. 3. Mechanism of lower airway inflammation exacerbation by oral bacteria.
When oral bacteria, including periodontal pathogens, are aspirated due to poor oral hygiene, lower airway epithelial cells express more PAFR and ACE2, which are receptors
for  pneumonia-causing bacteria and new coronaviruses, and lower airway epithelial cells also secrete inflammatory cytokines. In addition, aspiration of oral bacteria may
induce  excessive production of mucin from bronchial glands, leading to a decrease in external respiratory function, and disrupt alveolar and bronchial epithelial barriers,
facilitating the entry of viruses and other microorganisms into the subepithelium. Furthermore, inflammatory substances produced by oral tissues may affect systemic organs,
including the lungs, via the bloodstream (the effect of chronic periodontitis on systemic chronic inflammation), and aspiration of oral bacteria may  cause lung dysbiosis (an
imbalance in the symbiosis of the indigenous flora of the lungs). Through these mechanisms, “chronic periodontitis and oral bacteria” may  be involved in the development
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and  progression of lower airway diseases.
From this point of view, oral health management, including oral hygiene, is importa
periodontitis and oral flora described above, the onset and development of lower ai

teria that secrete NA and, thus, suppresses the number of influenza
cases. However, what kind of effects do oral bacteria have on
influenza infection? Okuda’s group has also hypothesized that pro-
teolitic enzymes produced by periodontal pathogens may  disrupt
the mucus layer of the airway, which in turn exposes receptors for
the virus, thereby promoting infection. Another group has reported
that oral bacteria induce apoptosis of respiratory epithelial cells
[32], but the relationship between oral bacteria and influenza infec-
tivity is not well understood.

Using an experimental system with cultured cells, NA from oral
bacteria (Streptococcus mitis and Streptococcus oralis) helped the
NA of influenza viruses to function, resulting in a 20-fold increase
in virus replication [33]. The inhibitory effect of zanamivir, an NA
inhibitor, on virus release has also been found to be attenuated
in the presence of NA-producing oral bacteria. In other words, NA
inhibitors that inhibit viral NA activity do not inhibit bacterial NA
activity. Therefore, even if NA inhibitors are used for the treatment
of influenza, in influenza-infected patients with poor oral hygiene,
oral bacterial NA may  act as a substitute for viral NA, thereby pro-
moting the release of influenza viruses and helping the spread of
influenza (Fig. 3).

In addition, gingipains from P. gingivalis have been found
to cleave the HA of influenza viruses and make them infec-
tious (manuscript under review). Immediately after release from
infected cells, progeny viruses from infected cells are essentially
not infectious because they are not capable of fusing with the mem-
brane of new target cells. However, some proteases, such as trypsin,

cleave specific sites on HA, resulting in the cleavage of HA into HA1
and HA2 subunits, and this in turn gives the membrane fusion abil-
ity to the newly released progeny virus. These proteases are thought
to be mainly derived from the neighboring host tissues surrounding

s
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e New Normal, and it is thought that by suppressing the harmful effects of chronic
diseases can be prevented.

he target cells that have released progeny viruses, but proteases
erived from Staphylococcus aureus and Pseudomonas aeruginosa
lso have this cleavage ability, and those are known to promote
iral infection and cause severe influenza. Therefore, oral bacteria
ay  contribute to the spread of influenza infection and the aggra-

ation of infectious disease by facilitating both the adsorption and
elease of influenza viruses.

. Relationship between oral commensal flora composition
nd severity of SARS-CoV-2 infection

The oral mucosae, especially the tongue mucosa, gingival
ucosa, and salivary glands, express ACE2, which is the recep-

or for SARS-CoV-2. Since SARS-CoV-2 infections actually occur
n the gingiva and salivary glands [34], and saliva is as useful as
asopharyngeal swabs for detecting COVID-19, the oral cavity is
nce again attracting attention [13]. Recently, it has been reported
hat the degree of chronic periodontitis is associated with the sever-
ty of COVID-19 and mortality [9]. In fact, oral bacteria, including
eriodontal pathogens, are detected in the sputum and BALF of
OVID-19 patients [7,8]. Since COVID-19 is an inflammation of the

ungs, aspiration of oral bacteria may  have a negative impact on
he development of COVID-19 as well as on that of pneumonia and
OPD.

Periodontal pathogens have been found to induce the expres-
ion of ACE2 in alveolar epithelial cells at the gene and protein
evels (Fig. 1D) [35]. Although it has been reported that the expres-

ion of ACE2 in alveolar epithelial cells is increased by stimuli such
s tobacco smoke and PM2.5, this report is probably the first to
how that the expression is increased by microorganisms. In addi-
ion, severe respiratory distress, such as acute respiratory distress
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Fig. 4. Relationship between oral cavity and respiratory diseases: “Oral bacterium–virus–host interactions” in the oral cavity–lower airway axis.
Pneumonia, COPD, influenza, and COVID-19, all of which have been shown to be associated with oral flora, are diseases in which inflammation of the lungs is the main
symptom, and there is also an association between diseases. In addition to the mechanisms between chronic periodontitis and systemic chronic inflammation, those of
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lower  airway inflammation caused by oral bacteria, their appendages (e.g., fimbriae
developed for their control. For this purpose, it is necessary to examine the etiology
bacteria–pneumonia-causing bacteria, oral bacteria–influenza virus, and oral bacter

syndrome (ARDS), is a major cause of death in COVID-19 patients,
and cytokine storm has been implicated as a major factor in causing
ARDS. In particular, elevated levels of proinflammatory cytokines
and chemokines, such as IL-6, IL-8, and TNF-�, have been corre-
lated with elevated mortality by ARDS, suggesting that the lungs in
critically ill patients are in a state of hyperinflammation. In a pre-
vious study, periodontopathogenic bacteria were found to induce
large amounts of proinflammatory cytokines at the protein level
in respiratory epithelial cells and in mice inoculated with the bac-
teria intratracheally [27–29]. Therefore, aspiration of periodontal
pathogens in COVID-19 patients may  cause severe lung inflamma-
tion in SARS-CoV-2-infected individuals through two  phenomena:
1) increased expression of ACE2 in the lower airway epithelia,
which may  promote infection of these epithelia with SARS-CoV-2,
and 2) induction of large amounts of proinflammatory cytokines in
the lower airway epithelia, which, together with pneumonia caused
by viral infection, leads to severe lung inflammation in SARS-CoV-
2-infected individuals [13,36].

Cleavage of the S-protein by proteases such as TMSRPP2 and
furin during SARS-CoV-2 infection is critical for the virus to adsorb
to target cells and fuse with membranes, both of which are essen-
tial for the virus to enter target cells. Similar to the susceptibility
of influenza virus HA to the proteases secreted by periodontal
pathogens, the S-protein of SARS-CoV-2 may  also be cleaved by
the proteases produced by periodontal pathogens (Fig. 2), which is
currently under active investigation.

7. Conclusion

In the future, as society ages, the number of people with oral

infections, such as chronic periodontitis, and lower respiratory dis-
eases, such as aspiration pneumonia and COPD, is expected to
increase. When people live in evacuation centers for a long time
after a major earthquake or flood, oral care tends to be inade-
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PS), and their extracellular enzymes should be elucidated, and measures should be
er airway inflammation from the viewpoint of microbial interactions, such as oral
S-CoV-2, rather than focusing only on the pathogenicity of a single microorganism.

uate, and the number of people dying from aspiration pneumonia
s seen as a social problem. Poor oral hygiene is likely to lead
o the inflammation of the lower airway caused by the aspira-
ion of oral bacteria through the mechanisms described previously
Fig. 4). On the other hand, multidisciplinary cooperation, such as

edical and dental collaboration, is being promoted to prevent
neumonia and influenza. From the perspective of saving medi-
al costs and deterring the development of drug-resistant bacteria
nd viruses, infection prevention through oral health care may  lead
o a decrease in the number of antimicrobial and antiviral drugs
dministered and, ultimately, to a dramatic reduction in medical
osts.

It is hoped that further accumulation of evidence showing the
elationship between oral commensal flora and lower airway dis-
ases will lead to a wider public understanding of the usefulness of
ral health management, which in turn will lead to extension of a
ealthy life expectancy for people.
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