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Abstract
Three recent advances in immunology, genetics, and microbiology have ushered in a new era in the continued efforts to better
understand and treat oral diseases, moving ever closer to the three Ps of modern healthcare: personalized, predictive, and
preventive medicine (PPPM). The discovery of now 15 subtypes of innate lymphoid cells, the refinement of DNA sequencing,
and culture-independent characterization of the entire microbial community begin to reveal this complex adaptive network. All
these advances warrant a systematic review as they have changed and will continue to change dental medicine. We will update
dental professionals on these advances as related to oral diseases and associated pathologies in other organ systems such as
premature labor, arthrosclerosis, and cancer. The five objectives are:

1. Introduce the concept of microbiota and microbiome
2. Explain how we study microbiota and microbiome
3. Describe the types and functions of innate lymphoid cells
4. Inventory the unique demands of the oral cavity
5. Provide a heuristic model to integrate the above
6. Conclusions and expert recommendations

Keywords Predictive preventive personalized medicine . Oral diseases . Oral microbiome . Innate immunity . Innovative
strategies . Oral tolerance . Host defense . Education . Systemmedicine

Introduction

Due to its frequent communication with the external environ-
ment and an extremely rich variety of microbial niches, the
oral cavity has the most complex ecological systems of the
human body. Within this average surface area of only 0.22 m2

reside 1010 to 1012 bacteria belonging to 1179 taxa [1]. The
mouth is the proximal aperture of the alimentary canal and
functions as the sole natural entrance for food, it controls the

intake and initial interaction of what would become the gut
microbiota, the total microbial community of the gastrointes-
tinal tract. The sum total of their genetic materials make up the
microbiome, thus these two terms describe different aspects of
the gut microbial organisms. Microbiome is not microbiota
even though they are certainly related; they are not
interchangeable.

From the biomaterials and biomechanical perspectives, the
mouth has the widest spectrum of tissue types. The hardest
mineralized structure, enamel, has a compressive elastic mod-
ulus of 96 GPa (~ 1011 N/m2), while the pliable oral mucosa
has only 100 kPa (105 N/m2) in compression, representing a
difference of 1 million times [2]. Such variation contributes to
the richness of the ecological niches. The masticatory system
is also unique in that rigid living hard tissues, the teeth, firmly
anchored by the supporting alveolar process must penetrate
the surrounding soft tissue into a perpetually contaminated,
microbe-laden, hostile, moist, environment—a condition
faced by no other skeletal elements. Because of all these
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factors, the immune defense of the oral cavity is equally com-
plex and critically important to maintain the proper microbio-
logical and functional homeostasis. In this brief review, we
highlight the latest development in innate immunity: innate
lymphoid cells, pattern recognition receptors and tolerance,
and most importantly, outline what must occur to prevent
dysbiosis. Inappropriate host response to nominal tissue turn-
over and commensal microbial presence will cause tissue
damage, while insufficient immune response will permit mi-
crobial overgrowth and invasion. These two pathological pro-
cesses compounded by functional demands of the masticatory
system underpin all oral diseases.

Until recently, microbial cultures are the principle means of
investigating oral flora. One must culture the microbial spe-
cies in order to identify and study them. However, in general,
only less than 0.1% of the bacteria can grow in culture, many
require conditions not yet recognized or that which we cannot
duplicate in the laboratory. Using culture-independent charac-
terization, such as 16s RNA gene sequencing, clinicians can
now investigate the other 99+% of the bacterial species [3].
These new, eco-genetic, tools allow us to answer three impor-
tant questions: how many bacteria species are present in a
specimen, the quantity of each species, and what the imputed
functions are of the gene expressions detected. This means
that we now have the ability to identify any patient’s individ-
ual microbiome. Coupled with improved molecular tech-
niques such as single cell-based RNA sequencing, the resolu-
tion of the differences among various subtypes of innate lym-
phoid cells is at the level that we can characterize the unique
immunological Bfingerprint^ of each person in each location
of the body. The interactions between the innate immune sys-
tem and oral microbiota not only determine the health of the
masticatory system, they also greatly influence the patient’s
wellbeing at a systemic level. It is therefore crucial that
healthcare professionals have a working knowledge of these
new developments.

The key role of oral microbiome
in PPPM-related research and medical
services

There are four key characteristics common to all microbial
organisms, including those inhabiting the human mouth. The
first feature is that they are very small, as the word Bmicrobe^
so indicates. The most abundant oral microbial group belongs
to the kingdom of bacteria, which are 10−6 m in size, 10- to 50-
fold larger than viruses and 10- to 50-fold smaller than fungi.
Such small size gives bacteria very large mass to surface area
ratio—and all the physical and chemical properties inevitably
associated with that. The second feature is that they reproduce
extremely rapidly, 30 min to an hour on the average for bac-
teria. The third key feature about microbes, because of the

above two characteristics, is that there are many, many of
them. A single Streptococcus mutans under permissive condi-
tions will become 16.8 million to 281 trillion (224 to 248) S.
mutans in just 1 day [4]. The fourth characteristic is that they
are promiscuous in exchanging their genetic materials.
Together, these four features make bacteria ideal in a
Darwinian world [5]. The fact that we carry only 22,000
Homo sapiens genes, whereas our microbiome has
8,000,000 genes attests to microbial success, and poses great
physiological and therapeutic implications.

Even though the zygote is sterile, the fetus is not. The
development of the infant oral microbiota, as a continuation
of the fetal microbial community, begins in utero. Maternal
transfer of microbes to the fetus, though at very low levels,
occurs via uterine cervix and the placenta. Umbilical cord
blood samples obtained under sterile condition following C-
section have shown the presence of Enterococcus,
Streptococcus, Staphylococcus, and Propionibacterium [6].
Amniotic fluids, previously considered sterile, also have ma-
ternal oral bacteria such as Porphyromonas gingivalis.
Maternal oral health greatly influences the health of the fetus,
adverse pregnancy outcomes correlate tightly with severity of
periodontal infection [7]. Following birth, maternal microbial
transfer contributes immensely to the formation of infant
microbiome, and the maturation of its developing immune
system. Within the human milk, four groups were present:
staphylococci, streptococci, lactic acid bacteria, and
bifidobacteria. The origin of these microbes is very likely
the maternal gastrointestinal track, reaching the breast through
enteric-mammary translocation. Passive transfer of human
milk lactobacilli reduces infants’ gastrointestinal infections
by an impressive 46% [8].

For bacteria to colonize, they must first attach to a surface.
The mechanical, chemical, and microbial characteristics of the
surface influence greatly which microbial species can attach.
Neonates and infants have only soft surfaces of oral mucosa
and thus do not have microbes that require or prefer hard
surfaces. The primary colonizers of neonatal oral mucosa are
maternal skin or genitourinary track in origin, depending on
mode of delivery with C-sections for the former and eutocic
births for the latter [9]. Streptococcus sanguis and
Streptococcus mitis can cleave IgA and bind to sialylated mu-
cin and fragments of dead bacteria. They are the principle
components of first oral microbiome, producing matrices
and cell surface anchors to allow the next microbial group to
take hold. As primary tooth eruptions occur, there are also
changes in dietary intake and oral hygiene practices. Dental
plaque is thus a complex microbial ecology in dynamic equi-
librium (Fig. 1). The oral microbiota becomes more diverse,
organized, and co-develops with the host immune system,
forming reciprocal dependences of varying degrees as the de-
ciduous dentition gives way to mixed and then adult dentition.
All three subtypes of innate lymphoid cells are present in the
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oral mucosa of human infants as early as 4months of age, with
ILC2 predominating [11].

Detailed survey of 5 normal adult human intra-oral samples
from 9 different sites using culture-independent method based
on 16S rRNA gene sequencing identified 2589 clones with
141 species being predominant. Most (60%) of these species
could not grow in culture. Common to all sites were Gemella,
Granulicatella, Streptococcus, and Veillonella, with S.mitis as
the most common species. The microbiota changed with the
sites, reflecting the importance of surface texture, hardness,
oxygen tension, and presence of other microbes. Neisseria, a
Gram-negative obligatory aerobe, for example, does not pop-
ulate gingival crevices where oxygen level is low [12]. Poor
oral hygiene causes microbial overgrowth. This quantitative
change ushers in qualitative changes such as quorum sensing
and group slide. Bacteria that demonstrate virulent behavior
start to appear, producing organic acids, protease, phospholi-
pases, tissue invasion, resisting opsonization, and evading
phagocytosis. With the escalation in pathogenicity by the oral
microbes, both innate and adaptive immunity also increase in
their responses. In an attempt to eliminate the microbial inva-
sion, immune responses may cause more extensive, collateral,
tissue damage. The junctions between endothelial cells be-
come more permeable and neutrophils translocate into inter-
stitium, creating clinical findings of gingivitis. The crevicular
fluid changes from transudate to exudate. If allowed to prog-
ress, this deteriorates into a vicious, self-perpetuating cycle via

damage-associated molecular pathway (DAMP) and
pathogen-associated molecular pathway (PAMP).

Innate immunity and microbiome

The immune system is a complex, diverse, and dynamic bio-
logic network. Based on the rapidity of onset and the need for
recombination of genes, it has two distinct though overlapping
branches: innate immunity (congenital, rapid onset, without
recombination, and less specific) and adaptive immunity (ac-
quired, less rapid in onset, more specific due to genetic recom-
bination). Both arms of the immune system provide host pro-
tection and are major contributors to the integrity and viability
of host tissues. That said, however, innate immunity, as the
first line of defense, plays a unique role by triggering a crucial
systemic response to protect the host and maintain homeosta-
sis. Further, innate defense is pivotal in activation and regula-
tion of adaptive immunity. As stated, innate immunity reacts
faster and in a less specific, or semi-specific, manner com-
pared to the adaptive immunity. Importantly, in addition to
the immediate responses to the first time challenges, innate
immunity is able to elicit amplified responses to second chal-
lenges with increased intensity compared to the initial chal-
lenges. In fact, these enhanced responses to the second chal-
lenges represents what have been currently termed as BPrimed
Responses,^ BTrained Immunity,^ or more recently BInnate

Fig. 1 The complex and highly organized microbial community on tooth
surface. (Adapted after [10]) The colored lines represent adhesion-
cognate receptors responsible for coaggregation. For the bacterial genus,
starting from the bottom: S Streptococcus, P Propionibacterium (acnes),

C Capnocytophaga, H Hemophilus, P Prevotella (loescheii, denticola,
and intermedia), V Veillonella, E Eikenella, A Actinomyces (isralii and
naslundii), T Treponema, P Porphyromonas (gingivalis)
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Immune Memory.^ This is important because not only does it
challenge the traditional concept that only adaptive immunity
is able to develop immunologic memory but it also supports
the notion that an immunologic memory can be established by
innate immunity that is semi-specific, and without dependent
on any specific antigen or stimulator. Interestingly, while in-
nate immunity and concept of potential Binnate memory” have
attracted intense studies, very few investigations seek to de-
termine whether and how innate immunity develop any form
of tolerance. One of the most fundamental tenants in any host
defense is the ability to discriminate self from all that are not,
and more importantly, those that are safe to keep from ones
that can cause harm. Last but certainly not least, during and
after the deployment of effector arms to destroy these danger-
ous or harmful targets, how to minimize the collateral dam-
ages. Recent reports reveal that innate immune-induced toler-
ance is crucial in constraining hyperinflammatory responses
and protecting the host against harmful inflammatory compli-
cations. The interactions between macrophages and relatively
newly discovered innate lymphoid cells (ILCs), particularly
group 3 of ILCs, ILC3s, may restore tissue homeostasis and
promoting the tolerogenic microenvironment by induction of
regulatory T cells (Tregs), as well as dendritic cells and mac-
rophages with counter-inflammatory phenotype, M2.

The complex communities of microbes with over 100 tril-
lion cells and their co-existence within the human body have
advanced our understanding of immune system and its recip-
rocal relationship with the microbiota. In fact, several reports
go further to support the notion that the evolution of such
elaborated distinct immune network in mammals is to main-
tain a balance and tuned relationship withmicrobial flora. As a
consequent of this basic symbiotic way of life, while immune
system is affecting and preserving the microenvironment for
the microbiota, the host microbial communities are re-
adjusting and promoting the immune system to be tolerant
toward the commensal and useful members of microbiota,
and still elicit tuned, necessary responses against the patho-
logic and harmful microorganisms. This reciprocal interaction
between host immune system and the microbiota is an impor-
tant part of a continuous training scheme by which the im-
mune system is educated to be an ingenious, or more accu-
rately, intelligent system, capable of maintaining both local
and systemic homeostasis while preserving host biological
integrity. To achieve such, a very finely regulated and highly
coordinated interaction between both innate and adaptive
arms of immune system on one side and microbiota on the
other side is required. It is clear and well documented that the
co-existence and development of microbiota is possible only
if an immune-tolerogenic mechanism is actively regulating
the inflammation and containing the microbiota in its desig-
nated physiological niche, achieving tissue integrity at the
local level as well as global homeostasis. Ironically, most
studies to understand the interaction between host immune

system and microbiota have focused on adaptive immunity
and its mechanisms (e.g., Tregs induction, PD-1, antibody
production, Pleiotropic effects, etc.) by which an BImmune
Equilibrium^ have guaranteed the symbiosis between host
and microbiota (Fig. 2). In reality, considering the complexity
of microorganisms in the oral cavity with frequent episodes of
food and allergens entering the mouth, and innate immunity as
the first line of defense, it is highly reasonable to suggest that a
very potent innate tolerogenic mechanism exists to actively
monitor and curb the interactions between host innate defense
and microbiota. This mutual understanding between host and
microbial communities has enabled both sides to co-exist in a
symbiotic fashion. Interestingly, the repetitive nature patho-
genic and non-pathogenic stimulation within the oral cavity
make it plausible to propose, for the first time, that an active
Binnate tolerogenic memory^ maybe responsible for regulat-
ing the immune responses in oral cavity, particularly in rela-
tion to the commensal microbiota. As such, an orchestrated
exertion by components of innate immunity (e.g., macro-
phages, innate lymphoid cells, ILCs) may establish an
immune-homeostasis in oral cavity which in turn provides
an optimal condition for microbiota to develop and function.
Importantly, this innate tolerogenic memory can be a potential
immunotherapeutic target to not only predict but also prevent
and treat a variety of inflammatory diseases as well as to help
to resolve major problems of healthcare system such as anti-
biotic resistance.

Periodontal health and diseases

The periodontium is the mechanical and physiological inter-
phase between the alveolar bone and the teeth. Humans, like
other mammals, have two sets, a deciduous dentition with 20
teeth followed by permanent dentition with 32 teeth. The prin-
ciple attachment from bone to cementum (outer calcified tis-
sue over the root surfaces) is the periodontal ligament. The
elements bearing tensile stress are Sharpe’s fibers, originating
from alveolar bone at a more coronal position (closer to the
crown of the tooth) to insert in cementum at a more apical
location (closer to the root apex). The intra oral soft tissue
lining consists of pink stippled gingiva and red, smooth oral
mucosa, meeting at the muco-gingival junction, or the MGJ.
The gingiva has two parts: attached gingiva and free gingiva.
The space between the tooth surface and free gingiva is the
gingival crevice or sulcus, normally less than 3 mm and not
inflamed. It contains a liquid transudate called crevicular fluid.
When inflamed, this fluid changes to an exudate. The attached
gingiva contains many hemidesmosomes to adhere very firm-
ly to the buccal and labial surfaces of the alveolar bone, cre-
ating the surface stippling. The mastication of food generates
significant shear stress and attached gingiva, under normal
conditions, can withstand such mechanical challenges. To
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masticate, the lower teeth close against the upper teeth by the
coordinated action of the temporalis, masseter, and medial
pterygoid, with molars bearing most of the compressive
forces. These muscles can generate a maximum bite forces
between 100 to 120 N in the molar regions in human. [13]
The morphology of the incisors and canines allows them to
disarticulate the molars as the lower jaw glides forward or
sideways. Too much force can cause destruction of the peri-
odontal support, known as primary occlusal traumatism. With
bacterial invasion, eroding the normal support, even physio-
logic chewing forces can cause tissue destruction, known as
secondary occlusal traumatism. While both conditions are
pathological, oral pathobionts play a much larger role in the
latter, especially if the host happens to have susceptible tissue
types, such as HLA DR4 [14].

The microbial species colonizing the pliable soft tissue are
different from those that form over the rigid surfaces. S.
mutans for example, cannot establish themselves without hard
surfaces. Young infants before tooth eruption have low to no
S. mutans. Recent investigations of infants receiving acrylic
naso-alveolar molding plates as initial managements of cleft
lip and palate before dental eruption demonstrated significant
increase in S.mutans. This supports the concept that, at least in
this case, it is not the chemical composition but the mechan-
ical properties that determine the microbial species. As plaque
builds up, calcium deposits form, firmly attached to the sur-
face of enamel or cementum, providing mechanical hindrance
for cleansing and more rigid surfaces for bacterial to anchor
and grow. The niches within the plaque increases as the exter-
nal part of the microbial communities become progressively
more different from the internal milieu. Many other variables
participate in this bacterial growth determination, including
oxygen tension, nutrient type and availability, hydrogen ion
concentration, other microbial species present, and important-
ly, host immune responses. The microbes show cooperative as

well as competitive behaviors: some are high producers of key
substrates for the colony while others make adhesive matrices
to provide physical supports. The emergent effect is increase
in colony fitness [15]. In health, a state of sustained homeo-
stasis exists with the microbial population and composition,
remaining in cyclic dynamic equilibrium: elimination bal-
ances accumulation and immune activation balanced by sup-
pression [16]. Like most mixed competitive-cooperative con-
ditions, first occupants have the advantage. Since the total
available surface area and space are limited and only one
physical entity can occupy any given area or space, allowing
commensal microbes to form the inaugural microbiota is very
important. If a mutualistic existence between the host and
microbes is present first, the pathobionts must compete for
the same area and space—similar to the new entrants
attempting to penetrate a mature, established market. This
occupation by Bgood microbes^ resisting colonization by
Bbad microbes^ is colonization resistance. Unfortunately, the
microenvironment, the behaviors and compositions of mi-
crobes, host immune defenses change over time. BGood^ or
Bbad^ can be ephemeral, depending on the perspective and
context. In labor economics, the threshold for change in
established mature market facing new entrants is the compen-
sating differential: sufficient additional advantages imparted
by and to the new entrants to tip the existing balance [17].
Without proper behavioral intervention known collectively as
oral hygiene, oral microbes increase with time. This increase
comes with changes in composition, often progressing to
pathological states if continued. The innate immune responses
result in inflammatory mediators such as IL-1 and TNF-α
causing destruction of periodontal attachments and bone loss
[18]. This type of obvious weakness is uncommon in biology,
as evolution would have not permitted the continued existence
of organisms with this kind of fault. However, two relevant
observations, both valid, may provide the explanation:

Fig. 2 Symbiosis and dysbiosis are two extremes of the complex
relationships between the oral microbial community and the immune
responses to its presence. Long-term healthy homeostasis is not possible

with excessive immune permissiveness or reactivity to oral microbes as
the former fosters microbial overgrowth and virulence and the latter pro-
duces destruction through humeral and cellular factors
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periodontal disease is very new, appearing only 10,000 years
ago, and we humans live much longer than other mammals
similar in size to us. Culture evolution is Lamarckian: fast,
directed, and learnable, far outpacing Darwinian evolution,
which is slow and random. As Neolithic humans transitioned
from hunter-gatherer to an agrarian existence, their diet
changed. Four key changes came with this transition. First,
increase in carbohydrate intake in the form of starch.
Second, more frequent and regular food intake rather than
episodic feeding with prolonged fasting. Third, reduction in
varieties of both animal proteins and plant types. Fourth, clos-
er living conditions and with larger populations. Each of the
four contributes to the development of oral diseases including
periodontitis. Oral hygiene practices such as chewing plant
roots, branches, or leaves appeared contemporaneously with
this transition. This is a good example of the Baldwin effect. A
learned behavior, transmitted across generations, can over-
come environmental challenges without genetic solutions.
This underpins the critical dependence of oral hygiene to pre-
vent oral dysbiosis. Another, more novel, adjunct is to engi-
neer the microbiota by introducing directly commensal bacte-
ria such as bifidobacteria and lactobacilli to benefit the host
[19].

Systemic implications

There is little doubt that oral microbiota has significant sys-
temic effects, from the early days after conception to aging
and senescence. Our microbiome has co-evolved with us, with
clear evidence of both vertical and horizontal transfers [20]. At
the individual level, the initial transfers of microbes are ma-
ternal in origin, either directly through the cervical plug or
indirectly by blood across the placenta. These early microbial
transfers are permissible partly due to the immune suppressive
nature of the fetal stem cells and NK cells within the umbilical
cord. If microbial population exceeds a certain threshold,
spontaneous abortion will occur with expulsion of the fetus
and all related extra-embryonic structures. Prospective ran-
domized control trial has clearly shown that reducing abnor-
mal bacterial population in the mother reduces both spontane-
ous abortion and preterm labor [21]. Increase in amniotic fluid
inflammatory mediators such as TNF-α and IFN-γ due to
microbial presence is part of the complex mechanism that
initiates labor. Importantly, maternal infection and immune
activation during pregnancy can also alter the neurobehavioral
development of the infant such as autism and schizophrenia
[22]. Recent studies have highlighted the importance of the
MHC loci of chromosome 6 in schizophrenia and may lead to
possible specific intervention [23].

The method of delivery greatly affect the initial oral micro-
biota; vaginal delivery tends to load the baby with genitouri-
nary flora like lactobacilli while babies delivered by C-section

have more skin flora such as staphylococci and streptococci.
Mothers continue to influence the babies’ microbiota, espe-
cially if they breastfeed. There is a bi-directional traffic: in-
fants’ oral flora will reflux intomothers’milk ducts while milk
leukocytes and maternal bacteria enter the babies’ mouth and
GI tract. These maternal transfers help set up and shape the
infants’ developing immune system and their oral
microbiome. The recent discovery of milk ILC strengthens
this important concept [24].

Throughout childhood and adolescence, the oral microbio-
ta continues to evolve, depending on dental eruption, which
provides hard surface for bacterial attachment, and multitude
of other factors such as diet, oral hygiene habits, exercise,
body mass index, host HLA, and the socioeconomic status
[25]. Obviously, some of these variables can affect one anoth-
er in complex cause-effect loops and do not lend themselves
easily to traditional reductive study designs. Still, recent evi-
dence clearly shows the presence of oral bacteria in distant
systemic sites [26]. Aspiration of oral content occurs and
causes well-described anaerobic pulmonary infection and ab-
scesses [27]. Atherosclerosis can result from bacterial over-
growth and identification of microbes in the atheromatous
plague of major arteries first appeared in the literature in the
mid-1990s, with early links between bacterial eicosanoids and
arthrosclerosis reported in 1988 [28].

Sustained immune response with chronic inflammation is
one of the principle causes of cancer. An important and inev-
itable consequence of sustained inflammation is perturbation
in tissue dynamics. Disturbance in tissue dynamics increases
the proliferation rate and leads to mucosal hyperplasia, which
can progress to frank malignancy [29]. This chronic inflam-
mation to carcinogenesis sequence is present in many sites
from oral cancer to intestinal polyp-carcinoma spectrum, to
Marjolin’s ulcer arising from non-healing wounds. Oral mi-
crobiota thus has great impact on general health [30].

Conclusions and expert recommendations

The masticatory system with all its soft and hard tissues
components must perform two important functions: break
up the food ingested and remain stable to carry this func-
tion for the lifetime of the individual. There is no apposi-
tion of enamel and external dentine after the initial forma-
tion of the tooth. The wear from chewing, on the other
hand, removes these hard tissues relentlessly on the occlu-
sal (incisal) and buccal (labial) surfaces. Taken together,
this means there is an inevitable attrition of the dentition,
even with dental restorations. This inevitability and the
alterations in diet and systemic factors usher in the associ-
ated changes of oral microbiota. The oral microbes form
complex ecologies within the mouth and require repeated
periodic cleansing to prevent overgrowth and dysbiosis.
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No other tissue or organ in the human body has such be-
havioral dependence for its maintenance. These complex
oral ecologies take various forms from biofilms on enamel
and dentinal surfaces to anaerobic polymicrobial commu-
nities within gingival crevice and periodontal pockets.
Without proper oral hygiene, microbial overgrowth and
compositional change will develop over time, triggering
immune response that may exacerbate the tissue damage
and loss of supporting bone, especially for those with sus-
ceptible HLA types. This impairs the tooth stability and
creates new niches for more pathobionts, setting up an
escalating vicious spiral. Once initiated, the microbiota se-
lect out progressively more virulent and synergistic patho-
gens, evading ineffective or eliciting frankly destructive
immune defenses. Such dysbiotic oral microbiota cause
dental caries, gingivitis, periodontitis, dental abscess, and
tooth loss. In addition, they can exert significant distant
effects on the cardiovascular, gastrointestinal, hepato-bili-
ary, pancreatic, neuroendocrine, and genitourinary systems
[31]. The patient’s own immune system plays both sup-
pressive and supportive roles in this complex pathogenesis,
depending on the HLA genotype and epigenetic changes
through histone acetylations and methylations. Going for-
ward, patients with gingivitis and early periodontitis
should have tissue typing to determine if the personal
HLA subtypes are prone to excessive immune activations.
They should also have complete characterization of the
dental plague and calculus obtained from scaling, root
planning, and curettage, using culture-independent assays
such as 16S rRNA sequencing-based methods and
megagenomics by pyrosequencing. Selective use of antibi-
otics and targeted alterations in innate immune profiles,
tailored to each based on the above personal data, can per-
mit the prevention in some and predicting disease progres-
sion in others, allowing for a personalized treatment to
return to a more commensal microbiome with just the right
immune, inflammatory response. Introduction of commen-
sal bacteria (probiotics) has proven to be an important
component of this immune restoration [32]. The individu-
alized, personal, approaches described above follow the
principles of EPMA [33]. When combined with evidence-
based, data-driven, standardized multidisciplinary proto-
cols following the ERAS principles [34], we can signifi-
cantly improve global oral health.
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