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ABSTRACT

Advances in genetic and epigenetic studies modified some concepts of health and disease that had been
kept intact for decades. In this respect, in the last few years, microorganisms that have evolved with
superior life forms for millions of years have taken an increased prominence. The genes of organisms
and their microbiota constitute a microbiome that intervenes in health maintenance. The oral cavity is
inhabited by a variety of microorganisms, their control aids in stabilizing oral and systemic disease. The
objective of this article is to update some concepts related to oral microbiome and its correlation with
general and oral health.

© 2017 Elsevier Espaiia, S.L.U. All rights reserved.
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Disbiosis como factor determinante de enfermedad oral y sistémica:
importancia del microbioma

RESUMEN

Los avances en los estudios de genética y epigenética modifican algunos conceptos de salud y enfermedad
que se habian mantenido intactos durante décadas. En este sentido, en los Gltimos afios se esta otorgando
un protagonismo creciente a microorganismos que han acompafado durante millones de afios de evolu-
cion a los seres vivos superiores. Los genes de estos y de su microbiota constituyen un microbioma que
interviene en el mantenimiento de la salud. La boca es lugar de asiento de gran variedad de microorga-
nismos, cuyo control ayuda a estabilizar la enfermedad oral y sistémica. El objetivo del presente articulo es
actualizar algunos conceptos relativos al microbioma oral y de su vinculacién con la salud oral y general.

© 2017 Elsevier Espafa, S.L.U. Todos los derechos reservados.

Introduction

to understand the interaction between expression and functions
of our own genes and those of other organisms, especially bacte-

Some paradigms about health and disease are changing in
relation to genetics and epigenetics. Thus, the study of the con-
junction of the human genome with that of the resident microbiota
(microbiome) is on the increase.! Analysis of the microbiome helps
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ria. This article reviews the current state of knowledge regarding
the microbiome and discusses important implications for oral and
general health.

For millions of years, our microbiome has co-evolved with us,
playing a significant role in our pathophysiology. There is evidence
that resident microbes have been performing metabolic functions
in animals for at least 500 million years. Genetic material from
the microbes has accompanied humans on their migrations ever
since their birthplace in Africa and has been used along with human
markers to track migratory routes around the globe. As an exam-
ple, the monitoring of Helicobacter pylori distinguishes populations
more accurately than human genetic markers.?>3
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Table 1
Main functional contributions attributed to human microbiome.

Maintenance of skin barrier and mucosal function

Food digestion and nutrition

Energy and vitamin production

Metabolic regulation and control of fat storage

Processing and detoxification of environmental chemicals

Differentiation and maturation of the host’s mucosa and immune system

Development and regulation of immunity, contributing to the balance
between proinflammatory and anti-inflammatory processes

Prevention of invasion and growth of disease-promoting microorganisms
(resistance to colonization)

Contribution to the development and maturation of the nervous system

On the other hand, the set of relationships and tissue organi-
zation during the development conforms its epigenetic make-up.
It is a key area of research, combining genetic and environ-
mental aspects oriented towards complex biological systems.*
The environment has continuously shaped the composition of
our microbiome; from the Neolithic period, through the Indus-
trial Revolution and into modern times. The discovery of fire,
the invention of agriculture, increasing access to processed foods,
exposure to heavy metals, biocides, disinfectants and antibiotics
have all contributed to changes in the composition of the human
microbiome.2> The introduction of refined flours and sugars in
our diet has contributed to certain bacteria genetically altering
their metabolism. So, Streptococcus mutans successfully competes
against other oral bacterial species by increasing its defences
against oxidative stress and its resistance to the acid metabolites
present in new carbohydrates. After this adaptation, its prevalence
in the oral cavity increases, along with that of other acid-tolerant
species.®

Endogenous human microbial communities participate in
multiple metabolic, physiological and immunological functions
(Table 1), hence any alteration in the function and composition of
the microbiome can have significant health consequences.”®

Our microbiome is distributed across the different compart-
ments of the body and is very diverse and variable within and
between individuals. The greatest diversity corresponds to the
gastrointestinal tract and mouth. The relationship between the
microbiome and the host is dynamic and is influenced by many
aspects of the modern lifestyle, which can unbalance the ecosys-
tem. Different habitats in the oral cavity support heterogeneous
microbial communities, linked to oral and general health. To main-
tain a healthy state and prevent disease, it is necessary to consider
the host and his/her residents as a whole.!:2?

Characteristics of the oral microbiome

The mouth houses the second most diverse microbial commu-
nity of the body (after the intestine), with more than 700 species
of bacteria. When the unstable balance of the oral ecosystem is
broken, dysbiosis occurs. This allows bacteria that promote dis-
ease to manifest and cause disease, such as tooth decay, gingivitis
and periodontitis, which have an impact on general health.? Bacte-
rial colonization begins at birth. The acquisition of the microbiota
(natural or caesarean delivery) and feeding (natural or artificial
breastfeeding) influence the subsequent diversity of the oral and
systemic microbiome.!%!! At 3 months of age, breastfeeding offers
a greater oral lactobacilli colonization than artificial milk. The
eruption of teeth provides new surfaces for microbial coloniza-
tion and constitutes an important ecological event in the infant’s
mouth. Later, the replacement of the primary teeth by the definitive
teething again significantly modifies the oral microbial habitat.>2

The colonization of the oral medium is favoured by the pres-
ence of a thin mucilaginous layer, called acquired pellicle. This layer
consists of proteins, lipids and other components (carbohydrates,

nucleic acids), mainly derived from saliva, but also derived from
the crevicular fluid (gingival sulcus), oral mucosa and bacteria. This
film modulates the binding of bacteria to dental and epithelial sur-
faces and protects the mucosa.'® The individual composition of the
acquired pellicle favours bacterial adhesion, with which it interacts.
The colonized surface constitutes a biofilm or plaque of biological
activity. Saliva contributes to the maintenance and control of the
biofilm and modulates bacterial plaque layers, involving numerous
proteins and minerals such as secretory immunoglobulin A, lacto-
ferrin, lactoperoxidase, lysozyme, staterin and histatins. Saliva and
crevicular fluid provide nutrients for microbial growth and contain
components with antimicrobial activity.!41°

Collaboration and antagonism among the biofilm species con-
tribute to the ecological stability, have an impact on the virulence
and pathogenic potential of bacteria and are involved in toler-
ance to host defences and antimicrobial agents.!® Several microbial
colonization habitats are recognized in the mouth, such as teeth,
gingival sulcus, gum, tongue, cheek, lips and palate. They con-
stitute a very heterogeneous ecological system and favour the
growth of different microbial communities on the previously
mentioned acquired pellicle.!” Resident bacteria have pro and anti-
inflammatory activities, essential for maintaining homeostasis in
the oral cavity.'® Acute infections of the oral mucosa are quite
rare, despite dense microbial colonization.!® They are attributed
to host-microbe interactions, the importance of which is high-
lighted by immunocompromised patients who may experience
life-threatening bacterial, viral and fungal infections.?

The promotion of hygienic measures at the end of the XIX cen-
tury in the developed world (brushing, flossing)?? has contributed
to a change in oral microbiome composition.?! Likewise, the con-
sumption of sugary drinks and refined sugars or smoking has
probably had an additional impact on the oral ecosystem,?2 causing
conditions such as caries and periodontal disease and favouring the
growth of certain microorganisms in the biofilm, with unpleasant
organoleptic repercussions, such as bad breath.?*4

Systemic repercussions

The oral microbiota also intervenes in systemic processes. An
example is the effect of oral bacteria expressing nitrate reduc-
tase, which catalyze the conversion of dietary nitrates into nitrites.
When swallowed, salivary nitrite is transformed into nitric oxide,
a potent vasodilator with antimicrobial activity, which plays an
important role in the maintenance of cardiovascular health. Nitrite
also stimulates the production of gastric mucus. Moderate nitrate
consumption lowers blood pressure, inhibits platelet function and
improves endothelial function; the sustained intake of nitrates in
the diet improves vascular function in patients with hypercho-
lesterolemia. These improvements are associated with changes
in the oral microbiome in favour of organisms that are able to
reduce nitrites.>>> However, while dietary nitrates increase nitrite
formation, nitric oxide in tissues interacts with superoxide radi-
cals released by immune cells, forming peroxynitrite anions, with
cell damage. Several small-scale studies have apparently shown
that the use of mouthwashes containing chlorhexidine can reduce
nitrite concentration in both saliva and plasma, contributing to
blood pressure control. The issue of nitrate/nitrite/nitric oxide
effects on health is still controversial, which is why these interest-
ing data require confirmation with larger scale studies that provide
solid conclusions.?2627

The relationship between oral pathogens and systemic effects
has been demonstrated in animals, where oral administration of
Porphyromonas gingivalis changed the composition of the intestinal
microbiome, triggering inflammatory processes in diverse tis-
sues and organs.”® Oral bacteria play a role in various systemic



G Model

E. Chimenos-Kiistner et al. / Med Clin (Barc). 2017;XXX(XX):XXX—XXX 3

conditions, including cardiovascular disease, rheumatoid arthritis,
adverse effects on pregnancy, stroke, inflammatory bowel disease
and colorectal cancer, respiratory tract infections, meningitis or
brain abscesses, abscesses in the lungs, liver and spleen, appen-
dicitis, pneumonia and diabetes.!”-2429-34 Advanced periodontitis
interferes with glycaemic control in diabetes and in subjects who
do not suffer from it. Also, advanced periodontitis is associated
with an increased risk of type 2 diabetes and, in diabetic patients,
there is a direct correlation between the severity of periodonti-
tis and the complications of the disease. In recent years, increased
interest has been shown in clarifying the possible relationship
between periodontal diseases and certain systemic processes, such
asischaemic cardiovascular events, premature births and/or infants
with low birth weight, obesity, diabetes mellitus, pulmonary infec-
tions, etc.3? All these chronic inflammatory processes have a link
with periodontitis, which has motivated the current interest in the
concept of periodontal medicine.3> This fact is relevant, since non-
notifiable chronic diseases (cardiovascular diseases, cancer, chronic
respiratory diseases and diabetes) are the leading cause of death
and disability worldwide and causes more deaths now than all
other diseases combined in the developed world.3®

The alteration of the microbiome has been linked to: 1) expo-
sure to disturbing molecules (food ingredients like sugars, gluten,
chlorinated water, antibiotics, a variety of chemicals); 2) shortage
of nutrients that promote healthy colonies of bacteria (vegetable-
deficient diets with fibre or with excessive saturated fats), and
3) situations that promote and maintain stress. Consequently, the
altered microbiome contributes to a state of chronic inflamma-
tion that predisposes to diseases as diverse as asthma, various
allergies, obesity, diabetes, cancer, depression, autism, arthritis,
ischaemic heart disease, multiple sclerosis, Parkinson’s disease
and Alzheimer’s disease.? Microbial alteration and chronic inflam-
matory processes favour mucosal permeability of the different
tracts involved (eyes, nose, mouth, throat, respiratory tract, gas-
trointestinal tract, urogenital tract), which are broad pathways for
potential pathogens. The current lines of research, in relation to
these aspects, are changing many classic diagnostic and therapeutic
concepts.23738

Discussion

When the species of microorganisms that reside in the oral cav-
ity or other body surfaces remain in balance (symbiosis), we refer
to it as a healthy state. On the contrary, the rupture of this balance
(dysbiosis) is associated with disease and is characterized by the
alteration of the diversity and the relative proportions of micro-
biota species.?® The relationship between oral microbiome and
its host is a dynamic one. The composition of microbial colonies
in healthy mouths is usually very stable, but biological changes
in a person’s life can influence the species balance within these
colonies.*? Healthy individuals often adapt to age-specific phys-
iological changes or hormonal changes regarding puberty and
pregnancy without detriment to their oral health.*! In other situa-
tions, disturbance of the oral ecosystem may lead to dysbiosis and
loss of balance or diversity in the biofilm’s community, predominat-
ing a single or a few species and increasing the associated risk of
disease.*? Salivary gland dysfunction (changes in saliva flow and/or
composition), poor oral hygiene, gingivitis and lifestyles, includ-
ing eating and toxic habits (such as smoking or chewing tobacco,
alone or associated with other substances) as well as certain sex-
ual behaviours are predisposing factors to oral dysbiosis.!!43-46
It is now considered that bacteria labelled as oral pathogens can
be found in a small number in healthy sites and that oral disease
occurs because of a deleterious change in the natural balance of the
microbiotarather than as aresult of an exogenous “infection”.*? The

dysbiosis of periodontal disease, as a cause of bacteraemia, probably
favours the systemic spread of oral bacteria. Therefore, good oral
hygiene will be required to control the total bacterial load.?*

As a way of combating bacterial dysbiosis, many authors pro-
pose the administration of probiotics (contain strains of bacteria
and/or beneficial yeasts) and prebiotics (foods rich in fibre) to regu-
late microbiome balance. Faecal transplants (from healthy bacterial
communities) are also being promoted in some countries, appar-
ently with increasing success in the treatment and prevention of
various systemic diseases.*’~49

These non-invasive treatments may compensate for the indis-
criminate use of antibiotics, but the variety and number of species
to be transplanted in this way are limited and may not be sustain-
able. For this reason, they should be accompanied by a balanced
diet and the intake of prebiotics.”® The Mediterranean diet seems
to be a good model to promote. On the other hand, organic foods
(of animal or vegetable origin), less processed and less manipu-
lated during their production, offer greater guarantees of respecting
the microbiome than those handled genetically or with chemicals
(agrochemicals, antibiotics, hormones, etc.). On the other hand, the
intake of liquids is a priority. Essential to survival, water is a vehicle
for various elements and mineral salts. The chlorination of water
may negatively influence the homeostasis of the microbiome, so it
should be a factor to consider.”! In short, measures such as those
summarized in Table 2 are recommended to prevent and combat
dysbiosis.

Although the interaction of the bacterial microbiota with the
human genome has been discussed in previous paragraphs, the
coevolutionary process of the human microbiome has involved
other microorganisms, carriers of their respective genetic load,
such as unicellular fungi (yeasts), protozoa and viruses. All of them
have been integrating and evolving, forming part of ecological
niches (skin, mouth, digestive system, respiratory system, genital
apparatus) and maintaining a balanced relationship between them.
The technological advances that have taken place in the last cen-
tury, plus advances in other areas (such as lifestyles, food, hygiene,
toxic habits, drugs, pesticides, etc.), especially in the Western world,
have contributed to a significant change in the microbiome, with-
out time to adapt. Hence the higher rates of certain forms of disease,
more prevalent in the so-called civilized world.

An essential role can be attributed to viruses. Even though
they are not considered living beings, they can clearly act on the
genome.’2>3 They are nanoparticles that behave like intracellular
parasites. They parasite all types of cells, including bacteria (bac-
teriophages), inducing the formation and dissemination of their
genetic information by different mechanisms and have been doing
so since life began on this planet (perhaps with a leading role in
the evolutionary process).”* Certain diseases, such as the autoim-
mune disease, may be due to dysbiotic processes in which particles
such as viruses act by modifying some proteins. Their action could
justify integumentary reactive patterns, such as lichenoid or pem-
phigoid manifestations, or aphthous ulcerative systemic disorders,

Table 2
Recommended measures to reduce dysbiotic processes.

Regular oral hygiene (to keep the mouth’s microbiota under control)

Healthy diet (with abundant vegetables and few foods with flours and refined
sugars)

Maintain an adequate BMI (to avoid metabolic syndrome), monitoring weight,
blood pressure and doing aerobic exercise on a regular basis

Avoid saturated and hydrogenated fats, giving priority to monounsaturated
fatty acids (olive oil) and omega-3 polyunsaturates (more than omega-6)

Avoid the indiscriminate and unjustified administration of antibiotics as well
as the intake of meat from animals that have been treated with antibiotics or
with hormones

Restrict as far as possible cosmetic products or foods containing molecules of
dubious efficacy or recognized toxicity (endocrine disruptors)
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such as Crohn’s disease, ulcerative colitis or Behget’s disease. It is
unclear whether these nosological entities are disorders in them-
selves or rather inflammatory manifestations, involving an altered
microbiome.”>>=>7 The action of viruses on the genetic material
(RNA, DNA) can modify the expression of protooncogenes and
oncogenes, facilitating the development of cancer.”®° The use of
virus-like particles in nanomedicine helps with detection, preven-
tion (vaccination), diagnosis and improvement of the treatment of
diseases such as cancer or cardiovascular disease. In all probabil-
ity, this will also be a line of research to be promoted in the near
future.50

To conclude, it is evident that oral and systemic microbiome

are closely related and that its alteration (dysbiosis) has a great
impact on health. Therefore, the diagnosis and treatment of the oral
condition contributes to therapeutic success and systemic disease
prevention, which must be understood in a holistic way.
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