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Abstract

Introduction: Microbiota is a vast ecosystem made up bacteria, fungi, viruses,
etc., that colonizes the human body. More than 700 species of microbiota are
found in the oral cavity and among them, Streptococcus mutans is the most
common bacteria present in the oral cavity and is considered the main cause
of the onset of early childhood caries (ECC). ECC refers to any dental caries,
missing due to caries or filled teeth in children 6 years of age or younger. Today,
saliva biomarkers have become a powerful tool to detect and prevent early
caries diseases (especially in children), thanks to the use of salivary flow rate,
buffering capacity, microorganisms and proteins (Cathelicidin LL-37, Histatin 1,
and inflammatory cytokines) as biomarkers.

Objectives: The aim of this thesis is to describe and review the relationship
between the microbiota and dental caries, and to evaluate the potential
biomarkers for early childhood caries detection.

Materials and Methods: A total of 54 articles were reviewed by using the
electronic database of the Pubmed, library database of selective publication at
Universidad Europea de Madrid and Google Scholar.

Conclusions: Streptococcus mutans and salivary proteins, including
Cathelicidin LL-37, Histatin 1, and inflammatory cytokines can be used as
biomarkers to detect early dental caries while salivary flow rate and buffer

capacity candédt be used as biomarkers

the articles studied

Key words: microbiota, oral microbiota, biomarkers, saliva, caries, early
childhood caries
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Resumen

Introduccion: La microbiota es un vasto ecosistema de microrganismos,
formado por bacterias, hongos, virus, etc., que coloniza diferentes partes del
cuerpo humano. Se estima que hay mas de 700 especies de bacterias que
albergan la cavidad bucal, y, entre ellos, Streptococcus mutans es considerado
la causa principal de la aparicion temprana de caries en nifios (CAT). CAT se
refiere a cualquier tipo de carie dental, perdida de dientes debido a caries 0 a
empastes en nifios hasta los 6 afios. Hoy en dia, los biomarcadores de saliva
se han convertido en una poderosa herramienta para detectar y prevenir las
enfermedades de caries tempranas (especialmente en nifios). Entre los
biomarcadores mas utilizados encontramos la tasa de flujo salival, la capacidad
amortiguadora de la saliva, la presencia de determinados microrganismos y
varias proteinas como la Catelicidina LL-37, la Histatina 1 y las citocinas
inflamatorias.

Objetivos: El objetivo de esta tesis es describir y revisar la relacién entre la
microbiota y las caries dentales, y evaluar los potenciales biomarcadores para
detectar la aparicion temprana de caries en nifios.

Materiales y Métodos: Un total de 54 articulos fueron revisados utilizando la
base de datos electronica Pubmed, varias bases de datos de la biblioteca Crai
de la Universidad Europea de Madrid y Google Schoar.

Conclusiones: La conclusién principal de esta tesis es que Streptococcus
mutans y las proteinas salivales, como la Catelicidina LL-37, la Histatina 1 y
las citocinas inflamatorias, pueden ser utilizados como biomarcadores para
detectar caries tempranas., La tasa de flujo salival y la capacidad
amortiguadora de la saliva no pueden ser utilizados como biomarcadores
debido a los resultados controvertidos encontrados en los articulos analizados.

Palabras clave: microbiota, microbiota oral, biomarcadores, saliva, caries,
caries de aparicion temprana.






Abbreviation in alphabetic order

ADA o American Dental Association
AM P S = e Antimicrobial peptides
ASM - American Society of Microbiology

CC S mmmm o e Caries classification system
DDE -------m- oo e e Developmental defects of enamel
ECC —mmmmm e Early childhood caries
EHP - Enamel hypoplasia
F/B ratio ---------=-m-m e e Firmicute/Bacteroidetes ratio
8] O e Gingival cervical fluid

HAS-ECC ------------------- Hypoplasia-associated severe early childhood caries
IBD —-memmmmm oo Inflammatory bowel disease
ICDAS ----------m-mememe- International Caries Detection and Assessment System
MIC —mmmmm oo Microbial indicator of dental caries
NSAID ---mmmmmmmmemm oo Non-Steroidal anti-inflammatory drug
SCRFAS —-m-mm e e e Short chain fatty acids
S-ECC —-mmm oo Severe Early childhood caries

S. MULANS =--=======mmmm e e eee Streptococcus mutans
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Introduction

1. Human Microbiota

Microbiota refers to a community of microorganisms, including bacteria, fungi,
viruses, protists, etc., that colonizes the human body (1) at four major

colonization sites: gut, oral cavity, vagina and skin (2) (Figure 1) (3)
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Figure 1:Distribution of the normal human microbiota (Aagaard et al. (3))

Microbiota is composed of more than a ten trillion of diverse symbionts
including 50 bacterial phyla and about 100-1000 bacterial species (2). It is
established right after birth and during life increases its number and diversity
and it is influences by the diet, drugs, emotional stress, environment, age, etc.

(4)(5). More than 1000 prokaryotic species can be identified in the human



intestinal tract, of which 7 major phyla are the most represented: Firmicutes,
Bacteroidetes, Actinobacteria, Fusobacteria, Proteobacteria, Verrucomicorbia
and Cyanobacteria. Among them, Firmicutes and Bacteroidetes are dominant,
accounting for more or less 90% of the whole population (2) and will change
due to aging. The Firmicutes and Bacteroidetes (F/B) ratio increases in the
elder population (6). The alteration of the F/B ratio can also be related to the

other diseases, such as obesity and inflammatory bowel disease (Figure 2) (7).
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Fig 2: Change in Firmicute/Bacteroidetes ratio (Stojanov et al. (7))

Gut microbiota helps the human body in the metabolism of daily diet, such

as carbohydrates, protein, lipids, fiber fermentation and absorption of nutrition

such as vitamins. Second, it establishes the mucosal firewall with intestinal

epithelium, cooperating with the immunological components, thereby

preventing tissue inflammation and disease (8). Gut microbiota produces short

chain fatty acids (SCFAS): butyrate, acetate, and propionate (9), which provide



the energy to the intestinal tissues and enhance the integrity of the epithelial

barrier providing the protection for the gut health (4).

Dysbiosis is a process characterized by a microbial imbalance in the host. In

gut, high diversity refers to the healthy intestinal microflora and reduced

bacterial diversity and change of Firmicute/Bacteroidetes ratio can be related

to dysbiosis. Many factors can cause gut dysbiosis, including genetic factors,

medications, age, radiation or chemotherapy, alteration of immune system and

malnutrition (10). Recently, more studies have suggested that the dysbiosis is

highly related to the inflammatory bowel diseases (IBD), including ulcerative

colitis and Crohnoés di sease. Both ul cerati:

risk factors of colitis-associated colorectal cancer (10)(11). Other diseases such

as diabetes type Il, allergies and obesity can also associated with dysbiosis (12)

(Figure 3).
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Figure 3: Dysbiosis and its relative factors and diseases. (Tomasello et al. (12))



Medications such as non-steroidal anti-inflammatory drugs (NSAIDs) and
antibiotics lead to dysbiosis (9). In fact long-term use of NSAIDs can lead to
gastric ulcers and increase both Bacteroidetes and Enterobacteriaceae
bacteria, leading to high risk of diarrhea and intestinal inflammation (10). In
addition, long-term use of antibiotics will also affect the reduction of Firmicute
and increase of Bacteroidetes. However, certain antibiotics can also be used
as inhibitors to increase the microbial diversity and to improve the symptom of

Inflammatory bowel disease (IBD) (10).
1.1 Oral Microbiota

According to the American Society of Microbiology (ASM), there are more than
700 species of microbiota found in the oral cavity, distributing in 11 areas,

including the teeth (or denture), tongue dorsum, buccal mucosa, both hard and
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Figure 4: Anatomy of the oral cavity (Ahsan et al. (28))
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soft palate, keratinized gingiva, supragingival plague, subgingival plaque, saliva,

lips and throat (Figure 4) having their own positive or negative effect on oral

cavity and overall health (13).

Most of them maintain commensal relationship with the host, protecting the

oral cavity and preventing the development of the disease, but when there is

an unbalanced relationship between microbial community and the host, a

variety of oral infections may be produced, including caries, periapical diseases,

pulp diseases, among them. Any alteration of the structure or function of oral

microbiota in the oral cavity is an important consideration leading to various

infectious diseases, thus serving as a biomarker for early diagnosis or

prognosis and development of diseases (14).

1.2Development of biofilm

Dental biofilm is an aggregation of the microorganism that could increase the

resistance of bacteria to antibiotics or disinfectants (15). The first phase of

biofilm formation is characterized by the accumulation of acquired pellicle that

mai nly formed by saliva, thereby f or mi

surface (16). Once the coherence is established between the bacteria and

acquired pellicle, the primary colonizers Streptococci and Actinomyces play an

ng



important role on creating the first layer of supragingival plaque, attracting more
gram positive and gram-negative bacteria to adhere on the first layer biofilm
(16). Maturation occurs in the third stage of development, interacting with more
bacteria in the oral cavity and gathering together with the biofilm that has
formed before. The most important species at this phase is Fusobacterium,
which helps accumulate the following bacteria, especially Gram-negative
bacteria, on the initial biofilm (17). Once the supragingival plague is completely
formed, bacteria start to produce an acidic environment generating
demineralization on the tooth structure or even result in gingival inflammation.
Furthermore, when the supragingival plaque is not well cleaned, it can merge

under the gums forming subgingival plaque, leading to periodontitis (18).

1.3Classification of bacteria found in oral cavity

The common bacteria that are found in healthy oral cavities can be basically
classified in two groups depending on their composition and reaction to the

gram stain test (19).

Bacteria in saliva mainly come from the surface of dental biofilm or the tongue.
More than 90 bacterial groups can be identified, among which Streptococcus is

the most predominant gram-positive bacteria in saliva (20)(21).



Streptococcus mutans is an acid-producing bacteria that produces an acidic pH

environment, and continue to survive in a lower pH (below 4.5) environment.

(22). At the same time, due to the multi-layer film on the tongue surface, it can

create a highly diverse and stable environment to harbor various bacteria,

including gram-negative bacteria, such as Veillonella and Prevotella (18)(20).

On the surface of the hard tissues, dental biofilms/plaque are form by the oral

microbiota, which can be divided into two types: supragingival and subgingival

plague. Supragingival plaque is associated with more gram-positive bacteria,

including Streptococcus, Actinomyces and Lactobacilli, while in the subgingival

plaque have been found more gram-negative bacteria such as Fusobacterium,

Treponema and Neisseria (18)(20)(21).

Studies have found that different bacterial species in the oral cavity may

interfere with the others. For example, Streptococcus gordonii can kill many

bacteria in the mouth due to the production of hydrogen peroxide, and it can

also inhibit the growth of A. Naeslundii.

1.4Dental disease and microbiota

The environment of oral cavity is very unstable, might change due to various

factors, including diet, habits like smoking, alcohol, temperature, pH, redox
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potential or saliva flow. Dental caries is a continuous pathological process that

proceeds in the destruction of hard dental structure with cariogenic

microorganisms, mainly with Streptococcus mutans, correlated as an initial

process of caries evolution (23).

Streptococcus mutans usually identified as a dominant bacterium for dental

caries. It is an acid-producing bacteria that can cause acidic environments and

lead to demineralization of the tooth structure. Both S. mutans and

Lactobacillus are key pathogen in dental caries (20). Veillonella, Actinomycetes,

Granules, Ciliates, Thiomonas, Bifidobacterium, Prevotella and other bacteria

are also closely related to dental caries (23). Other articles used the model of

"microbial indicators of dental caries” (MiC) to study the structure and function

of the dental cariesmicrobi ot a | ocated in different parts

and study which microbiota can be used as an indicator of early dental caries

risk prediction (24). By comparing the results of the MiC of the caries-active

group and the caries-free group, it was indicating that the microbiota related to

caries is mainly caused by S. mutans, Actinomycin and Lactobacillus,

especially S. mutans (25) (Figure 5).
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Figure 5: Bacteria species in caries-active and caries-free subject. (Corby et al. (25))

Gingivitis is the reversible periodontal inflammatory disease caused by the
accumulation of bacterial plaque in the gingival sulcus. Once the ecological
niche in gingival sulcus is broken, it causes the destruction of connective tissue
surrounding by the tooth, creating an anaerobic environment and thus resulting
in the irreversible periodontitis. The three main bacteria Prophyromomas
gingivalis (P. gingivalis), Treponema denticola (T. denticola) and Tannerella
forsythia (T. forsythia)a r e d e f rechoerdplexdos tfhat are cl
with periodontitis, although they are present in healthy individuals (20). Study
revealed that the number of red complex microorganisms are reduced with the
disappearance of inflammation after the periodontal treatment, hence the red

complex can also be a biomarker for detecting the periodontal disease (20)(26).
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2. Biomarkers

According to the definition of the

process that can be measured in the body and can be used to predict the

i ncidence or o0 ut2¥)oNoeadayd, wedaie sat anly eoncérned

about the outcome of disease, but also on the impact of treatment, intervention

or environmental exposure. The basic biomarkers include pulse, blood

pressure, or even complex chemical methods that can be tested repeatedly,

such as blood tests or tissue tests (27). Biomarkers can be classified into five

categories depending on the stages of diseases:

1. Antecedent biomarkers, according to the risk factor and its relationship

with disease.

2. Screening biomarkers, based on the screening of clinical aspects.

3. Diagnostic biomarkers, by recognizing the disease through the symptoms.

4. Staging biomarkers, depending on the severity of the disease.

5. Prognostic biomarkers, predicting the prognosis and its related treatments

and complications (28).

10
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2.1 Saliva biomarkers

Saliva is a complex body fluid that plays an essential role in processing and

digesting the food in oral cavity and initial digestive system. Due to its easy

collection and duplication of samples, saliva is commonly used for oral

biomarker. As mentioned before, saliva not only works as the lubrication, but

also regulates the pH between 6.6-7.1 due to its buffer capacity and prevents

bacterial infection based on its compositions (29).

Low saliva flow rate is a risk factor for dental caries. The use of the

medications, alteration of salivary glands or age can affect the saliva flow rate.

Studies have shown that unstimulated saliva flow rates below 0.3ml/min or

stimulated saliva flow rates below 0.7ml/min can be considered as high risk of

dental caries (29, 30). Saliva pH and buffering capacity is also highly correlated

with dental caries. There is evidence that the salivary buffering capacity can

protect tooth structure from caries. In the case of low buffering capacity, it

cannot compensate for the acidic environment of dental biofilm, thereby

reducing the remineralization process of early enamel lesions (30).

Saliva is composed of 99.5% of water with 0.3% proteins and 0.2% of

inorganic substances (29). The most common inorganic substances include

11



sodium, potassium, calcium, etc. Meanwhile the organic components compose

mucins, amylases, lysozymes, lactoferrin, cystatins, etc. Some of them can be

used for the indicators of caries or other diseases, including periodontal disease,

oral cancer or carcinomas (31).

The benefit of saliva as a biomarker is that it is fast, non-invasive, and can

be collected repeatedly. Moreover, it is easy to obtain and does not require

professional training (29). For these reasons, saliva diagnostic technique is now

commonly used to detect or to discover human pathological diseases.

Gingival cervical fluid (GCF) can be used as a biomarker. Due to its location

and origin, it is particularly used to detect periodontal disease (32). GCF is an

inflammatory exudate that can be found in inflamed periodontal tissues, and it

contains molecules from the blood, cells and tissues of the periodontium.

Among them, eight potential markers have been identified, including alkaline

p hosphat-glscergnidas®é, cathepsin B, collagenase 2 (matrix

metalloproteinase, MMP-8), gelatinase (MMP-9), dipeptidyl peptidase (DPP) I

and Il and elastase (32). The sample can be easily collected by inserting a

paper strip in the gingival pocket, and also can be collected repeatedly as saliva.

12



There are several antimicrobial components in the saliva that can be potential

indicators for caries biomarkers, especially for early childhood caries (ECC),

including antimicrobial peptides (AMP), major salivary glycoproteins and minor

salivary glycoproteins. (Table 1)

Antimicrobial peptides (AMPs), also called cationic peptides, are the most

important role in immunity. They participate in the first line of defense and help

resist caries, acting on bacteria, fungi and viruses (29). It contains four

components: Cathelicidin LL3, Defensin, Histatins and Statherin. Among them,

LL37, Histatin 1 and Statherin were found to be highly associated with dental

caries and can be used as biomarkers.

Among Salivary glycoproteins, mucins and immunoglobulin participate in the

formation of acquired enamel pellicle and establishes the first layer of dental

biofilm (30), represent the first line of defense in the oral cavity (29)
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) ) ] Associ atii
Salivary proteins |[Function
ECC
Anti microbial peptides
Cathelicidin LL37 Anti microbiallHigh relati on
Histatin 1 Reduce b Hi gh relation
Hi statin Hi statin 3 colonization.|Weak evidence
Hi statin 5 Maintain teetiweak evidence
Positive cor
Al p-taf ensin Antimicrobiall ELI SA
Defensin d
antifungal acMore evi ence
Betdeef ensin Weak evidence
Reduce b
Statherin colonization./High relation
Maintain teet
Majgkrycoprotein
MUC5 Promot e the Weak evidence
Muci n wi t h mi croor
MUC?7 faCiIitaterenghrelatlon
Mai ntain
Pr otriinceh protfAci dic PRP supersaturati|lHigh relation
ions in saliyv
I gA Hi gh relation
I mmunogl obul Il mmune respon
lgM & 1 gG Mor e evidence
Mi nor glycoprotein
Aggregate
Agglutinin mi croorgani snmWeak evidence
removal
Lactoferrin AntimicrobialfMore evidence
Lysozyme Anti bacteriallMore evidence
Antimicrobial
Cystatins More evidence
Hel p reminer &

Table 1: Chemical compositions in saliva (Abdullah et al (29))
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3. Definition of caries

Dental caries is one of the most prevalent chronic diseases in the world. It

results from an ecological imbalance between tooth structures and oral biofilms

(33). It begins with the colonization of biofilms on the tooth surfaces. Most of

the biofilms are occupied mainly by streptococci, which has been shown to be

closely related to dental caries. Streptococcus mutans produce a weak acid

environment, causing the pH dropping below the critical level (pH 5.5), and

leading to mineral loss and destruction of hard tissue which is known as

demineralization (33). The demineralization process can be reserved in the

early stage of caries formation with enough exposure of fluoride. Fluoride acts

as a catalyst of calcium and phosphate ions, helping to bond with tooth

structures and to remineralize. Study showed that the use of fluoridated water

can reduce the caries rate population, also the application of fluoride gel or

fluoride varnish every three months are recommended for high-risk

individuals (34).

Dental caries is also a multifactorial disease, involving many risk factors,

including bacteria, personal behavior and environmental factors. Individual

behavior factors can be defined as changeable or unchangeable according to

15



their characteristics. Excessive sugar intake or frequent snacking is the main

risk for the early childhood caries. It can be improved by reducing the frequency

of intake, substituting low-sugar foods (such as yogurt or fruit or replacing

xylitol), or through appropriate oral hygiene instructions (brushing technique

and flossing) (34).

Unchangeable factors include medication-induced hyposalivation, aging and

individuals with special needs (34). In elder populations, the risk of dental caries

and periodontal diseases is greater due to the limited movement, change of

immune function and impaired wound healing and repair, although there is

insufficient evidence to show that there is a correlation between the immune

system and dental caries (35). In the elderly, the root caries lesions are easy to

develop due to gingival recession, where the cementum is much softer than

enamel. Once the caries is formed, it is easier to penetrate and reach to the

pulp, causing toothache and even necrosis (33). Medication-induced

hyposalivation in patients suffering from oral cancer, receiving radiotherapy or

cytostatic drugs may develop sialo-adenitis can cause irreversible secretion

damage, which is considered high-risk groups, and may develop new caries

within 1 year (34). The moisturizing mouthwash or gels are recommended to

relieve discomfort, the use of xylitol or other sugarless chewing gum is also

16



recommended to stimulate saliva secretion (36).

Today, many studies have shown that the risk of dental caries is not only due

to eating habits or poor oral hygiene, but also genetic factors and

socioeconomic problems (37). Poverty may lead to a lack of education and

reduce the demand for dental care or reduce access to healthcare services,

unable to afford oral hygiene products such as fluoride toothpaste, mouthwash,

or dental floss (37). Although research showed that the prevalence of dental

caries in developed countries is decreasing, many children and adults still suffer

from caries (33).

Regardless of how these factors affect the possibility of lesion formation, the

accumulation of plaque and prolonged low pH are still the main reasons for

demineralization, which ultimately leads to dental caries. Effective cleaning can

minimize the incidence of caries, hence the education and maintenance of good

oral hygiene are essential for everyone.

3.1 Classification of Dental Caries

Based on the clinical manifestations of caries lesion, the American Dental

Association (ADA) has created a caries classification system (CCS) to make

corresponding treatment decisions (38). In CCS, it defines four sites where

17



caries lesions can be found: pit and fissure, interproximal, cervical and smooth
surface and root, with four types of clinical appearances: sound, initial,

moderate and advanced (Figure 6)

American Dental Association Caries Classification System.

‘ DENTAL

CARIES CLA! SYSTEM
Initial
Clinical No clinically detectable lesion. | Earliest clinically detectable lesion compatible with mild | Visible signs of enamel breskdown or | Enamel s fully cavitated snd dentin ls
Dental hard tissue appears demineralization, Lesion limited | to enamel or to shallow signs t in Is moderately exposed. Dentin lesion is deeply/
normal in color, forms are demineralized. severely demineralized.
and gloss detectable only after drying. When established and active,
lesions may be white or brown and enamel has lost its
normal gloss,
Other Labels No surface change or Visually noncavitated Established, early cavitated, shallow | Spread/disseminated, late cavitated,
R - _adequately restored - cavitation, mlclouvnnlon _deep cavitation
Infected Dentin None Unlikely Possible Present
Appearance of ICDAS 0 ICDAS 1 ICDAS 2 ICDAS 3 ICDAS 4 ICDAS 5 ICDAS 6
Occlusal Surfaces
(Pit and Fissure)* ! | i L Dal ’
{ \ ’ &
) \ - &
L_ - L J =i |
Accessible
Smooth Surfaces, R
Including .
Cervical and
Root* 4
Radiographic
the .'l
Approximal
Surface® ‘ ‘ i
E1Y or RA1* E2" or RA2* D17 or RA3*
Radiolucency may extend to the dentinoenamel junction or
EOY or RO outer one-third of the dentin, Note: radiographs are not D2 or RB4*
No radiolucency reliable for mild occlusal lesions. Radiolucency extends into the Rldloluuncy exlends mto the inner
middle one-third of the dentin one-third of the dentin

* Photographs of extracted teeth illustrate examples of pit-and-fissure caries.

t The ICDAS notation system links the clinical visual appearance of occlusal caries lesions with the histologically determined degree of dentinal penetration using the evidence collated and published
by the ICDAS Foundation over the last decade; ICDAS also has a menu of options, lmludlng 3 levels of caries lesion classification, radiographic scoring and an nlqluted risk-based cari
management system ICCMS, (Pitts NB, Ekstrand KR. Caries System [ICDAS] and its Caries System [ICCMS]:
Methods for staging of the caries process and ennbllng dentists to manage caries. tommun/!y Dent Oml Epidemiol 2013;411]:41-e52. Pitts NB, Ismail A, Mumgmn S, Ekstrand K, Douglas GAV,
Longbottom C. ICCMS Guide for Available at: http CCMS-Guide_Full_Guide_US pdi. Accessed April 13, 2015)

4 “Cervical and root” includes any smooth !ur'm lesion above or below the crown that is through

§ simulated radiographic images.

1] E0-E2, D1-D3 notation system,

# RO, RA1-RA3, RB4, and Rcs RCG ICCMS udxoguphn: scoring system (RC6 ~ into pulp). (Pitts NB, Ismail Al, Martignon S, Ekstrand K, Douglas GAV, Longbottom C. ICCMS Guide for Practitioners and

Available at: ploads/ICCMS-Guide_Full_Guide_US.pdf. Accessed April 13, 2015.)

Flgure 6 Classmcatlon of dental caries (Young et al. (38))
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Comparedwithanot her simil ar system called Al nte

and Assessment Systemo (I CDAS), the cl assi

stage and severity, but it is more precise, containing 6 categories according to

the histological extent of the lesion in the tooth (Table 2) (38) (39)

Also, according to the state of the caries, ADA has divided lesions into two

types: active lesion and inactive lesion. In active lesion, we can find plaque

accumulation with yellowish color and rough surface; meanwhile in inactive

lesion, the colorismuchd ar ker |, but the surface i s smoot

gingival inflammation when the lesion is located near to the gingiva (38).

The dmf index is another method used to measure the experience of caries.

It is determined by the total number of teeth through clinical examination: d for

tooth decay, m for missing (due to decay), and f for filled in individuals (40)

3.2 Early childhood caries

Early childhood caries (ECC) refers to the presence of any caries, missing

(due to caries) or filled tooth surface in the primary teeth of 6 year old children

or younger (41). The definition of severe early childhood caries (S-ECC)

indicates that any signs of smooth surfaces caries can be found in children

under 3 years of age. Or in children with a decay, missing and filled index
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surface scores (dmfs) of the primary maxi |

5 at age of 4, 29r O 6 at age of 5

Epidemiologic data showed that the prevalence of ECC is high worldwide,
whether in the developed or developing countries (29)(42). High prevalence of
ECC has an important impact on either their health, or their cost of the treatment.
Once the children suffer from ECC, several treatments are required, including
restorative treatment, extraction if the tooth cannot be restored, and space
maintainers (42). The most common clinical symptoms include pain, color
changes, and loss of tooth structure (Figure 7). In radiograph, we might find out
the abscess under. These may lead to the following complications, including

difficulty eating, which can result in weight loss and even bone mass loss (41).

Figure 7: Structural loss in ECC (Evans t al. (55))
The appearance of ECC is similar to other types of dental caries, starting
from white spots on the surface, where near the gingiva, accumulating most of
the dental biofilm of S. mutans. But the main difference is that due to the thin

immature layer of enamel, ECC spreads widely and rampantly. ECC usually
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affects the teeth by following the eruption sequence of the primary maxillary

incisor, maxillary first molar, canine teeth, and last second molar (41)

3.2.1 Hypoplasia-associated severe early childhood caries

Hypoplasia-associated severe early childhood caries (HAS-ECC) is

considered as a new classification of Severe early childhood caries (S-ECC).

Enamel Hypoplasia (EHP) is one of the developmental defects of enamel

(DDE), which is defined as a defect of the formation of mineralized tissue during

tooth development. This defect usually affects the primary incisors, canine and

first molar, corresponding to the developmental stage and degree (43). The

main etiology of DDE is heredity, but premature birth, medications and

infections may also be related. DDE can affect both hypoplasia and hypo-

mineralization, which can be found in the clinical manifestations of insufficient

enamel in the pits, grooves or large areas of the tooth, leading to the rough

surfaces that tend to accumulate biofilm. The latter will lead to a decrease in

mineral content, resulting in a decrease in resistance to acidic environments,

and easily lead to dental caries (41).

EHP is difficult to detect because dental caries and damaged enamel

surfaces often appear at the same time, but the important difference is that the
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primary teeth with EHP have been damaged before eruption, which leads to

lesions caused by EHP earlier than caries (43). Teeth with EHP are vulnerable,

and due to its structure, itds easily col ot

enamel defects or early caries, which leads to what we call Hypoplasia-

associated ECC (HAS-ESS). But not all EHP teeth are going to result in HAS-

ESS, the cariogenic diet plays an essential factor in this process (Figure 8).

Perinatal Early and higher
e

Figure 8: Process of HAS-ECC (Caufield et al. 2012 (43))

The cause of ECC is always related to carbohydrate fermentation in dental

biofilm (mainly S. mutans). Therefore, though the accumulation of tooth biofilm

is necessary, without cariogenic diet, EHP will not develop into HAS-ESS (43).

3.2.2 Risk factors and preventions

Sugar has always been the main risk factor for ECC, excessive sugar intake

or frequent snacking are highly related to early childhood caries (41). The use

of pacifiers containing sweetened fluids at night can also increase the risk

because saliva flow is reduced during sleep. Similarly, although breastfeeding

can help babies get more immunoglobulin (especially IgA), studies showed that

breastfeeding for longer than 12 months may increase the risk of ECC (41)(42).
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The developmental defects are also a factor of ECC (41)(42). Children

suffering from EHP can increase the number of dental biofilms accumulating on

the teeth surfaces. When combined with a high number of sugar consumption

and without a proper hygiene technique, it can be highly associated with ECC.

The acquisition of Streptococcus mutans in young children is usually

transmitted vertically through parents (especially mothers), but it may also be

transmitted from caregivers, siblings, and other children (41). Th e A wi

infectivityo is defined as thé& mtansini est

children's oral cavities. In 1993, the data had shown that the period of window

of infectivity was between the age of 19 months to 31 months during the tooth

eruption in 1993. The latest research showed that the early acquisition can be

advanced to the age of 16 months, and the earlier tooth eruption is the key

factor (44). Other study showed that children with history or their caregivers or

siblings who have severe caries may also increase the risk of ECC (33).

ECC prevention techniqgues and education are needed for parents and

children before the initiation of the disease. Knowledge of risk factors and

prevention must provide, including sugar restrictions for children under 2 year

of age, avoiding night use of sugary pacifiers or bottles and avoid breastfeeding

longer than 12 months (41)(42). Using at least 1000 ppm fluoridated toothpaste
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with an appropriate "smear size" toothpaste for children under 3 years old, and

"pea-size" for children 3-6 years old to reinforce oral hygiene (Figure 9)(42).

Children with a higher risk of dental caries, fluoride varnishes and dental

sealants can also be performed in dental clinics. Once the lesions appear,

restorative treatments are needed to avoid further infection. Resin cement

composites, glass (modified) ionomer cement can be carried out as the

conservative treatment, in which the release of fluoride can inhibit secondary

caries. A full-cover metal crown can be used if children with high caries risk (42).

“Smear size” for children under age 3 “Pea size" for children 3-6.

Figure 9: The size of dentifrices according to age. (Tinanoff et al. (42))
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Objective
The aim of this thesis is to describe and review the relationship between the
microbiota and dental caries, and to evaluate the potential biomarkers for early
childhood caries detection.
For this purpose, the following objectives were proposed:

A Primary is to understand the knowledge of microbiota, biomarkers and
dental caries, especially early childhood caries.

A To study the characteristics and functions of saliva in oral cavity,
including the salivary flow rate, buffer capacity, microorganisms present
in the saliva and the salivary proteins.

A Secondary objective is to evaluate the relationship between the saliva
and dental caries as the potential biomarkers of early childhood caries

assessment.
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Materials and Methods

The majority of sources came from electronic databases such as PubMed,

library database of selective publication at Universidad Europea de Madrid and

Googl e Schol ar . Keywords uisoerca | i mud lcu doeb:i o fi

Abi omar ker s o, Asal i vao, ficarieso and ndear.l

were combined with further fando and Aor o

search has been restricted from 2005 to 2020 presented in language English,

except for an article in 1983 to demonstrate the figure of the result.

A total of 68 articles were initially found and reviewed. However, 14 articles

were excluded due to either duplication or low relevance to the topic. The

reasons for excluding these articles include a mismatch between the research

participants and the topic that the participants were over 6 years of age, which

is unfavorable in this thesis, or the information is directly unrelated to the topic.

Cited paper for each topics

20

16
15 12 14
10 7
5

5 H =
0

Microbiota Oral Biomarkers Dental caries Early

microbiota childhood

caries

Keywords: microbiota, oral microbiota, biomarkers, saliva, caries, early childhood caries.
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RESULTS AND DISCUSSION

Saliva is widely used as a biofluid for the identification of biomarkers of dental

caries because is a not invasive methods well accepted by patients and due to

the easy collection of the sample. According to its properties, in saliva we can

find physical biomarkers (saliva flow rate, buffer capacity) and biological

biomarkers, including microorganisms in saliva and salivary proteins (45).

1. Early childhood Caries and salivary flow rate and buffer capacity

To study the relation between salivary flow rate, buffer capacity and early

childhood caries, several studies have been done. Kuriakose et al. in 2013

conducted a study with 42 children of age range of 3-5 years, comparing the

relation between in patients with ECC saliva flow rate (FR) and buffer capacity

(BC). Figure 10 shows that both salivary buffer capacity and flow rate are

significantly lower in ECC-affected children than children with caries resistance

(P value=0.001) (46). Therefore, in this study, they found the relation between

salivary flow rate and buffer capacity are highly related to the dental caries.

Comparison of mean flow rate Comparison of mean buffer capacity

Groups N Mean SD Mean difference t value P value

Groups N Mean SD Mean difference tvalue P value
Rampantcaries 21 081 06 0% 348 0001 | Rampantcaries 21 043 01§ 075 989 0001
Caries resistant 21 1.3] 057 Caries resistant 21 118 030

Fiugr E0OCompari son of ECC withetEFRMd)Eand B!
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However, in another study, Abbas et al. conducted a case-sectional and

case-control study with 77 children (age from 3-6 years) and divided into three

groups: caries-free, children with early childhood caries and children with

severe early childhood caries. Table 3 shows that the correlation of salivary pH,

buffer capacity, salivary flow rate and ECC are not significantly related because

the P value is > 0.05 among three groups, demonstrating that even though

saliva is an important factor in maintaining oral health, no conclusive results

were observed in this study (47).

Group pH p-value Buffer p-value Salivary p-value
capacity Flow Rate

Healthy | 6.98 £0.67 | 0.719 5.07+1.10 0.904 1.28+0.75 0.323

ECC 7.03+£0.75 5.27+1.34 1.45+1.03

ECC-S | 6.90+0.86 5.11+1.08 1.20 £ 0.90

Table 3: Comparison of Salivary pH, buffer capacity and Salivary flow rate in children
without ECC, with ECC and with S-ECC. (Abbas et al. (47))

2. Early childhood caries and dental microorganisms

To study the distribution of microorganisms in the oral cavity, and to learn

which type of microorganisms have a strong impact in the development of early

childhood caries. Hart et al. conducted analysis study in which they compared

the types of microorganisms in children with or without dental caries. Figure 11

shows that caries-free group patients had more species in their oral cavity

compared with the caries affected group. The results also found indicated that
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in the caries-affected group, S. mutans and Lactobacillus were more abundant

than caries-free group (48).

i .'H’.’f!"Lﬁ':#

e Yy
0 T

I

T'é"!,'“u‘k{"' |:|'r= '1';::
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Vaillonella sp. oral done BU0S3 i

Brighter colors indicate higher abundance level of the bacteria measured

Figure 11: Bacterial species in caries-free children and caries-affected children.
(Hart et al, 2011. (48))

Another study had found out that the presence of Streptococcus. mutans in

preschool children without dental caries will increase the incidence of dental

caries (29). In addition, in a longitudinal study with 39 children, showing that the

first colonization of S. mutans was found before the age of 2, and by the age of

4, the score of decayed and filling surface (dfs) (the modification of the dmf

score that only counts the decay and filling) was higher than the group of the

first colonization of S. mutans occurred between 2 and 4 years of age. (P value

<0.05) (Figure 12) (49). Therefore, the initial colonization of Streptococcus
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mutans is an important factor, leading to S. mutans can be considered as a

biomarker.

Initial establishment of S. mutans in relation to number of decayed and filled surfaces (dfs) in children at age 2, 3 and 4

dfs (mean+SD
Initial establishment of S. mutans
(No. of children) 2 3 4 yr

1. Before the age of 2 (5). 04409 54442 106453
2. Between 2 and 4 yr (8). 0 1.042.1 34418
3. S. mutans not detected (26) 0 0.1404 03+1.1

P<0.005 between groups | and 2 at the age of 4.

P<0.0003 between groups | and 3 at the age of 4

Figure 12: Colonization of S. mutans in children between 2-4 years old. (Alaluusua et al. (49))

Zhu et al. conducted a study in 2018 to investigate the most recurrent
microorganisms in early childhood caries. To demonstrate their hypothesis, 28
children were recruited, 15 of which were diagnosed with ECC and 13 were not
diagnosed with ECC. After 12 months of follow-up, all patients were divided into
3 groups: ECC recurrence group (ER), non-ECC recurrence group (NER) and
no ECC group (EF). Their research showed that in the ER and NER groups, 4
bacteria showed the most significant differences, including Capnocytophaga,
Fusobacterium, Leptotrichia increased in ECC and Prevotella decreased in
ECC, indicating that these four species can potentially be used as a biomarker
for recurrence ECC (Figure. 13) (50).

However, in figure 13 the ER group shows abundances of Corynebacterium,

Alloprevotella, Kingella, Porphyromonas, Actinomyces and Neisseria. Among
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them, the number of Kingella and Neisseria increased the most, meaning that

both are highly associated with the recurrence caries.

Contrastingly, compared with the ER group, the NER group had the lowest

level of Veillonella, Lautropia, Rothia, Haemophilus, and Streptococcus, where

Rothia and Haemophilus have the largest difference in abundance. As a result,

species of Kingella, Neisseria, Rothia and Haemophilus can be considered as

biomarkers of recurrent ECC.

Capnocytophaga* [ |
Campylobacter l" =« ER
Corynebacterium "
Alloprevotella [, = NER
Kingella

Porphyromonas

Fusobacterium*

Actinomyces
Veillonella
Leptotrichia®
Lautropia
Rothia
Haemophilus
Prevotella*

Streptococcus

!l““’“l"’!‘

Neisseria

o

0.05 0.1 0.15 0.2
Relative abundence
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w

0.35

Figure 13: Comparison of bacteria in groups ER and NER. (Zhu et al. (50))

3. Salivary proteins as biomarkers in Early Childhood Caries

Two studies conducted by Abdullah et al. and Sruthi et al., revealed that

salivary proteins can be used as biomarkers in ECC. The authors found that



Cathelicidin LL-37, Histatin 1, Statherin, Mucin 7, Proline-rich proteins and

immunoglobulins can help reduce the colonization of the S. mutans and protect

the teeth from dental caries, thereby can be used as a biomarker for dental

caries. However, they also pointed out that although other proteins (such as

Lactoferrin and Lysozyme, etc.) had antibacterial activity by reducing or killing

bacteria, studies showed that the relationship with dental caries were not strong,

therefore t hey onmrkéstandomere stusliesdare atifl neéded,

and (28,34).

Moslemi et al. studied the relationship between lactoferrin and lysozyme and

ECC in 42 children (between 36 and 71 months of age). Among them, 21

children had no dental caries and 21 had ECC. In these 21 children affected by

the ECC, 15 received restorative treatment. Figure 14 shows that children

affected by ECC had higher level of lysozyme than children without ECC, but

there is no significant difference in the level of lactoferrin that were found in

the two groups (Figure 15) (51), showing that lysozyme could be used as the

potential biomarker for ECC when comparing between caries-free and caries-

affected group.
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Level of lysozyme in ECC and CF groups

Study Number of chil-  Lysozyme concen- P
groups dren tration value
ECC 21 2180 + 653.52 |

CF 21 957381 £ 11483 0.04

ECC, early childhood caries; CF, caries free.

Figure 14: Level of lysozyme in ECC and children without ECC (Moslemi et al. (51))

Level of lactoferrin in ECC and CF groups

Study Number of Lactoferrin concen- P
groups children tration value
ECC 21 379+ 1643

CF 21 50.93 + 24.44 0.06

ECC, early childhood caries; CF, caries free.

Figure 15. Level of lactoferrin in ECC and children without ECC (Moslemi et al. (51))
However, as showed in figures 16 and 17, the levels of lactoferrin and
lysozyme do not decrease after treatment, with the P value > 0.05, indicating

that the relationship of lactoferrin and lysozyme were not associated before and

after treatment.

Level of lysozyme in ECC groups, Level of lactoferrin in ECC groups,
before and after treatment before and after treatment
Number of Lysozyme Study Group Number of Lacteferrin P value
Study group children concentration P value children concentreation
Treated ECC 15 2108 +59.1 Treated ECC 15 42+ 11.62
ECC before treat- 0.86 ECC before 0.2
ment 21 2180+ 653.52 treatment 21 3791643
Fiugr 6 andeVv?2ls of |ysozyme and | actoMes I q

et.(adhl)

Sun et al. conducted a study with a total of 30 stimulated saliva samples on
10 S-ECC children aged 3-5 years old, and divided them into 3 groups (before
treatment, 1 week after treatment and 4 weeks after restorative treatment).

They revealed that the level of Histatin-1 is higher in children after the treatment
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(P value <0.005), indicating the strong correlation between Histatin-1 and the

absence of dental caries (52) (Figure. 18).
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Figure 18: Histogram of Histatin-1 from 3 groups, before treatment, 1 week and 4

weeks after the treatment. (Sun et al. (52))

Study conducted by Sharma et al. in 2017 of 25 children with ECC to detect

the level of inflammatory cytokines (IL6, IL8 and TNF-U )

treatment, after treatment, and control. Figure 19 shows that all cytokine levels

are higher in children with ECC, and levels decreased in post-treatment,

indicating a positive correlation with ECC. (P value<0.005) (53).
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Figure 19: Level of IL6, IL8 and TNF-Uin different group samples. (Sharma et al. (53))
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Letieri et al. conducted another study to assess the level of Immunoglobulin

A (IgA) in children affected by ECC before and after restorative treatment, with

a total of 46 children of age between 24 to 71 months and divided them into two

groups: caries-free and ECC-affected. Figure 20 shows that compared with the

caries-free group, the levels of IgA, Streptococcus mutans and Lactobacillus

are higher in the ECC-affected group (P value <0.05). (54)

However, the levels of IgA and S. mutans do not show a significant reduction

in the ECC-affected group in the 3-month follow-up period, indicating that there

is no correlation between IgA and S. mutans before and after the treatment.

. . Streptococcus Streptococcus Lactobacillus spp.  Lactobacillus

Group S1gA(HgimL)  s-lgAp-value | ohe (CFU/ML)  mutansp-value (CFU/mL) spp. p-value
ECC 46.89(+ 41.94) 0.58a 3.0 = 105(+ 4.1 = 105) <0.001a 1.1 % 104(£ 2.7 * 104) <0.001a
7 day follow-up 40.87(+ 30.88) 0.17b 9.1 = 104(x 1.9 x 104) 0.04b 7.9%102(x 1.3 * 103) <0.001b
1 month 33.70(x 20.25) 0.20c 2.4 = 105(+ 6.4 x 105) 0.04c 8.6=102(£2.6 x103) <0.001c
follow-up
2 month 31.46(+ 18.90) 0.18d 2.0 x 105(x 5.6 x 105) 0.04d 5.6 x 102(x 1.9 x 103) <0.001d
follow-up
3 month 32.94(x 32.16) 0.93e 6.1 = 104(x 9.5 x 104) 0.49e 2.8x102(x 5.6 * 102) 0.04e
follow-up
Caries-free 25.40(+ 15.44) 0.03f 2.9 x 105(+ 5.4 x 105) 0.15f 1.1 x101(x5.0%101) <0.001f

Note: *Comparison between ECC and the 7 day follow-up; "Comparison between ECC and the 1 month follow-up; ‘Comparison between ECC and the 2
month follow-up; *“Comparison between ECC and the 3 month follow-up; *Comparison between caries-free and the 3 month follow-up; 'Comparison

between ECC and caries-fr

Figure 20: Levels of IgA, Streptococcus mutans and Lactobacillus of caries-free and ECC-

affected children before and after the treatment. (Letieri et al. (54))
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Conclusions

Saliva is a biofluid that can be used as a biomarker to detect caries due to

the factors of easy collection, non-invasive and well accepted by patients.

Early childhood caries (ECC) refers to the sign of caries, missing due to

decay and filled surface in children at the age of 6 years old or younger.

High sugar intake is the main cause of the ECC, other causes include

acquisitions of the oral microbiota, developmental defects and

breastfeeding longer than 12 months.

There are more than 700 oral microbiotas in the oral cavity, maintaining

commensal relationship with the host. When a state of imbalance has

presented, various infections might occur.

Nowadays, biomarkers are used as a preventive method to study and

evaluate the possible causes of the infection, and to early detect and

prevent of the development of the diseases.

Streptococcus mutans is the most common microbiota in the oral cavity, and

also is the most important bacteria that affects dental caries, followed by

Lactobacillus and Actinomycetes. S. mutans can be used as a biomarker of
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ECC, butit is not very effective for children who have undergone restorative

treatment.

Salivary proteins such as Cathelicidin LL-37, Histatin 1, Statherin, Mucin 7,

Proline-rich proteins, immunoglobulins and inflammatory cytokines have

been shown to have an impact on the detection of the ECC; However, there

is no positive correlation between lysozyme, lactoferrin and ECC, therefore

they cannot be considered as biomarkers.

There is still controversy between articles discussing the relationship

between the salivary flow rate, buffer capacity and ECC, therefore, they

cannot become potential biomarkers.
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Responsibility
The present work reviewed the Microbiota as possible biomarkers to detect
early caries disease. The use of microbiota as biomarker is a new powerful tool
to detect and prevent the onset of caries especially during childhood. This work
also highlights the responsibility of the practitioners, to inform and educate
parents and children in order to prevent the onset of caries that can degenerate
and produce more severe pathologies. Dental programs are essential in social
events and schools in order to provide information and educate about a proper

oral hygiene techniques and oral examinations.
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1. Introduction

More than 100 rillion symbictic migoorganisms live on and
within human beings and play an imporne reke in human health
and disease. The human microbiota, especially the gut microbiot,
lhas even been considered m be an “essential organ” [1] carrying

150 times more genes than ane found in the entire
lhuman genome 2], Impartant advances hawe shown that the gut
microbiota is invcheed in basic human bickogical processes, in-
cluding medulating the metabolic phenotype, regulating epitheli-
al development, and Influencing Innate immunity [2-E]. Cheonle
diszases such as cbesity, inflammatory bowel diseass (IBDY, di-
abetes mellitus, metabolic syndrome, atherosclecosis, alcoholic
liver dizzaze (ALD), nonalesholic Batry liver disease (NAFLDY, cir-
rhosls, and hepatocellular carcinoma have been associated with
the human microbiot [75] (Fg1l

Inrecent decade s, 2 remendows amount of evidenoe: has smong-
Iy suggested a crucial role of the human microbiota in human

Corrspood ing aathor.
sddmr |jljiadiin

httpsiididolang ID10I6].EHC 2017 0l D08
OGS KM 20T THE ALTHORS. Publithed

halﬂ: and diszase [79- "3|1da. several mechanisms, First, the
mikc the p | to Increass energy extraction from
food [24], increase nutrient barvest [2.10], and alter appetite
signaling [25.2€]. The microbiot contains Far more versatile
metabolic genes than are fiound in tee human genome, and pro-
wides humars with unique and specific enzymes and biochemicl
pathways [9]. In addition, a large proportion of the metabolic
microbiotic processes that are beneficial to the host are involved
in either nutrient acquisition or xenobiotic processing, Including
the metabollsm of undigested carbohydrates and the blosmthe-
=iz of vitamins | 10], Second, the human micrebiota alss provides
a physical barrler, protecting its bost against foreign pathogens
through competithe exclusion and the production of antimicro-
bial substances [ 11-12). Finall, the microbiot is eszential in the

mient of the intestinal mucosa and immune system of the
host [ 14,1€]. For mample, germ-free (GF) animals have abnor-
mial numbers of several immune czll types, deficies in local and
systemic lymphoid structures, poorly formed spleers and lymph
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Albrstract

Chut microbints has evobved along with their hosts and is &n integral part of the human body. Microbiot acquised at birth
develops in paralle] as the host develops and maintains its fempoml stability and diversity throegh adulthood wntil death,
Recent developmenis in penome squencing fechnologies, bicinformatics and coliuromics have enabled reseanches io ex plore
the microbiota and in particuler their functions at moe detailed level than befoee. The accomulsted evide noes ougpest that
though a part of the micmobiota is conserved, the dynamic members vary zlong the gastrointesting] ract, from infants to
eldethy, primitive tribes 1o modern societies and in different health conditions. Though the put micobiota is dynamic, it per
fiorm s some basic functions in the Immunological, medabolic, structurel 2nd neurological landscape s of the: humen body. Gut
microbiots alspeverts significant influe nee on both phy sical and mental health of an individual. & n in-depth understanding
of the functioning of gut microbiota bas led o some very exciting developments in thetapeutics, such as pebiotics, probiot-
icx, drugs and faecal transplantation keading (o improved health.

Keywords (Gut microbiots - Functions - Health - Thempeutics

Introduction

The: life formes on this earth can be clusieted into three broad
domazins: namely Archaes, Bacteria and Eukaryotz [1]. All
i has evalved from 2 simple unice | lular common ance sor
mver billion yesrs of evolution giving rise o a comples ity
of cells within an coganism. The: human is 2 superorganism
Bt functions in hemony with trillions of sy mbiotc bacieri
and enkaryotic eells. The bost and its symbionts together are
called a “holobiont,” and their collective genome is nown
as “hologe nome”. Variation in the holopenome either by
changes in the host penome or the microbiome may ooour
with reasonable fdelity maintsining plasticity of the bol-
obiont [2]. In 2001, the human genome project was com-
pleted afier which it was cormectly angued thet the “crmening
achievemeni™ in biokgy would be incomplee until the syn-
eTgistic activities between humean and microbes are undier-
sood [1-5]. Subsequently, severs] scientific efforts were
initiated to undeTstand the mlationships between humen and

(=0 Miogbur B_Khan
mayibar bhan & smail com

" minilecular Biclogy and Microbial Baoiechnoiogy Laborstory,
Lifiz Scamoe D avision, Isdilule of A dvanie d Sty
in Srienae mnd Technology (| ASST), Guwahaki, Inda

humen- esocised micobial commuonities. Disooverie s of
the Human Microbiome Progect (HMP) and the Metagenome
of Human | ntestinal Tract (MetaHIT) opened new horizons
in microhiome mesearch for zn enhenced undersianding of
hosi- microbe: interactions al four major colonisabion sies
af the human body; viz oml, gut. vagins and skin. OF the e
four sites, the human gut microbictz has drown the atien-
tiom of microhiologists for its clinical significance. Several
jgut microbiome projecs including the Awstralian Gut Pro-
ject, the American Giut project, the British gut projec, the
Canadian Microbiome Initative, the Humean Met2{enome:
Consortium Japan, the My Mew (Gut project of the European
Umiom and the Internatonal Homan Microbiome Consor
tia, edc. wer underiaken for 2 betier undersianding of the
comples gui ecosystem and its role in health and dismmes.
The: hurmen gut (300300 m* of mucosa) is the “wcret g
den™ of ten trillion diverse: symbionts (30 bacterial phyla and
bt 100 1000 bacerial speoies), collectively known as the
‘micmbiota’. Micnobiots are fen Gmes moe: abundent than
our svmatic and perm Fne cells of the body. The oollective
genes of microbiota are known as the *microbiome” which
iz 150 times larger than the humen penome &, 7). In an
individuzl, 150170 hacterial species predominake and p=t
henefits from the ient rich ey of the gu
and perform protective, metabalic and strsctural functicns.

€) Springer

44



Aagaard K, Luna RA, Versalovic J. The Human Microbiome of Local Body Sites and Their Unique

Biology [Inte r net ] Ei ght h

Edi Vol . 1, Mandel |

Dougl as,

Infectious Diseases. Elsevier Inc.; 2014. 117 18 p. Available from: http://dx.doi.org/10.1016/B978-

1-4557-4801-3.00002-3

The Human Microbiome of Local
Body Sites and Their Unique Biology

Kjersti Aagaard, Ruth Ann Luna, and James Versalovic

DEFINING THE HUMAMN
MICROBIOME
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INTRODUCTION

The gut microbiome, as defined by molecular binlogist Joshua Lederberg, is the totality
material present in the gastrointestinal tract (GIT). The gut micobiota is comprised of all
the bacteria, commensal, and pathogenic, residing in the GIT. In the past decade the gut
microbiota has been explored for potential gut microbe—host interactions including effects
on metabolism, immume, and neurcendoorine responses. The gut microbiota plays an
impartant role in nutrient and mineral absorption, synthesis of enzymes, vitamins and
amino acids, and production of shart-chain fatty adds (SCFAs). The fementation bypro-
dudts acetate, propionate, and butyrate are important for gut health and provide energy for
epithelial cells, enhance epithelial barrier integrity, and provide immumomodulation and
protection against pathogens. Current inwvestigations are exploring resident bacterial gene
finction and the potential corresponding role in human health and metabolism.
Additionally, study of whether nonpathogenic baderial strains can stimulate recovery of the
immune responses to pathogenic causing diseases is ongping (Cresd and Bawden, 20151

The human gut microbiota is divided into many groups called phyla. The gut microbio-
ta is comprised primarily of four main phyla which indude Firmicutes, Bacteriodefes,
Actinobacteria, and Profesbacteria (Belizario and Mapolitano, 2015). While bacteria colonizes
the human body, including oral cavity, placenta, vagina, skin, and GIT, the majority of
bacteria reside within the GIT, with the majority of predominantly anaerobic bacteria
housed in the colon (Fig. 4.1). To gain perspective of the magnitude of bacterial presence
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Abstract

The human intestinal microbicta forms an insegral pare of normal human
physiology, and dissurbances of the normal gut microbiology have been im-
plicated in many health and disease isopes. Because new bomns are essensally
sterile, eheir microbioe must establish and develop from the very firse days
of life. The first colonizers play 2n important role in the developmens of the
ecosystem and may impact the bong-term composison and actvizy of che
microhioez. These firs settlers obviously develop and proliferate dependent
on host charscreristcs and dice, bus other facoors can also significantly con-
tribue o this viel biological process. Considering the imporance of che
micrhioes for the human immune, metabolic, and neorological systems, it
is imporeant to underseand the dynamics and driving deserminants of this de-
velopment. This review gives a global overview of our current underssanding
of the different faceors impecang the insssnal microbiology in early life.
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Abstract

Badkground: Gut micobiota plays an imparant mie n physaagical and pathaogical processes of te hast
aganism, induding aging. Moobicta composition was shown to sy sgnificandy throughout the e owrse. Age-
refated changes in the compasiton of micobiota were repored in several buman studies. In peesert study, age-
refated dynamics of phylagenetc profie of gut mioobiota was imvestigated in 1550 healthy participems from
Ulkrzinian populaton

Resulis: Significant changes in the moobota compasiton determined by gATR(R at e level of magor momobal
phyla ao= oyje gmoups have been obsereed . The relative sbundence of Adinobactera and Firniowes phyis
incremsd, while that of Bacemidetes deoessd fom chidhoad to sdedy age Accodingly, e Fimmicounes!
Bareradetes F8) ratio we shown o sgnifieantly noesse untl sder age. In both sees, odds to heve FE > 1
tended 1o increase with age, rmarhing mecdmum selues in sder e goups DA =27 @5% 0, 1.2-60) and OR= 37
(5% O, 1.4-96) for fermale and male 80-G%yer age gmoups, repecively, compered o same-sex refeen e (-5
year) age groups]

Condusions In mncusion, dats from owr study indicate $hat compesition of $he human inestinal micobiots at
the vl of megor micobal phyla sgnificantly diers oo 2ge groups. In both sexes, the B8 rato ends o
increme with age fom 0-9pemer o G0-6%yer age grous. Further studies are needed for 2 betier undestanding
aof mechanisms undedying agerelated dynamics of human micrabiota mmpostion

Ky warredisz Gurt microibiota compositan, Frmiotes8 araders o, Aging, Agerelated dhanges

Backgroqwnd

Aaumulaing evidencee indicaws that intestnal mioro-
bins (microbial community inhahiting e gut & ouo-
cially invalved in the host organism’s Wil functions [1].
The crocial role of the got micobista and its maetah
lites in regulaging multiple physiological funcions of the
host is firmlly established [Z]. In partcular, the intestinal
mimrohint & smtially contribates @ homan mesbalism

by providing enzymes which are not enooded by the hu-
man genome bot play importang roles in the breakdown
of pohsacdharides and polyphenals and also in synthesis
of vitamins [3]. [Aswriances in gastrointestna physi-
ology mediaed by the los of mioobial diversity or
changes in relative abundance of the gut miorobial oome
munities are commanly referred o as dysbiosis [4] Such
disturhances cansad by disease or aging may impatr nor-
mal motrient intake and microblom funcdons, while
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Abstract The two maost impartant bacerial phyla in the gastrointestinal tract, Firmicutes and
Hacteroideie s, have gamed much attention in moentyears. The FimmicutesBacteroidetes (F/B) ratio
is widely acepied to have an important influence in maintaining normal ingestinal homeostasis.
Incressed or decressed FE ratio umﬁardcdad}d:m:,w’bzn:byﬂt!mrumaﬂynhﬂ:mﬂd
with chesity, and the lather with mflammatory bowel disease (TBD). Probiotics as lare microorganisms
can confier health benefits to the host when administered in adequate amounts. There is considerable
evidence of their mrtritional and immunosuppressive properties including reports that elucdate
the association of probiotics with the BB ratio, chesity, and [BD. Omally administered probiobics can
cantribuie to the estoration of dysbictic microbiota and to the prevenbion of chesity or B2 However,
as the efiects of different probiotics on the B ratio differ, selecting the appropriaie speoies or mix e
= orucial 'I'h:muﬂ:n:mmm]y 'Erbdpmhmu:lfn'rmnﬂﬂ}mﬁﬂt F/B ratio and Ima'tn'lgl:lnnl]l anid
IBD are from the genus Lactobac lus. In this papes, we review the effects of prabiotics on the F'B mtio
that bead toweight boss or immuncsuppression.

Keywords pi:l:'nl:iu,'Finnian:,: Bacroadetes; ﬂyﬂ:um:, nben"l;r; inflammation

1. Introduction

In the human body, trlbans of microorganisms e in symbiosiswith the host and ase mamly locaied
mﬁ:;ga:nml:ﬂmallraq.mn,nhm, mlm.nmu,cmpn'ma,mdva@na [1] M.l.l:mmpumlhat
inhabit the gastrointestinal tract (e, gut micobit) member approcimately 1 10 [2] and play an
esmntial role in intestnal homeostasis, development, and probection against pathogens Furthermore,
their presence in the gut is asedaied with immunomodulatory and metabolic mactions [5]. Gut
mmhnfmyeumrﬂm 'hch:umﬂzguta::qﬂmtﬂi]y e Fhan 1000
:Pecu'ﬂutbdmﬁ bo =i d.numu:lph}rla: Firmicuies, Backeroideies, Actinobaceria, Proieobecera,
coenamean, repe=senting % of the got micobiok [4] The gut microbiota of 2 healthy indnridual differs
in different parts of the gastrointestinal tract and changes with time due to aging (induding infant
Large differences in microbicota composifion exist amang individuals, with the diffie enoes attributed to
age, ethnicity, lifestyle, and diet[4,5]. Difiernt macrobiot are dassified inbo three distinctenierotypes [5]
Such variations are considered physiological and corsistent with healthy micobicta. Mewerthe bess,
d\m#:inminubinﬁmmpuﬁﬁmmnﬁm:dﬂedmdi:uq also ermnesd ﬂyﬂ:u::: However, the
cansality betwneen altered microbicta and various diseases is often unclear

Mo guvisms M), 8, 1715; dot 10 3 microorganism] 11715 wevermalpi cumfesmal mizr
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Role of the Microbiota
in Immunity and Inflammation

¥asmine Bolkaid'-* and Thmothy W. Hand '~
ity @ Biar v Sha IriSasve, Mational i
D X002, SA

ey

[t T e o Hal oy, ot

4 Alurgyy andl Ik

= oy oo Pt Do i, Nl ool I S o Allar gy s e i [0 s, el It . dcs o
Fiaah, Baha i, WD 20RG0 LEA.

o e o I ] e
o e o oo 1 0 B el 0 A SR

The microblot a plays a fundasmentsl ol e on the induction, training, and funct on of the ho st immune
ayatem In return, the immune syatem hes ey ely evolved ao a8 means to madntsin thesymblotic rela-
ticans hilp o f thve I ostw ith thesehighly diverse and evolving microbes. When operating optimally, this
Imamune system-micno biota allisnce allows th e induction of protective responses to patho gens and
the malntenance of reguiatory pathways imvolved in the maintenance of tolerance to Innocuous: an-
tigens. However, in high-income countries, overuse of antiblotics, chanpes in diet, and limination
of congtitutive partners, such a8 nemsato des, may have selected for & microbiots tha iack the resil-
ience and diversity requined to establish balanced immuns responges. This phenomenon is pro-
posed to sccount for some of the drameatic iee in sutoimmune and inflsmmatory disonders in parts

of the world whene our symbiotic relationship with the microblota has been the most affected.

T Sfa%8s of Pl OF JSI3SN 2 TP BOODPEESIOS
of Tk sucoms oF lalue ssparienced by T organism
I it afiors 0 manond SdonBwely B0 ERWIrOREeEal
ol args." = Farey Duibcs., F65

lvbresthy o n
A LI L O T T G T OISR T P o
b0 Tl MSCMEOnD o Feoal 3] 199 Sprmindofln CORTITHERl i
crodicia 'Wih an ssimaled composifon of 100 Flion cels,
FiTaan §yminhonts LA ot onlis Dy o laast a faetorod
10 and sopmss of lsasd 10-80id mors wnique Qeras Than T
oS ol (i O, SO0E) TRl Corp Mo COMmInities
o microies. Fad Foiede bacieda, rgl virnses, ard e mi-
cronil and SKaONn SiEl DTWIOE 3 TTBOONES STy
matc capabilty ard pay @ fordamental mis In contllng
mary aapecls of hosl physobogy Ower the Dol few years,
1l i i I oy i e P LI e iy el AN
urdersiandng of Fe rdamenial e of T mioocta in e
Irdiclior, @dumtorn, and SnoBon Of Tl Ml iar M
SYE WL

Thel Aol SYSBOT: I CONTECEd Of & OO FwIoH OF
Irraat 2] aeckae e CormDoraTis arechowiad wi T aneocireond raey
capacly o adapt and mapond fo Pighly dares cfalerges.
1050 e, 5 ol LN P ART B 0 35 3 T o PR
of Foad Fiomeedaiasis. Tal operaies 1o susialn and neeiom Tasus
S o IR Tl Conie O icroiial ared ErIrOITTRRNER A0
fara Thes devasdopmert of dadred s of T IMITRS 5iyS-
fam=ard, mom pardicuiady, e asodaded wilh adaoive
Imnimianly = Fai Soncited Wit T aquision of & ool
oS, ST CEERg T CORaEt Tt 3 e fracton of ths
rechirery P arechoad 3 @& s o madndalna symibiod o rda-

| [E—"

tiorahips Wk Tus Pighly darss Mmool COMmmriaes. In
furr, T microbiota promote ard callbvads mulBpie aspacts of
1 [T 5 ST
Wiran opeaing opfimally. T Immune S ysSemiarobiol s
sl | PSS WSS, Tl [Tl 2] a2 vl 20TTel O IPTiTLIN By
In adiaicg fhal sescls, calbmies. ard ferminales msporass
I el PCE P e R o, 1o Tl s o
0 @ DD [T S AT 2] 1% Pl arenl o el P e
came ai @ prlos Pathdogies Tl Incmasingly aflect Fumars,
S a0 STy, SN MR, 2 Indemimatoey discedars, ail
ardas from a falue o Confol misdrecied IMMUE M porSes.
S0araT Sl MomniotE-Aehd, OF @RI 3Egend
Furirer, aliemdon ol fa compodion ard furcon oftFemiao-
hicfa 35 @ mault of andhiofic uss, dist evolfon, ard Mo
alimiraton of CoRalBve [arTeS SUCH 35 PR WOrTE
Fas Famsiommed o microbial alles o polendal lablies
ARFCIagn maTnes of TR Mmool o oflan redarmed G0
a8 ommeraals, symibiosls Dalvweer T miorobiota and i
dan Feal e wariois o of reRdorsnip,
Irciuding muvalsic, pamaic of commansal. Howser, Fow
il MRS Of Tel MCFODGOES IMVSECt Wl el o0l Cali
ba highly confecdiual with T same microbs devaoping as
st o pamsle eooordng 1o T Aurilonal coindecdon,
o QRN larioars of B Feoal Ol I i a0ach,, depion-
fion of opimal and dysreguiaied parresHps Detwesn T
Pl ool ot 3l BS mamimadian Foal has ke Oaeier S50 IR
e Said of Inriaredd oy ad Fias i 10 T medlacowry of &
e FolinSic e of Roed prysldogy Irckesd, T reofon That
microbid PArTS (BN Mo FLMan Faal S not & Mo
conapt ard was origirally pepcasd by The saminal woek of
Diischerinin (125) andhis unders tanding of T mie of e okadl]

Cal 157, Mareh 37, 304 S30H Baaviar lnz. 1

from:

50



9.

Valdes AM, Walter J, Segal E, Spector TD. Role of the gut microbiota in nutrition and health. BMJ.

2018;361:361 44.

SCIENCE AND POLITICS OF NUTRITION

Role of the gut microbiota in nutrition and health
Ana M Valdes and colleagues discuss strategies for modulatng the gut microbiota through diet

and probiotics
1crobiome: refors io the oml-
lective genomes of the mic-
organisms mn a particular
enwimmment, and microhiota
1= the comrmunity of micro-
organisms themschres (box: 11 Approvimalely
100 trilhon micro-orgamtsms (mast of them
bacieria, batako vinses, fungl, and proto-
zoa) exist in the human & ll tract”
— themscrobicme 15 now best thought ofasa
wirtual crgan of the body. The human penome
cmmsists of about 73 000 penes, whensas the
magohtome encodes orer three mallion genes:
producing thowsands of metabolttes, which
replace many of the functions of the host,"*
consequantly mfiuencng the hosrs fitness,
phenatype, and haalth *
Stucying the gu micobleta
Twin studies kave shown that, althoegh

there 15 2 beritable compoment to gut
e Ironmental factors related

(fut microbes are key io many aspecs
of human bealth incleding immune,”
matzbolic® and meurchehavionral trases (fig
11" Diffiorent bave s of evidenne sopport the
roleof pot micobica in human bealth, Bom
ansmal models" ™ and broman studses "1

Antmal maodels can help idestify gut
microbes and mechanisms, though
the dogroe to which Bindings translato
to humans s unknowe. In homams,
observational studies can show cross-
sectional associations between microbes

» Gut microbicts SETUSTOG many R
of human hoadits fiom inpabs tmoe-
nity b0 appetsie and energy metaho-
lsm

» Tasgeting the qut macrohiome, with
probiodics ar distary fibre, benefits
‘humnam bealth and could potontialby
Tartine ohosty

« Drugs, focd ingredionts, antibiobics,
and pesticides could alll bawe advorse:
effiects on the qui microbiota

-« Mizohints should bo comstiderad & koy
aspact iIn nuirition; the madical com-
munsty should adapt thar cdumtian
and public health mesqos

-« Fiire conmamption &5 associabon with
benaficial efects I several contexis

B 1 Glossany

=« Mimobiome—the collortie qenomes of the micro-organtsms in 3 partioalar enwl-
‘mooment

» Mimobiotr—the communsty of mecro-oogamisms themeahes

» Mimobiot Siversity—a memsurs of how many dsoront spacies and, depondont on
the diversity indices, how evenly distributed thoy ane in the commumity. Lower
diversiy s considered 2 marker of dyshicsks (mécrobial Imbalance) in the gui and
has been foand i autolmmune discases and obesty and cardiometabolic condittons,
2= wedl as in lderty poopic

= Oporafonal Laronomic unit—a dofinttion usad to classify gooaps of dosely miabed
arganisms. ONA soquences fan be chastersd according to thesr stmilarity to ooe
amother, and aperational taxonormic units are dofmed based on tihe Smilasty thresh-
old {usually 97% similarity) sof by the mecacher

= Cojanocytos—epathoial colls of the colon

» Corm-freeanimeis—animals that have 00 micoo-oeganisms Bving in or oo tham

amd bealth traks bt are Hmited by the
tmability bo measure usal relations. The
strongest level of evidance 1s obtained
from inberventional clinical studies—in
particular randomiszed controlled toals

The compesition of gut microhiota
is commonly guantified using DNA
based methods, such as next gemeration
sequencing of 165 ribosomal ENA genes.
or whole gemoms sholgun sequendng,

Fig 1| Schematic reprssentation of tha rela of the put micrebioda in health and diseass giving'
s0ma @k amples of Inputs and ctputs. CfD=cardby 2scular disezsa; I nosaprogonic s
LPS=liprpaly harida; S{FR=shart chain ity acids; TMAD= trimathylamina H-oxide

BA 31Seppd |ty
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Abstimd The composition of the gul micobicta is in
oconstant fiow under the imfluence of facws such = the
diet, ingested drugs, the inestinal mucosa, the immune
systiem, snd the microbiots itslf. Nateml veristions in
the gut micwbicta can deteriomte o a stabe of dyshioss
when stress conditions rapidly dermeass microbial diversity
and promole the expansion of specific hacierisl taea. The
mechanisms underiying imtestimal dyshiosis afien remain
unclear given that combimations of nammal variations and
dative siress, bacieriophapes induction and the soetion
of bacterial pmins can trigper rapid shifix among iniestinzl
microbial groups thereby yielding dyshioss. A multitude
of diseses including inflammetory bowel diseases but also
metabolic disprders such as obesity and diabete s fype 1T e
asmciated with inbestinal dyshiosis. The charscterization of
the: changes leading o intestinal dyshiosis and the identi-
fication of the microbizl taa contributing o pathologicsl
effects are essential pressquisie s o bebier onderstand the
impact of the microhbiots on heslth and dis=ase.

Korwords Bacera - Cyinkine - Mocin - O idstive
sress - Bareriophage - Bacteriocins - Necrotiring
enkemcalitis - Cancer

= hq]il:m

" Inssmie of Pirysiology, University of Zarich,
Winlerihur riryee 190, 3057 Forich, Swiberiand

ent transformation [1]. vitemin supply [2], meturstion of
muosz] immundty [3, 4], gul-bo-bmin commumcation [3],
and even tomor progession [6]. Like other organs, the
proper function of the gut microbiota mlies oo 2 sinble =1
luler composition, which in the case of the humen micm-
biota oonsists mainly of bacteriz foom the phyla Baceroi-
deies, Formicuies, Actinobacieriz, snd o = lesser ex e

Proobeceris [1]. Lasge shifs i he ratio between these

"
L}

Dryehingis can tripper diseas in the first weeks of life =
pbsered in necrotiving enterooslitis [14], during aduh
hsod thromgh the promotion of colomcte] cencer [15], or in
elderly people as exemplified by Closridism difficile- s
ciaed dimrrhes [16].

the application of Koch's postulates given that 2 major
fraction of the micobictz canmnot be isolaed zs pum
culive. Themfore, the pathopenic implication of spe-
cific micobes in a disease lopely relies first on the

£) Springer
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Current Understanding of Dysbiocsis in Disease in Human and

Animal Models
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Nutrition, oxidative stress and intestinal dysbiosis: Influence of diet on gut
microbiota In iInflammatory bowel diseases

Giovanni Temasello"™*, Margherita Mazzola®, Angelo Leons', Emanuele Sinagra®, Giovanni Zumme", Felida Farina®,
Provvidenza Damiani’, Francesco Cappelle®, Alice Gerges Geagea™, Abdo urjus’, Tarek Bou Assié, Massimiliano Messing®,
[Francesco Canini

Background. Microbiota refers to the population of micreorganizms [bacteria, wiruses and fung) that inhabit the entire:
gastrointestinal tract, more particularly the mlon whose role is to maintain the integrity of the intestinal mucosa and
contrd the proliferation of pathogenic bacteria. Alberation in the composition of the gut microbiota & cilled dyshiosis.
Diyshiosis redisposes to inflammatory bowel diseases such as ulcerative colfitis, Crohn disease and indeterminate colits.
Methods. The punpose of this iterature review is to uodate the influence of diet on the compesition of the gastro-
intestinal microbiota in the healthy gut and the roke of diet in the development of dyshiosis.

Condusion. The “Westem diet in partioular a low - fiber high fat'high carbohydrate diet is one factor that can lead to
severe dysbiosis. In contrast, "mediteranean”and vegetarian diets that inchudes abundant fruits, vegetables, olive il
and oaly fish are known for their anti-inflammatory effects and could prevent dysbiosis and subsequent inflammatorny

bowel disease.

Key words infammatory bowel disexses, oolorectal cancer, intestinal dysbiosis, gut microbiota, healthy diet
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INTRODLUCTIN

Mamy aneas of curmest messarch focus om the the infle-
ence and effects of dietary habits oo human bealih, espe-
cially im Western countries, whene he langest proportions
of s called “junk food™ comsumers reside. The “western
died”, mainly refined carbobydrates, simple sugars and
mturzted fats, is linked io varous metabalic disonders.

The purpose of this mview is to flustmte how dietary
hebits can inflence the composition of the imestinal
microbiota leading to dyshiosis and inflammatory bosel
disrase {IBLY)L Afier 2 brief verview of the put enatomy
and the mie of the microbiots in healthy gut, this review
depicts how the microbicta composition varics based an
dhiet and howr ithis in turn may lead o the onset of sysiemic
meiaholic disorders and/or THLL

GUT MORFHOLOGY

The habitat of the gut microbiotn is mprescated by the
imtestime. The later consists of teo mejor portions the

small imtestine, divided into duodenum, jjunuem and ik
eum responsible for digestion and outrient sbsorption and
the large intestine, divided imto cecom, colos and pectum
is mspossibie for water abscrptiom end formation of B
The indestinal wall is compossd of four superimposed Ly-
e from the cuermaost laver, we find the serosa, the mus-
cularis propria, the submucoss and finally the mucosa
The small intestine has villi ceezied mainly in emiermoyies
which show om their surface, protrusions called microwillil
These protrusicns incnesse ihe absorption surfsce amd
thus facilitat the digestive pmoess and the absorption of
nuirients. The large intestine epitbhelium comprises colo-
nacyies similar to the enterooyies. Howewer, their main
function is to absorb water Colomsooyies ar arrenged to
form along goblet cells, simple tuwbular glands which se-
crede peutral mucus to lobricate the intestinal contents
The highest concentration of backeria is found i= the large
imiestine. For a moos detailed de scription, plesse refier to
specialize d books'.
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The oral microbiota — a mechanistic role
for systemic diseases
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Human oral microbicta is the ecological community of commensal, symbiotic, and pathogenic miomorgansms found in the
cral canity. Oral microbicta generally exists in the form of a biofiim and plays a crucial role in masntaining aral homeostass,
protecting the aral cvity and preventing disease development. Human omal microbicta has recently become a new

focus research for promoting the progress of disease diagnosis, asisting disease treatment, and developing personalised
medicnies. Ini this review, the scientific evidence suppaorting the association that endogenous and exogenous factors (diet,
smoking, drinking, sociceconomic status, antiictics use and pregnancy] modulate oral microbicta. it provides insights into
the mechanistic role in which oral microbiota may influence systemic diseases, and summarises the challenges of dlinical
diagnosis and treatment based on the microbial community information. it provides information for noninvasive disgnosis
ard hedps develop a new paradigm of personalised medicine. Al these benefit human health in the post-metagenomics e,

Introduction

The oral carity is a connection channel
between outside envimonments and the res-
piratory tract and digesttes trac. B provides
an appropriate iemperature, humidity, and
nutrition for micreorgansm colonistion. The
human oral microbsomae bas heen exienstvely
siudiad as part of the Heman Microbloms
Projecl. The oral microblome has an esential
roke in maintaining 2 normal oral ecologl-
rl balance and in the development of oral
diseases. There ixabemdan evidence sapport.-
ing Lhe thoory that endog d

of the oral discase paradigm.? Lifesiyles and
diets induding smoking, alcobel drinking
and consuming spicy food, and antibiotic
Ireatmenis can persisiently alier commensal
microbial commanities! The resultant

‘microblal dsturbances may increase pathogen
¥

The disterhamce of the oral microbiota-
ecology balance in the host usually causes 2
series of oral infections diseases incinding
denlal aries, apical periodontitls, pericdonial
diszases, pericoromitls, and craniofadal bone
osieomypelitls. Oral mioobicta 15 also assod-
aled with

factors are doscly refated to oral microbiota
and systemic discases = Stmdies on dictary
behaviours demonsirate 2 undamenial aspect

Bk o i i i
rel 2 e a2
e B ek b G
n._p-:‘ du.lg:?i-u‘:umpﬁ
Fra e of Chom; Depariaemt of Crlaryrgpkey Ty
Henpital, Torgi Uinives iy, Sharhai 0004, M1 Chin
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microblota has baen considered a5 a potential
‘omarker for heman diszases. Relatsonships
hetween oral macrobsota and sysemic discases
are esseniial and noed o bedecidated, in order
1o provide 2 reasonable dtagmosis basis for
diszase provention and tretments.

This article mainly discusses the mecha-
nisms for kow endogenous and coogenoms
factors medulaie oral microbiola, provides
Insights inio their rodes in e influence of
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oral microbiola on sysiemic diseesrs, and sum-

marises the challenges for chinical diagmosis
and treatment.

Basic compasition and distribution of
oral microbiota

The oral microbsiome can be dasssfied o core
microbiome and varizble macroblome. The
onre microbtome s stmilar for all individml
and comprised of the predomimant speces al
different sites of the healidy body. The variable
microbiome 15 diffrent betweon indviduak in
rexpanss b emique iesivles and phenotypic
and genotypic detlerminamis.

For newhormes, within fee minwies of birt,
tactertal communitics: in the oral cavity and
other body habitats are very simibar o cach
nther* Types of mimoorganisms are dosely
dectded by the deltvery mode” In additson,
the mather's oral macrobtota 1s the most
tmpartant source of infants” and young dhal-
dren’s oral microbieda by successful vertial
Iransmission.™ As ageing continues, bables
and children form a wide variety of oral
‘miToorgRniams in respons: o different dicts,
lestylos, environments and so on®

The oral cavity conlains over Tod
microbdal spedes as well a5 commensal
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‘Dral microibanta & an smportant pat of the human microbGota. Oral microbes can be colonized into the
imiestine in variows ways. Oral microbiola is amsociabed with avaristy of oral disegs=s. Recently, inmreasing
has showm ithai the oral microbiota is dosely related io the physical siaie of humans, sech as

Kcymords: diabetes, obesity, and cancer. In the fature, oral meaobiota will bernme 2 new tanget for improvieg the
Dieal rucmmisiaty pirysical state of bemans.
D"'IS h_I & 2019 "Socse by information”, Production and hoeting by Beevier LY. om behall of KeAi
Communications Co., Lid. This i5 an open 200055 artice under the CC BY-RC-ND §oense (hitp:))
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1. Intreduction 2. Oral microbiota

About TOD kinds of microorganisms exist in the human mouth,
and these microbes constitute the human oral micobiota. It s
one of the most complex microbial communities in the buman
bady [1].

In recent years, with the completion of the Human Micmbicta
Program |23], people hawve become increasingly aware of oral
microbes |4) but hawe mot further analyzed oral microbiota in oral
disegees such 25 caries |5, periodontal diseaze [S], and oral cancer
[7]. There is evidence that oral microbiota is also clossly relabed
to systemic diseases |8 including rheumatoid arthritis (RA) [S]
adverse pregnancy outoomes [ 10] and cardiowascular disease |1 1]
Motably, a lange number of cral microorganisms enter the down-
stream digestive tract from the oral cavity throwsgh saliva, and they
pres=nt 2 particulardy clos relationship with digestive diseases
[13.

Oral microbiota can be wsed 25 targets to treat oral and sys-
temic diseases. This article will disouss the relationship between
oral microbiota and gut microbiota

In thee Butwre, cral microbiota may become 2 new target for the
treztment of certain dis=ases.
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The pral cavity is 2 complex environment that enmompasses dis-
timct, senall microbial habitats, such as testh, buccal mscosa, soft
amd hard palate, and tongee, which form a species-rich heteroge-
neous ecological system | 13] {Fig 1AL Bumsrous micoorganismes
exist in the mouth, among which are bacteria, fungi, and vinzses.
Bacteria arethe main inhabitants of the mouth | 14); they primarily
comprise bacte=ria of the Firmicutes, Bacillus, Protechacteria, and
Actinomypoetes [15]. Unlike gt micobiota, these types of bacte-
ria do not change significantly. Diet and the envircament have 2
great impact on gut microbiota [ 1 6] but exert minimal effect on the
compasition of aral bacteria. Healthy peaple from different coun-
tries: have similar compositions of oral microbiota In the Buman
maouwth, 85 species of fangi can be Bund. Among these fungi, the
maost impertant oneisCandido | 17 ] Condids is neutral when thearal
microbiota is normal; however, when the ol micobiota balancs
is broken, Candido will seek the opportunity to attack oral tissue.
Condids forms a biofilm with Sirepioroooes to play a pathogenic
rode | 18] Vineses, mainky phages, are also part of the oral micno-
biota | 19]. The type of phage in the meuwth Is constant during all
stages of life [20]. Other non-original virusss may also appear in
the mouth when certain diseases exist in the human body. The
maost commaon is the mumps vins [21] and HIV [Z2] Oral bac-
teria are the main components of the oral microbiota. Common
oral bacteria include 5 mutans, Porplyromonos ging-
walts, Staphylococows, and Loctebacfirs [23] 5 mastans is the main
compansnt of the oral microbiota, and it ks one of the main com-
ponents of dental plague [24] It 5 alse the main pathogen of
caries, which is a bacterial infectious diseass that cocurs in hard
tizsues of the teeth and has the highest incidence among oral dis-
eases | 15]. P. gingivals is a non-ghycobytic Gram-negative anaerobic
bacterium that is a perindontal pathogen Untreated P. gingivolis
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1. Introdsction

and in chiromic wounds[11,12] 11 The microbes in bicfilms are
zd.g-p'nd.l.lgzhopoh'rler

o wmhi rutm and originating from the
onkains DA
microbes, and the barterial corscrtium ﬂnmnslsl:n?:i!orrrm
species living in 2 ssciomicrobiological way [1.2,14.15). The matrix
Is important since it provides stuctural stability and protection o
the: biofilm. Development of bacterial biofilms over time has been
intensively studied in witno by confocal scamming Liser microscopy
employing green ﬂuﬂmﬂhl?'pnlrm [ﬂ-‘P]-I:and. bacteria. This
mdumhabummnhlnnil'lm advanoed in silico image anal-
o produce three-dimensional images of the bicfilm [16-12
rmmmpk,Pmthmmm nm.u;n'mp'ud.lma.mmmlln \'ll:rt

matre The matrix
Biofilm-growing bacteria cause chromic infections [1] charac-

Hﬂhmtuﬁmﬂnﬂmhm[liﬂdumk
infections, induding foreign-body infertions, are infections that

(1) persist te aniibictic therapy and the innate and adaptive
immune idﬁrﬂu—nﬂmnrspmm of the host and (H) in con-

trast bo colonisation, are characterised by an iImmune responzs and
persisting pathology (Table 1.

2 Oocurremce amd architecture of bacterial bioflms

Foreign-body infections are characterised by hicfilm growth
of bacteria on the owter and/ or inner surface of the foreign t:rd:ﬁ
(Table 21 Biofilm growth aso corurs on natural surfaces
= teeth 3], heart valves {endocarditis] [4), in the hungs of oys-
tic fibrosis (CF) patients causing chronic beo 121
in the middle ear in patients with persistent otitis media [5], in
chromic rhinosinusitis | 5], in chronic osteomyed itis and
joimt infectinns [7- 9], in intravencs {Lv. )icatheters and stents [ 10]

T M-ﬁ.ﬂ qs:nsmnh:uuu-:mz
it dudin]F. Haibyl

EM-EET S - see Front matier © 3000 Bherwier B, and the

biofilm in 5-7 days (Fig. 21

e of an in vitro biofilm & mitiated by planktonic
1Edrmlba:ta‘laﬂntmmlh{raﬂad1 b0 a surface, which
may be coversd E:vr example, proteins (2 pellide)
13,20]. .n.tmu:ta:,&-e :;Téepﬂblehnmfm
ﬂﬂuummﬂm:wlhﬂ:msﬁpﬂmuwm
prophylaxis, e for dloplastic surgery. The next step is imeversible
binding b the surface within the next few hours and multiplication
of the bacteria, which form microcolonies on the surface and begin
o produsce 2 palymer matrix around the microomlonies [20]. The
biofilm grows in thickness {up to 50pm) and under in viro on-
ditions mushrmom-like or bower-like structures are often ohserved
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Albstract

Periodontitts and carkes am infedious diseases of the oral @ity in which o=l biofims play 2 @usatve role. Momover, aal
bﬂma--hﬂ;:hdldummﬂ:m for bactesial adhesion, biofiim devebpment, and biollm ressanoe ©
L] -]

e widesoread peesence and acoecohility. Degpie des oipSons of inmsal plaque formation an #he Dot
surhee, shudies on matue phque and phaue ssuctum bedow the gum are imited to bndmask sudies from the 19705,

without appeciating the beadth of micmbia diversty in e plagque. We used & et in it hybad wohalee in
wiwa the most dbundant spedes Som different and specikes assockated with periodontitis on seven embedded teath
abtanad fom four difesent subjects Thedan shawerd comeinaing by the dominanoe of Actinomyaes ., Tannewlb Fomythia,

Fusobharsrium nushestum, Spbmchaster, and Spnergicesss in subgingival plaque. The laster proved to be new with 2 pasdibly
L‘ldtil;ﬁ::ﬂlmh :n ttlmm:.- the mriﬁnfhmﬁ;::ﬂfn‘;;qﬂp:i
and that Sfrepioooome sp. and the yeast Candids albimns form comncob structres in supragingval plagque. Farally,
pesod antal pathogans aolonize aleady foemaed biofilme and foem microcolion ies therein. Thess in vio ol arvations on aall
biofilme peovide 3 char vigon on bioflm ascchitertue and the gtal dissibuson of predominant spedes.
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Maore than 700 different bacienial spedies have
heen dedecied m the ol mwvity of homans (1)
Saliva conins 107 to 107 hecteria per millilier,
and some of these adhere to the teeth and inftiate
formation of & denial hiofilm, previously miled
demal plaque. Generally, the dental hofilm & =m-
ilar to hofims elewhere in the hady, where hac-
feria colonize tiwme surfices or antifidal implns
and are embedded in 2 selfprodoced extraceflular
mainx of exopolymers {polysachandes and pro-
einsp and DNA

2-4). There are, however, ako differences from
Imofilms at other sites of the hody (5)

Diental plaque and s relation io ol health and
diszases have heen stmdied for decades. A search m
PubMed with the Mesh words “dental plaque™ and
“demtal hiofilm™ yiel ds 22968 and 3097 hits, respec-
tivaly, and the sarliest papers date hadk to 19446 and
1961, With the search words *hmg hoflm™,

P et 30 Sepiessber JHE Acepied 3 Felrssy 207
£

“waogeniial biofiln®, “hemodialysis Wofims™, and
“catheter iofims™, the momber of hiis are §39, 271,
A%, and 1386, respectively (ssarched om Apnil 210,
016}, and early artichs date from 1984 1o 1989, Sa,
denial baofilm ressanch has heen 2 pionesr in the field
of human hiafilm ressarch

The dental hiofilm muses diseass in the eath and
their supporting tiwmes, i, demal canes and pern-
odonia] dismses. Demal canes is characienzad by a
deminemalimiion of the teeth without comcurrent
imflammation m sumonnding tsemes, while it sequels
if left unireaded, pulpits and apical periodonfis ane
mfections. Smnilarly, the penodomal diseases, such
a5 gngnitis, pemodonfiis, and pericomplanfis,
mdnce an inflammatnry response. Each of thess o
fim-indnced demal dissases will be describad inchnd-
ing the principles of hiofim control/eimmaton.
Hiofim-mdwed infactions on the oral mocoea are
notinchoded in this article, whereas hacternia in dental
hiofilms cansing imfections at other kncations of the
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conemtia When the gingival immene responss i impainsd, pericdontal tisser pathology resel i wies
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Oral microbiome: Unveiling the fundamentals
Exva Nimigh Deo and Eevall Deshmukh

INTRODUCTION

The commmmity of microbizl residents in our body is called the microbiome. The term “microbicme™ is
comed by Joshna Lederberz, a Mobel Prize laureate, to describe the ecological community of symbsotic,
commenszl and pathopemic micreorgamisms. These microorganisms literally share our body space.[1] The
mmmber of micTobes present in our bodies is almost the same or even more a5 compared o that of our cells.
[

Oral microbiome, ol microbiota or oral microflora refers to the micreorganisms fomd in the boman oral
cavity.[3] Oral microbiome was first idenfified by the Dutchmean Antony van Leswwenhoek who first
identified oral microbiome psing 3 microscope constrected by him [4] He was called the father of
mirrobiclogy and a pionesr who discovered both protists and bacteria [3] In 1674, he observed his own
dental plaque and reported “little living animalonles pretily moving *[§]

(Genome is the genefic materisl of an organism. It is the complete set of DMNA inchoding 811 of its genes.
Oral microbiome is defined as the collective genome of microorzanisms that reside in the oral cavity. After
the gut, it is the second largest microbisl commumirny in the nomens. 4z compared with other body sites, they
exhibit an astomnding diversity of predicied protein functions. Humsn mirrobiomes consists of 3 core
microbiome and a varisble microbiome. The core microbicme is common to all the individuals, whereas
variable microbiome is unigue fo individoals depending on the lifestyle and plysiological differences. The
oral cavity has two types of surfaces on which bacteria can colonize: the hard and the soft tissnes of teeth and
the oral mucosa, respeciively. [T] The teeth, tongue, cheeks, pmeival sulows, tonsils, hard palate and soft
palate provide a rich emvironment in which microorganisms can flourish [§] The surfaces of the ol cavity
are coated with a plethora of bacteria, the proverbial bacterial biofilm [4]

An ides] emvironrment is provided by the oral cavity and associated nasopharynzeal regions for the growth of

microoTEanisms. The nomnmal fempersiure of the oral cavity on an sverage is 37°C without sipmificant
changes, which provide bacteria a stable emvironment to survive. Saliva also has a stable pH of 6.5-7, the

favorable pH for most species of bacteria. It keeps the bacteria bydrated and also serves as a madimnﬁurlh!
transpoTtation of mETients to micreergamisms. [10]

DEVELOPMENT OF THE ORAL MICROBIOME

The womb of the fetus is nsually stenle [J] 12 13] However, recent studies have reporied infrauferine
environment colomization, specifically the ammotic fhad, by oral microorganisms, nop to 7% of the
pregnant women [14] The baby comes in contact with the microflora of the utems and vaging of the mother
during delivery, and later with the microorgamizms of the atmosphere at birth. Usually, the oral cavity of the
newhorm is sterile in spite of the latge possibility of contamination. The mowth 1= regularly noculated with
micreorgansms from the first feeding omward, and the process of resident oral microflora scquisition begins.
[

Fusobacterium nuclemton was the most common cultivable microorganizm found Awy surface acquires the
resident microflora by the successive ransmission of microorganisms o the site of potentiz] colonizaton.
Alrhough the main vehicle fior mansmission is saliva, passive wansfer from the mother, from the
IMiCTOOTEANiSMS present in water, milk and the emvironment, alse ooours.[11.12.13]

At or shortly afier birth colonization begins. Initial colonizers immediately after birth are called the pioneer
species, for example. Sreprococous salivarius. The oral cavity is invaded mainly by aerobes by the lﬂyear
and may include Sremococrus, Lactobacillus, Acimongces, Neizzeria and Fellonella. Once tooth emuption
begins, these organisms can colomze on the nonshedding surfaces. hMore surfaces are established for
colonization after emuption of all the teeth Development of gingival crevices ocours for the colonization of
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The oral cavity and its
indigenous microbiota

The oral cavity is not simply the entrance to the gastrointestinal tract (GIT), but consists
of a complex system of tissues and organs with a variety of functions which together
are involved in selecting food that is suitable for intake and processing the food into
a form that i suitable for passage into the rest of the GIT. Another major function
of the oral cavity is speech production. with regard to its feeding function, the oral
cavity contzains several sensory systems which are involved in perceiving the taste,
smell, touch, and temperature of the food. This sensory information is analysed in
the central nervous systam and usad 0 determine the acceptability of the fooed. 1F it
iz regarded as acceptable, then saliva is secreted. chewing is initiated, and sventually
swallowing takes place.

gl | Anatomy and physiology of the oral cavity

The oral cavity is formed from the cheeks, the hard and soft palates, and the tongue
({Figure &.1). It contains accessory digestive structuras, the teeth, and is connected to the
pharynx by an opening known as the fauces. The total surface area of the oral cavity
is approcimately 200 cm®. The surfaces of the teeth comprise 20% of this, with the
remainder being atiributable to the oral muossa. The oral mucosa, like other mucosal
surfaces, consisis of two layers - an epithelium and an underlying layer of conmec-
tive tissue, the lamina propria. The oral epithelium varies in strecture, depending on
its function, and three basic types are recognised: masticatory, lining, and specialised
{Table &.1). Thirty percent of the surface area of the oral cavity is comprised of kera-
tinised mucosa, while 50% is non-keratinised muoosa. The epitheliuvm of masticatory
mucosa i keratinised and moderately thick, and covers those regions of the oral cavity
that are subjected to abrasion and shear stress during chewing. In contrast, the epithe-
lium of lining mucesa is not keratinised and is thicker - the epithelium of the cheek,
for example, may be 500 pm thick. Thess features render the lining mucosa more flaxi-
bie and able to withstand the stretching that cocurs in the regioms in which it is found.
The tongue contains regions of keratinised and non-keratinised epithelia and is highly
extensibla.

The chesks comprize the lateral walls of the oral cavity and, at the entrance to the
oral cavity, they terminate in fleshy fodds kmown as the lips (labia) which are covered
on the outside by skin. The hard and soft palates comprise the roof of the mouth
and thess consist of bone and musdle, respectively. The hard palate separates the oral
and nasal cavities, while the soft palate separates the oropharymx and nasopharym.
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Intro duction

The ol cavity of humans is inhahited by hun dreds
of hacterial sparins, most of which are «ommensal
and required 0 keep equilibrivm in the mouth
ooosystem . However, some of them hawe a by mile
in the development of ol disesses, mainly dental
caries and periodontal disesse (Marsh, 2000) Ol
disrmsns iniiate with the af the dental
uwn, & hinfilm formed by the scoumulation of

iain a time by manner together with the human
salivary glycoprobeins an d polysao: harides secreted
by the mirrohes (Marsh, 2006). The subgingival
plaque, looated within the newtal o alkaline
subgingival sulous, is typically inhabited by anae-
robic Gram negatives and is rsponsible for the
dewslopment of gingivitis and perindontitis. The
supragingival dental plaque is formed on the testh
surfaces by acidogenic and acidophilic becteria,
which are rspmsible for dental caries This is
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oonsidersd the most exdended indrctious dissase n
the world, affecting owr #80% of the hiomem
population [Petersen, 200d). A poor oral health has
also been melated to the stomach ulcers, gastric
mancer or candimrasoular disssse, ammg others
(Watabe ot o, 1948; Wu ot o, 2000). It is therefone
surprising that no efficient stratngies to combat oral
disesses hawe bemn developed, despite their dra-
matic imparct on human health. Some of the main
ressnns thatoml harve not been emsdicated
are related to the difficulty of studying the microbial
oommunities inhahiting the oml cavity: Fimst, the
onmplexity of the ecosystem (several hundreds of
spocies have boen reported with mmitiple interac-
tinn levels) makes the i nical species
diffirult 10 target [Socremsky ot of, 196948); ssoond,
not a sing ke ethiological agent can be identified a5 in
classical, Koch's postulaies disssses, This has bem
clmarly shown in perindmtal disssse, whene at lesst
three hacterial species that helong to wery different
tannomic groups (the socallsd ‘red comples of
prrindonial pathogens) are known to be involved in
the illness [Darweau, 2000); and thisd, a lage

jion of oml becerda cannot be cultured
(Paster ot al, 2001}, and therefore trditional
mirmohinlogical appmaches give an incomplete
picture of the natural commumities inhahiting the
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The aim of this stsdy was to uze molecslar identification metheds, such as 165 EMA geme sequence amd
nruwnﬁduﬂiﬂhﬂmhﬂ&mﬂﬁ“umdﬂhﬂn-ﬂ
heabih in a subsei of D twins aged 1.5 bo 7 years old. A ol of 448 plaque samples (118 ollecied

lrom cariesfree subjects and 330 from caries-active subjects) were used for analysis. We compared ihe bacieria
lownd in béafilms of children exhibiting severe dental caries. with different degrees of besion severity, with those
found in binfilms of carkesfree children. A panel of 82 bacierial speces was selocted. amd a PCH-based
re chedkerboard method was msed for detection. A simple univariaie test was used o delermine

ithe overnbmndance and du‘ﬁ.ﬂlﬂﬂhﬂ.ﬁimﬁuilﬁcﬁ.ﬂ.ﬂd-ﬂi'&:m}mﬂ.
Features identified with this nmivariste test were msed 1o construct a probabilistic disease prediction L
Farthermore, & method for the amalysis of global pstterns of gene expression was performed (o permit
simubtaneous amalysis of the abundance of sigmificant species by allowing crosz-bacterial comparisons of
shumdance profiles between caries-active and caries-free suhjectz. Our resolts suggested that global patterns
of microbial abundance in this population are very distinctive. The top bacterial species fund o be over-
sbumdant in the caries-active were struin B1%SC, muwans, and Lacwobocilluy
pp whlch e1hiied w2 laverss reloioaslp f boackcL acterlal pecie, ach as Sosplvanias prasergeint,

opivia defecriva, Sirep ceuy misis, Sreprococcus oralis, nmd Streprececoirs songuinis,

The medhanizms of dental ciries mamifestation are complex have become available and have revealed that the bacterisl
and are iriggered al various levels, Le, genetic, bebawioral, imvobvemesd in ibe development of dental caries s more coms-
envirpamental, and microbial. Undersianding the role ol spe-  plex than previously helieved (7).
cific bacierial species and subspecies is imporiant for creating The aim of this study wes to use molecular identification
2 complete model of caries etialogy. Dental plague is a2 micro- methods, such as 165 rEMNA geme ssquence and reverse-cap-
bial biofilm commumity conssting of busdreds of distind or-  ore checkerboand bybndization, for identifimtion of the bac-
ganisos kol are shiguilous in the oral cavity asd that colonize iera asocisled with dental caries and bealih in infanks and
the tooth surfaces. Cariogenic microorganisms. inilially calo-  children. We compared the bacteria foand in biofilms of caries-
nixe the dental biofilm early in kife and e subsequemtly  active children with diferest degrees of lesiom severity with
emerge, under favorable epvironmenial conditiaons, o cause thase found in bin@lms of caries-free children, o addition, we
diszase (12). Cosversely, studies have shown that if pits asd compared hinfilms of healthy surfsces of mnies-active mbjects
fismares in ooclusal surfaces are initially codoained by 2 noncar-  with binfilms of healthy surfaces of caries-free sshjects. A sim-
iogenic bacterial flora, these microorganisms may confer  ple univariate lest was med 10 delermine the overahandance
prodection to the bost by physically occupying the niche amd ~ and endembundance of bacierial species in the diseased and in
bleckizg the colonization of cariogemic organims, mxch as itk healthy groups. Features identifizd with this univariate tes
Siepioororns maions, ihereby preventing the onset and devel-  were msed o cossimact a probabillistic disease  prediction
apment of destal decay (4, 5 model. With proper machime lkearning-based evaluation, we

In previous sindies, conventioeal colioring methods have  found that this model was successful in miliving biofilm bacte-
been msed Lo show that well-ksown species, such as Strepitococ- rial risk indicators Lo predict dizease amd health. Our modeling
cuy msfares and Laciobecillir spp., are associaded wilh dental  approach splils a data sl indo fwo groups of samples, a traiming
canies {13} These species bawe beem reporied as potential — and a lest sel. Becamse we evalmied ibe model by performing
contributors Lo canes onsel and developmenl. More recemtly,  learning (desifier construction) in the training et and evalu-
advanced modecular methods of bacterial idestification, such afed in the test set, the performance of the prediction modd
as PCR technigues and 165 rRNA gene sequencing analysis,  could be siadistically validaled and, thus, coold be generalined.
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The oral cavity microbiota: between health, oral disease,
and cancers of the aerodigestive tract

Pierre Le Bars, Sébastien Matamoros, Emmanue]l Montassier, Frangoise Le Vacon, Gilles Potel,
Assem Soueidan, Fabienne Jordana, and Marie-France de La Cochetiére

Abstract: Many srsdies show thar the buman microbsome plars 2 critical mde in che chrosic paoiogies of obesiny,

bowrell diseases, and diaberes. kMore recencly, the inceracmion benseen cmoer and the microbiome has
been Righligheed Most sudies ke Sonssd o che gur microbio berauwse if represenrs the most exiensive hacrerial
omamumicy, and the body of evidence correlacing i wich s symdromes is increasing. Howeever, in ke simion sense, the
FAsTOinresrinal |G mac begins in the ol o iy, and special anenion should be paid o the specific flom of this cvicy.
Thissnuty reviewsd the nrrment knmeledge abour the varions micmosl srmeysems of the uppsr par ol the G and
disneeed thedr porenzial link o carcinogenesis. The overall oompositon of che micmobial commuemices, as well 2= che
presence or absence of “key specks”, in relron I Erinogenesis B addressed Alrerions b che ol meoohima cam
poEnrially be used oo predion the risk of mnoer. Molsnalr 3 amees and 1 furher moniaring of the micrmdsne will
increaee: our undecsanding of che mole of the microbion in @rrinogenesk and open new perspeccives e A
thermapeukc and prophy iotc modalivies.

Koy words wpper amodigestiv e, microbiome, oral cav iy, carinogenesis.

Résumé : Plegieurs Srudes monerene que le microbiome humain joue um ile ssenciel dans bes pachologies
chmmiques que sono 'obésit, les maladies inflammannires de Fineestin er le diabéee. Plus néremment, Finremodon
Emire b cancer o e microhiome 3 & souligndte. L2 plupar des Snsdes oo sont CONCETITSES Sur be microbiore inestinal
o il reprsene B ComImuman e bacrérienne a plus fiendue, e Fensembie des prewves be comelant arec les syndromes
de MineEscin & en croissance. Cependam, au sens [ricr, ke mons gasmo-imesriml (G2 commence dans la cvin
Orale & UmE aMEnTion spackale devrain e pomes 3 13 fiore spacitique de ceme cavind . Ceree drude fair B gynrhese
des oonnakssances acueles reladves 3 divers &oosysiémes microbiens de la panie supérieure du maomes Gl e
discure de leur Lien poencie] 4 B cminogendse. La composition glotale des communameés microbiennes, de
meme que b présence ou Fabsenoe « espaoes clés » relrivement 3 1a cardnogendse sonr souleves. Des mod .
carions du microbiote oral peuvent poentellement Sme wiilisées pour prédice les risques de cancer. Les perrées
meléruhines e la sunrefllance aocroe de microbiooe accroirront nore compréhension du rile du mErobéore dans

Ia carcinogents: e ouvTionn de ouvelles perspectives en voe de modalivts thé@peuckqees ex prophylobques
Purures. [Traduic par 13 Redacmon)

MRS TVOie SATOAIRESIVES SUPSTIeNreS, MECTObiomE, CaVit Tk, CATInogenese.

introduction The gstrointestinal () tract o be considered nat

Every year there are 127 million new cancer cases oaly a pipeline system from the oml cwity to the anus
worldwide, and an sstimated 165 are linked to infec bmt also an entry point for metrients and a point of con-
tions. Approsimately 15%-20% of human fumars are ing- tact betwesn the immune system and the environment.
tiated by inflammation-driven processes (Framcescone Varioms microemwvironments are scattered along this trac,
et al. 2] each having a specific sy stem with its own microhicme.
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What are biomarkers?
Kyle Strimbu and Jorge A. Tavel
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Tha definifions of the terms discussed in this articls — medical sSigns, symploms,
binmasoos, sumragata andponts, oinoal endpoints, wiidaiion — ano il under
disoussion. as am thair reaionships 1o asch other, but broad oon se nau s has deveinped

and a haf about the nocossty of disSinguishing betwean, in

pasfoular, surogate and ofinical endpaints.
Summary
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Introduction

The use of hiomarkers in hasic and clinical reseanch as
well as in clinical practice has become 50 commanplace
that their presence as primary endpaints in clinical crials
i now accepted almost without questan. In the case af
speeci fic hiomarkers that have been well characterized and
repeatedly shown to comrealy predict relevane clinical
CALTCONTI &5 ACTOsS 2 variety af trearmens and popalations,
this use is enrirely jistified and appropriate. In many
cases, however, the “validity’ of hiomarkers is assumed
when, in fact, it should contimee to he evalmied and
reevahiated. This artcle will consider the orrent cons
ceprual satus of hiomarkers as clinical and diagnostic
taals and as surragate sndpaines in clinical reszarch with
the goal of providing context for interpreting snudies that
rely heavily an such hiakgical measurnes.

What is a biomarker?

The term “hiomarker’, a parcmanteau of *hiological mar.
ker’, refers to a hroad subcatepory of medical signs, that
5, abjective indications of medical state ohserved fom
ourside the patient, which mn he measured accuranely
and reproducibly. Medical signs s@nd in contrast to
medical sympooms, which ane imited to those indications
af health ar illness pereived by patients themsslves
There ar several mare precise definitians of Womarkers
in the lirerature, and they forunately ovedap considers
ably. In 1998, the National Institutes of Health Bio-
markers Definitions Waorking Ciroup defined a hiomarker

TLE-ES000 O 010 Whelter s Kiswer Healih | Lipginceo® Wilam L Wikies

a5 ‘a characteristic that is ohjectively measumd and
evahiated as an indicamr of normal hiological proce sses,
pathagenic processes, ar pharmacolagic respanses to a
therapeutic intenvention’ |1™°). A jaint venture an chemi-
cal safery, the International Programme an Cheamical
Rafery, led by the Waorld Health Onganization (WHOD
and in coordimation with the United Nations and the
Internatonal Labaur (drganization, has defined a hio-
marker as ‘any substance, structure, or process that can
e mezured in the hody or its producs and infience or
predict the incidence of outcome or dissase’ [2] An =ven
hrmader definition mkes into account not just incidence
and outcome af dis=ase but also the effects of treatments,
imterventions, and even unintended environmental
expasure, such & to che micals ornutrients. In theirre pore
an the validity af hiomatesrs in emvironmental risk
assessment, the WHLY has siated that a true definibon
of hinmarkers inchides *almast any measurement refiect
ing an interaction herwesn a hickgical system and a
potential hazard, which may he chemical, physical, or
hinlogical The measured response may be functional
and physialagical, hiachemical arthe cellular level, ara
molecular interaction’ [3]. Examples of biomarkers
include everything fom pulse and blood pressure
through hasic chemistries to mare complex laboratary
tests ofhlood and other tissues Medical signs have a long
histary af use in clinica practice = = ald as medical
practice itself = and hiomarkers are merely the most
abjective, quantifiable medical signs modern labaratary
sdence allows us o0 measure reproducibly. The use
of hiomarkers, and in particular laboratorymeasred
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Introduction

Biomarkers and Biomolecules

A “homardker™ of “biological marker™ is & charscteristic that & dvjectively mea.
sured and evalusied a5 an indicator of nomal biokogial proceses, pathogenic
proceses or pharmacologic responses by a ﬂmu-.q:-uﬂ:nﬂmuﬂmm Biormarker
is defined 25 "any substance, strudure, or prsces that can be messwred in the

or its prodicts and nfleence or predict the incidence of owloome of disease”
The Mational Institwies of Health {NIH) has defined 2 omarker 2 "a chamcter-
istic thatis abjectively measimed and evalusted a6 an indi caior of normal biological

proceses, pathogenic proceses, o phamacoogic responses to a therapatic
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Salivary proteins and microbiota as biomarkers for early
childhood caries risk assessment

Abdullah § Hemadi*, Ruijie Huang®, Yuan Zhou and Jing Zou

[Easly childhood caries (ECL) is a tesm used to describe dental caries in children aged & years or younges. Oml sirepbacocci, such
2= Streptococcws mulns and Streptococces sorfninos, am considessd to be fhe main eficlogical agents of toth decay in
childeen . Other bactesia, such 25 Prevoieil spp. and Lacibbacilivs spp. , and fungus, thot is, Candica aibicans, am mbied io the
dewelopment and progression of ECC. Biomolecules in salia, mainly poteins, affect fhe survival of omil migrocsgan isms by
mulfiple innabe defen e mechanisms, fius modulating the oral micreflem. Therdfom, fhe profein compesiBon of salia can be a
sensitie indicator for dendal health. Resistnce or suscepbibiliy fo casies may be significantly conelated with allerations in

=l iy prabein components. Some oral miceorganisms and saliva peoleins may seeve 25 wseful biomasers in pedicting the risk
and pegnesis of caries. Curmnt msearch hax paneated abundant infonmation fhat conbibute o 2 belter undesstanding of the
roles. of micoosganisms and salivey praeins in BDE oooumence and prevenfion. This: eview summarizes the microceganisms

that canse caries and bookh-profectie alivey prabeins with fheir poleniial as functional biomadoers for BOE sk assessment The

ideniification of biemarkers for childen at high risk of EOC i not enly crifical for easly disgrosis but abso impostant for

the

~ - -
I femational dowrnal of i Soeie Online publication 10 Nowsmber 2017; el; doi: 10,1088 201735

Heywards: caries rsh asesment; eadly childhood canes; salresy micmosgansms; salhesy proieins

INTRODUCTION

Drental caries awe one of ghe most camman dhronie infentons diseses
ol [preschiocl-aged ¢hilinen,, ¢ harane fzed by the destroction of oot
ks by aynengial oo plex sffeos among ackds generated fromm the
fementation of distary carbalpdrates by bacea and sosceptibl bt
famory, ach as weeth and mibe! Tooth dacay of primary tesh in
chilldren 71 mon g of g or poanger b refeared © e carly duildhond
caties (BCC) and aflecs 296 of peadhonlers in the 1SA and over
& of chibdren in Chira ™ Ary dgn of smooth sorface carka in
children yourger than 3 years of ap b indiaive of seee BOC
{SBOCES S-BOC s indicaied by children from ages 3 shroogh 5 pas
wiho hawe ane or mor crvbaed misng et (dos o carks), fillad
amooth sorfcss in primary maxilley anerior testh, or dacayed,
mitsing, or filled score of 24 {age 3 pears), 25 age 4 years ), or o6 {age
5 years ) surfaces® Destroction of primary testh has akes dy acoonned
when BOC b preent, whidh & not anly kamfol o achilds physica
Iheabth bot akbo bhas papchological and emotional efleos® This, the
preventive interrention of and sarky dlagnesk of BOC are of pantooker
dlindzal importance. Recent aodiss hawe foossd on the asesament of
risk factors and ol dsfense madhanisms in preventing BOC. We med

e PobMad, EMBASE, Medline and OVID datdbuses to scarch for
ekasd kepwords o oodine raosnt adwean s

Marny smndis hawe corrdeed moans aepocec with BOCSE
A gptematic resiew by Parkomo & ol ¥ foand tha the coant of salary
T SUEnol i g strong risk i ndicaser dor BUC Vachirojpean
& al® poticed hat the motans Srepanones b in aretmokesd sala
was a tahtcall sgnificant indicgor of BOC, with an odd ratio
HOR=45 % onfidance interal (G 18=117. A corndation
etween lacobacilli and carles increment wias abo foond in poang
childen |34 parsof age), with an OR =162 3% (1: 1.13-18.35 10
a welll @ g relagive rik— 270; 99 O 223-295.1 In addition to
motns sreptececc] and laooboer l Condids spp b fregoendy
pren in the arad cavity of childen with BOC'E0

Salliva s o complex body flold compresd of anganic and inorganic
constitaen s that aw emential dor the health of ghe o coving Salha
mialnly orggnate from teee pairs of major ey ghinds, dar b,
parotd gandy, scbmandbolr and ahlingoal ghnds, and from
numerons minor sldbay gands sied in fhe ord sobonoooa
In additon 1o inevitable miving with creviookar flold, saia
abn containg desguamated cdlls of the onal spithe liom, mic mongan-
tams, bronch ol erpamoraion remain and dood debwin!® Salha

St ey Lsabvatvry off Ol (08 s & B sl ool Gl vl 3 scsiarch Coartr oy Ol O & Dapmartrrnant. of Paflaric: Doan sy, Wt Gl e Himpitad of Shomatviogy, Sichusn
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Salivary Biomarkers for Caries Risk Assessment
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Abstract

Saliva coptains variows prierobes and bast biclopical components that could be nsad for cares sk
assessment. This review focuses on the research topics that conzect deptal canes with salira,

duosnue Jouny Yd-HIN

Diental caries is recopeized as 2 malti-factorial infectiows disease cawsed by comples.
interactions among acid-producing bacteria, femmentshle carbolrpdrates and maey baost
factors inekoding saliva | It remains a major health izsue in the United States and worldwide
with a prevaleses of more tham 40 percent in youmg children and abowt 20 percent in the
adult population 2 Itz prevalence mate in childhood is five times higher than the pext most

dissmaze , asthma? Decpite the dramatic reduction in caries mies aver the last
decades, it sell affects 50 to 50 percent of school-aged children and adults #5 In many
countries, sevens saries sﬁﬂzlist-iu.lﬂag;ems."?whieh creates Imee social and
sconomic burdens ¥

Importance of Caries Risk Assessment

Cuarently, dental paries is maimby treated by restorative approaches, which do pot alwrays
penerzte optimal safisfactory mesults, Canies osk assessment allows for the estmation of the
probakility of caries inridence, i 2., omber of new cavities or ineipient lesions i 2 centain
time period, ac well as the probability of the changs: in the =ize or acthvity of caries lasines ?
An accuTate canies rsk assessment can identify patients at bigh caries fisk for preventive
therapies and improved treatment effectivenscs. Therefome, mare attention has been siven to
this topic Lately. ' n pasticular, the roles of saliva aed its hiclogical components have been
exteesively stadied for their possible rwlevance to dental caries, which is the focus of this

Eview.

duosnuep oy o-HIN

Anti-caries Effects of Saliva

Whole saliva is 2 complex mimtmrre of oral fhids which s composed of salivary gland
secmetions, pingival crevicular fhed, sxpectorated brosehial and nasal seepetions, sansm and
blood dedvatives from ozl wounds, bacteriz and bacterial prodacts, viruses, fumpi,
decouamaied epithelial cells, otter cellular componets, 25 well as food debeis 112 Sakiva
pleys many impartant rolss in maistsiies oral health. van Nisuw Amstosgen st 2l 2
summaTired varons protectve fmetions of salivary proteins on teeth integrity, inchading
eleaming smeth, prosecting against abracion and atixition, retarding demineralization 2s well as

duosnue JOUNY Yo -HIN
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Minireview

Saliva diagnostics — Current views and directions
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Abstract

I i e, W o [P il s o] il o b CrnT 2o Al aninlicafera of salva for diag-
o i et Thisem 2 iy achvaraacss of L g salha. an 2ot B coleSon it
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Saliva fwhoke saliva [WS] aral (leds JOF]) & @ acidie
{pH=¢FT) biological {luid commposed of sacreSoms {sen
the Swee maps smbvary glands (parcld, subsendialis
sulblingual] and Inom minor glands fa bkl buecal B
pual, and paldal Bwaes] gEngpval crevioulis fled, odl
dadwis, plague;, baceria noesl and brosohial o o,
liming colls, blood and euogenows substanes ** B condans
9% wales, 03% proieing and bodh OT% nosganie and
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Perlodonitts 15 3 dsease charactstzed by loss of conmective Sssue afachment and bone arand the testh In
conjunchion with the formation of perodortal pockets due to the apical migration of the JuncSional eptthalium, Easty
and treatment of progressive pariodontts s Important Decause of the IMevarsibie nature of tis dsaase
mwmmmmmmwmmmmumanummm
mmmmmmummmmww
mlmnmulmﬂmmmm that mey ane Indications of previous perlodortal dssase rafer
than the pragent disease actvity. Blochamical mediators In ofal fuids ke sallva and ginghval crevicular fiud (GCF)
are highiy beneficial In the detemination of cument perodontal status. These SUBEtaNGaE ENOWN 35 HioMmarkers
In cesEmination of Imlammatory mediator levels, 35 they ane good Indicators of IMflammatory acivity. This review
highilghts. recant atvances In the use of sallvary and gingival crevicular fud (ZCF) blomarker-bassd disease
diagnostics that focus on the Identification of actve perodontal disease.

Keywors: Perlodonitis; gingival crevicular ud; biomarkess.

Introduction bacterial ipopolysaccharide with host cells
Periodontal diseases are heterogensecus and monocytes,
include a van di‘l&uﬁorﬁaidinﬂamm nﬂmmp*uudadeuiwqrhe&.nmmﬂgﬁad
lesions. . periodontitis is @ prew other cells to release inflammabory mediators
disease of man that is characterized by loss of such as IL-1, TMF-a, and proestaglandin E;. IL-1
connective fissue attachment and bone amund and THF-a hawe an important mle in periodontal
the teeth in conjunction with the formation of tissue destruction and PGE: appears to partly
pericdontal pockets due to apical migrafion of responsible for bone loss  associated  with
thee junciional epithelium. The microbial nature of periodontal diseases (Miyasaki 2004).
many pericdontal dseases has been recognized Early diagnosis and ftreatment of
long ago. More recently, & has been realized progressive penodontitis is important because of
that the host related factors might be the keys fo the mmewersible nature of this disease (Kinane
understanding of the disease processes in 2000). A goal of periodontal diagnostic
periodontiis. Periodontal disease progression is procedures is to provide useful information to
episodic in nature on a tooth site leve; however, the dinician mﬁmﬁew&dp&mﬂmﬂ
the risk of periodontal disease is principally disease fype, location and seweriy.
pabient based rather than site based ﬁndrgssemeasabaﬂsfwnﬂneﬂplmnng
(Champagne et a 2003). and provide essential data during periodontal
Bacterid wirulence factors either result maintenance and disease monitoring phases of
in degradation of host tissues or cause the treatrment.
release of biologic mediators from host tissue Tradiional dinical measurements
cells that lead fo host fissue destuction probing pocket depth, bleeding on probing,
Medistors produced as a part of host response plague  index
that coninbute to fissue destruction ndude radi usad for diagnosis are
proteinases, cytohines and prostaglandins. Also often of limited usefulness in that they are
a variety of enzymes produced by pedodontal indicators of previous periodontal disease rather
microorganism cause tissue destraction. than present disease activity. There is a need for
Locally, presence of bacteria adjacent to development of new diagnostic tesis that can
gingival crevice and the inBmate contact of defect the presence of active disease, predict
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DENTAL CARIES: AN UPDATED MEDICAL MODEL
OF RISK ASSESSMENT

V. Kim Kutsch, DMD
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Incidence of dental caries in
primary dentition and risk factors:
a longitudinal study

Ahstroct: The obiectives of this prospectie, kngihadinal, popukabion-hased
study wene bo estimate the mcidence of dental caries in the primary
dentifion, identify risk factors and determine the proportion of
children recetving dental treatment, through a heo<year follow ap.
The first dental exam was conducted with 351 children aged one o
fiwve years, af health centers during immunizaiion campaignes; 184 of
them had dental caries and 197 had no caries experence. The secomnd
muam was carred out two years later al 3 numsery or at home
with the sami individuals wha participated in the first exam. The
diagnosis of dental caries was performed wsing the dmft criteria.
Farentzs wem inderviewed regarding socioeconomic indicators.
Descriptive, bivariaie and adjusted Polsson regression analyses were
performed. Among the 31 children, 254 were resxamined afier
fwo years (noenm-exposed: 130 exposed: 95). The cwerall incidence
of dental caries was 458%. The greatest ncidence of dental caries
was found in the growp of children with previous caries experience
(51.7%). Among the children without dental caries in the first exam,
36 7% exhibied caries in the second sxam The magority of children
(F25%) meceived mo realment for carious lesions in the beo=year
mberval bebeeen evaminations. Children with prewions dental
caries (RR: 1.52, 95%C1: 112-20% had a greater risk of developing
mew kesions, companed with the children without previcns dental
carws The incidence of dental carws was high and most of children’s
caries weTe unireated. Previous caries experience is a risk factor for
developing new caripas bestons in children.

Keywords: Dental Caries; Toath, Decidusus, Oral Hygiens: Incidenice.

Introduction

Denital caries i one of e most fregquent chrordc cond isions in chilkdhoeod.
Approximabely 530% of preschoc] children in different countries have
caries experiencet This eshimate is confirmed in shadies conducted
Brazl, where prevabence rates range from 2003% o 536%™ Dental caries
wuarls a mespative invpact on the quality of like of both the child and the
famidly? and is considersd a public bealth problem.

The etiology of dental caries in childhocd i assaciated with eating
habits,** irregular tooth brashing™ and socioeconomes indicators.”

Children from economically vulnerable families have a higher

Brax. Oral Res 21080 1ja58 ‘ 1
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Detection and diagnosis of the early caries lesion

J Gomez

Firom Prevention in practice - making it happen
Cape Town, South Affca 29 June 2014

Abstrac

The purpose of ths manusoipt is D disus the curent asailable methods © detect ey o amenalle o
prevenon. The arent evidenaed-based caes undemstanding, besed on binlogical coneepss, maolkes new
approaches n @ies detecton, assesment, ;md management $hat should include nomr-awitied esiomns
Even though the importance of menagement of noncasitated N0 lesions has been remignized since the sady
1900k, derttal cades has been teditionally detected 2t the caitation stage, and its memagement has fooused
stmngly on operatve treatment Methods of detection of eady cadous lesions hase recsived significant ressaech
attenton awer the kst 20 years The mast mmmaon method of ares dewscion & visuekoctle. Other non-irvasie
techniques for detedtion of exly cries have been dewelopsd nd investigated such = Quentitagive Light-induced
Funrescence {CLF), DWGN Oders {D0), Fbee-optc Trnsiluminaton F0T1) and Bedrical Conductanies {EC) Bassd
an peeyows Tysematc reviess, the dagnoss of NOLs mght be moe acarawly achieved in momibination of the
| wizual methad and the wse of ather methads such as dectical methads and QUF for monitorng pumoses.

Int roduction

Dental caries is the most prevalent chronic disease
warldwide When iniga lesions are taken inio aaount
into the clinical t, only few individuals are
truly uwnaffected. In most industrialized countries
a9 of schonl-aged chil dren are affected and neardy
100r% of the adult population i affected [1]. However,
ower the recent years, the patterns of disrase presens-
tion have changed The progression of non-cavitated
lesinns seems o be slower [2), allowing preventive sra-
tegies to be implemented when the kesions have the
greatest opportunity to armest Traditonal methods oom-
bined with more sensitive methods may improve the
caries dagnosis and also help the clindcdan tn maon ftor
ing non-operative treatments. Ao, clindcal triaks inval-
ving thousands of subjects and for bong periads of time
are today unrealistic and the use of cavitated endpoints
quesnanable [3].

Clinical caries measures imvalving °pre-cavitation”™
lesions have been in fact reported in cardes clindcal trials
since 1965 [4] and have been described and used in clin-
ical research and practioe dready for mare than 50 years
[5]. However, some approaches still used in dental

Dl Hesalth Uin, Schonl of Denfisirg Lhiverity of Marchdsr,
Marnchenier, LK

TR

() mioMed Central

practice and in clinical trials have focused on dedecting
lesions at a cavitation stage informing only restorative
decisions ]

Sewenal conferences have also been held during the past
years focused on caries deiection and management In the
last Consersus on Diagnosis and Management of Densl
Carles, the inability to accurately identify early caries
lesions and the need for a change in the system with
respect in the non-surgical management of non-cavtated
lesions was highlighted [7] The Consensns Pandd con
cluded ghe evidence-base for corrent meghods of dsection
and activity assessment of non-cavitabed kesions was not
sufficiently sirong o recommeend thedr formal ad option [8]

An International Consensus Warkshop on Cardes
Clindeal Triaks ICW0CT) ] aoncloded amang others:

= Lesion detection implies an ohjective method of
determining whether or not the disease i present,
lesion. assessment which aims i dhanctertze onoe it
has been detested and caries dagnosis which implies
a human professional summation of all available
dam.

= Visual diagnosis & the standard of carkes diagnosis
the use of additional methods should be explored
further.
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Shulman JAYD, Cappelli

EPIDEMIOLOGY THE SCIENCE OF CARIES POPULATION-BASED MEASURES OF. 2010;

CARIES EPIDEMIOLOGY
THE SCIENCE OF CARIES
TYPES OF CARIES

POPULATION-BASED MEASURES OF
CARIES

Coronal Caries

Income
Concemimation of Caries
Life Course
Hiealtby Pesple 2010
SUMMARY

LEARNING OBJECTIVES
Epﬂrm!!ﬁ:rurg" r e Enarreer will be mhie ro;

the b of caries
R i
= Examine -based messures of dental caries
= Discuss trends in cries

» Ohutine the Healry Peopde 2110 caries objectives

KEY TERMYT
Caries balance
Confidence limits

DP. Chapter

82

1 E pidemiology of Dental

Decayed, Missing, Filled {DMF)
Deminesalizati

Diental caries

Enamel caries

Early childhood caries

Dmlmumﬂtmmtpmlmtdnmmdﬁﬂ
hood disese and is five times mor prevalens than

asthma * This provides foundational knowlsdge
shour the and trends of denmal caries in the

of the diseg=e iz outlined
methods and disease trends in the LS pupullhm far
'hol:hdli].:lrmn.ndndu}lsndu:ﬂmdby data from
!!'I'El'll :|:|.lt|.|:mll surveys. mﬁﬂﬂ
peises NHANES I (1971 to 1974, NHANES III [1993
t0 1994)," and NHANES (1999 to presens).

CARIES EPIDEMIOLOGY
Diesmital caries is o dist-dependent, transmissible,
ologically mediated dissgse & Similar m

ease, it follows bath an infectious and chimnic disease
model. The microarganisms that cause dentl caries are
‘traremitted verth from mother to child soon after
toath eruption.” indicate that the greater the dalay
in transmizsion, the lesser the caries burden through Ee”
Once caries is established, prevention focuses on the mit-
igation of risk factors that contribute o disesse. Dentl
caries is causad by the i sanship of multiple factors
over time (Figure 1-1) These factors were described by
Keyes in the 1960s using 2 Yeon disgram [see Figure 4-1)
of intersecting causal drcles” Modifications of this
misdel appear in the Eterature, but all have their basis in
the ariginal Venn disgram. The cause of dental cries &
related to @ number of factors that are categorized into

microhi-
dis-

Caries CARIES
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Early Childhood Caries ®

Wan Kim Seow, sis, Midc, b, Dbdc

KEYWORDS

# Early childhood caries » Srepiboocous muins = Preventon » Preachool children
* Primary dentition

KEY POINTS

» Barly chidhood earies (ECD) i highly prevalent in pobe and sosaly dsadvantaged
crmmunilias,

& Theman risk lactors loe BOC are oval colonizaton with carogene bacleria, Teguent eon-
sumplion of suger, ok of Looh brushing, and enamel hypoplsia

» Contdbutary faciors for ECC include environmental and peyehdogical skhesses that
adversaly infuance caregiver preveniive oral care behaviors,

+ Skalegies for BGC prevention inclide reduting mulans sirepibeocs] Fansmisson fom

caregivers 1o infants, restricting dietary sugars, olh brushing, opical fusride applica-
tions, and eady dental visils.

INTRODU CTIOMN

Early childhood canes (BECC) refers to carnes found in the primary (“milk”) testh of
childran younger than & years of age.” Despite significant advances in preventive
dentistry, BCC continues to affect large numbers of children globally.® ECC is one
of the most common chronic childhood diseases, and the largest prevalencs is found
in poor, socially dissdwantaged, and minority groups.-5 This articks aims to provide
an overview of ECC based on cumrent understanding of its cause, prevention, and
manage ment.

WORLDWIDE FREVALENCE OF EARLY CHILDHOOD CARIES

Although representative dats are sparse, general reports from several countries show
that the prevalence of BCC in 2- to 3-year-old chidren is approximately 129
to 27%.** In 4- to &-year-old children, the prevalence genarally ranges from 279%
to 48% 511 with more than T8% reported from the Middle East. ' Indigenous commu-
mities in Australia, United States, and Canada hawe high ECC prevale nce rates of 60%
to more than 80%."'%
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e Dttt Bad ground: This paper is 3 summary of the procesdings of the Internations]
[ribodontics end Fedintrc Dentisry, Association of Pasdiatric Dentistry Bangkok Confernee on esrly childhood cares
:::F;';‘?;'ﬁ“f::n”‘“"' (ECC) held in 34 November 2018,

e Adm: The paper aims i comvey a global perspective of BOC definitions, s=tfiology,

risk factors, societal costs, management, educational curmiculum, and palicy.
Deesign: This global perspective on BOC ix the compilation of the state of science,
cunent comee pis, @nd Hierabure regarding BOC from worldwide experis on BOC.
Resulis: Exrly childhood caries is relaied o frequent sugar oonsumption in 2n envi-
monment of ename] adheren, acid-pmducing becteria in 2 comples biofilm, as well
s developmental defects of ename]. The sriousness, socieds] costs, =nd impact on
quality of life of dental caries in pee-school childe n are enormoons. Worldwide dats
show that ECC continees to he highly prevalent, yet infequently treated. A pproaches
o redncee the prevalance include interventions that start in the firg yesr of a child's
life, evidence-hemed and risk-based management, =nd reimburcement sysems the
foster preventive cane.

Canclusions: This global prrspective on BOC epidemiology , astiology, risk sxsess-
ment, global impact, and management is aimed to fosker improved workdwide undes-
standing and mensgement of BOC.
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Wi PrOpE: 4 New Chsificaion of sevare sy
chiilihood caries (5-BOC): hypoplasis-ssocined
sewere Exly chikbood carés [HAS-BOC) This
o of cars2s affecs mosly youag ceildne Thing
= or below poventy, claciazed by srutonlly
damagad teah i are pamicularly vul-
nerase 1o denal caries. These predisposng devel-
opmenal denml defens are moindy PEMTuR
of enamel] by poplasia (BHF). Anthmopologsas and
den@ml researchers consider EFF an indicmor for
infam and mawamal sresess inchading malmeri-
lion, 3 vamicy of ilnesses, and adwerse
condiions.  [Defferemiaion of HASBCC flom
oiher forms of earky chilkdhood caries s - amamed
becaese of i dising esclogy, chnical proseme-
tion, and evemnal mamgemen. Defning HAE-
that conml o reve ohe of Cariss ane
likehy 10 e bass fTactive with HAS- BOC bocuse
the smuliumal inezgrity of the izah is compromissd
pricr i their emengence i e oral Ghily. By ihe
ime ihase children presead o the Jensia, e wea-
men oS Ofien bacome limasl 10 Surgcal
Mars g wnder peneral aneahesia. To preven
HAZS-BOT, densss meest panner with oter halth
prowadens 10 dew2lop Smervemsons che begin with
pregnae modiers, with die 2im of chminuing o
mmoliorEng (e COwvATAIPS AOCOMpPEying pov-
By, inCluding bauer pre- and pos-nasl care md
ML
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Hypoplasia-associated Severe
Early Childhood Caries - A

Proposed Definition

CARIES AFFECTS MAIMLY THE POOR

5 i numbers of children lhing 20 or haloe @8 poviXly [evil increass in
S and glotally, s incidence of carhy childhood caries rises, despis:
Rlling cariss prevalence within de generad diild populsion (L5E Deperimen
Of sl and Homan St oo, 200, Olviraee ol 2 Peoer e al., 2006,
Wargas and Roreo, T006). This rising “spidemic™ of carses corelars mughhy
wilh e rsing numider of chikiren lhing @ poveny amd poor health. i s
been Fewmed dua B of carses com be foend within 20°% ofihe populason—
this Z0% heing die renion’™s poorest. The most recen LS Census nepons one in
Ewe American children Eving 20 or below povanty, 2 PropOrion thal sminues
10 BTk [T e e CETS e ISV ] pruabes’ acstor |- 05 pef). A Mihagh
being poor per s does DO TeSull in cavies, 3 submandend disn conssing
maindy of pmcesal food high o Segar and Iow 0 prosn is the necesary
m-condkson for mos femns of caries, dlong with cenain riskc SC00 Snuma-
aed bk, Communilics tha lack acosss o iadivonal Thod sturces becaus:
of their enawailability and unedTordability, such as ihe Fathe A maricm Indim
Populiion, e @ seampl: Equalky rochlsome is o de inner-ciky 2
rearal o Tilll daeis Caloric neels wid these low -valee foods, lmdng 1o anoder
orer-inarsng Torm of malnuriion, obesivy Althosgh obesity is ofizn mis
zken as evidence of adaguale Mharilion, il 3 8 another form ol malneirison,
and s prevalence is inchensing, panicelary among (e navon’s poor (hupay
wewe v GO 0 ibesiby OO0 D heml). Cfbessity i & risk facwor for unts-
wiorablz Brth tucomes and deslopmenl soamiz] defecs (Mesdleman & al.,
1992} dea can lead o incressesd suscepuibdiny w carszs. Masemal ohesin is
als0 associasd w i “nuorsing boule caries™ (Johnsen, 19EZ)

A oo be-defined T grow ing cobom of childre suffas Som a sevene
i rampam mummmmmmnrvsrn mnm
iy iey ane s como gad than thair PSR MidhS Culfoien bosps-
eaton Inhe UE, dese culdren are masnky membears of 2 mEnDriey o,
inchaling recomy imumEgrans, QM workers, Mathe Amerian Indians, and
Eskimos, who shore e common aoribues of being poor ad'or demched
o thisir rasonal Tifestyle and dise Worlthwide, this sime form of aagnes
Siwiz childhnod carsss can e Thuidl Smong mEnarihy and indigsnous Emugs,
whEn? PoveMy IS0 wilh inadsguace:s in parimol heald care and poor
Meirition. This form of carkas has alsn been called “rampam crks™, “Tersing
beale carss™, “taby boole woth decry™, and, mon: recendy, sovers oxly
chilinod carses (5 BOC) (Devies, 1995; nury & o, 1999 lsmzil and Sobn,
190, Varkakas, 20N and i concenmmsd manky among; the poores of il
dren (Cnvei e of., 2008

W proposs and define 3 S=harouep of Z-E0C ha-ing specific amecedam
condiions common 10 children lhing i poveny: ons of mulkiple perinacd
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here & growing evidence of 2 substamtial cral

health disparitiss problem in wimg children

o sodety (1-5). While demtal caries continmes to
turden youth and aduls at all ages, there & disparaging
evidence of 1 deastatng disease called severe-sarly child-
hand caries (8- BOC) I beer socio-aonnomic and minar
ity children in the United States and worbdwide (§. The
highest prevalence of this dissase ocours in American
Indian (Al) children. The most recent suneys have
revealed an extremeldy high level of 3-BOC in AT children

2, 7-%) By 5 years of age, T5% of Al children had sig-
rificant caries experisnce with three times the severity of
the natiomal overage &) My smdiss have now shown
that Amencan Indian children are at the highest nsk of
caries oompared toamy other racale thme goup (7, B-13.

Mamy studies have shown that the mofans straptocoosi
exhi it & rmmber of virnlence factars thatcan lkead to the
dewlopment of canes (13- 17). Thess arganisms produoce
copious amounts of lactic acid in the presence of distary
sucmse, which lkeads to demineralimtion of the wooth
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Diagnostic potential of saliva as a biomarker in early
childhood caries: A review
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AbSLrast

Esely Childbend Carsss (B0 @ 8 severe snd eardy foem ol the canoss diseae that can comipromiss
<hild's eeal mnd syuiemic heallh. Deapute sy ail elfewis 1o s laldren's oeal health inio primary
e, identlication ol childrea ‘ rd. For BT beliore e emset of cavitation remaing challengsyg. As
tecth s bl i gilivi o papertien of this ol Bl pliy s cassmtial sells
i the and ul'l.:]' linding dessal caries. Thus, i can be & prosdsing
il s early eatifieatinn il sl provintiig the fured g o carie b chilive Hlasss,

sim of this Feview = 1o Birow light on e carrenl \mlulﬂ.l.&c end utilisstion of iakvesy biosarkers in
lerms al il predictive polenisal for BOC A linrswre sesrch was dons weag cloctom: datshases
Pulibded, Cuaogle Scholsr, anl Cochrane Dababae fise artiches in Engluh. Several keywonds wene used
Essly -:hll&uud ERrisE, I.l]l'l'l'.l‘]- Biomarkers, wlive, child ‘-Lm:d'lh:prumnlq inarkesy include the

thih 3 1] in sl ok & ey Iransferas:
and |t|3|1n:l] har of iabva Lul of these | . in clinical practice sight help te
eliniciims in mnpiovieg the ol bealth ststus ol the child

Keywards: B hoer, Diag Esely clal@ood carics, Predasion, Saliva
Intreducton

Ewiy Childbood Cames (ECC) is a sorions public healt problom with a provalnce moging
frops 1-17% in developed and as high as T0% in less developed countries M. According o
Amgrican Academry of Pedizric Deatistry, ECC & “the prewnce of oos or more decaysd (zon
cavitated or cavitated keicns), missing (dne to camies), or Slled tooth surfaces & amy prieary
tooth i a child under the age of ux”. I is not just the problem of teeth, alsc msociated with
meduced gowth and mdeced waight gain dos to insufficient food consunsptica to mest the
matabalic and growth meeds of childrm”. The sarty detection can redncs pain and balps in the
growh and the ovarall developmant of fe child

Curment climical practice has a growing impetes on sarty disgnosis, proper prognostiation and
scroeming for 2 diseass in anymptomatic group 1. Biomarkers are assuming a growing robs in
all aspocts of medicing, startimg from soreaning to follow wp afior trextmant it many be ntilizod
¥ a diagnostic tool for the sarly detectiom and prompt teatment of this cardy childbood
problem. Biomarker & “a chasactesistic that is objectively measuzed and svalmated a5 an
indicator of mormal hn]umalpm:ini, pathogenic processes, or pharmacologic responses o
2 therapentic intsrvanticn™ M1

Biomarkers in e blood circelation can nfilate acini of salivary glands and amo cventaally
mﬂmﬂnuhnmn;ummmﬂbﬂmbnlmdmm:
Thee Sndings have formed the basis for the Seld of salivary diagnestics and bance sparked
investis that culminated in the identification of salva-based bdomarkers for discrdars
mangmg from cancer to ifectious diwases Lke denfal caries 19 Hence this swdiew was
condacted with an objective of idantifying various salivary bdomarkens for ECC, its accumacy
in detecting ECC and application in climical practice.

Methodolesy

A literamme sezrch was dome that cower the mlsvant objectives miing aloctromic databacos
“PublMad,” “Google Scholar,” and “Cochrans Dambawe,” o identify the articles in Englich
lamgnags Som Asgast 2017 to Decscsbar 201 . Multple seanch keywords weae nsed: ECC.
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Abstract

Purpoes - This study was conducisd o identfy warous Ssciors in the development of mimpant fyps of denial carles in South Kerals
children, other than high sucross intakes and poor oral hygiene. This was dones by comparning the salvary bufering capac&nBC], fiow-
rale(=R, resting pH and salvary Immancgiobulin-Ads-1gA) levels In children who are canes resistant{CH] and who have rampant
dentyl cares. Madsriale and Mettods ‘Two shudy groups, a mmpant canes group(RC ) with mone Ban Sve acive canes kesions in
e earty stages and a CR with no caries lesions were selected based on a speciic oriieris. UnsSmuisied whobs mived sallva was
coleched directy from Se Soor of e moui for a period of 10 min and the FR waes cakculsisd. Resiing pH of saliva was measured
using color coded pH papesr. BC was measunsd by calculaiing the amount of ciric add of pHZ S, required o lower the inSal pH of
sallva down b 3. s-igA levels wene also estimaied by Immunoturbidometric method after forming a precipiaie of 3-igA with spedic
anE-igh anfibodies. Recult: The salvary BC, FRS, pH and s-HgA levels wens significantty lower In the R:C group wiven compansd &
e CR growp. Comsducion : This study showed St saltvary BC, Now-rate, resting pH and levels of 5-g& in saliva ans risk fachors in
e development of RC in children.

Heorw to it thils. artiobe:
Kuriakoss S, Sundanssan C, Mathal ', Kihosia E, Gaffoor = A comparative: study of salivary buffering capacty, Sow rate, restng pH, and
salvary Imrunogiobulin A In children with rampant caries and canes-resistant dhlldren.) indian Soc Pedod Prey Dent 2043318573
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Furisikcres S Sundaresan C, Mathal 'V, Kihosia E, Gaffoor F. A comparaiive shudy of salvary bulfsring capacity, fow rabe, resing pH, and
salvary Imrunogiobulin A in childnen with rampent caries and canes-resistant chldnen. J indian Soc Fedod Prey Dent [serial online] 2013
fced 20 Feb 17 1316573
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Full Text

Infroduction

Ceental cares k5 a unigues multifaciorial, infeciious disease Involving Inkemal defense faciors such as salva, footh surface momhokogy
and mineralzafion, general health, nuirttonsl and hommonal status, and & rember of exiemal faciors such a5 dist, microbial o
colonizing the testh, ol hygiene, and fluoride availabilEy. [1] Rampant dental canes s an exreme fomm of dentsl Canes where:
mitipls caries esions appear suddenty, almost all e are affecied and @ dssass prooess eaches Bwe pulp at very apid pace.
Affected children ans often in great distness due o mubipls pulp Exposures, do ot et propery, and become mamourished, There s
o =ldEnDe Ak e mechanism of fe decay process ks diferent in ampant canes (RG] when compared o ordinary canes or that &
ocours In feeih Fad are malformed or inferior in compasition. [t oan oooor s e Pl were for many years resktant o decay
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The purpose of this gmdy was to provide 2 untrariate and mmittrariate analysis of genomic microbial data and slvary mas-
spectrometry proteomic profiles for dental caries outmomes. In order to determime potential usefal biomarkers for dental caries,
2 mudthvariats dasstfication amalysls was employed to bulld predictive modals capable of dassifying microblal and sltvary ample
SELIM-TOWF-M5 profiling to charactertze the oral flora and slivary proteome In 204 children aged 1-2 years (7 = 112 c@rles-
free, m = B6 cartesacttve]. The popalation recetved Itttle dental care and was dezmed 2t high risk for dhildhood cares. Pindings
of the study indicate that models Imcorporating both micmidal and proteomic data are superor to models of ealy micoblal or
saltvary data alone. Comparison of nesults for the combined and Independent data suggests that the combination of peobeomic
and microbial smrces i Benaficial for the classification acoamcy and that combined data lead to tmpeoved pradictive models for
@ries-active and caries-free patients. The best predictiee model had a 6% test ermor, »97% semsittvity, and >95% specificity. These
findimgs mpgest that further charactertzation of the oral microfion asd the slvary protzome associated with health and cres
may provide chinically nsefol blomarkers to better predict fismre caries experience.

1. Introducdtion

Dental cariss, the most common disease of childbood, i
a complex infectiows dissase with a multifactorial eticlogy.

Microhiological studies condocted in the past four
decades have shown that Streptococcus mutans is the chisf
pathogen associated with childhood dental caries onset and
that lactobacilli are associated with dental caries progression

The cries process is characterized by imteractions betwean
a receptive host and microorganisms with the potential for
colonization and pathogenesis. Microbial, genetic, immuno-
logical, behavioral, environmental, and sociceconomic fac-
tors contribute to risk and determine the ocoomrence and
severity of clinical disease |1, 2| Of the identified risk factors,
the caricgenic oral microbial flora and saliva hawe received
particular research attention.
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|3, 4]. Much of this knowledge has been made possible with
the use of traditional culturing methods employing sslective
media for these pathogens. Hecent adwances employing
miabial molecslar techniques have allowed for better
understanding of the complexity of the flora associated with
oral infections, particularly dental cries More than 750
oral microbial taxa inhabit the ol cavity [5]. OF those,
approcimately 509 have yet to be cultivated, and many
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Abstract - 39 children were studied Jongitudinally at the age of 2, 3, and 4 yr for the colonization
of 8. mutans in plaque and saliva and for caries experience. S. mutans was found in 38% of the
children, and the predominant scratype group was c/e/f. A total of 16 children got caries belore
the age of 4, Children who harbored S. mutans in their plaque at the age of 2, appeared (o be the
most caries-active individuals. Ther caries index values (namber of decayed, missed and Glled
surfaces, dmis = 10.6 4 5.9) at the age of 4 differed significantly from the values of children wha
harbored 8. mutans later [dmfi=34+ 1.8, P<0.005) or remained free from S, mutans infection
(dmfi=0.34 1.1, P<0.0003). It was thus conclisded that the early establishment of S. mutars in
the plague of prinsary imiwns lodicated carly and excenaive carics attock in young primary

dentition.
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Studics of Streptococcus mutans strongly
suggest its active involvement in the initi-
ation and progression of dental caries; the
organism does not become established in the
mouths of infants during the first year (1-8).
There i a gradual increase in the isolation
frequency of S. mutuns with age and as the
number of teeth and retentive sites on the
tooth surfaces increases (4),

Subjects highly infected with 8. mutans
develop more caries than those with a low
level of this organism (7, 9, 10). On the basis
of the level of 8. mutans infection caries-

susceptible patients have been identified and
selected for prophylactic and antimicrobial
treatment | 11-13). Since the oral microflora
of infants and young children differs con-
siderably from that of the older children or
adults {2, 14), the infection levels of S,
mutans indicating high caries risk in older
children or adults may not be applicable 1
younger children,

A longitudinal study was therefore under-
taken to evaluate the initial establishment,
the isolation frequency and the changes in
the proportion of 8. mutans in plaque of
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