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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 canôt be used as biomarkers due to the controversy of results found in 

the articles studied 

 

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

childhood caries



Resumen 

 

Introducción: 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 más de 700 especies de bacterias que 

albergan la cavidad bucal, y, entre ellos, Streptococcus mutans es considerado 

la causa principal de la aparición temprana de caries en niños (CAT). CAT se 

refiere a cualquier tipo de carie dental, perdida de dientes debido a caries o a 

empastes en niños hasta los 6 años. Hoy en día, los biomarcadores de saliva 

se han convertido en una poderosa herramienta para detectar y prevenir las 

enfermedades de caries tempranas (especialmente en niños). Entre los 

biomarcadores más utilizados encontramos la tasa de flujo salival, la capacidad 

amortiguadora de la saliva, la presencia de determinados microrganismos y 

varias proteínas como la Catelicidina LL-37, la Histatina 1 y las citocinas 

inflamatorias. 

Objetivos: El objetivo de esta tesis es describir y revisar la relación entre la 

microbiota y las caries dentales, y evaluar los potenciales biomarcadores para 

detectar la aparición temprana de caries en niños.  

Materiales y Métodos: Un total de 54 artículos fueron revisados utilizando la 

base de datos electrónica Pubmed, varias bases de datos de la biblioteca Crai 

de la Universidad Europea de Madrid y Google Schoar.  

Conclusiones: La conclusión principal de esta tesis es que Streptococcus 

mutans y las proteínas 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 artículos analizados. 

 

Palabras clave: microbiota, microbiota oral, biomarcadores, saliva, caries, 

caries de aparición temprana.  

 

 

 

 

 

 



  



Abbreviation in alphabetic order 

 

ADA ---------------------------------------------------------- American Dental Association 

AMPs ----------------------------------------------------------------- Antimicrobial peptides 

ASM --------------------------------------------------- American Society of Microbiology  

CCS ----------------------------------------------------------- Caries classification system 

DDE ---------------------------------------------------- Developmental defects of enamel 

ECC ------------------------------------------------------------------- Early childhood caries 

EHP ----------------------------------------------------------------------- Enamel hypoplasia 

F/B ratio ----------------------------------------------------- Firmicute/Bacteroidetes ratio 

GCF ------------------------------------------------------------------- Gingival cervical fluid  

HAS-ECC ------------------- Hypoplasia-associated severe early childhood caries 

IBD ------------------------------------------------------------ Inflammatory bowel disease 

ICDAS --------------------- International Caries Detection and Assessment System 

MiC ---------------------------------------------------- Microbial indicator of dental caries 

NSAID -------------------------------------------- Non-Steroidal anti-inflammatory drug 

SCFAs --------------------------------------------------------------- Short chain fatty acids 

S-ECC ------------------------------------------------------ Severe Early childhood caries 

S. mutans ----------------------------------------------------------- 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)  

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 

 

Figure 1:Distribution of the normal human microbiota (Aagaard et al. (3)) 
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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). 

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 

 
Fig 2: Change in Firmicute/Bacteroidetes ratio (Stojanov et al. (7)) 
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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 Crohnôs disease. Both ulcerative colitis and Crohnôs disease are the 

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

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

(Figure 3). 

 

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

 

Figure 4: Anatomy of the oral cavity (Ahsan et al. (28)) 
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soft palate, keratinized gingiva, supragingival plaque, 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). 

1.2 Development 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 

mainly formed by saliva, thereby forming a ñconditioning filmò on the tooth 

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

acquired pellicle, the primary colonizers Streptococci and Actinomyces play an 
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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 plaque 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).  

1.3 Classification 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).  
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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 

plaque. 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. 

1.4 Dental 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 caries microbiota located in different parts of childrenôs oral cavity, 

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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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) are defined as ñred complexò that are closely associated 

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). 

 

 

Figure 5: Bacteria species in caries-active and caries-free subject. (Corby et al. (25)) 
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2. Biomarkers 

According to the definition of the WHO, a biomarker is ña substance or a 

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

incidence or outcome of disease.ò (27). Nowadays, we are not only concerned 

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). 
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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 
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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 

phosphatase, ɓ-glucuronidase, cathepsin B, collagenase 2 (matrix 

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

and III 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. 
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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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Table 1: Chemical compositions in saliva (Abdullah et al (29)) 

Salivary proteins Function 
Association with 

ECC 

Antimicrobial peptides 

Cathelicidin LL37 Antimicrobial activity High relation with ECC. 

Histatin 

Histatin 1 Reduce bacterial 

colonization. 

Maintain teeth integrity. 

High relation with ECC 

Histatin 3 Weak evidence 

Histatin 5 Weak evidence 

Defensin 

Alpha-defensin Antimicrobial, antivirus and 

antifungal activity. 

Positive correlation with 

ELISA. 

More evidence needed. 

Beta-defensin Weak evidence 

Statherin 

Reduce bacterial 

colonization. 

Maintain teeth integrity. 

High relation with ECC 

Major glycoprotein 

Mucin 

MUC5 Promote the aggregation 

with microorganism to 

facilitate removal. 

Weak evidence 

MUC7 High relation with ECC  

Proline-rich proteins Acidic PRP 

Maintain the 

supersaturation of calcium 

ions in saliva 

High relation with ECC 

Immunoglobulins 

IgA 

Immune response 

High relation with ECC 

IgM & IgG More evidence needed. 

Minor glycoprotein 

Agglutinin 

Aggregate with 

microorganism for easily 

removal.  

Weak evidence 

Lactoferrin Antimicrobial activity More evidence needed. 

Lysozyme Antibacterial enzyme More evidence needed. 

Cystatins 
Antimicrobial activity,  

Help remineralize.  
More evidence needed. 
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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 
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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 
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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 
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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) 

{ŎƻǊŜ /ƭƛƴƛŎŀƭ ǎǘŀƎŜ wŀŘƛƻƎǊŀǇƘ 

л {ƻǳƴŘ bƻ ǊŀŘƛƻƭǳŎŜƴŎȅ 

м CƛǊǎǘ Ǿƛǎǳŀƭ ŎƘŀƴƎŜ ƛƴ ŜƴŀƳŜƭ wŀŘƛƻƭǳŎŜƴŎȅ ƛƴ ƻǳǘŜǊ ѹ ƻŦ ǘƘŜ ŜƴŀƳŜƭ 

н 5ƛǎǘƛƴŎǘ Ǿƛǎǳŀƭ ŎƘŀƴƎŜ ƛƴ ŜƴŀƳŜƭ wŀŘƛƻƭǳŎŜƴŎȅ ƛƴ ƛƴƴŜǊ ѹ ƻŦ ǘƘŜ ŜƴŀƳŜƭ 

о [ƻŎŀƭƛȊŜ ŜƴŀƳŜƭ ōǊŜŀƪŘƻǿƴ wŀŘƛƻƭǳŎŜƴŎȅ ƭƛƳƛǘŜŘ ǘƻ ǘƘŜ ƻǳǘŜǊ Ѻ ƻŦ ŘŜƴǘƛƴ 

п ¦ƴŘŜǊƭȅƛƴƎ ŘŜƴǘƛƴ ǎƘŀŘƻǿ wŀŘƛƻƭǳŎŜƴŎȅ ǊŜŀŎƘƛƴƎ ǘƘŜ ƳƛŘŘƭŜ Ѻ ƻŦ ŘŜƴǘƛƴ 

р 5ƛǎǘƛƴŎǘ ŎŀǾƛǘȅ ǿƛǘƘ ǾƛǎƛōƭŜ ŘŜƴǘƛƴ wŀŘƛƻƭǳŎŜƴŎȅ ǊŜŀŎƘƛƴƎ ǘƘŜ ƛƴƴŜǊ Ѻ ƻŦ ŘŜƴǘƛƴΣ 

ŎƭƛƴƛŎŀƭƭȅ ŎŀǾƛǘŀǘŜŘ 

с 9ȄǘŜƴǎƛǾŜ ŎŀǾƛǘȅ ǿƛǘƘ ǾƛǎƛōƭŜ ŘŜƴǘƛƴ wŀŘƛƻƭǳŎŜƴŎȅ ƛƴǘƻ ǘƘŜ ǇǳƭǇΣ ŎƭƛƴƛŎŀƭƭȅ ŎŀǾƛǘŀǘŜŘ 

Table 2: Classification of ICDA ((Gomez et al. (39)) 

Figure 6: Classification of dental caries (Young et al. (38)) 
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Compared with another similar system called ñInternational Caries Detection 

and Assessment Systemò (ICDAS), the classification is also based on clinical 

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 color is much darker, but the surface is smooth, and wonôt cause any 

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 maxillary anterior teeth Ó 4 at age of 3, Ó 

5 at age of 4, or Ó 6 at age of 5 (29).  

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). 

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 

 

Figure 7: Structural loss in ECC (Evans et al. (55)) 
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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, itôs easily colonized by dental biofilm and promotes the 

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).  

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). 

 

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

infectivityò is defined as the earliest time of initial colonization with S. mutans in 

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 techniques 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). 

 

 

  

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: 

Å Primary is to understand the knowledge of microbiota, biomarkers and 

dental caries, especially early childhood caries.  

Å 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. 

Å 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 

Google Scholar. Keywords used include: ñmicrobiotaò, ñoral microbiotaò, 

ñbiomarkersò, ñsalivaò, ñcariesò and ñearly childhood cariesò. These keywords 

were combined with further ñandò and ñorò for more relevant articles. Advanced 

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. 

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. 

 

 

Figure 10: Comparison of ECC with FR and BC (Kuriakose et al. (46)) 
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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 

capacity 

p-value Salivary 

Flow Rate 

p-value 

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).  

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 

 

Figure 11: Bacterial species in caries-free children and caries-affected children. 

(Hart et al, 2011. (48)) 
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mutans is an important factor, leading to S. mutans can be considered as a 

biomarker. 

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 

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

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 

 

Figure 13: Comparison of bacteria in groups ER and NER. (Zhu et al. (50)) 
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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 they canôt be used as biomarkers and more studies are still needed, 

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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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. 

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 

 

 

Figure 16 and 17: Levels of lysozyme and lactoferrin before treatment and after. (Moslemi 

et al. (51)) 

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

 
Figure 15. Level of lactoferrin in ECC and children without ECC (Moslemi et al. (51)) 
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(P value <0.005), indicating the strong correlation between Histatin-1 and the 

absence of dental caries (52) (Figure. 18). 

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

the level of inflammatory cytokines (IL6, IL8 and TNF-Ŭ) in three groups: before 

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).  

 
Figure 18: Histogram of Histatin-1 from 3 groups, before treatment, 1 week and 4 

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

 
Figure 19: Level of IL6, IL8 and TNF-Ŭ in 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. 

(54) 

 

 

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, but it 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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