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Abstract
Introduction: Saliva, the biological fluid secreted by the major salivary glands like the parotid, sublingual and submandibular glands,
has a complex and dynamic biological property and is mostly present in buccal mucosa and the cervical area of teeth. Saliva has a

varied composition with a lot of biochemical properties, which makes it an important biological fluid and hence it can be used for
detecting various diseases related to the oral cavity like caries, periodontitis, and also many systemic diseases like cancer, infectious

diseases, autoimmune disorders, and neurological disorders. Assessment of caries risk will help us identify caries at early stages and
the overall incidence of caries in the patient’s mouth. It will also help us to identify the new developing caries and the rate at which
caries progression is taking place.

Aim of Work: This review aims at highlighting an overview of saliva as a caries biomarker that can be used for the early cessation of
carious lesions, thereby decreasing the progressing caries rate.

Methodology: This review is a comprehensive research of PUBMED and Google Scholar from the years 2000 to 2020.

Conclusion: The complex composition of saliva makes it a very crucial biological fluid. Salivary fluid represents a wide range of
biomarkers that help to identify many oral and systemic diseases. The ease of collection, reduction in time and money, and increased
patient comfort make saliva a better fluid for biomarker representation when compared to blood or urine. Salivary Biomarkers help
us to diagnose the disease at an early age and provide a more conservative management technique.

Keywords: Saliva; Biomarker; Early Childhood Caries; Caries Risk Assessment; Enamel Pellicle

Introduction
A biomarker can be identified as a characteristic indicator of any normal biological process, a pharmacological response to drug inter-

vention, or a pathological process. The presence of biomarkers helps us identify and quantify the nature of a particular disease, its genetic

presentation, progress, and response to therapeutic and environmental intervention. The changes observed in the biomarkers over time
help to identify the systemic changes that have been occurring in the organism; thus, the main function of biomarkers boils down to

prevent, diagnose and assess the prognosis and sequential progression of the disease. Saliva, which is the biological fluid secreted by the
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major salivary glands like the parotid, sublingual and submandibular glands, has a complex and dynamic biological property and is mostly
present in buccal mucosa and the cervical area of teeth [1].

The main functions of saliva are lubrication of the tissues around the teeth, helps in mastication, tasting of food, clearing the oral cavity

of microorganisms and debris. It also keeps the tooth safe from demineralization. The biofilm present in the mouth is generally acidic in

nature, and because of its buffering ability, saliva helps to neutralize the acid formed by it and the acid consumed by us from our diet. The
enamel pellicle formed on the surface of the teeth as a protecting layer also comprises saliva as the main constituent. Because of its highly
mineralized composition, it helps in remineralization and protects from demineralization of the tooth [2].

The secretion of saliva mainly depends on the sympathetic and parasympathetic nerve supply of the human body, and the flow and

viscosity of saliva, in turn, decides its physiological function and properties. The salivary also varies according to the sex, diet, age, fluid
intake, and the circadian rhythm of the patient. The main constituent of saliva is water which makes almost 99% of the volume, with the

remaining one percent comprising of inorganic substance like magnesium, phosphate, fluoride, sodium, chloride, etc., and salivary pro-

tein, which influences the viscoelastic nature of saliva, thereby controlling the defense mechanism of saliva and main functions like aid in
digestion, taste, and lubrication. The various proteins present in saliva are listed in table 1 [3].
Salivary Protein

1.

Proline rich protein

4.

Cystatins

2.
3.

5.
6.

7.

8.

Mucins

Histatin

Statherins

Salivary Immunoglobulins
Lactoferrin

Staterin

Function

Helps in plaque formation

Helps in pellicle formation

Antimicrobial and antifungal properties
Inhibition of cysteine proteases

Inhibits precipitation of calcium phosphate salts
The main defense system of saliva
Defense against bacterial injuries
Controls calcium homeostasis

Table 1: Salivary proteins and their function [3].

Apart from all the above-mentioned proteins and inorganic substances, saliva also contains many other markers like growth factors,

hormones, various genetic DNA, and RNA. Any changes in the pathophysiological condition of the body change the flow, consistency, and
composition of the saliva, hence making saliva a parameter to assess changes in the body [4].

Dental caries is one of the most prevalent diseases in the world and affects more than 5 billion people throughout the world. The

treatment of dental caries is only restorative techniques which can be either conservative or surgical, but in the end, the patient ends up
losing little or a huge amount of the tooth structure. Assessment of caries risk will help us identify caries at early stages and the overall

incidence of caries in the patient’s mouth. It will also help us to identify the new developing caries and the rate at which caries progres-

sion is happening. This will, in turn, help in the classification of patients at higher risk of developing caries in which various preventive
measures can be taken [5].

Importance of saliva as a biomarker
Saliva has a varied composition with a lot of biochemical properties, which makes it an important biological fluid and hence it can

be used for detecting various diseases related to the oral cavity like caries, periodontitis, and also many systemic diseases like cancer,

infectious diseases, autoimmune disorders, and neurological disorders. Saliva helps in the formation of enamel pellicle, which again can
contribute largely in providing biomarkers for detection of gastrointestinal diseases and acts as a source of saliva as the protein constituent of enamel pellicle represents salivary composition [6].
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The distinct advantage of using saliva as the biomarker biological fluid is its compositional similarity with blood as it has more than

three thousand proteins, in which half of the composition is also seen in blood, making it an effective biomarker for systemic diseases. In a
study conducted by Punyadeera., et al. they concluded that protein found in saliva has a huge correlation with serum both in humans and
animals [7]. RNA protein for oral cancer is found in a higher number in saliva compared to serum and has a higher receiver operating char-

acteristics value (ROC). In cases where the particular biomarker is present both in saliva and serum, the concentration of the biomarker is
more in saliva, and because of the ease of sampling, saliva becomes a more preferred source of sample collection [8].
1.

Less discomfort and manipulation of the patient during sample collection as compared to blood or urine.

4.

Patient compliance is higher in all age groups, including geriatric and pediatric patients

2.
3.
5.

The process of collection is non-invasive and painless
Lower biological risk is observed

Cost is lowered as no special training or equipment is required.

Table 2: Advantages of using Saliva as a biomarker [9].

Sample collection of saliva for use as a biomarker
The collection of saliva for any investigation can be divided into 4 ways:
1.

Total collection of saliva

3.

Stimulated saliva - by chewing, or any drug-induced stimulation

2.
4.

Collection from an individual gland

Unstimulated Saliva- Collected at rest.

In cases of biomarker analysis, total saliva collection is the best practice. The Source of saliva can be the sputum, spit, or suction. Cases,

where saliva has to be collected from a particular gland require specific armamentarium, like for collection from the parotid glands use
of Lashley cups or a modified version like the Carlson Crettendon cup (Figure 1) and from submandibular and sublingual glands use of a
Wolff saliva collector are prevalent (Figure 2). One of the main factors that have to be kept in mind is the time when the saliva is collected
as it varies according to the circadian rhythm of various individuals, and a thorough study of the circadian cycle of the individual must be

done before collection is planned. Once the collection of saliva is completed, the main challenge that arises is storage, as salivary proteins
are at a higher risk for degradation as compared to serum proteins [10].

Figure 1: Carlson-Crettendon cup for collection
of saliva from parotid gland [10].
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Figure 2: Custom made Wolff cup for collection from
submandibular and sublingual gland [10].

Caries risk assessment using saliva
Saliva is a source of many microorganisms that are present in a small quantity in healthy individuals. The main physiology of caries for-

mation is the interaction of dietary carbohydrates that produce acid by interacting with cariogenic bacteria present in saliva. Streptococ-

cus mutans (S. mutans) and Streptococcus sobrinus are often seen associated with a high rate of caries formation, with S. mutans being the
primary agent for caries progression. The main characteristics of Streptococci that lead to a higher caries formation rate are its ability to

survive at a very low pH, while it causes a very high rate of carbohydrate fermentation and has the ability to firmly attach to the surfaces of

teeth. S. mutans are seen in infants who are in their predental stage, which is largely attributed to transmission from their mother [11]. In
a study conducted by Corby., et al. [12] where they profiled the 16S rDNA of dental caries, they concluded that S. mutans was found in high

numbers in children with caries and also in geriatric patients with root caries. In order to reduce the caries risk of a child, it’s important
that the S. mutans colonization is arrested in the mother, which decreases the chances of early childhood caries [12]. Candida species have

also been associated with caries due to their ability to colonize with other bacterial species and increased fermentation of carbohydrates.
Many studies have revealed that an increased rate of Candida species is seen in patients with a higher caries rate [13].

Early childhood caries (ECC) is one of the most detrimental oral diseases found in patients with age 6 or less. Biomarkers found in sa-

liva can help in the diagnosis and early prevention of the disease. One of the most important markers found in saliva is S. mutans which is
shown to have an increased correlation with ECC [14]. Candida albicans showed a five times higher risk association of caries when found
in saliva [15].

The composition of saliva varies in patients with a higher caries rate as compared to a normal patient’s. The main difference seen was

higher levels of proline-rich peptide in the caries-free group, which showed antimicrobial properties. Various differences in the salivary
proteins compared between both groups are mentioned in table 3 [16-18].
Caries free individuals

1.

Higher Calcium concentration

4.

Higher concentration of salivary proteins 4.
like histatin, statherin, proteinase, etc.

2.
3.

High bicarbonate concentration
Higher Urease activity

1.
2.
3.

High carious rate individuals
High total protein value

Higher antioxidant level
Higher α-amylase level

A higher quantity of MUC1 and MUC5B

Table 3: Difference in salivary composition between carious
and non-carious individuals [16-18].
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Salivary flow rate: A reduced rate of salivary flow facilitates a longer exposure time of the teeth to cariogenic bacteria, thus

increasing the chances of caries. The salivary flow rate can be reduced due to various reasons, including diseases like Sjogren’s
syndrome, drug-induced or due to dietary incompetency [19].

Acidity and buffering capacity of saliva: Buffering capacity refers to the resistance shown by saliva to changes in the acidic condi-

tion. In cases where the buffering capacity of saliva is lowered due to any reason, chances of caries development increase [20].

Use of saliva as biomarker for other diseases

Periodontitis: Patients with chronic periodontitis showed inflammatory biomarkers and elevated levels of salivary proteins like heavy
chain immunoglobulins, serum albumin, and α-amylase and a lowered value of cystatin protein [21].

Oral cancer: Oral cancer has the highest prevalence amongst all the other head and neck cancers, with squamous cell carcinoma being

the most common form of oral cancer seen. A study conducted by Nagler., et al. concluded that patients with squamous cell carcinoma had
increased levels of cytokeratin 19, CA 125, and tissue polypeptide antigen [22]. In another study conducted by He., et al. they concluded
increased levels of an antigen associated with oral cancer like CA50 were found in the saliva of patients with oral cancer [23].

Gastric cancer: Target molecules used for salivary biomarkers in the case of gastric cancer are amino acids. D-Amino acid was found to
be at an increased level in the saliva of patients with Gastric cancer. Other proteins like Cystatin B and glycoproteins were also found in
increased quantities in patients with gastric cancer [24].

Pancreatic cancer: Few salivary microbiotas were found to be associated with patients with pancreatic cancer like Streptococcus mitis,

N. elongata and Porphyromonas. These microbes were found to be in a higher number in cancer patients when compared to the healthier
individuals and could be used as an early and non-invasive diagnostic tool for the detection of pancreatic cancer [25].

Conclusion

The complex composition of saliva makes it a very crucial biological fluid. Salivary fluid represents a wide range of biomarkers that

help to identify many oral and systemic diseases. The ease of collection, reduction in time and money, and increased patient comfort make
saliva a better fluid for biomarker representation when compared to blood or urine. Salivary Biomarkers help us to diagnose the disease
at an early age and provide a more conservative management technique.
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