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ABSTRACT-
Saliva is a highly versatile biological fluid that is easy to gather in a non-invasive manner and that helps in the diagnosis of multiple diseases. In fact, saliva genomics, proteomics, transcriptomics, metabolomics and microbiome-based discoveries have led to complementary and powerful diagnostic information. The objective of this review is to offer an update on the contribution of various salivary biomarkers in order to diagnose diseases of the oral cavity. In children and neonates, saliva is the preferred medium not only for diagnosis of caries and aggressive periodontitis but also for a number of systemic conditions, metabolic diseases, cognitive functions, stress assessment and evaluation of immunological and inflammatory responses to vaccination. In recent years, advances in biotechnology, combined with a clinical demand for more user-friendly and non-invasive platforms, have led to the emergence of salivary diagnostic assays to better monitor disease, infection, and development. Perhaps, no other patient population could benefit more from these advances than paediatrics. However, further studies are required to identify new biomarkers and verify their reported role in the diagnosis and/or prognosis of oral diseases.
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INTRODUCTION:
“Over the years, saliva has demonstrated excellent potential as a diagnostic fluid, as many disease biomarkers can also be found in whole saliva, apart from blood or other body fluids. Yet this humble bodily fluid is powerful and critical to our existence. It is the perfect lubricant, permitting us to effortlessly eat, talk, and play a slide trombone” (Stribițcaia et al., 2021).
“Its unique biomarker profiles help tremendously in the diagnosis of many diseases and conditions. The easy, non-invasive sample collection is the key characteristic that renders saliva the most attractive diagnostic medium when examining vulnerable populations, such as infants, toddlers and children”.1 “Recent research has discovered a slew of actions mediated by both the inorganic and organic components of saliva that should be taken into account when evaluating the effects of saliva on dental caries” (Umashankar & Ramani, 2021).
“Salivary diagnostics are considered to have an important impact on infant and child health. Gaining access to development, infection, and disease through comprehensive “omic” analyses of saliva could significantly improve care and enhance health access.”4 “Salivary diagnosis can only be expected to grow as new biomarkers are discovered and validated. However, there are several challenges associated with saliva diagnosis, including identifying biomarkers unique to a given health condition, guaranteeing uniformity in the collection and preservation of saliva samples, and evaluating the specificity and sensitivity of salivary tests” (Li et al., 2024).
In this review, we will highlight novel applications of saliva and its biomarkers as an important diagnostic tool across the “omic” spectrum, in the various fields of paediatric dentistry. Thereafter, salivary diagnostics can truly translate into paediatric care.
EMBRYOLOGY AND DEVELOPMENT:
“All of the salivary glands develop from the oral epithelium into the underlying mesenchyme. The secretory units (acini) and the ductal system of each gland will arise from these epithelial outgrowths, which are of ectodermal origin for the parotid glands, submandibular glands, and sublingual glands, and are of mixed ectodermal and endodermal origin for the minor salivary glands. The mesenchymal cells contain the information of the morphologic signature of these glands, whereas the epithelial cells carry the information for the type of salivary secretions that will be produced by each future gland.”6
“The prebud stage is followed by an invagination of the thickened epithelium into the underlying mesenchyme, which leads to the formation of a spherical bud connected to the oral epithelium via a thick epithelial stalk. The epithelial stalk will give rise to the main salivary duct. The placodes for the submandibular glands appear later in the sixth embryonic. During the seventh to eighth embryonic weeks, the sublingual gland anlagen arise from multiple epithelial placodes, lateral to the submandibular glands, and finally, the minor salivary glands develop late in the 12th foetal week.”5 “The parotid glands begin to develop at 4 to 6 weeks of embryonic life, the submandibular glands at 6 weeks, and the sublingual and minor salivary glands at 8 to 12 weeks. The cells of the secretory end pieces and ducts attain maturity during the last 2 months of gestation. The glands continue to grow postnatally—with the volume proportion of acinar tissue increasing and the volume proportions of ducts, connective tissue, and vascular elements decreasing—up to 2 years of age.”5
HISTOLOGY OF SALIVARY GLANDS

“Salivary glands consist of epithelial cells, collectively termed the glandular parenchyma. The basic functional unit of a salivary gland is the terminal secretory unit called an acinus. They are made up of epithelial secretory cells, namely serous and mucous cells.”8 “Tight junctions seal the adjacent secretory cells, controlling paracellular ion influx, which helps in maintaining cell polarity and tissue homeostasis.” 5,8
“The ME (Myoepithelial cells) provide signals to the acinar secretory cells that are needed for maintaining cell polarity and the structural organisation of the acinus. There is evidence that ME cells also produce a number of proteins that have tumour suppressor activity, such as proteinase inhibitors and anti-angiogenesis factors, which act as a barrier against invasive epithelial neoplasms”8.
FORMATION, SECRETION AND REGULATION OF SALIVA
Formation of saliva occurs in the end pieces (acini) where serous cells produce watery sero-mucous secretions and mucous cells produce viscous mucin-rich secretions. The formation of saliva occurs in two stages. First stage, cells of secretory end pieces and intercalated ducts produce primary saliva, which is an isotonic fluid containing most of the organic components and all of the water that is secreted by the salivary glands. In the second stage, the primary saliva is modified as it passes through the striated and excretory ducts, mainly by reabsorption and secretion of electrolytes. The final saliva that reaches the oral cavity is hypotonic.
REGULATION OF SALIVA 
“In man, taste and mastication are two important stimuli of salivary secretions. The afferent input is carried to the solitary nucleus in the medulla via VII (facial) or IX (glossopharyngeal) nerves. Parasympathetic efferent pathways for the sublingual and submandibular glands are from the facial nerve via the submandibular ganglion, and for the parotid gland from the glossopharyngeal nerve via the otic ganglion. These pathways regulate fluid secretion by releasing acetylcholine (ACh) at the surface of the salivary gland acinar cells. Macromolecule secretion is regulated by nor-adrenaline release from sympathetic nerves.”10
COMPOSITION, PROPERTIES AND FUNCTION
The human salivary glands are a group of compound exocrine glands that produce saliva. 
Normal salivary flow rates are in the region of 0.3-0.4 ml/min when unstimulated and 1.5-2.0 ml/min when stimulated, although both rates have wide normal ranges. During sleep, flow rate is negligible. 
	SF (STIMULATED)
	RANGE

	Normal
	1-3 ml/min

	Low
	0.7-1 ml/min

	Hyposalivation
	>0.7 ml/min

	SF (UNSTIMULATED)
	RANGE

	Normal
	0.25-0.35 ml/min

	Low
	0.1-0.25 ml/min

	Hyposalivation
	>0.1 ml/min


TABLE 1 – STIMULATED AND UNSTIMULATED SALIVARY FLOW RANGE 
Saliva consists predominantly of water (99%); however, the inorganic and organic components present in saliva have significant roles in oral protection and function. 7
The minor salivary glands secrete proteins, which play an important role in innate immunity.4 The sublingual gland produces viscous saliva rich in mucin 8.
	PARAMETERS
	CHARACTERSTICS

	Volume
	600-1000 ml/min

	Flow rate
	0.2-0.5 ml/min

	pH
	6.7-7.4

	osmolality
	~50-75 mOsm/kg

	electrolytes
	Na+,K+,Cl-,HCO-,Ca2+,Mg2+, HPO2-,SCN-,F-

	Protein concentration
	~0.5-1.5mg/ml

	Major proteins
	Amylase,  proline-rich protein, mucins, histatins, cystatins, peroxidase, lysozymes, lactoferrin, immunoglobin A, deffisins, Cathelicidins-LL37

	Small molecules
	Glucose, amino acids, urea, uric acid, lipids

	Other components
	Growth factor, insulin, cyclic AMP-binding proteins, serum albumin

	
	


TABLE 2 – SALIVA COMPOSITION
PROPERTIES OF SALIVA:
1) Salivary flow rate
      “An adult person produces from 0.5-2 litres of saliva per day, but only 2-10% of the fluid is produced at night. During sleep, the rate of salivary secretion decreases to less than 0.25ml/min, while during chewing or speech, these values oscillate around 10ml/min.”16 The basic salivary secretion is 0.33-0.55 ml/min on average and varies significantly between individuals, even under standard conditions. After strong excitatory stimulations, for example, under the influence of a food stimulus, the salivation can increase up to 1.5-2.3 ml/min.17
2) Salivary pH
     Saliva is a slightly acidic (pH 6-7) secretory fluid whose main ingredient is water (99%). Saliva collected without stimulants, such as food, is hypotonic, and after stimulation, it becomes isotonic compared to plasma.48 Salivary pH to a large extent depends on the rate of production at night, when the salivation process is slower than during the day, the pH reaches about 6.2-6.5. The pH of whole saliva was shown to be higher in the morning than at midday and significantly higher after meals. At pH 5.5, the saliva is a saturated solution of calcium and phosphate ions, and under these conditions, the ions migrate to hydroxyapatite. This leads to demineralisation of enamel, which stays unchanged for as long as these two processes remain in equilibrium. 18
3) Salivary Buffer Capacity
     Hydrogen carbonate ions (HCO-) are the most important in maintaining the homeostasis, chemical stability, and buffer capacity of saliva. Their concentrations increase with the volume of saliva, proportionally reaching a peak of 40-60 mmol/l.18 The main buffering systems are bicarbonates, phosphates, and proteins. 21 
4) Elasticity of saliva
 Mucins are mainly responsible for the elasticity of saliva. In non-stimulated saliva, they constitute 20-30% of the total amount of proteins. With their increasing amount, the density and viscosity of the secretions grow.18
5) Viscosity of saliva
 “Viscoelastic properties are essential for lubrication and humidification, thus providing mucosal integrity” 22. Submandibular/sublingual salivary viscosity was higher than that of parotid saliva 23. “If it looks stringy, frothy or bubbly or is very sticky, then it may mean the content of water content is low.” 24       
FUNCTIONS OF SALIVA
     “Oral health is linked to our general health; lack of proper saliva can cause speech, chewing and swallowing difficulties, and hence saliva plays a critical role in the maintenance of oral and dental health” 24.
1) Protection of the oral cavity – 
      “The constant secretion of saliva prevents desiccation of the oral tissues.5 Saliva protects the mucosa from chemical and thermal insults by reducing the concentration and lowering and buffering the temperature, respectively. The serous secretor cells chiefly produce some salivary glycoproteins that aggregate specific strains of oral micro-organisms and/or prevent their adhesion to oral tissues, thus facilitating their oral clearance” 8.
     Salivary immunoglobulins may act primarily through their ability to inhibit the adherence of the microorganisms to the oral tissues. Saliva contains many antibacterial agents’ lysozymes, lactoferrins, calprotectin, lacto peroxidase, immunoglobin chromogranin A, cystatins, histatins, VEGP (Von Ebner’s gland protein), SLPI (secretory leukocyte proteinase inhibitor) and the antiviral agents, mainly cystatins, mucins, immunoglobulins and SLPI. Antifungal action is exerted by histatins, chromogranin A and immunoglobulin 8.
2) Digestive function- 
   “The high-water content of the parotid secretions moistening the food and the mucins generated by the submandibular, sublingual, and minor salivary glands coating the food combine effectively to facilitate ingestion” 24.
      “The action of amylase on ingested carbohydrates produces glucose and maltose.”8
3) Mastication, Deglutition and Speech-
     Saliva moistens the food and helps in the breakdown. “The moistening and lubricating properties of saliva allow the formation of a bolus and facilitate deglutition. Saliva keeps the oral tissue moist and well lubricated, which facilitates speech. It helps in vocalisation and communication ability” 8.
4) Taste perception –
     “Saliva functions in taste by solubilising food substances so that they can be sensed by taste receptors located in taste buds.”5 “The hypotonicity of saliva (low levels of glucose, sodium, chloride, and urea) and its capacity to provide the dissolution of substances allows the gustatory buds to perceive different flavours”. 26
5) Maintenance of tooth and mucous membrane integrity-
     “Saliva is supersaturated with calcium and phosphate ions. In post-eruptive maturation of the enamel, it increases surface hardness and resistance to demineralisation. Remineralisation of initial caries lesions can also occur is thus enhanced by the presence of fluoride ions in saliva” 5.
     The salivary mucin, which includes low solubility, high viscosity, elasticity and adhesiveness, enables them to concentrate on the oral mucosal surface, where they provide an effective barrier against desiccation and environmental insults. 
6) Excretory functions-
“Many substances from the blood reach the saliva; thus, saliva can be considered as a route of excretion.” 8 
7) Soft tissue repair-
      “The presence of nerve growth factor and epidermal growth factor in the submandibular saliva may accelerate wound healing.” 25 “Saliva contains many growth factors, i.e EGF, VEGF, etc. Histatin 1 are also involved in promoting growth by migration of epithelial cells” 27.
8) Lubrication and moistening-
  The oral cavity has a constant flow of saliva all the time (unstimulated). Saliva consists mostly of water (almost 99%), but also contains secretions called mucins. These mucins coat the surface of the oral cavity, providing the lubrication, mitigating the aberrations caused by the activity.
9) Water balance and clearance-
    Salivary glands are part of a control system for maintaining an appropriate level of hydration. The signals to salivary glands result from osmotic changes detected in the hypothalamus or volumic changes operating through the renin-angiotensin system of the kidney. Thirst sensation and cessation of drinking are initiated by sensory messages passing into the brain from taste receptors in the mouth 25.
The dilution and clearance of food debris, microbial acids, and other products is facilitated by the constant flow of salivary film across the teeth and mucosa.7
10) Toxin binding
     The basic PRPs and histatins bind tannins, common constituents that may inhibit growth and have various toxic effects. Similar to the effect of tannins on basic PRPs, dietary papain increases the expression of cystatins in the salivary glands.7
11) Forensics-
“Saliva also has an important role in forensic dentistry. The oligosaccharide structure on salivary mucins is the same as that on red blood cells, that determines blood type. The epithelial cells shed from the oral mucosa are a source of DNA.” 7

SALIVARY BIOMARKERS
     “According to the National Institute of Health (NIH), a biomarker is an objectively measured and evaluated indicator of normal biologic processes, pathogenic processes, or pharmacologic responses to therapeutic intervention. Biomarkers exist in a variety of different forms, including antibodies, microbes, DNA, RNA, lipids, metabolites and proteins. Thus, biomarkers serve as a valuable and attractive tool in the detection, risk assessment, diagnosis, prognosis, and monitoring of disease” 29.
 “Saliva contains biomarkers derived from serum, gingival crevicular fluid and mucosal transudate. Systemic and oral diseases produce markers that appear in saliva. As discussed below” 31.
Oncology – 
The biomarkers are p53 antibody, in oral squamous cell carcinoma, high level of salivary kallikrein in oral malignant tumours and Ca-125, a glycoprotein of ovarian cancer.
Cardiovascular diseases– 
Determination of salivary amylase activity before and 6 hours after cardiovascular surgery shows more mortality in patients with low salivary amylase preoperatively.
Viral diseases- 
Beta 2 microglobulin and soluble tumour necrosis factor are high in HIV patients. Acute hepatitis A & B are diagnosed based on the level of IgM antibodies in saliva.
Bacterial infection-
     The presence of Helicobacter pylori in saliva is a sign of peptic ulcer. Saliva can be used as a tool for the detection of dental plaque–induced diseases, i.e. dental caries and gingivitis.
  Fungal infections-
      Saliva can be used for the detection of oral candida and salivary fungal counts.
Endocrinology-
     Estradiol, estriol, cortisol, testosterone, salivary aldosterone, and salivary progesterone are hormones that can be accurately assessed from saliva. Salivary alterations include higher levels of IgA, salivary peroxidase, glucose content, potassium, salivary total protein and amylase.
Sjögren’s syndrome- 
      It is a chronic autoimmune disorder noted by salivary and lacrimal gland dysfunction along with rheumatoid arthritis. A raised concentration of NaCl, IgA, IgG, lactoferrins and inflammatory mediators such as PGE2, TXB2, interleukin 2 and interleukin are noted in the saliva of Sjögren’s syndrome patients.
Psychiatry-
The therapeutic responses in the treatment of anxiety can be measured with salivary MPHG- (3-methyl-4-hydroxyphenyl glycol).
Drug monitoring- 
  Saliva can be used to detect and monitor drugs like cocaine, opioids, barbiturates, diazepams, cotinine, cannabinoids, and ethanol.
POTENTIAL BIOMARKERS IN ORAL DISEASES
1) Periodontal disease
“ At the beginning of the inflammatory phase, prostaglandin E2, interleukin-1, interleukin-6, and tumour necrosis factor–alpha are found in high numbers, released from a variety of cells. As the stages progress and the disease becomes more advanced with severe bone loss, the levels of tumour necrosis factor, interleukin-1, and RANKL are elevated and directly related to the degree of bone destruction. The specific biomarkers for the bone, such as pyridinoline cross-linked carboxyterminal telopeptide of type I collagen, are being transported in the crevicular fluid into the periodontal pocket and finally become a component of saliva” 31.
2) Sjögren’s syndrome
“It has been shown the fact that this syndrome is accompanied by significant changes in the proteome and transcriptome, having also important alterations in the levels of IL-4, IL-5, and cytokine clusters. The study of HU et al. identified a panel of biomarkers that had high levels in patients with SS, including a number of three mRNA biomarkers (guanylate-binding protein 2, myeloid cell nuclear differentiation antigen, and low-affinity IIIb receptor for the Fc fragment of IgG).”31
3) Oral cancer-
“Other previous salivary transcriptomic studies have discovered seven oral squamous cell carcinoma-associated salivary RNAs (S100 calcium-binding protein P, dual–specificity phosphatese 1, interleukin-8, interleukin-1 beta, H3 histone family 3 A, ornithine decarboxylase antizyme1, and spermine N1-acetyltransferase) that showed a prediction accuracy of 81% as biomarkers for OSCC.”31
4) Dental caries
     An elevated level of S. sorbinus was also detected in children with caries, despite their low level of S. mutans, suggesting S. sorbinus as a potential alternative pathogen for caries. Lactobacilli have also been implicated as important contributory species in dental caries.
5) Orofacial pain salivary biomarkers-
     Orofacial pain is a sensory condition. 31 “Collecting saliva in order to identify biomarkers associated with orofacial pain is a painless method and is easy to collect to store. Recently, saliva and synovial fluids have caught the interest of numerous researchers and clinicians as possible alternatives to serum” 31.

BIOMARKERS IN PEDIATRIC DENTISTRY:

6) Early childhood caries
     Salivary microbes can be utilised as biomarkers of ECC risk assessment:  A group of cariogenic bacteria, particularly mutant streptococci, S. mutans, and S. sorbinus, are the species most frequently associated with tooth decay in children. 34
7) Obstructive sleep apnea syndrome in children – 
     “OSA children exhibit a physiological diurnal fluctuation of salivary a-amylase, with a higher level in the morning compared with the evening.” 35
8) Dental anxiety and stress- 
     “In response to stress, the concentration of alpha amylase in saliva increases abruptly, making it an important salivary biomarker of stress.” 37
Other biomarkers in saliva:
1) Transcriptomics: 
“Transcriptomic analysis may yield valuable information regarding the condition of the body.” 29

2) Proteomics:
     “Although its proteomic content is estimated to be 30% of blood. Saliva is actively being investigated as a rich source of protein biomarkers capable of discerning healthy from diseased subjects.” 29
3) Methylomics:
[bookmark: _GoBack]      “Known to affect mammalian development, cellular differentiation, and carcinogenesis, DNA methylation induces cells to maintain or alter unique characteristics by controlling and modulating gene expression” (Jovanova et al., 2025).

CONCLUSION

Saliva is a useful diagnostic blood surrogate. Biomarkers in saliva can be highly informative and discriminatory in the early detection of a variety of diseases and conditions in neonates and children. The functional value of saliva has long been thought to outweigh its diagnostic possibilities.



With current research gap is closing rapidly between the use of saliva and other biofluids for disease diagnostics. The emerging field of microbiology and nanotechnology-based biosensors will overcome the detection barriers. It is almost certain that the next few years will witness an evolving spectrum of saliva screening. Even home testing kits will begin to appear, and saliva will outperform other bio media in the diagnosis of disease. With the advent of novel and more sensitive techniques with standardised techniques, and standard reference values, salivary biomarkers and salivary diagnostics will become the technique of choice in the near future.
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