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ABSTRACT 

For the past decades saliva has been established as an important diagnosis fluid in both local and 

systemic pathologies. Saliva contains biomarkers that correlate with their blood levels and can identify and 

monitor a wide range of organ specific diseases including cancer, diabetes, metabolic syndrome, cardiovascular 

pathology, pulmonary diseases or oral conditions. The progress in salivary diagnostic research field is fostered 

by progress in detection methods and research instrumentation, allowing more sensitive and faster 

measurements as well as more reliable compound identification. The main purpose of the present work is to 

provide a general overview of the variety and methods used to determine and quantify salivary biomarkers.  
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Introduction 

Saliva is a multi-constituent slightly 

acidic fluid with pH=6.0-7.0, directly 

secreted into the oral cavity. It is a product 

of the function of the major salivary glands 

(parotid, submandibular and sublingual) and 

multiple minor salivary glands underlying 

the buccal, labial, palatine, lingual and 

sublingual mucosa. Each day the salivary 

glands produce approximately 1.0-1.5L 

fluid. Saliva contains water, electrolytes, 

minerals, mucines, buffers, enzymes, growth 

factors, immunoglobulines (secretory 

immunoglobuline A - sIgA), glycoproteins, 

etc. [1]. Although saliva has protective 

properties for the integrity of oral tissues and 

structures, plays role in the formation of 

food bolus and swallowing and has the 

ability to control the oral microbial 

population, it also contains key markers for 

various pathologies recognition. Over the 

past twenty years salivary research has 

shown that saliva represents a valid 

alternative diagnostic fluid for multifarious 

local or systemic diseases, making research 

in this field a top biomedical priority of the 

21st century [2]. A mixture of organic and 

inorganic molecules, saliva possesses an 

array of qualities which recommend it as an 

appropriate diagnosis approach such as 

effortless collection procedure, facile 

manipulation and sampling methods, 

favorable sensitivity, low quantity samples 

are required for detection, good cooperation 
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with patients during collection, positive 

correlation between blood markers and the 

ones found in saliva, the possibility of caring 

out dynamic studies and most importantly, it 

is non-invasive [3, 4, 5]. 

There are various biomarkers found 

in the saliva. While there is no 

comprehensive definition of a biomarker, it 

can be defined as: "a biomarker is a cellular, 

biochemical, molecular or genetic alteration 

by which a normal, abnormal or simply 

biologic process can be recognized or 

monitored" [6]. 

Methods for saliva diagnosis of oral 

and systemic diseases 

As the saliva diagnosis is easy to 

use, inexpensive, safer to administer than 

serum sampling and collection can be done 

relatively easy, various qualitative and 

quantitative experiments could be applied 

for detailed analysis. Salivary-based 

diagnostic methods can potentially allow 

screening of significant number of patients 

for a specific disease in a short time. Most of 

these methods are well-known and used in 

the daily practice. PCR is commonly used 

method for bioactive molecules 

identification. It is relatively simple 

technique for amplification and detection of 

DNA and RNA sequences. Nowadays a few 

PCR methods are known: standard PCR, Hot 

Start PCR, reverse transcription or RT-PCR 

and quantitative - qPCR or RT-qPCR. RT-

PCR and qPCR are the two basic of all types 

PCR. RT-PCR is a qualitative method for 

gene expression detection via creation of 

complementary DNA transcrips from RNA; 

qPCR is a quantitative technique for DNA 

amplification assessment using fluorescent 

dyes. PCRs are able to detect molecules and 

RNA viruses in exfoliated cells contained in 

the saliva. Balamane et al. have found that in 

patients with high levels of HIV RNA in 

plasma, the saliva can be used for 

identification of viremia and also for drug 

resistance assessment [7]. Based on species-

specific probe and primer sets qPCR has 

been used to identify salivary periodontal 

pathogens, i.e. Porphyromonas gingivalis, 

Tannerella forsythensis, Actinobacillus 

actinomycetemcomitans, Treponema 

denticola, Prevotella intermedia, and 

Prevotella nigrescens [8, 9]. 

Some of the most widely used basic 

methods for diagnosis are ELISA and 

Western blot analysis. Both are 

immunological methods for bioactive 

molecules identification, mainly proteins, in 

specimens. ELISA has been introduced as a 

method in 1970s. It is a sensitive technique 

for detection and quantification of specific 

proteins in samples based on antigen-

antibody interaction. ELISAs usually 

performed in 96-well plates where antibody 

specifically binds to a solid surface 

immobilized antigen. After incubation an 

enzymatic activity is detected. Commonly 

used enzyme labels for assessment are 

horseradish peroxidase (HRP) and alkaline 

phosphatase (ALP). Wide range ELISA kits 

are commercially available, with pre-coated 

polystyrene plates and ready-to-use reagents. 

The substances detected via ELISA include 

hormones, viral and bacterial antigens, 

antibodies in response to infections. ELISA 

is also applied as a salivary-diagnostic tool 

for identification of various bioactive 

molecules, including lactoferrin, IgA and 

albumin concentrations [10, 11, 12]; beta2-

microglobulin [11]; MMP-8, osteocalcin 

[13]; HER2 tyrosine kinase transmembrane 

receptor [14]; calprotectin [15]; lysozyme 

[16]; PGE2, IL-1beta, MMP-9 [16]; cotinine 

[9], etc.     

Western blot is another method used 

to identify specific tissue proteins. The 

technique allows identification of proteins 

from the mixture based on their separation 

by size and transfer to a solid support, 

followed by visualization using primary and 
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secondary antibodies [16]. Antibodies 

included in the test bind to well-known 

target proteins, while unbounded antibodies 

are washed away. The bound antibodies, 

respectively the proteins of interest, are then 

visualized on a film. Western blot analysis is 

not widely used in salivary-based diagnosis, 

although there are some studies using the 

technique to detect the proteins annexin A1, 

haptoglobin hp2, zinc alpha2-glycoprotein 

and beta-actin in the saliva [16] and the 

association of acetyl cholinesterase with 

Alzheimer`s disease [17].  

Identification of bioactive molecules is 

usually confirmed with a least 2 different 

methods. ELISA and Western blot are often 

used as screening tools before more depth 

tests are conducted. Both (ELISA and 

Western blot) are applied for identification 

of well-known specific markers. 

Chromatographic methods for verification of 

proteins are 2D-electrophoresis and mass-

spectrometry. These two methods are used 

for unknown protein detection in samples.    

2D-electrophoresis or two-

dimensional gel electrophoresis is a method 

for protein analysis. The method is 

introduced in 1975 and is commonly used 

nowadays. With this method an 

electropherogram is created as the molecules 

are separated in two dimensions. In the first 

dimension the proteins are separated linearly 

by their isoelectric point and then separated 

perpendicularly in the second dimension 

according to their molecular mass. The 

applied electric potential makes the two ends 

of the gel positively and negatively charged, 

respectively. Thus the proteins are separated, 

as the negatively charged molecules will be 

found closer to the positive end and the 

positively charged molecules will be situated 

closer to the negative end, based on their 

isoelectric point. In patients with head and 

neck squamous cell carcinoma higher or 

lower levels of six saliva proteins (beta 

fibrin, S100 calcium binding protein, 

transferrin, cofilin-1, immunoglobulin heavy 

chain constant region gamma 2, 

transthyretin) have been found in 

comparison with control group, using 2D gel 

electrophoresis [18]. Various studies used 

2D electrophoresis as a tool in salivary-

based diagnosis to identify proteins 

differentially expressed in samples versus 

controls [10, 11, 15, 16, 19, 20].  

Mass spectrometry in another highly 

sensitive chromatographic method for 

proteomic analysis. The technique allows 

detection, identification and quantification 

of molecules based on their mass-to-charge 

ratio. In mass spectrometry chemical species 

are ionized (via electrospray ionization or 

atmospheric pressure chemical ionization) 

that allows the scientists using this method 

to reveal the protein structure in details. Two 

mass spectrometry test are widely used in 

saliva diagnosis: HPLC-ESI-MS (High-

performance liquid chromatography-

electrospray ionisation tandem mass 

spectrometry) and MALDI-TOF-MS 

(matrix-assisted laser-desorption ionization 

time-of-flight). ESI-MS generates ions from 

a liquid stream and is typically coupled on-

line with high performance luquid 

chromatography. It is the first mass 

spectrometry method introduced and it is 

considered a gold standard as it is able for 

preconcentration and analytical separation of 

molecules. MALDI-TOF-MS is a newer 

method and seems to be more rapid and 

precise in the identification and 

quantification of molecules. Samples are 

ionized, spotted and dried on a metal plate 

withous preconcentration step. However, 

further research is necessary to compare the 

two methods. Various proteins, i.e. histatins, 

basic and acidic proline-rich proteins, 

defensins, statherin, cystatins have been 

found in human saliva using mass 

spectrometry techniques [21]. Mass 
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spectrometry has been applied as a 

diagnostic tool in patients with tumors [22, 

15] and wide range pathologies in the oral 

cavity [23, 24, 25, 26] using saliva-based 

diagnosis (Table 1). 

 

TABLE 1 Methods for identification of specific biomarkers in salivary-based diagnosis 

METHODS FOR 

SALIVA DIAGNOSIS 

BIOMARKERS REFERENCES 

PCR Viral markers for HIV, Human Herpes 

Viruses, including Cytomegaloviruses, 

Epstein-Barr virus, Hepatitis virus; markers for 

periodontal pathogens, i.e. Porphyromonas 

gingivalis, Tannerella forsythensis, 

Actinobacillus actinomycetemcomitans, 

Treponema denticola, Prevotella intermedia, 

and Prevotella nigrescens 

[7, 8, 9, 37, 38] 

ELISA lactoferrin, IgA and albumin concentrations, 

beta2-microglobulin, MMP-8, osteocalcin, 

HER2 tyrosine kinase transmembrane receptor, 

calprotectin, lysozyme, PGE2, IL-1beta, 

MMP-9, cotinine  

[9, 10, 11, 12, 13, 

14, 15, 16] 

Western blot annexin A1, haptoglobin hp2, zinc alpha2-

glycoprotein beta-actin, association of acetyl 

cholinesterase markers with Alzheimer`s 

disease 

[16, 17] 

2D Electrophoresis Identification of unknown proteins 

differentially expressed in samples versus 

controls ( i.e. beta fibrin, S100 calcium binding 

protein, transferrin, cofilin-1, immunoglobulin 

heavy chain constant region gamma 2, 

transthyretin) 

[10, 11, 15, 16, 18, 

19, 20, 24, 25, 26] 

Mass spectrometry Identification of salivary proteins in humans 

with cancer or various oral diseases versus 

controls (i.e. cytokeratins, immunoglobulins, 

serum albumin, SPARC-like protein, 

lyzosymes, HBA2, lipocalin1, CST5, S100 

calcium binding proteis A9, etc.); histatins, 

basic and acidic proline-rich proteins, 

defensins, statherin, cystatins. 

[15, 21, 22, 23, 24, 

25, 26] 

 

Biomarkers for saliva diagnosis of oral 

and systemic diseases 

 In the past, blood serum has 

routinely been used in the diagnostic 

process. However, most of the blood 

constituents are found in the saliva, as they 

are passing through transcellular and 

paracellular routhes [27]. Nowadays saliva 

could be introduced as a diagnostic tool in 

many medical fields including microbiology, 
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immunology, oncology, endocrinology, etc. 

Saliva is easy for collecting, shipping and 

storing; it could be obtained in sufficient 

quantities at a low cost via non-invasive 

methods. Saliva-testing kits have been 

presented on the market, although some of 

them are still waiting for approval.  Intense 

efforts have been undertaken to detect 

markers that reflect tumor pathologies such 

as oral cancers [18, 28, 29]. Composition of 

saliva also reflects pathological changes in 

salivary glands.  

Salivary tumors can release in the salivary 

flow important levels of stathmin or maspin, 

tumor necrosis factor, Dim1p, v-Ha-ras 

oncogene, type I collagen pro alpha or pirin 

[19, 20]. Systemic cancers such as breast, 

gastric or larynx neoplasm can also be 

detected in saliva [30]. p53 is a tumor 

suppressor protein capable of blocking the 

tumor formation. Mutations in p53 gene are 

found in most of the tumors and are 

associated with tumor development and poor 

prognosis. p53 antibodies are found in serum 

and saliva of patients with oral squamous 

cell carcinoma [31]. Another marker for oral 

squamous cell carcinoma identification, with 

significantly increased levels in saliva is 

cortisol. The marker is even frequently used 

for tumor staging [32]. Some growth factors 

concentrations in saliva also correlates with 

the development of neoplasms. Elevated 

levels of Fibroblast growth factor 2 (FGF2) 

corresponds to salivary gland tumor growth 

[33]. Sjögren syndrome, an autoimmune 

disease which among other effects alters the 

composition of saliva and tears is also 

studies in association with ROS changes.  

Several recent studies have shown that the 

biomarker composition is different in saliva 

from patients with Sjögren syndrome versus 

controls [11]. Other studies analyzed saliva 

in connection with diseases such as 

Alzheimer, anorexia, bulimia of mental 

stress [34]. Methods of analysis include 

immunoassays and proteomic approaches. 

One important attribute of saliva is its role as 

a defense mechanism in oxidative stess 

(OS). Main molecules with antioxidant 

functions are albumin, uric acid, ascorbate, 

gluthatione or enzymes such as catalase or 

superoxide dismutase [35, 36]. Several of 

these markers in relation to chronic 

inflammation such as periodontitis are 

discussed below. The preferred method of 

detection was enzyme linked 

immunosorbent assay (ELISA). Increased 

concentrations of ROS lead to lipid 

peroxidation, damage of protein structures 

and DNA oxidation. 8-hydroxy-2' -

deoxyguanosine (8-OHdG) is a nucleoside 

released in many body fluids such as blood 

or saliva and represents one of the most 

reliable markers used in indirectly assessing 

DNA damage related oxidative stress. 

Increments in 8-OHdG have also been 

linked with the initiation of several chronic 

inflammatory pathologies such as chronic 

periodontitis. β-CTX is a biomarker used to 

evaluate bone resorption, being closely 

related to collagen degradation. In this 

respect, in the oral environment, β-CTX can 

represent a very useful indicator of alveolar 

bone resorption, a phenomenon diligently 

linked to the progression and severity of 

periodontal disease. Results show that β-

CTX is increased in the whole saliva in 

patients with periodontal disease versus 

controls. Other studies investigated the 

potential use of β-CTX as a biomarker for 

bone resorption in periodontal disease using 

serum as the diagnosis fluid and also 

revealed increased levels for beta-crosslaps 

compared to healthy subjects. Uric acid is 

the main salivary AO covering a total of 

85% antioxidant capacity. It biochemical 

mechanism is based on its capacity to bind 

with iron and copper irons. It is also 

negatively correlated with CTXI or MMP8 - 

markers of alveolar bone resorbtion [13]. 
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Total antioxidant capacity (TAC) can also be 

detected using immunoassays. TAC 

encompasses virtually all AO components 

and is important in clinical settings being 

able to evaluate antioxidant status in various 

oral diseases. TAC concentration is different 

according to the chosen detection method 

and the analyzed saliva component. TAC 

was generally found increased in patient 

with oral or general cancers, diabetes, 

smokers, chronic periodontitis. Saliva is 

increasingly being used as an examinational 

aid in the diagnosis of viral infections via 

viral DNA recognition by the application of 

polymerase chain reaction (PCR). Thus a 

human Herpes virus has been identified to 

be associated with Kaposi‘s` sarcoma [37]. 

Viruses other than Human Herpes Viruses, 

including Cytomegaloviruses, Epstein-Barr 

virus can also be transferred from one 

human to another with the saliva. In this 

manner, the oral fluid is of primary 

importance for the diagnosis of various viral 

infections in humans. Human papilloma 

virus could also be identified in saliva via 

polymerase chain reaction [38]. The 

diagnosis of HIV (human immunodeficiency 

virus) and Hepatitis virus A, B and C is 

based on the detection of antibodies. 

Although, several test are available for HIV 

and hepatitis identification in the saliva, 

there are still some concerns owing to the 

decreased viral load [39] (Table 2).

 

TABLE 2 Main salivary biomolecules with relevance to oral and general conditions detected 

using immunoassays. 

DISEASE BIOMARKERS REFEREN

CE 

GENERAL   

Breast cancer Her2, c-erbB-2, CA15-3 [14] 

Gastric cancer Panel of four proteins [22] 

Pancreatic cancer KRAS, MBD3L2, ACRV1, DPM1 miRNA [40] 

Lung cancer  HP, AZGP1, calprotectin [23] 

Cardiovascular system 

associated conditions 

MMP-9, Vascular cell adhesion molecule, 

Troponin, Myoglobin, Creatine kinase MB, C 

reactive protein, Free fatty acid, Intercellular 

adhesion molecule, Ischemia modified albumin, 

Low density lipoprotein, Soluble CD-40 ligand 

[41] 

Systemic sclerosis Keratin 6, psoriasin, Arp2/3 complex [42] 

Alzheimer disease Acetylcholinesterase [16] 

Physiological stress Cortisol, alfa-amylase [43] 

Anorexia, Bulimia Cortisol, Alpha amylase  [44] 

Diabetes Inflammatory markers, Glucose, Cortisol, 

salivary pH  

[45] 
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AIDS HIV-1 [7] 

Hepatitis Virus detection [46] 

Monitoring drug abuse  Different drugs [47] 

Neuroendocrine 

functions 

Oxytocin [48] 

ORAL    

Periodontal disease  Ig gamma 2, Ig alpha2, Vit. D-binding protein, 

Alpha-amylase,  Zinc-alpha2 glycoprotein, 

Lactotransferrin, Elongation factor 2, 14-3-3 sigma; 

Aspartat aminotrasferaze, Alkaline phosphataze, 

Lactate dehydrogenaze, Prostaglandin E2, 

Calprotectin, Cystatin S, Lysozyme, IL1-beta, 

Histatins, Defensins, Peroxidase, Mucins, 

Inflammatory, collagen breakdown and bone 

remodeling related biomarkers 

[6, 21, 49, 

41, 23] 

Dental caries Cystatin S, Proline-Rich Proteins, Lipocalin, 

Cystatin SN, Mucins, Statherin, Lactoferrin 

[24, 25] 

Oral lichen planus 

 

 

Palate, lung and nasal epithelium carcinoma 

associated protein 

[26] 

Sjögren syndrome Albumin, alpha-actin-1, salivary amylase, 

Calgranulin B  

[34] 

Head and neck region 

cancer 

Maspin; Stathmin; Dim1p; v-Ha-ras oncogene; 

Tumor necrosis factor; Pirin; alfa and beta defensins; 

endothelins, statherins, interleukin-8 

[19, 20, 28, 

50] 

 

Conclusion 

 Taken together the present review 

shows that saliva is composed of biomarkers 

that have important diagnosis and 

monitoring significance in oral of general 

diseases. In both research and clinical 

settings the preferred method of detection of 

these markers are immunoassays. However, 

saliva-based diagnostic methods are not 

incorporated yet in the daily practice. The 

methods for saliva collection and biomarkers 

identification should be clarified and 

standardized. Further research and 

promotion in the field are needed.  

Note: All authors equally contributed to the 

present work 
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