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Early diagnosis represents the target of contemporary medicine and has an important role in the prognosis and further treatment.
Saliva is a biofluid that generated a high interest among researchers due to its multiple advantages over other body fluids. The
multitude of components that can act as biomarkers influenced the existing technologies to develop protocols that could allow
saliva to become the new noninvasive diagnostic method. Saliva as a diagnostic tool can bring substantial addition to the
diagnostic armamentarium, providing important information about oral and general health. The diagnostic applications of
saliva extended and had a rapid evolution due to the advancement in salivaomics. The present review summarizes the latest
researches in saliva-related studies and explores the information and correlations that saliva can offer regarding the systemic and
oral diseases, highlighting its great potential of diagnosis. It is expected that in the future specific guidelines and results regarding
the salivary diagnostics are to be available, together with high-sensitivity and specificity tests for multiple systemic and oral diseases.

1. Introduction

Body fluids provide a wide perspective regarding the biolog-
ical processes and the health of different organs. The human
body is composed of a variety of fluids, such as blood, urine,
and saliva, with a high quantity of proteins that can be asso-
ciated with several systemic and oral diseases. These fluids
proved to have found widespread clinical applications in
order to diagnose and monitor human health. The high
global impact of a large number of diseases including cancer
and cardiovascular, metabolic, and neurological diseases
challenged the clinicians to provide and improve the diagno-
sis procedures and clinical evaluation of these patients. One
of the most appealing diagnostic tools is thought to be the

human saliva, holding the key to an early diagnosis, a better
treatment, and an improved prognosis [1]. The early detec-
tion of the diseases is often a difficult task and implies more
clinical and laboratory investigations that can delay the treat-
ment and highly influence the prognosis.

Systemic diseases are very challenging to diagnose with-
out more invasive supplementary investigations. In order to
overcome this condition, medical researchers worked into
finding molecular disease biomarkers that can be easily iden-
tified and where they can successfully implement a noninva-
sive and fast diagnosis. During this path of research, three
main limitations have influenced until recent the late devel-
opment and research of specific biomarkers for early disease
detection: (1) the lack of definitive molecular biomarkers for
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specific diseases, (2) the lack of an easy and inexpensive
sampling method with minimal discomfort, and (3) the lack
of an accurate and easy-to-use platform that can facilitate
the early detection. Until now, it can be considered that lim-
itations 1 and 3 have found solutions with the help of sali-
vary biomarkers and an ongoing development of salivary
diagnosis [2].

Salivary diagnosis is viewed as a promising modality that
can provide an early and accurate diagnosis, an improved
prognosis, and a good monitoring post-therapy. The whole
saliva is composed of the secretions of the minor and major
salivary glands as well as mucosal transudations, gingival
crevicular fluid, serum and some blood derivatives, desqua-
mated epithelial cells, bacteria, viruses, fungi, and food
debris. Saliva is a complex fluid that also contains a high
number of hormones, proteins, enzymes, antibodies, cyto-
kines, and antimicrobial constituents that can facilitate their
associations with a variety of systemic diseases [1]. The assay
of saliva represents a wide area of research at this time and
has implications that target basic and clinical purposes. The
indications suggest that saliva can be used as an investigative
tool for disease processes and disorders, and after a careful
analysis, it can provide multiple information about the func-
tioning of the organs within the human body [3].

The past research within the last 10 years proves the
fact that saliva as a diagnostic tool has gained a lot of atten-
tion and has become a translational research method. Saliva
has the potential to become a first-line diagnostic tool with
the help of the advancement made in early detection and
the development of biomolecules that have clinical impor-
tance [4]. Salivary diagnostics has received attention due
to its connections to various high-impact systemic diseases
and physiological conditions that were shown to have an
influence in the composition of saliva. Serious investments
were made, motivating scientists, governments, and indus-
try to direct resources in the saliva diagnostics [2]. A good
method for salivary diagnostics should have general func-
tionality, high sensitivity and specificity, low cost, and effi-
cient clinical application. Regarding saliva, many of these
requirements have been accomplished with the implication
of several fields such as chemistry, physics, biology, and
engineering, in order to develop an accurate and efficient
test [2].

Saliva has several advantages over serum and tissue frag-
ments in its use as a diagnostic tool. One of the most appeal-
ing characteristics is the noninvasive approach that,
combined with the easy collection method and storage,
makes it a valuable tool. New technologies have proven their
efficacy and unveiled a large number of salivary biomarkers
that are connected to several general and oral diseases [5].

The aim of this review is to emphasize the role and
importance of saliva as a diagnostic tool for the diagnosis
of systemic and oral diseases. The use of this method
brings to light an efficient and easy approach that can
improve considerably the diagnosis, prognosis, treatment,
and post-therapy monitoring. Various components in this
fluid can act as biomarkers for multiple diseases providing
valuable information regarding the health status. The focus
is on providing information about the important salivary

constituents, the mechanism of using saliva as a diagnostic
tool, and the clinical applications that can influence an
early diagnosis.

2. Biomarkers Era: An Evolution

The definition of a biomarker refers to a pharmacological or
physiological measurement that can be used to predict a
toxic event, in this specific case a molecule that contains par-
ticular material that can be used in order to diagnose a dis-
ease or measure the progression and treatment outcome.
The characteristics of biomarkers make them proper for an
alternative diagnostic tool, with or without the help of other
methods [6].

The development of mass spectrometric technologies led
medicine to a new era in biomarker discovery that will have
an important impact on future disease diagnosis and therapy.
More studies in salivary proteins showed the fact that saliva
contains actually hundreds of minor proteins or peptides that
although are present in variable concentrations can have a
significant role in the diagnosis of diseases; these proteins
can receive the role of biomarkers in relation to specific con-
ditions. Although proteomes play an important role in the
diagnosis, the salivary transcriptomic technology succeeded
to improve the diagnostic potential of saliva for multiple
medical applications [2].

Proteomic technology helped to discover the salivary bio-
markers by outlining the importance of the proteome and the
analysis of the expressed proteomics. The existence of the
proteomes in the body fluids represents a high potential of
disease markers. An accurate analysis of the human saliva
proteome can be related to the general health status. Many
functional alterations of proteins result from posttransla-
tional modifications such as phosphorylation, glycosylation,
acetylation, and methylation [2]. These kinds of alterations
and modified proteins can be specific in some diseases such
as autism spectrum disorder [7] and cervical cancer [8].

The transcriptomic technology allowed researchers to
discover the salivary transcriptomes (RNA molecules) that
include the molecules the cells use to transport information
provided by the DNA for protein production. This opportu-
nity provides medical research with a second diagnostic tool
that involves saliva and that can provide more opportunities
for salivary diagnostics [2].

3. Salivary Biomarkers: Generalities

The most important and revealing components of the saliva
are the proteins. Human saliva has a specific proteomic
content that allows researchers to perform assays in order
to discover novel saliva biomolecules associated with general
health status. Proteomic studies of saliva help with the iden-
tification of new proteins and peptides that can help quantify
the biological activity in pathological states.

The Saliva Proteome Knowledge Base (http://www.skb.
ucla.edu) is the first database that contains all the proteomic
data being accessible to the public. The techniques used by
researches and biochemists in order to perform the prote-
ome work from saliva are gel electrophoresis, capillary
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electrophoresis, nuclear magnetic resonance, MS, immuno-
assay, and LC [9]. Due to the great development, researchers
have proposed the term salivaomics. This specific term
gathers all the technologies used for analyzing potentially sal-
ivary biomarkers: proteomics, genomics, transcriptomics,
microRNA (miRNA), and metabonomics [10]. The value of
salivary biomarkers has long been overcome until recent
research on upgraded saliva from the position of being use-
less to the one of being a high-sensitivity diagnostic method.
Research proved the high potential of the salivary biomarkers
and their diagnostic capability, promoting it with uncontest-
able advantages over other body fluids.

4. Particularities of Saliva: Composition,
Functions, and Production

Saliva is a unique fluid that contributed to the development
of a new diagnostic tool in the past few years. The research
has shown that a wide spectrum of hormones, nucleic acids,
electrolytes, and proteins/peptides can be related to multiple
local and systemic diseases. It is said that saliva reflects the
“body’s health” and well-being, but until recently its use as
a diagnostic tool has been hindered because the examination
of the biomolecules that exist in saliva and their relevance
and association with different etiologies has been not enough
explored [4]. Used for the diagnosis of systemic diseases,
saliva is an important advantage, primarily because saliva
contains a small amount of plasma. Plasma-derived bio-
markers in saliva facilitate the continuous monitoring of
the oral and general health status [11].

The salivary fluid is an exocrine secretion that consists
of approximately 99% water, with a variety of electrolytes
(sodium, potassium, calcium, magnesium, and phosphate),
proteins such as enzymes, immunoglobulins, antimicrobial
factors, albumin, polypeptides and oligopeptides, traces of
albumin, and mucosal glycoproteins of great importance
in maintaining a balance of the oral health. Saliva also
contains glucose, urea, and ammonia in various quantities
that can interact and be responsible for several general
diseases [12].

The oral fluid originates preponderantly from three pairs
of major salivary glands (parotid, sublingual, and subman-
dibular) and from numerous minor salivary glands. Parotid
glands are serous glands, and their secretion lacks mucin;
the submandibular and sublingual glands are mixed ones,
with ser-mucous secretion. Minor salivary glands that are
situated in the connective tissue below the circumvallate
papillae are Von Ebner glands, and the mucous ones are
Blandin-Nühm glands [13].

The salivary composition varies and depends on the type
of the gland, mucous or serous ones [14]. Its composition
differs by the contribution of each gland in order to obtain
the total of unstimulated saliva secretion, and the variations
are from 65%, 23%, and 8% to 4% for the submandibular,
parotid, Von Ebner, and sublingual glands [3]. Components
of saliva can have also a nonglandular origin; basically, the
oral fluid is considered to be a mixture of the production of
salivary glands and other fluids that originate from the oro-
pharingeal mucosa (oral mucosal transudate, fungi, bacteria,

viruses, and gastrointestinal reflux liquid) [15, 16]. To the
total composition, there is also a contribution from the
crevicular fluid (a fluid that derivates from the epitheliul of
the gingival crevice) that is produced at approximately
2-3μl/h per tooth and it can be considered as a plasma tran-
sudate. The oral fluid also can contain food debris and
blood-derivated compounds such as plasmatic proteins,
erythrocytes, and leucocytes in case there is inflammation
present [3]. The composition of saliva based on its constitu-
ents is inorganic, organic nonprotein, protein/polypeptide,
hormone, and lipid molecules [17, 18] (Table 1).

The number of total protein increases in the salivary
secretion through β-sympathetic activity in the salivary
glands, since saliva secretion is mainly evoked by the action
of adrenergic mediators [19]. Saliva contains a large number
of protein compounds, and their structure and function have
been studied with biochemical techniques, including liquid
chromatography, gel electrophoresis, capillary electrophore-
sis (CE), nuclear magnetic resonance, mass spectrometry,
immunoassays (RIA, IRMA, EIA, and ELISA) and lectin
probe analysis [10, 20] (Table 2). Along with time, with the
help of proteomic techniques, complete patterns of all the
salivary proteins were accomplished.

Researchers that focused on the study of human saliva
have characterized 4 major types of salivary proteins:
PRPs, cystatins, statherins, and histatins. The important
role of this type of proteins is maintaining the integrity
of tooth structures in the oral cavity, especially involved
in the demineralization and remineralization process of
the enamel [4].

In the oral fluid, hormones that are especially detected in
plasma can also be present. Although certain correlations
have been made, further studies are necessary in order to
prove the connection of salivary hormone level with the
plasma ones so it can be a trustful association with patholog-
ical and physiological states. At the present time, there is still
few information regarding the association of salivary hor-
mones and different pathologies, but until now steroid detec-
tion is a promising application in salivary hormonal studies.
The most commonly assayed salivary biomarkers are corti-
sol, testosterone, progesterone, aldosterone, and hydroxypro-
gesterone [3]. Salivary cortisol measurement is nowadays an
accepted alternative, proved by the fact that both serum and
salivary levels are equivalent. There were also important
advancements made, proving the existence of growth hor-
mone, prolactine, and insulin-like growth factor I with simi-
lar levels to those found in serum directing the research to
exploiting new fields of interest [3].

5. Saliva as a Diagnostic Tool: Introduction into
a New Perspective

The use of saliva as a diagnostic fluid has gained attention in
the past few years, and researches have proved the high sen-
sitivity of this type of diagnosis regarding the detection and
prediction of diseases. As a diagnostic fluid, saliva offers sev-
eral advantages over serum: being a cost-effective approach,
having real-time diagnostic values, having multiple samples
which can be obtained easily, requiring less manipulation
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during the diagnostic procedure, and having a noninvasive
collection method with a minimal risk of infections and
addressing to all categories of patients, especially those to
whom blood sampling could be a challenge (children, anx-
ious or uncooperative patients) [4]. In this review, we would
like to outline the diagnostic potential of saliva and its impli-
cation in the detection of several diseases taking into consid-
eration the high-quality DNA that this fluid possesses.

Saliva is an important fluid, and interest in it has devel-
oped due to the wide spectrum of proteins/peptides, electro-
lytes, hormones, and nucleic acids that are in its composition
and can provide important information about the body’s
health. The delay in the use of saliva as a diagnostic method
was mainly because until recent there has been a lack of
understanding of the biomolecules that were found in the
saliva. As a diagnostic tool, several disadvantages have been
reported: the variations due to the diurnal/circadian rhythm,
the method of collection that can influence the salivary com-
position, and the necessity of sensitive detection systems.
However, saliva is considered to have an enormous potential
of biomarkers that range from changes in biochemical,
DNA, RNA, and proteins to the oral environment. As a
diagnostic tool, saliva can provide a new and noninvasive
perspective in order to obtain a diagnosis, and it can be
expected in the future to become a substitute for serum
and urine tests [21]. A part of the constituents enter the
saliva through blood by passive/active transport or extracel-
lular ultrafiltration [22].

Clinical research has developed various protocols in
order to assay saliva. At the time, saliva is most frequently
used as a diagnostic tool for systemic diseases and the future
relies in combinations of different biomarker panels that can
be used for screening in order to improve the early diagnosis
and the general outcome [4]. The first choices in the analysis
are the proteomic constituents, but genomic targets can be a
valuable source of biomarkers also. Salivary diagnostics with
the help of biotechnologies made it possible for several bio-
markers to be associated with multiple diseases such as can-
cer, autoimmune diseases, viral diseases, bacterial diseases,
cardiovascular diseases, and HIV. The clinical need of a sim-
ple and easy diagnostic tool is sadly lacking although we are
surrounded by multiple health risks and diseases. Saliva used
as a diagnostic is an important challenge based on the need

to identify diagnostic markers that can be successfully used
in a clinic.

6. Potentially Salivary Biomarkers for Oral and
Systemic Diseases

For many years now, researchers investigated the importance
of the changes that occurred in the saliva, changes that affect
the flow rate and composition. The changes in the fluid are
valuable regarding the diagnosis of oral and systemic diseases
[23]. At first, the examination of saliva was used in order to
identify the local gland diseases, such as inflammatory and
autoimmune diseases [24], but later on the researchers
expanded their work, highlighting the potential for diagnos-
ing multiple general diseases.

6.1. Periodontal Disease. Regarding the periodontal patho-
genic processes, periodontitis can be classified based on
the three phases of evolution: inflammation, connective tis-
sue degradation, and bone turnover. There are, associated
with each phase of the periodontal disease, different salivary
biomarkers that can stage the evolution and the status of the
patient. At the beginning of the inflammatory phase, prosta-
glandin E2, interleukin-1, interleukin-6, and tumor necrosis
factor-alpha are found in a high number, released from a
variety of cells [25]. As the stages progress and the disease
becomes more advanced with severe bone loss, the levels
of tumor necrosis factor, interleukin-1, and RANKL are ele-
vated and directly related to the degree of bone destruction
[25]. The specific biomarkers for the bone, such as pyridi-
noline 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 [26, 27].

An important cytokine with a proinflammatory role
involved in the inflammation process associated with peri-
odontitis is interleukin-1. IL-1 can be the product of several
cells, as epithelial cells, monocytes, polymorphonuclear
neutrophils, fibroblasts, endothelial cells, and osteoblasts
[28, 29]. Interleukin-1 influences the production of prosta-
glandin E2 and is involved in the regulation of metallopro-
teinases and their inhibitors, and it induces the osteoclastic
activity that sustains bone loss associated with periodontitis
[28, 30, 31]. The entire activity of IL-1 is based on
interleukin-1alpha and interleukin-1beta (was proved to be
elevated in association with periodontitis) [31–33]. Also,
studies found increased salivary levels of IL-6 in patients
diagnosed with periodontitis [34–36] and proved the fact
that it influences osteoclast differentiation and bone resorp-
tion, being directly involved in tissue destruction [37, 38].

Another key biomarker involved in periodontitis is
mainly produced by macrophages and is represented by
tumor necrosis factor-alpha. It is an important immune
mediator, and in relationship with this disease, it influences
bone collagen synthesis and induces collagenases, similar to
IL-1 [28, 39]. Also involved in the periodontal disease,
matrix metalloproteinase-9 is part of the process of peri-
odontal disease, especially immune response and tissue
degradation [40–42]. The elevated salivary levels of matrix

Table 1: Comparison of inorganic compounds between saliva and
plasma [3].

Inorganic
compounds
(mmol/l)

Whole
unstimulated

saliva

Whole
stimulated
saliva

Plasma

Na+ 5 20- 80 145

K+ 22 20 4

Cl− 15 30–100 120

Ca2+ 1–4 1–4 2.2

HCO3 − 5 15–80 25

Mg2+ 0.2 0.2 1.2

NH3 6 3 0.05
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metalloproteinase-9 prove that the characteristics of a bio-
marker are being accomplished and associated with disease
conditions, as low salivary levels are associated with a clin-
ically normal condition [40, 43] (Table 3).

A recent study outlined the existence of certain correla-
tions between salivary superoxide dismutase levels and the
gingival index, pocket depth, and clinical attachment loss
found in patients that were diagnosed with chronic peri-
odontitis. Saliva’s potential of diagnosis is seen as a nonin-
vasive and easy way to diagnose patients with premalignant
conditions [44]. Also, salivary macrophage inflammatory
protein-1α, matrix metalloproteinase-8, interleukin- (IL-)
1β, IL-6, prostaglandin E2, and tumor necrosis factor-
(TNF-) α levels seem to be associated with gingivitis and
periodontitis, having a high potential to be used in their
diagnosis [45]. Based on another study, the salivary levels
of uric acid, transaminase, procalcitonin, IL-8, and Toll-like
receptor-4 were higher in patients diagnosed with peri-
odontitis than in the healthy control group, proving positive
correlations between the gingival index, pocket depth mea-
surements, and clinical attachment loss (Table 4) [46, 47].
More recently, a new oral rinse system has been developed

that can effectively estimate the number of neutrophils
found in the saliva in order to certify the existence of peri-
odontal disease [48].

6.2. Sjögren’s Syndrome. Sjögren’s syndrome (SS) is an
autoimmune chronic systemic disease that has important
symptoms: xerostomia and keratoconjunctivitis. Patients
diagnosed with SS have a decreased salivary flow rate and a
modified composition of the saliva. It was shown the fact that
this syndrome is accompanied with significant changes in the
proteome and transcriptome, having also important alter-
ations in the levels of IL-4, IL-5, and cytokine clusters [32].
Another important research identified 19 genes (EPSTI1,
IFI44, IFI44L, IFIT1, IFIT2, IFIT3, MX1, OAS1, SAMD9L,
PSMB9, STAT1, HERC5, EV12B, CD53, SELL, HLA-DQA1,
PTPRC, B2M, and TAP2) that were correlated with this syn-
drome and were responsible for the induction of interferons
and antigen presentation [49]. The study of Hu et al. identi-
fied 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 differenti-
ation antigen, and low-affinity IIIb receptor for the Fc

Table 2: Salivary proteins [3].

Origin Functions Concentrations

Total proteins

0 47 ± 0 19mg/ml

0 9 ± 0 2mg/ml

4 3 – 710 0mg/dl

2 67 ± 0 54mg/ml

α-Amylase Starch digestion

3257 ± 1682U/ml

1080 0 ± 135 6 IU/I

476 ± 191 μg/ml

Albumin Plasma Mainly from plasma leakage
0 2 ± 0 1mg/ml

0 8 – 192 0mg/dl

Cystatin group SM>SL Antimicrobial (cistein-proteinase inhibitor)

14.3 kDa form

58 ± 25 μg/ml

14.2 kDa form

91 ± 46 μg/ml

Hystatin P Antifungal 1190 ± 313 μg/ml

Secretory-IgA B lymphocytes Antimicrobial 124 3 – 335 3 μg/ml

Lactoferrin Mucous>serous Antimicrobial 3 7 ± 2 5 μg/ml

Lysozyme SL>SM, P Antimicrobial

3.5–92.0 μg/ml

21 8 ± 2 5mg/dl

59.7–1062.3 μg/ml

PRPs P Binding to bacteria and with dietary tannins
Acidic PRP: 456 ± 139μg/ml

Basic PRP: 165 ± 69μg/ml

Statherin Ca++ binding
4 93 ± 0 61 μmol/I

36 ± 18 μg/ml

Transferrin Plasma 0 58 ± 0 20mg/dl
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fragment of IgG) [50]. These types of biomarkers from the
transcriptome and proteome can provide in the future a sim-
ple diagnostic tool for SS.

6.3. Oral Cancer. Early diagnosis and treatment is the key to
a good prognosis in almost all types of cancer. Saliva has
been used in studies as a diagnostic tool for oral squamous
cell carcinoma (OSCC) based on the help of salivary analytes
(proteins, mRNA, and DNA) [1]. Oral cancer is the sixth
most common cancer type worldwide, and 90% is repre-
sented by OSCC. The average 5-year survival rate is approx-
imately 60% [51], and usually the high mortality rate is
associated with a late diagnosis. The solution for the future
is to develop strategies to obtain an early diagnosis for
OSCC. Until now, several biomarkers have been reported
in association with OSCC, including IL-8, endothelin recep-
tor type B hypermethylation [52], and microRNAs (such as
miR-200a, miR-125a, and miR-31) [53–55]. Other previous
salivary transcriptomic studies have discovered seven oral
squamous cell carcinoma-associated salivary RNAs (S100
calcium-binding protein P, dual-specificity phosphatase 1,
interleukin-8, interleukin-1beta, H3 histone family 3A, orni-
thine decarboxylase antizyme 1, and spermine N1-acetyl-
transferase) that showed a prediction accuracy of 81% as
biomarkers for OSCC [56]. More research studies proved
the importance of three tumor markers (Cyfra 21-1, tissue
polypeptide antigen (TPA), and cancer antigen CA125) that
were found to have a high level in the saliva of patients diag-
nosed with OSCC [57].

The existence of gene mutations can often be associated
and used as biomarkers in order to diagnose oral cancer. In
saliva, the tumor-specific DNA was positive in 100% of the
patients diagnosed with oral cancer, and 47-70% of the
patients with tumors in other places of the body also carry
specific tumor DNA markers in the saliva [21].

The p53 protein is responsible for tumor suppression,
and it is produced in cells as a response to multiple DNA
damages. The inactivation of p53 during a mutation is one
of the main causes of the development of malignancy. Studies
have shown the fact that p53 antibodies were detected in the
saliva of patients diagnosed with oral squamous cell carci-
noma [58]. CA 125 is a tumor-associated antigen that was
found in high levels in the saliva of the patients with oral,
breast, and ovarian cancer [59]. Also, an important aspect
is the fact that salivary cortisol levels were found to be signif-
icantly high in the saliva of patients diagnosed with OSCC.
This association suggests that this hormone can be used as
a marker for clinical staging [60].

It can be affirmed the fact that all the results prove that
saliva has an important charge of biomarkers that can be
used successfully in providing a screening and diagnosis of
oral cancer.

6.4. Cardiovascular Disease. Cardiovascular disease (CVD)
includes atherosclerosis, coronary heart disease, and myocar-
dial infarction. The studies performed by Kosaka et al. [61]
show that the salivary levels of IL-1β, IL-6, TNF-α, and
prostaglandin E2 are increased in atherosclerosis, suggesting
that these cytokines could be potential biomarkers in the
diagnosis of atherosclerosis. Other studies concluded the
fact that other salivary markers can be C-reactive protein
(CRP), myoglobin (MYO), creatine kinase myocardial band
(CKMD), cardiac troponins (cTn), and myeloperoxidase.
Acute myocardial infarction was predicted by a correlation
of an ECG with the CRP levels, proving 80% sensitivity
and 100% specificity [62]. In saliva, there were also
CK-MB and troponins identified, but their diagnostic
potential was very low [63]. Also, the levels of α-2-HS-gly-
coprotein in saliva seem to decrease in patients diagnosed
with cardiovascular diseases, suggesting the fact that the
peptidome can contribute to the early diagnosis of these
patients [64].

6.5. Alzheimer and Other Neurodegenerative Disorders. Alz-
heimer’s disease (AD) is one of the most common neuro-
vegetative disorders that occur to the aging population. It
is supposed that the process of Alzheimer’s is initiated

Table 3: Salivary biomarkers in periodontitis.

Salivary biomarker Function References

IL-1 Strong relation with periodontal disease; high inflammatory potential [25, 28–33, 45]

IL-6
Stimulates osteoclastic differentiation; increased levels in periodontal disease;

regulated the immune responses
[34–38, 45]

Tumor necrosis factor Influences the bone collagen synthesis [28, 39, 45]

Matrix metalloproteinase-9 Mediator of the immune response and tissue destruction in periodontal disease [40–43]

Table 4: Salivary biomarkers in oral cancer.

Salivary biomarker Variation References

IL-8 High levels [53–56]

Endothelin receptor type-B
hypermethylation

High levels [52]

microRNAs (miR-200a, miR-125a,
and miR-31)

High levels [53, 54]

S100 calcium-binding protein P High levels [56]

IL-1beta High levels [56]

Tissue polypeptide antigen (TPA) High levels [56]

Cancer antigen CA125 High levels [57, 59]

p53 antibodies High levels [58]

H3 histone family 3A High levels [56]

Cyfra 21-1 High levels [57]

Ornithine decarboxylase antizyme 1 High levels [56]
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years before it becomes clinically manifest [65]. Until now,
the specific biomarkers for this disease could be found in
the cerebrospinal fluid through the amyloid b levels [66]
or using structural and functional magnetic resonance
imaging [67], procedures that proved to be invasive and
time-consuming. Further researches show that the exis-
tence of Ab and tau [68, 69] or a-Syn and DJ-1 [70] in
human saliva can be considered proteins that are related
to Alzheimer’s disease and Parkinson’s disease, suggesting
actually the implication of saliva and its potential in the
diagnosis of neurodegenerative diseases. Risk factors in
the development of Alzheimer’s disease are systemic infec-
tions [71], brain infections due to bacteria or virus involve-
ment [72], but the association of various antimicrobial
peptides in this disease is still not completely clear.

The study performed by Carro et al. [73] investigates the
potential of lactoferrin as a salivary biomarker for Alzhei-
mer’s, based on the fact that lactoferrin is an antimicrobial
peptide that targets bacteria, fungi, protozoa, viruses, and
yeasts [73–75]. The results of their study show that lacto-
ferrin can be used as a biomarker for Alzheimer’s disease,
after the outcome was compared to a standard test per-
formed for the certain diagnosis of AD, proving a very high
correlation with validated cerebrospinal fluid biomarkers.
Although more studies are needed, lactoferrin has proved
its correlations and has the potential of being a solid bio-
marker that can help the screening process of “apparently
healthy” individuals that can suffer from a preclinical stage
of the disease [73].

Ahmadi-Motamayel et al. [76] conducted a recent study
with the aim at evaluating acetylcholinesterase (AChE) and
pseudocholinesterase (PChE) in whole saliva in patients
with Alzheimer’s disease and in healthy subjects. Until
now, many studies have been performed focusing on the
salivary biomarkers in Alzheimer’s disease and only a few
regarding the salivary cholinesterase enzyme. The result of
this study after the comparison of the salivary samples of
the healthy subjects and those diagnosed with Alzheimer’s
disease concluded the fact that AChE and PChE levels were
increased in saliva samples of patients with Alzheimer’s dis-
ease [76].

Parkinson’s disease is characterized pathologically by
progressive degeneration of dopaminergic (DA) neurons in
the substantia nigra pars compacta. The formation of a-synu-
clein- and ubiquitin-containing fibrillar inclusions (Lewy
bodies and Lewy neurites) occurs in this cell population as
well as variable changes in other neurotransmitter systems
[77]. The aim of the research initiated by Song et al. [77]
was to evaluate the levels and implications of salivary HO-1
in patients with idiopathic Parkinson’s disease. The results
showed that salivary HO-1 concentrations are significantly
elevated in patients with idiopathic PD versus nonneurolo-
gical controls matched for sex. Importantly, the test most
effectively differentiated controls from Parkinson’s disease
patients at the earliest motor stages of the disease and was
not influenced by age, sex, and various comorbidities.

6.6. Viral Infections. The existing tests for viral infections are
based on salivary biomarkers, basically on viral DNA and

RNA, antigens, and antibodies. Currently, several salivary
tests are available based on the proteomic analysis of the
saliva and the existing antibodies for hepatitis A, B, C
viruses, HIV-1, rubella virus, mumps virus, and others
[21]. A new salivary test is used by the san Raffaele Scientific
Institute in Milan that is named OraQuick hepatitis C virus
and represents a fast antibody test in order to detect easily
the presence of the virus [78]. Nefzi et al. [79] conducted a
study that showed the fact that human cytomegalovirus
(HHV-6) appears to be more easily identified in saliva than
in serum.

The HIV (human immunodeficiency virus) is possible
through antibody-based screening assays. The diagnostic test
is an antibody assay that can be a Western blot test via blood
or saliva or a polymerase chain reaction via blood [1]. These
specific tests have the aim at identifying the p24 antigens and
antibodies against HIV-1 and HIV-2. However, the detection
of viral RNA is difficult to be performed during salivary anal-
ysis due to the decreased viral load [80].

6.7. Lung Cancer. Early diagnosis is an important aspect
regarding this type of cancer knowing the fact it is the most
common cause of death in men and women. Until now, con-
ventional diagnosis methods are not suited for screening,
with a high false-negative rate [81, 82]. CT is being used for
routine screening for early lung cancer, with the disadvantage
of a high false-positive rate [83]. Salivary biomarkers have the
potential to help the early diagnosis without using CT [84].
After studies were performed, 16 potentially biomarkers have
been discovered that can efficiently contribute to the salivary
diagnosis [85], three of them (haptoglobin, calprotectin, and
zinc-a-2-glycoprotein) with a high sensitivity and excellent
specificity. The transcriptomic biomarker profile—B-Raf
gene, cyclin I, the EGF receptor, FGF-19, fibroblast growth
factor receptor substrate 2, growth regulation by estrogen in
breast cancer 1, and leucine zipper putative tumor suppressor
1—has been identified, and a panel of five of these bio-
markers accomplished to achieve a sensitivity of 93.75%
and a specificity of 82.81% regarding the diagnosis of lung
cancer [86].

6.8. Orofacial Pain Salivary Biomarkers. The tissues that are
found in the orofacial region are heterogeneous, a fact that
makes the treatment of pain conditions a challenge for the
clinician. The main problem for an adequate treatment
option consists in the diversity of conditions for which
orofacial pain is a major symptom that makes it hard to
differentiate many of these disorders clinically [87]. Several
population-based cross-sectional studies revealed a 1-month
prevalence rate of self-reported orofacial pain that varies
from 19% to 26% [88, 89]. The current research must focus
on methods that combine different biomarkers for a condi-
tion. Biomarkers evaluation combines physiological parame-
ters, psychological and behavioral aspects, genomics, and
molecular and protein characteristics [87].

Orofacial pain is a sensory experience within a specific
anatomical region and can be related to some common
chronic orofacial entities: TMJ myalgia and arthralgia,
atypical odontalgia, persistent dentoalveolar pain disorder,
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burning mouth syndrome, persistent idiopathic facial pain,
neuralgia of the head and neck, and primary headache syn-
dromes [87].

Collecting saliva in order to identify biomarkers associ-
ated with orofacial pain is a painless method and is easy to
collect and store. Recently, saliva and synovial fluids have
piqued the interest of numerous researchers and clinicians
as possible alternatives to serum.

Further researches conclude that saliva-based bio-
markers are not only preferred but also are accurate in
discerning healthy subjects from those afflicted with peri-
odontal disease or burning mouth syndrome [90–94].
Saliva has also been used as an indicator of stress and
chronic pain. Several studies report substance P, a neuro-
peptide associated with inflammation status and pain, as
well as the stress hormone cortisol, and markers of oxida-
tive stress can be repeatedly detected within salivary secre-
tions [95, 96].

The study performed by Jasim et al. focused on salivary
biomarkers related to chronic pain by comparing blood sam-
ples and saliva samples of the same subjects and revealed the
fact that five specific biomarkers related to pain were tar-
geted. The results showed that they were first to find several
isoforms of NGF, CGRP, and BDNF in saliva. The expression
showed great variations between different saliva collection
methods [97]. Glutamate was mostly expressed in whole
stimulated saliva, and in contrast, the concentration was
moderately correlated between saliva types as well as in
plasma. The concentration of glutamate has also been shown
to be elevated in different pain conditions [98, 99]. These
results suggest that glutamate may be an essential pain medi-
ator in peripheral tissue and may therefore act as a potential
pain biomarker among others.

With the help of a standardized collection procedure and
protocol, the use of salivary biomarkers for different orofacial
pain disorders is a promising diagnostic method that will
allow for a noninvasive approach.

7. Conclusions

Saliva is an important biological fluid with a wide area of
research and applications, having a high potential to become
the future in early diagnosis. The effective contribution of
genomic and proteomic technologies made possible for saliva
to become an attractive solution to other invasive diagnostic
methods. Saliva as a diagnostic tool for oral and systemic dis-
eases has multiple advantages over other body fluids and
based on specific biomarkers can provide an accurate diagno-
sis. However, until saliva becomes a certified diagnostic test
that can replace the conventional ones, all the research values
must be compared with the existing accepted methods. The
main problem consists in the fact that a standardized and
accurate method of saliva collection needs to be associated
with each type of diagnostic test, in order to avoid errors.
This review has discussed several oral and systemic diseases
that could be diagnosed based on different salivary bio-
markers, but research needs to be extended in order for saliva
to become an effective and sure diagnostic tool that can be
used for screening and uncontestable diagnosis.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Authors’ Contributions

All authors contributed equally to this work.

References

[1] N. Malathi, S. Mythili, and H. R. Vasanthi, “Salivary diagnos-
tics: a brief review,” ISRN Dentistry, vol. 2014, Article ID
158786, 8 pages, 2014.

[2] Y. H. Lee and D. T. Wong, “Saliva: an emerging biofluid for
early detection of diseases,” American Journal of Dentistry,
vol. 22, no. 4, pp. 241–248, 2009.

[3] S. Chiappin, G. Antonelli, R. Gatti, and E. F. De Palo, “Saliva
specimen: a new laboratory tool for diagnostic and basic inves-
tigation,” Clinica Chimica Acta, vol. 383, no. 1-2, pp. 30–40,
2007.

[4] R. M. Nagler, O. Hershkovich, S. Lischinsky, E. Diamond, and
A. Z. Reznick, “Saliva analysis in the clinical setting: revisiting
an underused diagnostic tool,” Journal of Investigative Medi-
cine, vol. 50, no. 3, pp. 214–225, 2002.

[5] T. Pfaffe, J. Cooper-White, P. Beyerlein, K. Kostner, and
C. Punyadeera, “Diagnostic potential of saliva: current state
and future applications,” Clinical Chemistry, vol. 57, no. 5,
pp. 675–687, 2011.

[6] B. M. Brinkman and D. T. W. Wong, “Disease mechanism and
biomarkers of oral squamous cell carcinoma,” Current Opin-
ion in Oncology, vol. 18, no. 3, pp. 228–233, 2006.

[7] M. Castagnola, I. Messana, R. Inzitari et al., “Hypo-phosphor-
ylation of salivary peptidome as a clue to the molecular patho-
genesis of autism spectrum disorders,” Journal of Proteome
Research, vol. 7, no. 12, pp. 5327–5332, 2008.

[8] H. B. Cho, S. W. Hong, Y. J. Oh et al., “Clinical significance of
osteopontin expression in cervical cancer,” Journal of Cancer
Research and Clinical Oncology, vol. 134, no. 8, pp. 909–917,
2008.

[9] A. Marini and E. Cabassi, “La saliva: approccio complementare
nella diagnostica clinica e nella ricerca biologica,” Annali della
Facoltà di Medicina Veterinaria, Università di Parma, vol. 22,
pp. 295–311, 2002.

[10] S. Hu, Y. Xie, P. Ramachandran et al., “Large-scale identifi-
cation of proteins in human salivary proteome by liquid
chromatography/mass spectrometry and two-dimensional
gel electrophoresis-mass spectrometry,” Proteomics, vol. 5,
no. 6, pp. 1714–1728, 2005.

[11] E. J. Helmerhorst, C. Dawes, and F. G. Oppenheim, “The com-
plexity of oral physiology and its impact on salivary diagnos-
tics,” Oral Diseases, vol. 24, no. 3, pp. 363–371, 2018.

[12] V. de Almeida Pdel, A. M. Grégio, M. A. Machado, A. A. de
Lima, and L. R. Azevedo, “Saliva composition and functions:
a comprehensive review,” The Journal of Contemporary Dental
Practice, vol. 9, no. 3, pp. 72–80, 2008.

[13] M. Carranza, M. E. Ferraris, and M. Galizzi, “Structural and
morphometrical study in glandular parenchyma from alco-
holic sialosis,” Journal of Oral Pathology and Medicine,
vol. 34, no. 6, pp. 374–379, 2005.

8 Disease Markers



[14] S. Hu, P. Denny, P. Denny et al., “Differentially expressed pro-
tein markers in human submandibular and sublingual secre-
tions,” International Journal of Oncology, vol. 25, no. 5,
pp. 1423–1430, 2004.

[15] J. K. M. Aps and L. C. Martens, “Review: the physiology of
saliva and transfer of drugs into saliva,” Forensic Science Inter-
national, vol. 150, no. 2-3, pp. 119–131, 2005.

[16] Z. T. Dame, F. Aziat, R. Mandal et al., “The human saliva
metabolome,” Metabolomics, vol. 11, no. 6, pp. 1864–1883,
2015.

[17] A. B. Actis, N. R. Perovic, D. Defagò, C. Beccacece, and A. R.
Eynard, “Fatty acid profile of human saliva: a possible indica-
tor of dietary fat intake,” Archives of Oral Biology, vol. 50,
no. 1, pp. 1–6, 2005.

[18] B. Larsson, G. Olivecrona, and T. Ericson, “Lipids in human
saliva,” Archives of Oral Biology, vol. 41, no. 1, pp. 105–110,
1996.

[19] J. L. Chicharro, A. Lucia, M. Perez, A. F. Vaquero, and
R. Urena, “Saliva composition and exercise,” Sports Medicine,
vol. 26, no. 1, pp. 17–27, 1998.

[20] C. M. Huang, “Comparative proteomic analysis of human
whole saliva,” Archives of Oral Biology, vol. 49, no. 12,
pp. 951–962, 2004.

[21] C.-Z. Zhang, X.-Q. Cheng, J.-Y. Li et al., “Saliva in the diagno-
sis of diseases,” International Journal of Oral Science, vol. 8,
no. 3, pp. 133–137, 2016.

[22] M. A. Javaid, A. S. Ahmed, R. Durand, and S. D. Tran, “Saliva
as a diagnostic tool for oral and systemic diseases,” Journal of
Oral Biology and Craniofacial Research, vol. 6, no. 1, pp. 67–
76, 2016.

[23] D. B. Ferguson, “Current diagnostic uses of saliva,” Journal of
Dental Research, vol. 66, no. 2, pp. 420–424, 2016.

[24] P. C. Fox, P. F. van der Ven, B. C. Sonies, J. M. Weiffenbach,
and B. J. Baum, “Xerostomia: evaluation of a symptom with
increasing significance,” Journal of the American Dental Asso-
ciation, vol. 110, no. 4, pp. 519–525, 1985.

[25] D. L. Korte and J. Kinney, “Personalized medicine: an update
of salivary biomarkers for periodontal diseases,” Periodontol-
ogy 2000, vol. 70, no. 1, pp. 26–37, 2016.

[26] O. Brinkmann, L. Zhang, W. V. Giannobile, and D. T. Wong,
“Salivary biomarkers for periodontal disease diagnostics,”
Expert Opinion on Medical Diagnostics, vol. 5, no. 1, pp. 25–
35, 2010.

[27] T. Yucel-Lindberg and T. Bage, “Inflammatory mediators in
the pathogenesis of periodontitis,” Expert Reviews inMolecular
Medicine, vol. 15, article e7, 2013.

[28] D. T. Graves and D. Cochran, “The contribution of
interleukin-1 and tumor necrosis factor to periodontal tis-
sue destruction,” Journal of Periodontology, vol. 74, no. 3,
pp. 391–401, 2003.

[29] S. Kwan Tat, M. Padrines, S. Theoleyre, D. Heymann, and
Y. Fortun, “IL-6, RANKL, TNF-alpha/IL-1: interrelations in
bone resorption pathophysiology,” Cytokine & Growth Factor
Reviews, vol. 15, no. 1, pp. 49–60, 2004.

[30] H. E. Barksby, S. R. Lea, P. M. Preshaw, and J. J. Taylor, “The
expanding family of interleukin-1 cytokines and their role in
destructive inflammatory disorders,” Clinical and Experimen-
tal Immunology, vol. 149, no. 2, pp. 217–225, 2007.

[31] P. Stashenko, F. E. Dewhirst, W. J. Peros, and R. L. Kent, “Syn-
ergistic interactions between interleukin 1, tumor necrosis

factor, and lymphotoxin in bone resorption,” Journal of Immu-
nology, vol. 138, pp. 1464–1468, 1987.

[32] S. P. Engebretson, J. T. Grbic, R. Singer, and I. B. Lamster,
“GCF IL-1-beta profiles in periodontal disease,” Journal of
Clinical Periodontology, vol. 29, no. 1, pp. 48–53, 2002.

[33] U. K. Gursoy, E. Könönen, P. J. Pussinen et al., “Use of host-
and bacteria-derived salivary markers in detection of peri-
odontitis: a cumulative approach,” Disease Markers, vol. 30,
no. 6, 305 pages, 2011.

[34] S. Becerik, N. Özsan, A. Gürkan, V. Ö. Öztürk, G. Atilla,
and G. Emingil, “Toll like receptor 4 and membrane-bound
CD14 expressions in gingivitis, periodontitis and CsA-
induced gingival overgrowth,” Archives of Oral Biology,
vol. 56, no. 5, pp. 456–465, 2011.

[35] P. P. Costa, G. L. Trevisan, G. O. Macedo et al., “Salivary inter-
leukin-6, matrix metalloproteinase-8, and osteoprotegerin in
patients with periodontitis and diabetes,” Journal of Periodon-
tology, vol. 81, no. 3, pp. 384–391, 2010.

[36] M. Geivelis, D. W. Turner, E. D. Pederson, and B. L. Lamberts,
“Measurements of interleukin-6 in gingival crevicular fluid
from adults with destructive periodontal disease,” Journal of
Periodontology, vol. 64, no. 10, pp. 980–983, 1993.

[37] S. Liskmann, T. Vihalemm, O. Salum, K. Zilmer, K. Fischer,
and M. Zilmer, “Correlations between clinical parameters
and interleukin-6 and interleukin-10 levels in saliva from
totally edentulous patients with peri-implant disease,” The
International Journal of Oral & Maxillofacial Implants,
vol. 21, no. 4, pp. 543–550, 2006.

[38] G. Schierano, G. Bellone, E. Cassarino, M. Pagano, G. Preti,
and G. Emanuelli, “Transforming growth factor-β and inter-
leukin 10 in oral implant sites in humans,” Journal of Dental
Research, vol. 82, no. 6, pp. 428–432, 2016.

[39] C. S. Miller, J. D. Foley, A. L. Bailey et al., “Current devel-
opments in salivary diagnostics,” Biomarkers in Medicine,
vol. 4, no. 1, pp. 171–189, 2010.

[40] J. S. Kinney, T. Morelli, T. Braun et al., “Saliva/pathogen
biomarker signatures and periodontal disease progression,”
Journal of Dental Research, vol. 90, no. 6, pp. 752–758,
2011.

[41] C. A. Ramseier, J. S. Kinney, A. E. Herr et al., “Identification of
pathogen and host-response markers correlated with peri-
odontal disease,” Journal of Periodontology, vol. 80, no. 3,
pp. 436–446, 2009.

[42] T. Sorsa, L. Tjäderhane, Y. T. Konttinen et al., “Matrix metal-
loproteinases: contribution to pathogenesis, diagnosis and
treatment of periodontal inflammation,” Annals of Medicine,
vol. 38, no. 5, pp. 306–321, 2009.

[43] M. al-Sabbagh, A. Alladah, Y. Lin et al., “Bone remodeling-
associated salivary biomarker MIP-1α distinguishes periodon-
tal disease from health,” Journal of Periodontal Research,
vol. 47, no. 3, pp. 389–395, 2012.

[44] H. D. Jenifer, S. Bhola, V. Kalburgi, S. Warad, and V. M.
Kokatnur, “The influence of cigarette smoking on blood and
salivary super oxide dismutase enzyme levels among smokers
and nonsmokers—a cross sectional study,” Journal of Tradi-
tional and Complementary Medicine, vol. 5, no. 2, pp. 100–
105, 2015.

[45] J. L. Ebersole, R. Nagarajan, D. Akers, and C. S. Miller, “Tar-
geted salivary biomarkers for discrimination of periodontal
health and disease(s),” Frontiers in Cellular and Infection
Microbiology, vol. 5, 2015.

9Disease Markers



[46] M. K. Hendek, E. O. Erdemir, and U. Kisa, “Evaluation of sal-
ivary procalcitonin levels in different periodontal diseases,”
Journal of Periodontology, vol. 86, no. 6, pp. 820–826, 2015.

[47] S. Banu, N. R. Jabir, R. Mohan et al., “Correlation of toll-like
receptor 4, interleukin-18, transaminases, and uric acid in
patients with chronic periodontitis and healthy adults,” Jour-
nal of Periodontology, vol. 86, no. 3, pp. 431–439, 2015.

[48] D. C. Matthews, K. McNeil, C. A. McCulloch, and
M. Glogauer, “Adoption issues associated with a new peri-
odontal screening tool: an online survey of Canadian dentists,”
Journal of the Canadian Dental Association, vol. 80, article e57,
2013.

[49] S. A. Khuder, I. al-Hashimi, A. B. Mutgi, and N. Altorok,
“Identification of potential genomic biomarkers for Sjög-
ren’s syndrome using data pooling of gene expression
microarrays,” Rheumatology International, vol. 35, no. 5,
pp. 829–836, 2015.

[50] S. Hu, K. Gao, R. Pollard et al., “Preclinical validation of sali-
vary biomarkers for primary Sjögren’s syndrome,” Arthritis
Care & Research, vol. 62, no. 11, pp. 1633–1638, 2010.

[51] J. M. Yoshizawa and D. T. W. Wong, “Salivary microRNAs
and oral cancer detection,” Methods in Molecular Biology,
vol. 936, pp. 313–324, 2013.

[52] K. M. Pattani, Z. Zhang, S. Demokan et al., “Endothelin recep-
tor type B gene promoter hypermethylation in salivary rinses is
independently associated with risk of oral cavity cancer and
premalignancy,” Cancer Prevention Research, vol. 3, no. 9,
pp. 1093–1103, 2010.

[53] C. J. Liu, S. C. Lin, C. C. Yang, H. W. Cheng, and K. W. Chang,
“Exploiting salivary miR-31 as a clinical biomarker of oral
squamous cell carcinoma,” Head & Neck, vol. 34, no. 2,
pp. 219–224, 2012.

[54] N. J. Park, H. Zhou, D. Elashoff et al., “Salivary microRNA:
discovery, characterization, and clinical utility for oral can-
cer detection,” Clinical Cancer Research, vol. 15, no. 17,
pp. 5473–5477, 2009.

[55] M. A. R. St John, Y. Li, X. Zhou et al., “Interleukin 6 and
interleukin 8 as potential biomarkers for oral cavity and
oropharyngeal squamous cell carcinoma,” Archives of Otolar-
yngology – Head & Neck Surgery, vol. 130, no. 8, pp. 929–
935, 2004.

[56] Y. Li, M. A. St John, X. Zhou et al., “Salivary transcriptome
diagnostics for oral cancer detection,” Clinical Cancer
Research, vol. 10, no. 24, pp. 8442–8450, 2004.

[57] R. Nagler, G. Bahar, T. Shpitzer, and R. Feinmesser, “Concom-
itant analysis of salivary tumor markers. A new diagnostic tool
for oral cancer,” Clinical Cancer Research, vol. 12, no. 13,
pp. 3979–3984, 2006.

[58] S. Warnakulasuriya, T. Soussi, R. Maher, N. Johnson, and
M. Tavassoli, “Expression of p53 in oral squamous cell carci-
noma is associated with the presence of IgG and IgA p53 auto-
antibodies in sera and saliva of the patients,” The Journal of
Pathology, vol. 192, no. 1, pp. 52–57, 2000.

[59] J. J. Balan, R. S. Rao, B. R. Premalatha, and S. Patil, “Analysis of
tumor marker CA 125 in saliva of normal and oral squamous
cell carcinoma patients: a comparative study,” The Journal of
Contemporary Dental Practice, vol. 13, no. 5, pp. 671–675,
2012.

[60] D. G. Bernabé, A. C. Tamae, G. I. Miyahara, M. L. M. Sun-
defeld, S. P. Oliveira, and É. R. Biasoli, “Increased plasma
and salivary cortisol levels in patients with oral cancer and

their association with clinical stage,” Journal of Clinical
Pathology, vol. 65, no. 10, pp. 934–939, 2012.

[61] T. Kosaka, Y. Kokubo, T. Ono et al., “Salivary inflammatory
cytokines may be novel markers of carotid atherosclerosis in
a Japanese general population: the Suita study,” Atherosclero-
sis, vol. 237, no. 1, pp. 123–128, 2014.

[62] C. S. Miller, J. D. Foley III, P. N. Floriano et al., “Utility of
salivary biomarkers for demonstrating acute myocardial
infarction,” Journal of Dental Research, vol. 93, Supplement
7, pp. 72S–79S, 2014.

[63] P. N. Floriano, N. Christodoulides, C. S. Miller et al., “Use of
saliva-based nano-biochip tests for acute myocardial infarc-
tion at the point of care: a feasibility study,” Clinical Chemistry,
vol. 55, no. 8, pp. 1530–1538, 2009.

[64] H. Zheng, R. Li, J. Zhang et al., “Salivary biomarkers indicate
obstructive sleep apnea patients with cardiovascular diseases,”
Scientific Reports, vol. 4, no. 1, article 7046, 2015.

[65] R. J. Bateman, C. Xiong, T. L. Benzinger et al., “Clinical and
biomarker changes in dominantly inherited Alzheimer’s dis-
ease,” The New England Journal of Medicine, vol. 367, no. 9,
pp. 795–804, 2012.

[66] F. Hulstaert, K. Blennow, A. Ivanoiu et al., “Improved discrim-
ination of AD patients using beta-amyloid(1-42) and tau levels
in CSF,” Neurology, vol. 52, no. 8, pp. 1555–1562, 1999.

[67] S. A. Small, G. M. Perera, R. DeLaPaz, R. Mayeux, and
Y. Stern, “Differential regional dysfunction of the hippo-
campal formation among elderly with memory decline and
Alzheimer’s disease,” Annals of Neurology, vol. 45, no. 4,
pp. 466–472, 1999.

[68] F. Bermejo-Pareja, D. Antequera, T. Vargas, J. A. Molina, and
E. Carro, “Saliva levels of Abeta1-42 as potential biomarker of
Alzheimer’s disease: a pilot study,” Arthritis Care & Research,
vol. 10, no. 1, 2010.

[69] M. Shi, Y. T. Sui, E. R. Peskind et al., “Salivary tau species are
potential biomarkers of Alzheimer’s disease,” Journal of Alz-
heimer's Disease, vol. 27, no. 2, pp. 299–305, 2011.

[70] I. Devic, H. Hwang, J. S. Edgar et al., “Salivary α-synuclein and
DJ-1: potential biomarkers for Parkinson’s disease,” Brain,
vol. 134, no. 7, article e178, 2011.

[71] C. Holmes, C. Cunningham, E. Zotova et al., “Systemic inflam-
mation and disease progression in Alzheimer disease,” Neurol-
ogy, vol. 73, no. 10, pp. 768–774, 2009.

[72] J. M. Hill, C. Clement, A. I. Pogue, S. Bhattacharjee, Y. Zhao,
and W. J. Lukiw, “Pathogenic microbes, the microbiome, and
Alzheimer’s disease (AD),” Frontiers in Aging Neuroscience,
vol. 6, p. 127, 2014.

[73] E. Carro, F. Bartolomé, F. Bermejo-Pareja et al., “Early diagno-
sis of mild cognitive impairment and Alzheimer’s disease
based on salivary lactoferrin,” Alzheimer's & Dementia: Diag-
nosis, Assessment & Disease Monitoring, vol. 8, pp. 131–138,
2017.

[74] B. W. A. van der Strate, L. Beljaars, G. Molema, M. C.
Harmsen, and D. K. F. Meijer, “Antiviral activities of lacto-
ferrin,” Antiviral Research, vol. 52, no. 3, pp. 225–239, 2001.

[75] L. Beljaars, B. Vanderstrate, H. Bakker et al., “Inhibition of
cytomegalovirus infection by lactoferrin in vitro and
in vivo,” Antiviral Research, vol. 63, no. 3, pp. 197–208,
2004.

[76] F. Ahmadi-Motamayel, M. T. Goodarzi, S. Tarazi, and
M. Vahabian, “Evaluation of salivary acetylcholinesterase and
pseudocholinesterase in patients with Alzheimer’s disease: a

10 Disease Markers



case–control study,” Special Care in Dentistry, vol. 39, no. 1,
pp. 39–44, 2018.

[77] W. Song, V. Kothari, A. M. Velly et al., “Evaluation of sal-
ivary heme oxygenase-1 as a potential biomarker of early
Parkinson’s disease,” Movement Disorders, vol. 33, no. 4,
pp. 583–591, 2018.

[78] M. R. Parisi, L. Soldini, G. Vidoni et al., “Point-of-care testing
for HCV infection: recent advances and implications for alter-
native screening,” The New Microbiologica, vol. 37, no. 4,
pp. 449–457, 2014.

[79] F. Nefzi, N. A. Ben Salem, A. Khelif, S. Feki, M. Aouni,
and A. Gautheret-Dejean, “Quantitative analysis of human
herpesvirus-6 and human cytomegalovirus in blood and saliva
from patients with acute leukemia,” Journal of Medical Virol-
ogy, vol. 87, no. 3, pp. 451–460, 2015.

[80] K. P. Delaney, B. M. Branson, A. Uniyal et al., “Evaluation
of the performance characteristics of 6 rapid HIV antibody
tests,” Clinical Infectious Diseases, vol. 52, no. 2, pp. 257–
263, 2010.

[81] J. K. Gohagan, P. M. Marcus, R. M. Fagerstrom et al., “Final
results of the Lung Screening Study, a randomized feasibility
study of spiral CT versus chest X-ray screening for lung can-
cer,” Lung Cancer, vol. 47, no. 1, pp. 9–15, 2005.

[82] F. R. Hirsch, W. A. Franklin, A. F. Gazdar, and P. Bunn, “Early
detection of lung cancer: clinical perspectives of recent
advances in biology and radiology,” Clinical Cancer Research,
vol. 7, no. 1, pp. 5–22, 2001.

[83] R. J. van Klaveren, M. Oudkerk, M. Prokop et al., “Manage-
ment of lung nodules detected by volume CT scanning,” The
New England Journal of Medicine, vol. 361, no. 23, pp. 2221–
2229, 2009.

[84] M. Hassanein, J. C. Callison, C. Callaway-Lane, M. C. Aldrich,
E. L. Grogan, and P. P. Massion, “The state of molecular bio-
markers for the early detection of lung cancer,” Cancer Preven-
tion Research, vol. 5, no. 8, pp. 992–1006, 2012.

[85] H. Xiao, L. Zhang, H. Zhou, J. M. Lee, E. B. Garon, and D. T.
W. Wong, “Proteomic analysis of human saliva from lung
cancer patients using two-dimensional difference gel electro-
phoresis and mass spectrometry,” Molecular & Cellular Pro-
teomics, vol. 11, no. 2, p. M111.012112, 2012.

[86] L. Zhang, H. Xiao, H. Zhou et al., “Development of tran-
scriptomic biomarker signature in human saliva to detect
lung cancer,” Cellular and Molecular Life Sciences, vol. 69,
no. 19, pp. 3341–3350, 2012.

[87] J. P. Goulet and A. M. Velly, Orofacial Pain Biomarkers,
Springer, 2017.

[88] T. V. Macfarlane, A. S. Blinkhorn, R. M. Davies, J. Kincey,
and H. V. Worthington, “Oro-facial pain in the commu-
nity: prevalence and associated impact,” Community Den-
tistry and Oral Epidemiology, vol. 30, no. 1, pp. 52–60,
2002.

[89] T. V. Macfarlane, A. S. Blinkhorn, R. Craven et al., “Can one
predict the likely specific orofacial pain syndrome from a self-
completed questionnaire?,” Pain, vol. 111, no. 3, pp. 270–277,
2004.

[90] C. J. Woolf, “Central sensitization: implications for the diagno-
sis and treatment of pain,” Pain, vol. 152, Supplement 3,
pp. S2–15, 2011.

[91] M. Von Korff and D. L. Miglioretti, “A prognostic approach to
defining chronic pain,” Pain, vol. 117, no. 3, pp. 304–313,
2005.

[92] H. C. Simmons, Craniofacial Pain: A Handbook for Assess-
ment, Diagnosis and Management, Chroma Incorporated,
2009.

[93] R. A. Pertes and S. G. Gross, Clinical Management of Temporo-
mandibular Disorders and Orofacial Pain, Quintessence
Books, Chicago, IL, USA, 1995.

[94] J. P. Okeson, Bell’s oral and facial pain, Quintessence Inc,
Chicago, IL, USA, 7th edition, 2014.

[95] H. Merskey and N. Bugduk, Classification of Chronic Pain:
Descriptions of Chronic Pain Syndromes and Definitions of
Pain Terms, ASP Task Force on Taxonomy, Ed., IASP Press,
Seattle, WA, USA, 2nd edition, 1994.

[96] R. De Leeuw and G. D. Klasser, Orofacial Pain – Guidelines
for Assessment, Diagnosis, and Management, Quintessence,
Chicago, IL, USA, 5th edition, 2013.

[97] H. Jasim, A. Carlsson, B. Hedenberg-Magnusson, B. Ghafouri,
and M. Ernberg, “Saliva as a medium to detect and measure
biomarkers related to pain,” Scientific Reports, vol. 8, no. 1,
pp. 3220–3229, 2018.

[98] E. E. Castrillon, M. Ernberg, B. E. Cairns et al., “Interstitial
glutamate concentration is elevated in the masseter muscle of
myofascial temporomandibular disorder patients,” Journal of
Orofacial Pain, vol. 24, no. 4, pp. 350–360, 2010.

[99] A. Shimada, E. E. Castrillon, L. Baad-Hansen et al., “Increased
pain and muscle glutamate concentration after single ingestion
of monosodium glutamate by myofascial temporomandibular
disorders patients,” European Journal of Pain, vol. 20, no. 9,
pp. 1502–1512, 2016.

11Disease Markers



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi

www.hindawi.com Volume 2018

MEDIATORS

INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at

www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

