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Abstract

Background The diagnostic use of saliva for systemic and oral disor-
ders is reviewed in this article. Saliva has unique advantages over serum as
a diagnostic fluid because it is non-invasive and can be obtained by anyone
with a little training. Saliva may also provide a financially reasonable way
to screen large populations. Saliva from a single large salivary gland can
be used to diagnose diseases unique to that gland. However, because whole
saliva is easy to obtain and contains serum components, it is commonly
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compared to blood, which may have an unexpected impact on the detection
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ing a highly sensitive detection platform, and saliva testing will likely open
DOI: 10.57238/jbb.2024.7329.1091 new horizons for saliva detection. Identify the disease . Researchers use
a variety of techniques and techniques in an attempt to identify salivary
biomarkers for systemic and oral disorders inLast few years. The review
aspires to provide a comprehensive perspective on salivary biomarkers in
relation to oral and systemic diseases. Saliva analysis may be useful in di-
agnosing genetic disorders, autoimmune diseases, malignant and infectious
diseases, and endocrine disorders, as well as in assessing therapeutic levels
of drugs and monitoring illicit drug use.

Conclusion The various tasks that saliva completes in the oral cavity
are accomplished by the biochemical, physical, and interaction character-
istics of these salivary constituents. These days, there are numerous assays
available to examine different salivary parameters; nevertheless, in order to
get significant data, collection and storage procedures must be standard-
ized.
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1 Introduction issues with collecting other body fluids, such as blood
and urine, which are frequently used to diagnose dis-
orders. Important elements found in saliva may serve

Every illness deviates from optimal health, and effec- 44 prospective biomarkers. Saliva will therefore com-

tive treatment and elimination of the illness depend on plement the diagnostic toolbox by offering crucial de-

carly detection. Because saliva is non-invasive, inex-  tajls regarding digestive and dental health [2]. Salivary

pensive, easy to store, and easy to collect, saliva-based  piomarkers span a variety of scientific domains, includ-
diagnostics has received a lot of interest [1]. There are
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ing transcriptomics, metabolomics, and proteomics [3].
This study highlights the potential of saliva as a di-
agnostic specimen by examining its varied capacities
and exploring studies connected to saliva-related di-
agnostics and its association with systemic disorders
[2,4]. Significant advancements have been achieved
in the early detection and screening of numerous ill-
nesses, particularly cancerous disorders, in the past
few decades [5]. Accurate testing are still unavailable
in many situations, and some of these techniques are
costly or invasive. This is the situation with oral can-
cer, the sixth most common cancer globally, which has
a 50% 5-year survival rate and is often identified at an
advanced stage [5,6]. A biomarker is a feature that
can be objectively measured and assessed as a sign of
healthy or pathological processes, or as a sign of how
a medication is responding to therapeutic measures,
according to the 2011 Biomarker Definitions Working
Group [7]. One of the most ambitious goals of modern
research is to develop salivary biomarkers and employ
them in clinical practice in the near future [6].

1.1 Properties of saliva as a diagnostic
fluid

Saliva is a crucial bodily fluid that includes a variety of
proteins, many of which have the potential to be linked
to certain disease phenotypes and are therefore highly
valuable in the detection of human diseases [8]. Whole
saliva is often the type of sample that is investigated
most frequently since it can be obtained quickly, eas-
ily, and without the use of specialized equipment [9].
Roughly 30% of blood proteins are detected in human
saliva, along with other proteins that are clinically sig-
nificant. In contrast to blood or urine, he emphasizes
that saliva can be used for clinical purposes [10]. These
advantageous proteins could function as biomarkers,
paving the way for the use of non-invasive biofluids for
illness monitoring and detection if they are found and
proven [11,12].

Saliva has been used for diagnostic purposes since
the turn of the century. The use of saliva testing to
assess pathological or medical problems is becoming
more and more significant [13]. One of the biological
fluids in the human body, saliva is clear, somewhat
acidic (pH = 6.0-7.0), and heterogeneous in compo-

sition.3. The gingival spinal fluid and the secretions
of the major and minor salivary glands together make
about In addition to saliva [4,13].

There are two types of saliva: total saliva and
gland-specific saliva [2]. Human saliva is an indicator
of overall health and wellbeing. Because saliva con-
tains about 20% of the proteins found in blood, it pro-
vides a non-invasive method of identifying biomarkers
associated with a particular illness state [2,14].

When used as a diagnostic fluid, saliva has a num-
ber of advantages over blood that make specimen col-
lection non-invasive, easy, and secure. Its makeup rep-
resents the body’s state of health and illness and can
be used to diagnose systemic disorders [2,15].

1.2 Factors affecting the diagnosis of
saliva

Technology for detecting saliva biomarkers has been
widely employed in the healthcare system to diagnose
diseases. Figure 2 [16] Saliva has been used much more
frequently as a diagnostic or screening tool throughout
the last ten years. The favored approach for diagnos-
ing conditions is now to use saliva samples because
they are simple and non-invasive to obtain. It has been
determined that saliva diagnosis may be used in place
of serum protein vital signs. But the best method for
gathering saliva hasn’t been decided upon yet [8].

1.3 Saliva composition

Saliva is a complex biological fluid that is primar-
ily made up of cell debris, plasma discharges, sali-
vary gland and upper respiratory tract secretions [17],
gingival spinal fluid, and microbial components [18].
Saliva samples are now the preferred method for iden-
tifying illnesses due to their ease of collection and non-
invasive nature. Saliva diagnosis has been found to
be a viable alternative to serum protein vital signs.
However, the optimal technique for collecting saliva
has not yet been determined [18]. Saliva contains a
wide range of molecules, including metabolites, DNA
from mRNA, or miRNA, a proteins (cytokines, en-
zymes, chemokines, immunoglobulin, etc.), and inor-
ganic ions. These molecules’ variations in concentra-
tion can be used as biomarkers to identify oral diseases
early on or track how well treatment is working [19].
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Figure 1: Process and application of saliva diagnosis.

2 Materials and Methods

The basis for this research was the existence of bioac-
tive components in saliva that can be exploited as
biomarkers for early diagnosis and detection of oral
health issues as well as possible links to systemic and
oral disorders. Are there any alterations in the bio-
logical components of saliva that could be utilized for
diagnosis? is the primary inquiry that this evaluation
addresses. Electronic databases such as PubMed, Re-
searcher, Science Direct, Web of Science, and other
websites such as Wiley Online Library and Google
Scholar were considered in this review. Focus only on
the available literature. We used the keywords "saliva,"
"saliva," "biomarkers," "oral diseases," "systemic dis-
eases," and relationships between terms to search the
PubMed database. We only chose English-language
articles. To find the best papers for our topic, we first
looked at the titles and abstracts of the submitted pa-
pers. The full-text articles were then examined and
made part of the review.

2.1 Collection methods

Saliva, can be collected using six different methods,
as Figure 2 illustrates. The effects of various saliva
collecting locations on various saliva biomarkers vary.
Numerous scientific contexts, such as controlled trials
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conducted at random Processing samples from healthy
volunteers frequently results in sampling errors as well
as statistical inaccuracies [8]. Saliva can be collected
using six different methods, as Picture 2 illustrates.
The effects of various saliva collecting locations on var-
ious saliva biomarkers vary. Numerous scientific con-
texts, such as controlled trials conducted at random
Processing samples from healthy volunteers frequently
results in sampling errors as well as statistical inaccu-
racies [20]. Furthermore, unlike blood, saliva collection
is non-invasive, its transportation and preservation are
very convenient, and the risk of cross-contamination
is relatively low [21]. All these are the advantage of
saliva as a diagnostic fluid. However, compared with
blood, the content of biomolecules in saliva is lower,
and the microbial environment in saliva is more com-
plex, which will have an unexpected impact on the
detection results [9]. However, the construction and
development of a highly sensitive detection platform
will gradually solve these problems, and saliva testing
may also become a new opportunity for disease screen-
ing, detection, and monitoring [16].
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Figure 2: An illustrative overview of the different methods of collecting saliva.

3 Saliva in Disease Management

Saliva has a major role in prognostic outcome eval-
uations such as recurrence prediction, intervention
evaluation, risk assessment, and disease screening [8].
Establishing clinical value from macromolecules and
low molecular weight components is also necessary for
saliva diagnostic advancement [20]. In this context,
salivary variations noted in particular clinical circum-
stances have been contrasted with those of blood or
other substances [22]. A.L. Lorenzo Busso et al. pro-
vide an overview of the salivary biomarkers found in
various oral disorders using molecular biology tech-
niques [23]. Saliva has been shown by Colak-Pegda
et al. to be a good material for biochemical, toxi-
cological, and immunological diagnostics of systemic
disorders, the oral cavity, and the uncharted realm of
neuropsychiatry [24,25].

4 Diagnosis of Oral Diseases Us-
ing Saliva

The terms "oral diseases," or "oral and maxillofa-
cial diseases," relate to conditions affecting the jaw
("condyle") and mouth ("stoma'). Periodontal disease
and dental caries have long been regarded as two of
the biggest worldwide oral health concerns [6]. It’s
crucial to remember that the main obstacles in oral
diagnostics are figuring out the clinical usefulness of
prospective biomarkers for screening (in asymptomatic
individuals)*** | forecasting the early start of disease
(diagnostic tests), and evaluating the effectiveness of
treatment and disease activity. via cutting-edge diag-
nostic procedures™*. In theory, oral diagnostic testing
ought to yield useful data for infection severity, dis-

ease localization, and differential diagnosis. This in-
formation can then be used by the doctor to develop
treatments and will give them a way to assess how well
they are working [26].

* Salivary Biomarkers: Toward Future Clin-
ical and Diagnostic Utilities

4.1 Periodontitis

The irreversible loss of gingival attachment and the
subsequent degradation of alveolar bone are hallmarks
of periodontitis, a chronic inflammatory disease. Ad-
verse cardiovascular events are a considerable risk re-
lated with periodontitis, as they are with other chronic
inflammatory autoimmune diseases [27]. Since numer-
ous microorganisms have been linked to Parkinson’s
disease (PD), pathogens are first detected by PCR
or culture methods prior to receiving antibiotic treat-
ment. Nevertheless, this element of saliva analysis
has gained new significance due to the recent focus on
the possible role of Parkinson’s disease (PD) as a risk
factor for cardiovascular and cerebrovascular disorders
[14,28] "Any measurable substance, structure, or pro-
cess in the body or its products that can influence or
predict the occurrence of outcomes or diseases" is what
is meant to be understood as a biomarker [29].

4.2 Caries

Studies have been conducted on human saliva as a pos-
sible diagnostic tool for tooth decay and other disor-
ders. A host, environmental, and microbial component
imbalance leads to the multifactorial illness known as
caries. The correlation between caries activity and
salivary alpha-amylase renders it a significant indica-
tor of host-associated variables [30]. The goal of this
research is to identify the patient population at risk for
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saliva-based dental caries by developing a caries host
predictor [31].

4.3 Salivary biomarkers of oral cancer

Reliable salivary biomarkers for OSCC screening have
been identified thanks to frequent and non-invasive
saliva collection [32]. Disease-related pathophysiolog-
ical tissue alterations might manifest as changes in
metabolism, proteins, or genes. More than 100 pos-
sible saliva biomarkers for OSCC have already been
published in the literature as a result of the scientific
community’s increased efforts in the field of saliva re-
search, which have yielded several studies [21]. Po-
tential biomarker options include circulating cancer
cells, microRNA, and cell-free DNA (¢cDNA). The ma-
jority of them can be easily tested because they are
detected in saliva and are delivered straight into the
bloodstream by the tumor [33]. Some possible possibil-
ities are secreted into the blood in response to the tu-
mor’s surrounding microenvironment rather than com-
ing from the cancer cells themselves. These biomarkers
generally belong to the messenger RNA and proteins
(mostly secretary) classes [34].

4.4 Sjogren’s syndrome

It is a long-term autoimmune disease of the exocrine
glands characterized by lymphocyte infiltration from
the glands that are impacted. An infection of the sali-
vary and tear glands causes dry mouth and eyes. Be-
cause these glands are biopsy-accessible, the molecular
biology of the tissue-specific autoimmune process can
be studied. Endocrinopathy can occur either in isola-
tion (primary Sjdgren’s syndrome) or in conjunction
with another autoimmune disease (rheumatoid arthri-
tis, for example) [35].

5 Diagnosis of Systemic Dis-
eases Using Saliva

A number of systemic illnesses can impact the sali-
vary glands directly or indirectly, which can have an
impact on both the volume and makeup of saliva pro-
duced. certain distinctive alterations could aid in the
early identification and diagnosis of certain illnesses
[36]. The following conditions can be diagnosed with
saliva analysis [37]:

5.1 Genetic disease

1. Cystic fibrosis (CF) It is a genetically defined ill-
ness brought on by a CFTR gene mutation. In pa-
tients with cystic fibrosis, saliva is altered. The ex-
pression of the CFTR protein in the parotid gland’s
epithelial cells causes the gland to become involved.
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Before secretion is triggered with paraffin pledgets,
the saliva of individuals with cystic fibrosis has
significantly greater levels of cathepsin-D activity
than that of healthy controls [33]. Saliva can be
used as a diagnostic test for cystic fibrosis since
the results for salt, potassium, and chloride concen-
trations were significantly greater than in healthy
people. When comparing saliva from cystic fibrosis
patients with that of healthy controls, there were
higher concentrations of calcium, magnesium, and
lactate dehydrogenase in the saliva from these in-
dividuals [38].

2. Ectodermal dysplasia: X-linked hypodense ecto-
dermal dysplasia (HED) is the most prevalent type
of ectodermal dysplasia. A study on the com-
position and flow of entire saliva in males with
HED and female carriers was done by Lexner et
al. Whole saliva flow was found to have decreased,
and total protein and inorganic component concen-
trations were found to be high. However, salivary
alpha-amylase activity and concentration fell [39].

5.2 Autoimmune disease

1. Serological abnormalities, keratoconjunctivitis
sicca, xerostomia, and malfunction of the salivary
and tear glands are the hallmarks of Sjogren’s
syndrome (SS), a chronic autoimmune disease. In
order to potentially aid in the diagnosis of SS
patients, researchers have evaluated particular cy-
tokine concentrations in their saliva. Because this
condition is associated with noticeably high levels
of interleukins 2 and 6 [14].

2. Multiple sclerosis (MS)is an inflammatory disease
marked by scarring and loss of myelin, which is
caused by the immune system’s inability to prop-
erly destroy or function myelin-producing cells.
The only discernible difference in the saliva of MS
patients according to standard deviations (SD) is
a decrease in IgA production [14,40].

3. Sarcoidosis is an inflammatory illness that can im-
pact the skin, eyes, liver, lymph nodes, lungs, and
other tissues. In the majority of these patients,
SDs reveal a decrease in the volume of saliva se-
creted as well as in the activities of kallikrein and
alpha-amylase [14].

5.3 Malignancy

Head and neck cancer may aid in the early screening
and identification of certain malignant tumors as well
as the tracking of treatment efficacy [12]. Saliva from
individuals with head and neck cancer has increased
amounts of certain protein’s mRNA. Tumor suppres-
sor protein p53 is created by cells that are subjected to
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different kinds of stress that damage DNA. Antibodies
against this p53 protein are produced as a result of the
accumulation of inactive p53 protein. Patients with
oral squamous cell carcinoma (OSCC) have anti-p53
antibodies in their saliva, which can help with early
screening and identification [14].

5.4 Infection

Immunoglobulins (IgA, IgM, and IgG) found in saliva
come from two sources: serum and salivary glands.
Saliva contains antibodies against bacteria, fungi,
viruses, and parasites that can be used to diagnose
illnesses [14].

5.5 Cardiovascular diseases

The main emphasis of research on cardiovascular dis-
ease is on proteins. The most often investigated sali-
vary proteins include C-reactive protein (CRP), sali-
vary creatinine kinase, myocardial band (CK-MB),
myoglobin (MYO), troponin-1 (Thl), myeloperoxi-
dase (MPO), and matrix metalloproteinase-9 (MMP-
9). cardiovascular disease biomarkers. The most
promising biomarkers include CRP, CK-MB, MYO,

and Tnl, but the outcomes of other biomarkers are
debatable. Serum and saliva have been investigated
by Miller et al. as diagnostic fluids to find biomarkers
of acute myocardial infarction (AMI) [16]. Patients
who have undergone cardiovascular surgery are man-
aged postoperatively using markers of cardiovascular
illness discovered in their saliva, such as amylase [14].

5.6 Diabetes

Both the World Health Organization and the Inter-
national Diabetes Federation have reported that dia-
betes is the chronic illness that has affected the great-
est number of people this century [41]. Saliva from
diabetic individuals varies in several ways, including
in terms of proteins, glucose levels, peroxidase, and
buffering ability, all of which are important for diag-
nosing diabetes. As a result, screening, diagnosing,
and tracking diabetes can be done more affordably and
non-invasively with saliva glucose testing. It has long
been the subject of discussion and investigation [42].
Figure 2 lists the variations in biochemical analytes
found in saliva under various clinical circumstances

[15]:

Condition

Specific salivary markers

Malignancies

SAT, Long non-coding RNAT, p53 antibodies*, CA1 531, Cellular erythroblastosis
oncogene B-2T, Cancer antigen 1257, Fibroblast growth factor 2T, Fibroblast growth
factor receptor 17, Prostate specific antigenT, CortisolT, LDT, NitrateT, Adenosine
deaminaseT, Alpha-defensinsT, Beta-defensinsT, Endothelins™, Statherins., Interleukin-8T,

Thioredoxin™

DM

GlucoseT

Renal condition

Cortisol T, Nitrite®, UAY, Alpha-amylase*, Lactoferrin®, Creatinine

Sjogren’s Syndrome

Lactoferrin, Beta-2-microglobulin, Lysozyme T, Cystatin CT, Amylase., Carbonic

anhydrasel

Multiple sclerosis

IgAL

Sarcoidosis

Alpha-amylase!, Kallikrein|

Bone turnover markers

Deoxypyridinium(, Osteocalcin™, Hepatocyte growth factorT, Interleukin-1-beta, Alkaline

phosphatase

Cardiovascular diseases

C-reactive protein, Myoglobin, Creatinine kinase myocardial band T, Cardiac troponinsT,
MyeloperoxidaseT, Tumor necrosis factor al, Matrix metallopro(einase—QT, Intercellular
adhesion molecule-1T, Soluble CD40 ligand T, LysozymeT

Dental caries and
periodontal diseases

Aspartate aminotransferase”, Alkaline phosphataseT, UAL, Albumin!, Polymeric
immunoglobulin receptorl, Actin-related protein 3}, Carbonic anhydrase VI, Interleukin
1Receptor antagonistL, Plastin-2T, Leukocyte elastase inhibitor T, Immunoglobulin
1, Immunoglobulin, Cystatin ST, Amylase®, Calprotectin®, Histatins®, Lysozyme,
Lactoferrin, Defensins®, Peroxidases, PRPs*, MUC, Prostaglandin E(2)*, Albumin’, LDT

Diseases of the adrenal
cortex

Cortisol

Psychological
conditions

SAAT, Cortisol*, Substance P*, LysozymeT, Secretory IgAl, Testosteronel

Occupational and
environmental
medicine

CortisolT, IgAl, Lysozymel, Chromogranin, SAAT, LeadT, Cadmium!

Infections (bacterial,
fungal, viral)

Measles virus-specific IgM T, HIV—HIV-1*, HIV-2—antibodies*, Mycobacterium tuberculosis’,
MUC 587, MUC 77, Candidiasis immunoglobulins®, Hsp 70%, Calprotectin®, Histatins®,
MUC* Basic PRPs*, Peroxidases®, IgMT, lgG (dengue) T

Cystic fibrosis

Cathepsin-DT,LDT

Ectodermal dysplasia

Inorganic constituents, Total protein!

Obesity

CRPT, Leptin', Insulin, Adiponectin}

Metabolic Syndrome

UAT

Figure 3: Disease-specific biochemical analyzers in saliva.
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6 Conclusion

Saliva is a biological fluid that is dynamic and com-
plicated, made up of many different substances. The
various tasks that saliva completes in the oral cavity
are accomplished by the biochemical, physical, and in-
teraction characteristics of these salivary constituents.
These days, there are numerous assays available to ex-
amine different salivary parameters; nevertheless, in
order to get significant data, collection and storage
procedures must be standardized. Saliva has drawn
more and more attention from scientists in recent
years.
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