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ABSTARCT

Introduction: Over the past two decades, there has been a significant surge in the development of less invasive salivary diagnostic
tests, replacing the traditional and often painful blood sampling methods. Saliva has played a pivotal role in driving this growth,
owing to an increasing recognition of its significant utility as a diagnostic tool in clinical settings, particularly in dental offices. This
shift is further underscored by a growing body of literature supporting novel and diverse applications of salivary diagnostics.
Objective: To explore the potential of rapid, multiplex, and miniaturized analytical tests based on saliva in dental practice, our study
seeks to investigate their major contributions. The objective is to determine non-invasively the identification of specific pathologies,
prognoses, and the development of judicious therapeutic strategies for effective patient management. Methods: Our scientific
inquiry involves a comprehensive examination of the existing literature and advancements in the field of salivary diagnostics, focusing
on applications within dental practice. We explore the principles and methodologies behind rapid, multiplex, and miniaturized
analytical tests utilizing saliva as a diagnostic medium. The study incorporates a thorough review of relevant publications, highlighting
the evolving landscape of salivary diagnostics. Results: Our findings illuminate the substantial progress made in developing and
applying rapid, multiplex, and miniaturized analytical tests using saliva in dental settings. The results showcase the diagnostic
capabilities of these tests, offering insights into identifying various pathologies and prognoses non-invasively. In addition, the study
underscores the potential of saliva-based diagnostics in guiding judicious therapeutic strategies for effective patient care.
Conclusion: In conclusion, our scientific investigation underscores the pivotal role of saliva in the paradigm shift towards less
invasive diagnostic methods, particularly in dental practice. The study highlights the substantial contributions of rapid, multiplex, and
miniaturized analytical tests based on saliva, offering a non-invasive approach to identifying pathologies, determining prognoses, and
formulating appropriate therapeutic strategies for patient management.
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1. INTRODUCTION

Saliva, a complex mixture of water, electrolytes, enzymes, and proteins, plays a fundamental role in oral and systemic
health. Its functions encompass not only mechanical aspects like mastication and digestion but also biochemical
activities crucial for maintaining oral homeostasis. In recent scientific investigations, saliva has emerged as a focal point
for medical analysis, showcasing potential as a diagnostic tool, screening method, prognostic indicator, and treatment
evaluation medium. This burgeoning interest stems from its inherent advantages, such as non-invasiveness and ease
of collection, positioning it as a promising substitute for conventional blood and urine tests [1].

The intricate composition of saliva presents a unique opportunity for the identification of biomarkers associated with
various pathologies. Recent studies have aimed to unravel the specific molecular components within saliva linked to
both oral and systemic diseases. The exploration of these biomarkers not only highlights the potential diagnostic utility
of saliva but also suggests a more nuanced understanding of its role in disease manifestation. This investigational phase
seeks to establish saliva analysis as a cutting-edge and cost-effective approach compared to traditional blood tests,
paving the way for a paradigm shift in diagnostic methodologies [2].

In the context of contemporary dental care, where prevention and early detection are paramount, the integration of a
standardized dental consultation protocol underscores the evolving role of dentists. This paradigm shift positions dentists
not only as oral health practitioners but also as crucial contributors to systemic health surveillance. By advancing
research in salivary diagnostics, the goal is to refine and validate clinically acceptable tests. These tests hold the potential
to detect and monitor various bodily conditions, ranging from oral diseases to systemic disorders, with a high degree of
sensitivity and specificity. The envisioned outcome is a transformative impact on healthcare, enabling early detection,
timely intervention, and continuous monitoring of a diverse array of diseases using the non-invasive and readily
accessible medium of saliva [3].

2. METHODS

Our methodology commenced with a meticulous and extensive literature review spanning the past two decades. We
systematically gathered information from various sources, including scientific reports, journal articles, and records of

[ e
DIO: 10.5281/zenodo.10529724 64

* Corresponding author Autho & Copyright Author © 2024: | Mounia EL BOUHAIRI |. All Rights Reserved. All articles published in the American Journal of Innovative Research and Applied
Sciences are the property of Atlantic Center Research Sciences, and is protected by copyright laws CC-BY. See: http://creativecommons.org/licenses/by-nc/4.0/.



http://www.american-jiras.com/
http://www.american-jiras.com/
http://creativecommons.org/licenses/by-nc/4.0/

American Journal of Innovative Research and Applied Sciences.ISSN 2429-5396 |www.american—jiras.com @pen ﬂ ccess

advancements in the field of salivary diagnostics. This literature review served as the foundation for understanding the
historical context, evolution, and current state of less invasive salivary diagnostic tests.

2.1 Identification of Salivary Diagnostic Applications:

We identified and analyzed diverse applications of salivary diagnostics within the dental practice through a rigorous
examination of relevant literature. This involved categorizing and synthesizing information on the utility of saliva as a
diagnostic tool, with a specific focus on its role in dental offices. The objective was to gain insights into the expanding
applications of salivary diagnostics and its potential impact on dental care.

2.2 Principles and Methodologies Exploration

To understand the scientific underpinnings of rapid, multiplex, and miniaturized analytical tests based on saliva, we
delved into the principles and methodologies that govern these diagnostic approaches. This exploration involved an in-
depth study of the technological aspects behind the development of these tests, such as sensor technologies, biomarker
detection methods, and data analysis techniques. We aimed to comprehend the scientific basis driving the effectiveness
and efficiency of saliva-based diagnostics.

2.3 Comprehensive Analysis of Relevant Publications

Our study incorporated a thorough examination of a broad spectrum of relevant publications, encompassing research
articles, reviews, and clinical studies. This analysis aimed to extract critical insights into the evolving landscape of
salivary diagnostics. We focused on the latest advancements, emerging trends, and potential challenges in the
application of rapid, multiplex, and miniaturized tests in dental settings.

2.4 Results and Diagnostic Capabilities Showcase

The findings of our study highlight substantial progress in the development and application of rapid, multiplex, and
miniaturized analytical tests using saliva in dental settings. Through a comprehensive analysis of results obtained from
various studies, we elucidate the diagnostic capabilities of these tests. This involves showcasing their efficacy in
identifying a range of pathologies and prognoses in a non-invasive manner. Graphs, tables, and statistical summaries
are employed to present a detailed overview of the achieved outcomes.

2.5 Potential of Saliva-based Diagnostics

Our study underscores the potential of saliva-based diagnostics in guiding judicious therapeutic strategies for effective
patient care. Through the integration of insights derived from the literature review and analysis of results, we aim to
demonstrate how the information obtained from saliva can contribute to personalized and effective treatment plans.
The discussion involves the extrapolation of findings to practical applications in dental care, emphasizing the significance
of saliva-based diagnostics in informing therapeutic decisions.

3. DISCUSSION

3.1 Properties of salivary tests
3.1.1. Advantages of salivary tests

The analysis of blood and its components has been the mainstay of laboratory diagnostic procedures for many decades.
However, other biological fluids are also frequently used for disease screening, mainly saliva which can offer distinct
advantages, [8] such as simple and non-invasive collection method. Sampling is safe for the operator and the patient,
and storage is easy and inexpensive. These features allow for the monitoring of several biomarkers in infants, children,
elderly and non-collaborative subjects, and in many circumstances where blood and urine samples are not available.
Another reason saliva is attractive for diagnostic purposes is its link to traditional biochemical parameters that appear
in the circulation in various forms.

Saliva analyses have been used mainly in dentistry and for studies on various oral diseases to assess the risk of caries
and periodontal pathologies, measuring the buffering capacity of saliva and the bacterial content [9]. There are
compelling reasons to explore saliva as a diagnostic tool [10].

- It clearly meets the demands for an inexpensive, non-invasive, and easy-to-use screening method [11].

- As a diagnostic sample in the clinic, saliva has many advantages in terms of collection, storage, shipping, and sampling
All of these processes can be performed very economically compared to serum or urine [11].

- Saliva is also easier to handle in diagnostic procedures than blood because it does not clot, thus reducing the number
of manipulations required [11].

- For healthcare professionals, a saliva test is safer than using serum, which is more likely to expose operators to blood-
borne diseases.
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- For patients or candidates, the non-invasive collection approach could significantly reduce anxiety and discomfort,

- Collection is generally economical, safe, easy and can be performed without the assistance of health care personnel
- It allows for cost-effective, home-based collection [12].

- It is considered an acceptable and non-invasive process by patients because it is painless (and can be easily collected
for patients in the pediatric age range).

These advantages have ensured the widespread use of saliva as a diagnostic tool in clinical practice. The future of this
field will depend on further validation of disease-specific biomarkers and their incorporation into a state-of-the-art test
that is quantitative, specific, rapid, reliable, sensitive, robust, and cost-effective for broad implementation in diagnostic
programs. In the foreseeable future, current research on saliva-based diagnostic methods could revolutionize general
and dental health care [13].

Saliva based diagnostics
Non — invasive
Limited training
No special equipment
Potentially valuable for children and
older patients
Cost effective
Eliminates the risk of infection
Easy, No pain, No needle prick, Fast
Screening of large population

Figure 1: The value of saliva-based testing [14].
3.1.2. LIMITATIONS OF SALIVA TESTING

In the last decade, salivary tests are considered a promising modality to provide early and accurate diagnosis, better
prognosis and good post-treatment follow-up [3]. With the use of new technologies and the in-depth study of salivary
composition by advanced methods, oral fluid has far surpassed It has expanded its academic interest and its diagnostic
potential and accreditation in the daily practice of the dental physician [11].

Saliva can be considered a mirror of oral and systemic health, but the levels of certain biomolecules are not always
consistent with the levels of these markers in serum [15]. Salivary composition may vary depending on the method and
timing of collection, the technique used, and the degree of stimulation of salivary flow [2]. These alterations, combined
with changes in pH and variability in local biological fluid flow are factors that influence the expression and release of
salivary biomarkers [16]. Salivary gland function is furthermore can be affected by a number of systemic disorders,
numerous drugs and radiation therapy. In addition, proteolytic enzymes derived from the host and oral microorganisms
in whole saliva disrupt the stability and concentration of certain biomarkers [2].

The performance of salivary tests is inherently limited by the quality of the disease-specific biomarkers, as well as by
the nature of the sample with which it is challenged. These biological issues undermine the credibility of the devices
and represent barriers to sensitive, specific, and affordable rapid diagnostic salivary tests within dental practices [4].

Nevertheless, salivary rapid diagnostic tests are based on several core technologies that are subject to a number of
potential technical vulnerabilities. These technical complications can render the tests inoperable and less reliable,
resulting in decreased test performance in hospital settings. Common technical difficulties include insufficient stability
of components under heat stress, poorly characterized affinity reagents, risk of erroneous readings due to subjective
interpretation, time dependence of signal development, insensitivity to low disease loads, and unsuitability for pathogen
quantification [4].

An additional challenge for the point-of-care rapid test platform is the financial factor: The social value and added
benefit to human health by the adoption of salivary diagnostic tests within hospital settings and more specifically dental
offices, can only be realized when the cost of the devices is widely affordable by both the dentist and the patient [5].
To improve health care in organized dentistry, all sesgments of the dental profession must address the broad applications
of salivary testing, including education, reimbursement, and patient acceptance, as well as provide extensive and well-
organized educational initiatives to dentists, health care teams, the dental benefits industry, regulatory agencies, and
other stakeholders to expand the use of diagnostic devices and ensure better access to health care and early detection
of disease within the dental office [17].

3.2. CONTRIBUTIONS OF SALIVARY TESTING IN THE DENTAL OFFICE

Close monitoring of patients in the dental office via salivary testing is an essential task for the identification of local and
general risks. A considerable proportion of the population reported visiting the dentist without consulting their physician.
Improved patient health, including quality of life, is associated with dental intervention [18]. In this regard, several
studies have shown a positive attitude and wide acceptance of salivary diagnosis in the daily practice of dental health
- - - - - - - - - - - "~~~ - - ]
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professionals, in order to control local and systemic pathologies, prevent complications, reduce mortality and morbidity
rates, and reduce the economic and social burden of chronic disease [18].

3.1. DIAGNOSIS OF ORAL DISEASES

In the eyes of dentists, the functional value of saliva has long overshadowed the diagnostic possibilities [19]. Given that
saliva is a reliable screening tool, saliva tests are essentially a complement to the clinical examination by the dental
surgeon. Some of these tests already exist on the market but often only confirm what the physician has visually or
radiologically objectified. However, caries, periodontal and cancer risks in the mouth can be more complicated to
diagnose when no signs are yet visible. These saliva tests allow the detection of patients at risk and thus the
implementation of early prevention strategies [32].

The foundation of modern salivary research began with oral health clinicians seeking to identify and characterize local
markers of oral disease and salivary gland disorders. The discovery and validation of salivary analytes associated with
human health and development encouraged expansion beyond this initial focus on individual oral pathology to include
large-scale longitudinal clinical research and translational applications [20]. In 2002, the National Institute of Dental
and Craniofacial Research funded a program entitled "Saliva-Based Diagnostic Development and Validation
Technologies" to support interdisciplinary research on practical salivary biomarkers for the diagnosis of systemic
diseases. The program has supported studies advancing screening for pulmonary, cardiac, and infectious diseases, as
well as cancer biomarker research. Much of this effort is directly or indirectly illustrated by the research presented
throughout this special issue, indicating that the development and application of various salivary assays are now firmly
established [20].

The current decision to use available diagnostic methods for many conditions is based on the symptoms and clinical
information described by the patient. The process of obtaining a final diagnosis can be burdensome in hospital and
specifically dental office settings [21]. As an accessible, noninvasive primary test for disease, salivary diagnostics can
reduce the burden and use of unnecessarily invasive procedures. As methods for stabilizing whole saliva are developed,
salivary diagnostics can be properly performed in dental clinics, using state-of-the-art technologies for disease detection
without any preparation and through accurate, reproducible, and cost-effective testing [21].

It is now known that oral pathologies are indicative of a disruption of the oral balance, also called homeostasis. To
measure this imbalance, saliva can be analyzed as "a diagnostic window of the whole human body". In order to sensitize
the dental surgeon to the identification of salivary dysfunctions, an exhaustive presentation of these salivary tests will
be described, along with their field of application and their protocol.

Four different tests are used today to measure: salivary flow, saliva buffering capacity, PH, viscosity, and mutans
streptococcus count. These tests can be easily performed in the dental office.

41.1. QUANTITATIVE AND QUALITATIVE SALIVARY EVALUATION
41.1.1. Evaluation of saliva viscosity

The viscosity of saliva is inversely proportional to the shear rate applied to it. This is a non-Newtonian characteristic
common to biological fluids, difficult to reproduce in vitro, hence the difficulties in obtaining an artificial saliva that
perfectly mimics these properties. The viscosity of total unstimulated saliva is not homogeneous, as the mixture of
parotid, submandibular and sublingual saliva is not homogeneous. This difference in viscosity is mainly attributed to the
level and type of mucins present in the different secretions (sublingual saliva is more elastic than submandibular saliva,
which itself is more elastic than parotid saliva). Thus, the total stimulated saliva is much more homogeneous in terms
of viscoelasticity, due to the greater importance (in volume) of the rather fluid parotid secretion [22].

To make a visual measurement of salivary gland secretion, the practitioner asks the patient to open his or her mouth.
A small amount of saliva is then grasped between the thumb and forefinger and spread under the light of the scialytic
to look for capillary continuity. The viscosity of the saliva is determined visually by asking the following question; is it
watery, bubbly, or foamy and sticky?

From a prosthetic point of view, this saliva viscosity plays a role as well as the anatomical conditions (ridges, depth of
the palate). The placement of a removable prosthesis would induce the reduction of salivary viscosity by a phenomenon
of reduction of the salivary protein concentration.

4.1.1.2. Physico-chemical evaluation
4.1.1.2.1. Measurement of salivary pH

Several recent studies have shown that salivary pH can be used as a diagnostic biomarker for oral diseases and even
some gastroenterological diseases. However, there is an exact correlation between salivary PH, caries and periodontal
diseases [10]. A salivary PH between 6.8 and 7.2 generally indicates a stable environment, a healthy dental and
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periodontal situation [10]. The oral fluid becomes a saturated solution of calcium phosphates, resulting in rapid and
effective remineralization of the initial changes [32].

A salivary Ph below 6.8 generally indicates acidemia; which tends to increase the susceptibility of teeth to caries, and
the oral sphere to halitosis to xerostomia and various periodontal diseases [23]. However, if the environment is slightly
acidified, the saliva becomes an unsaturated solution by the formation of easily soluble calcium hydrogen phosphates
that promote the dissolution of the mineral phases of the dental surfaces [23]. Recent research has shown that chronic
acidemia may be a causative factor in a multitude of diseases affecting the entire human body [10].

A salivary Ph above 7.2 generally indicates alkalinity. Excessive alkalinity tends to promote calcium aggregation, which
leads to the maturation of plaque and consequently to the development of periodontal diseases [10]. With a multitude
of biomarkers and complexities in their determination, salivary Ph can be tried for use as a rapid test in the dental office
[10]. The latest reports in the literature have led that the potentiometric method using PH meters is the most common
laboratory technique and that this parameter should be measured immediately after saliva collection. There are also
possibilities for direct diagnosis, for example in the dental chair. This is a method very simple and fast based on special
test strips; the dental surgeon first asks the patient to deposit the oral fluid in a cup; then he takes a strip of Ph paper,
places it in the collected sample for 10 to 15 seconds and then the data will be read from the color scale with an
accuracy of 0.2 [23]. Strongly acidic saliva will be in the red zone, Ph 5.0 - 5.8. Moderately acidic saliva will be in the
yellow zone, Ph 6.0-6.6. Healthy saliva will be in the green zone, Ph 6.8-7.8.

This value should therefore allow an estimation of the risk factors in case of an extreme value obtained. The Saliva-
Check Buffer® is one of the commercial references available from dental equipment suppliers for the estimation of
salivary pH (fig.2).

Figure 2: Measurement of salivary pH with the Saliva-Check Buffer® kit [24].
4.1.1.2.2. Measurement of Buffer Capacity

The physico-chemical and biochemical properties of saliva as well as its complex composition give this fluid multiple
functions, including: antibacterial, antiviral, antifungal properties; digestive activity and buffering capacity for plaque
acids [1]. The buffer systems are responsible mainly on the maintenance of a good acid-base balance, thanks to the
presence of bicarbonates, phosphates, proteins, free amino acids, ammonia and urea [23].

In view of the modern methods of saliva testing, it is worth mentioning the possibilities of measuring the buffer capacity
in the dental practice with the help of special test kits, we distinguish 3 relevant tests of measurement [23]:

-The Ericsson method: This is certainly the most accurate of the three methods mentioned; however, it is also
the most time-consuming. The sample taken will first be transferred to a medical laboratory and processed. The results
are then sent back to the dentist for examination. 1 ml of freshly collected saliva is transferred to 3 ml of HCI (hydrogen
chloride). To avoid foaming of the solution, the dentist should add a drop of 2-octanol and mix for 20 minutes to remove
the CO 2. The final pH of the solution is then measured with a pH meter [23].

-The Dentobuff Strip System method: this method is much faster; a result can be obtained within 5 minutes;
however, it is neither as accurate nor as complete as the Ericsson method mentioned above. Buffer capacity is
determined by the color of the test strip 5 minutes after a drop of saliva is applied to the strip [23].

-CRT® Buffer: This is definitely the fastest of the three methods with results available after only two minutes.

Interestingly, it is also more accurate than the Dentobuff Strip System because it has multiple test areas. The buffer
capacity is determined according to the color of the test strips two minutes after the application of saliva to the strip
(Fig. 3) [23].

The CRT® Buffer is a commercially available reference that allows the rapid and efficient determination of the buffering
capacity of saliva.
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Buffer capacity '

Figure 3: Measurement of saliva buffering capacity using the Tompon CRT® kit [24].

4.1.2. TESTS FOR THE DETECTION OF ORAL DISEASES
4.1.2.1. Bacterial tests

The oral microbiota contains over 700 individual microbial taxa, making the oral flora one of the most complex microbial
communities in the human body [1]. Indeed, researchers found that higher salivation levels of Porphyromonas gingivalis,
Tannerella forsythia and Prevotella intermedia was found in people with aggressive periodontitis. This phenomenon was
also noted by a recent study, which shows that the combination of the salivary amount of P. gingivalis with a host-
specific pathogen response would be useful to diagnose periodontitis with high accuracy. A salivary test can detect most
periodontal pathogens (MyPerioPath®, OralDNA®Labs). The patient must rinse with saline for 30 seconds and then
spit into a collection tube. The samples are then sent by priority mail to the laboratory for microbiological analysis. This
test has been approved for chairside use in the United States and Canada [25].

According to the Canadian Health Measures Survey (2007-2009), 96% of Canadians have at least one decayed, missing
or filled tooth. Decay is the result of demineralization of the tooth surface initiated by the acid production of cariogenic
bacteria. This process can eventually lead to tooth loss. Many studies have demonstrated the role of Streptococcus
mutans in the initiation of dental caries, while lactobacilli have a role in the progression of its lesions. Both pathogens
can be identified with a salivary test: CRT ® bacteria, Ivoclar-Vivadent Inc, Amherst, USA; for the overall assessment
of caries risk in patients in dental practices [25].

4.1.2.2. The immunochromatographic test

There is no doubt that future research to isolate genetic, microbiological and host-derived risk factors will provide a
better understanding of potential biomarkers of oral disease [25]. In the field of salivary diagnostics, recent device
developments with new technologies have advanced considerably over the past decade allowing for more accurate
chairside testing and improved individualized care.

In 2010, an immunochromatographic test became commercially available to determine the presence or absence of
Matrix Metalloproteinase-8 (MMP-8) as a biomarker of periodontal disease with similar accuracy to conventional
laboratory tests (Periosafe®) [26]. Currently, the MMP-8 lateral flow immunoassay is a recently developed mouthwash
available from dental suppliers as a convenient, accurate and inexpensive test that takes only 5 minutes to perform and
is used to detect, predict and monitor the progression and treatment of periodontitis [26].

The sensitivity and specificity of the PerioSafe® test have been demonstrated to be 76.5% and 96.7% for more than
2 sites and deep periodontal pockets. The test has been successfully validated independently and internationally in
Africa, Europe and the United States, and in all recent studies and research [25] It also qualifies the biomarker MMP-8
which could identify disease activity, predict progression and monitor response to treatment (fig.4 and 5) [16,25]. A
line on the test device indicates that the test has successfully analyzed the saliva drop and the result is negative [16].
Two lines are observed on the device indicating a high risk of periodontitis and that the result is positive [16].

N

Figure 4:Kit de test salivaire:
Periosafe® utilisé pour détecter la
présence d'aMMP-8 chez les patients
atteints de parodontite [16].
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Figure 5 : Deux lignes (ligne C de controle ; et ligne T de test) [16].

1.1.1.1. Autres tests

D’autres tests exclusivement réalisés au laboratoire existent et n‘ont qu’un intérét mineur en pratique quotidienne. Tels
que, I'analyse de la composition protéinique par électrophorése sur gel qui permet la séparation et l'identification des
proteines avec plus de précision afin de résoudre la composition complexe de la salive, contibuer a une cartographie
des éléments protéiques présents et I'élaboration d'un plus large éventail d'applications pour les tests protéomiques
[27].

La qPCR quantitative en temps réel (La Réaction en Chaine par Polymérase quantitative) peut également etre utlisée et
constitue I'étalon-or de I'analyse génomique de la salive. Elle est parfaitement adaptée a la validation des biomarqueurs
transcriptomiques aprées profilage par microarray, et elle n'est pas limitée par la longueur de I'ARN, méme pour les ARNs
fragmentés. Cependant, leurs faibles quantités dans la salive entravent considérablement la performance du test [27].
Pour surmonter ce probléme la DNA labs, une société américaine spécialiste des tests salivaire, propose que le patient
envoie un échantillon de son fluide The patient can choose to have his or her saliva tested, even for paternity tests,
which is more a matter of folklore than a necessity in the daily life of a health care professional [25].

4.1.3. Detection of viral diseases
4.1.3.1. COVID 19

"Combating infectious diseases by learning from Covid 19: relaunching the pandemic plan and regaining momentum in
the field of testing [28]. "Since the outbreak of pneumonia caused by the novel coronavirus (SARS-CoV-2) (COVID-19)
occurred in December 2019, it has spread rapidly around the world and caused a significant threat to global human
health [5]. Clinical symptoms were similar to viral pneumonia, including fever, dizziness, and cough. After sequencing
analysis of samples obtained from the respiratory tract, the pathogen was identified as a novel coronavirus (coronavirus
2, SARS-CoV-2, COVID-19), causing severe acute respiratory syndrome due to phylogenetic similarity to SARS-CoV [29].
Case identification by testing has been a key pillar of the global response, with an emphasis on molecular reverse
transcriptase-PCR testing, which remains the gold standard for diagnosis, surveillance, and monitoring of the
epidemiological dynamics of the epidemic in all countries [30,31]. The health authorities, including the High Authority
of Health has authorized salivary tests, it is still a test that is done in the laboratory, but the sample is taken at the point
of care, it is this cotton swab woven swabs that goes to the bottom of the nose, which is painful and unpleasant, will
be replaced by a sampling of saliva much more superficial and non-invasive, it is the same technique of PCR, this
amplification of the viral genome to go and look for the virus and immunological responses induced by the infection
[28]. With this objective in mind, the FDA has granted emergency use authorization (EUA) to several in vitro diagnostic
tests, namely molecular and antigenic tests [32].

Early investments in new diagnostic technologies with rapid and decentralized tests have been critical to minimizing the
negative health and socioeconomic impacts of SARS-CoV-2. In April 2020, the U.S. National Institute of Health (NIH)
launched the Rapid Acceleration of Diagnostics (RADX) initiative to accelerate the development, commercialization, and
implementation of COVID-19 testing technologies [32]. The goal of this initiative was to develop innovative tests that
are rapid, accurate, specific, and easily accessible in the home and dental office, particularly for vulnerable populations
most affected by COVID-1 [32]. While Real-Time Polymerase Chain Reaction (RT-PCR) testing remains the gold
standard, more rapid or affordable molecular and antigenic testing options have been developed [32].

4.1.3.1.1. Molecular salivary tests for SARS-CoV-2

In their meta-analysis published in The Lancet Infectious Diseases, Nicole Ngai Yung Tsang and colleagues compared
the diagnostic performance of different clinical specimens, including nasopharyngeal, nasal, throat, oropharyngeal and
saliva swabs. Using nasopharyngeal swabs as a reference, they found that these gave the highest sensitivity (97%)
among alternative sampling approaches, while moderate sensitivities were achieved by saliva (85%) and nasal swabs
(86%) and much lower sensitivity of pharyngeal swabs (68%) [31]. The authors thus concluded that nasopharyngeal
swabs salivary swabs are a promising alternative to nasopharyngeal swabs for the diagnosis of SARS-CoV-2, given the
ease of collection and convenience of repeat testing as well as rapid, accurate and highly reliable results [33].
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Future in vitro salivary testing in dental offices may shed light on several key aspects of COVID-19 infections, including
temporal patterns of viral loads in mildly symptomatic or asymptomatic patients and the longevity of protective immunity
provided by antibodies to SARS-CoV-2 [32].

Molecular bioassays are a rapidly developing field, based on the latest research in molecular biology, and have been
used for the first time on a global pandemic scale [28]. Detection of viral nucleic acids from genetic material is the gold
standard in diagnostic virology [34]. Analytical performance data, i.e. sensitivity, specificity, lower limits of detection,
for all commercially available molecular tests are provided by FIND: a global diagnostic alliance, which aims to ensure
equitable access to reliable screening in hospital settings, specifically dental offices, worldwide [34].

In April 2020, Infinity BiologiX (IBX) received the first emergency use approval from the FDA for its salivary tests for
SARS-CoV-2. Sample collection is performed by the dentist, using the IBX collection kit (Fig. 17) or the SDNA-1000
device, which is a funnel attached to a 6 ml plastic tube. The saliva samples are then shipped to the laboratory for
storage, purification of genetic material, PCR amplification of the extracted RNA and quality controls. IBX acts as a
service provider for organizations with high-volume testing needs where further processing of saliva samples is
performed in the laboratories (Fig. 6) [32]. However, SARS-CoV-2 RNA in salivary samples is only detectable during the
acute phase of infection. Positive test results suggest that SARS-CoV-2 RNA is present, but cannot exclude infections
with bacteria or other viruses. Negative results from saliva samples may not exclude SARS-CoV-2 infection and should
be confirmed with other samples and test methods [32].

ibx

4.1.3.1.2. Rapid antigen tests for SARS-CoV-2

In 2020 the World Health Organization (WHO] recommended the use of rapid lateral flow antigen detection and
diagnostic tests on nasal, pharyngeal and salivary swabs [35]. This is a qualitative method for detecting certain proteins
on the surface of the infectious agent that are capable of eliciting an immune response and that signal the presence of
the virus [28,36]. They have been developed as point-of-care tests administered by healthcare professionals with easy
conduct and reading of results.

To confirm, isolate and manage each case in a timely manner [36]. Antigen testing has received emergency use approval
by the FDA [32]. It involves characterization of the etiologic agent, to understand the epidemiology, detect subtle
infectivity patterns, and map the transmission dynamics of new variants [32,36]. Although direct antigenic tests are
increasingly used, their diagnostic accuracy is lower than that of RT-PCR [37]. There are some concerns about their
specificity, as they may cross-react with other coronaviruses, but the main problem is their sensitivity [38]. The
sensitivity of these panels ranges from 34% to 88%, based on the results of a Cochrane systematic review [37,39].
Therefore, despite the greater accuracy of positive results, negative results should be treated with more caution. Their
diagnostic accuracy is increased in symptomatic patients, when the viral load in saliva is higher, allowing for early
diagnosis, triage and treatment [40]. Optimal timing of testing may vary within 5, 7, and 12 days of symptom onset
[41]. Therefore, the advantages of point-of-care testing, namely the rapidity of results (5-30 min) and low cost (Dh100-
150) compared with RT-PCR testing, may be limited to some extent by the low sensitivity it offers, particularly in
asymptomatic or presymptomatic individuals [42]. Overall, antigenic tests appear to be particularly well suited for
screening, and dysfunctional tracing by the dental physician, in the management of patients for specific signs of Covid
19 infection [34]. Different antigen test kits are produced by manufacturers of diagnostic reagents in different countries,
namely the Gigalab® for the detection of coronavirus on salivary samples (fig.7 and 8) [43].

"h

Figure 7: Gigalab® saliva test kit for detection of SARS-CoV-2 [43]
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Figure 8: Rapid antigen tests for SARS-CoV-2 [44,45].
a) A small amount of saliva is collected and rubbed onto the commercial reagent
b) C-line control: result is negative; and T-line test: result is positive.

This pandemic illustrates that the world needs to be much better prepared to rapidly detect, define and defeat future
pandemics. To do this, we need to bring together information that is currently scattered, and create the large databases
from past episodes and new tools that will allow us to quickly reach a preliminary understanding of the dynamics of
immunity upon the arrival of a new infectious agent; thus creating prognostic algorithms based on artificial intelligence
without having to resort to invasive, expensive and unpleasant sampling [28].

4.1.3.2, HIV

Diagnostic tests for viral infections currently rely on salivary biomarkers, such as DNA, viral RNA, antigens and antibodies
[3]. Oral samples can provide an ideal matrix for diagnosing many viral infections including HIV [46]. Results of several
studies have shown that the sensitivity and specificity of these oral tests are comparable to those of plasma and urine
[47]. When oral symptoms suggest it, or following the patient's request, the dentist can conveniently initiate a rapid
salivary antibody test for the screening and diagnosis of HIV [46]. The US Food and Drug Administration (FDA) approved
in 2004 the OraQuick® HIV 1/2 test which involves the use of the commercial slide in dental offices [47]. This test is
capable of detecting the decline in salivary HIV IgA levels when patients are infected. It has been suggested that the
detection of HIV IgA antibodies in saliva may therefore be a prognostic indicator of HIV infection [46].

The OraQuick® HIV 1/2 Rapid Advance consists of a fairly rigid swab attached to a lateral flow immunochromatographic
(LFT) test strip [48]. The physician swabs the area under the lips and around the top of the gum line for a few seconds
to collect an adequate sample. The sampling device is then immersed in a buffer/reagent solution; after 20 min, the
test results (qualitative) are read. If only one line is observed, the sample is negative. If two lines appear, the result is
considered "preliminary positive," and the patient is referred immediately to a clinic for confirmatory testing of the virus
(Fig. 9) [46,48]. The performance of OraQuick Advance® is equivalent to or better than many FDA-approved ELISAs
for the HIV virus and has become a diagnostic standard at the point of care and in hospital settings [48].

Figure 9: OraQuick Advance® Saliva Test for HIV [48].
4.1.3.3. Human papillomaviruses

The Human Papillomavirus (HPV) is a DNA virus [47] that infects the epithelial cells of the skin and mucous membranes
[46]. Researchers have identified more than 100 different types capable of infecting the genital tract and oral cavity as
well as causing warts primarily on the hands and feet [46]. Salivary diagnostic tests are available to detect HPV, which
primarily involve the use of point-of-care PCR. Kits containing a salivary collector are placed in transport media and sent
to a central laboratory for analysis [46]. The salivary test, OraRisk human papillomavirus, is the only commercially
available diagnostic test that identifies several types of this virus, with an emphasis on human papillomavirus-16 and
human papillomavirus-18, the types most commonly linked to oral cavity cancers (fig.10) [47]. The laboratory
researchers used a variety of primers to detect as many types as possible. Early diagnosis is therefore crucial to improve
survival in at-risk patients, and therefore gene sequencing and profiling of specific proteins in saliva may be an attractive
avenue for future HPV diagnosis and monitoring [35].
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Figure 10: OraRisk human papillomavirus saliva test kit used to detect
the presence of HPV-16 [25].

4.1.4. Detection of endocrine, nutritional and metabolic diseases
4.1.4.1. Diabetes mellitus

Diabetes is a multifactorial metabolic disease characterized by chronic hyperglycemia and disorders of carbohydrate,
lipid and protein metabolism. It is caused by a defect in insulin secretion (type I), insulin action (type II), or both [55].
Hyperglycemia is an effect of uncontrolled diabetes and over time can lead to severe damage to many organs in the
body, primarily blood vessels and nerves [16]. Therefore, an oral test to monitor blood glucose would be highly desirable
[1]. In this regard, saliva has been explored as a substrate to measure glucose levels in diabetes. Preliminary studies
have shown that it could serve as a potentially noninvasive adjunct to monitor glycemic control in diabetic patients [50].

A recent report by Rao et al., (2011) [1] demonstrated a unique proteomic signature in saliva obtained from type 2
diabetic patients [1]. The authors found that 52 proteins were differentially expressed and higher levels of certain
diabetes-related inflammatory biomarkers were observed in the saliva of patients compared with controls. Other
researchers reported that of a total of 487 proteins analyzed in oral fluid, 65 had higher levels in type 2 diabetic subjects
compared with healthy individuals [25,51]. This high protein content makes saliva more attractive compared with other
body fluids for the detection of biomarkers of hyperglycemia in biomedical monitoring within dental offices [52].

Due to the ease of its collection, and the advancement of nanotechnology, the field of salivary detection has undergone
considerable progress, aimed primarily at the incorporation of in vitro diagnostic sensors on strips or platforms of
portable devices [50]. The Mouthguard is a miniaturized oral biosensing device in the form of a detachable wireless
transmitter of "cavitas sensors" to measure salivary glucose levels, which is perfectly integrated into a mouthpiece
fabricated to fit the wearer's teeth (fig.11) [52,53]. This configuration allows for telemetric measurement, and
continuous glucose monitoring from an alarm that is well incorporated into the saliva sensor and automatically alerts
the patient when the glucose level is above or below a predefined threshold [50]. As demonstrated salivary glucose has
been shown to have a positive correlation with blood glucose levels. This correlation reflects the diffusion and active
transport of blood components to the salivary gland. Soni et al., (2019) [52] demonstrated that the correlation between
blood and saliva glucose concentrations was R = 0.64 in healthy subjects, while diabetic subjects showed a much closer
relationship with R = 0.95. However, further large population studies are needed before the use of salivary glucose for
screening or monitoring of diabetes in integration with a miniaturized portable platform can be considered (Fig. 11)
[52].

Considerable effort has been invested in the development of biosensors capable of detecting glucose in saliva rather
than in blood. Demonstration of reliability and thus validation of all methods for diabetes diagnosis is ongoing in many
research teams, therefore measuring qualitative and quantitative alterations in saliva could be a promising, less invasive
and less expensive way to monitor affected patients [54].
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Figure 11: Saliva glucose sensor "mouth guard" [52].
4.1.4.2. Obesity

Childhood obesity is a worrying scourge affecting our society. Salivary biomarkers have recently been explored as
potentially useful screening tools in patients diagnosed with metabolic disorders, namely obesity or diabetes [55-57].
The urgent need to control the global obesity epidemic draws attention to at-risk pediatric populations for the application
of preventive strategies, which include dietary recommendations and physical activity suggestions. Moderate exercise
in children has been found to decrease the incidence of infections [51]. Salivary IgA, an immune biomarker also known
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as the "first line of defense" against pathogens, was upregulated in children after moderate exercise and downregulated
after excessive exercise [58]. According to the reported study, after examination of 132 children, Body Mass Index
(BMI) was found to be an independent predictor of salivary IgA secretion rate [58]. In another study of 170 South
African children, reactive protein-c (CRP) concentrations showed that obese children had significantly higher salivary
CRP values than the normal weight control group [63]; Cook et al., (2014) [59] examined 699 children and found that
obesity is @ major determinant of CRP levels, which were also significantly correlated with several cardiovascular risk
factors. Similar findings were reported by Goodson et al in 2014 [59] who studied the risk of metabolic disease in 744
11-year-old children. The alterations in salivary CRP, salivary insulin, leptin, and adiponectin levels that were observed
in this large cohort suggest that salivary biomarkers could be used for identification of vulnerable subjects [59]. The
above reported alterations in salivary biomarkers in children and adolescents may suggest the initiation of metabolic
changes associated with obesity and diabetes. However, because of the complexity of the interactions of biological
pathways, further research and longitudinal studies are needed before any of these markers can achieve precise
diagnostic value [51,56].

4.1.5. Detection of autoimmune diseases
4.1.5.1. Gougerot-Sjogren syndrome

Gougerot-Sjégren syndrome (GSS) is a chronic systemic autoimmune disease characterized by keratoconjunctivitis sicca
and xerostomia. With further development of GSS, salivary flow decreases and salivary constituents change [3].

Diagnosis and detection is usually based on a series of clinical and histopathologic signs and symptoms that are often
difficult to interpret, and different classifications have been published. This has prompted research into the diagnostic
and prognostic value of salivary biomarkers in this condition to facilitate early treatment and reduce associated
complications [60]. Recent proteomic studies have reported increased salivary Interleukins (IL) such as IL-2 and IL-6,
reduced stimulated and unstimulated salivary flow, and increased IgA, IgG, IgM, Na, lactoferrin, albumin, microglobulin,
cystatin S and C, lipids, prostaglandin E2, and thromboxane B2 in patients with primary and secondary Sjogren's
syndrome [61]. In the very near future, biomarker panels will likely gain the specificity necessary for saliva to be useful
as a true diagnostic fluid within dental offices. However, this will only be achieved once the right combination of markers
is validated in longitudinal studies and their reliability is confirmed against daily cyclical variations and potential
confounders [8]. In this line, the combination of three MRNA biomarkers (myeloid cell nuclear differentiation antigen,
guanylate-binding proteins 2, and low-affinity receptor IIIb for IgG Fc fragment) and the three protein biomarkers
(cathepsin D, A-enolase, and B2-microglobulin), is a step closer to validating a diagnosis of GSS from salivary tests. The
synthesis of proteome and transcriptome data could lead to the development of a low-cost, simple clinical tool for the
diagnosis of primary and secondary SMS in dental offices [61,62].

4.1.5.2, Cystic fibrosis

Cystic fibrosis (CF), also known as cystic fibrosis of the pancreas, is one of the most common inherited diseases in
Caucasians. It usually leads to premature death from respiratory complications. Mutations in the cystic fibrosis
transmembrane conductance regulatory protein are involved in the chronic inflammation process occurring in the lungs
of affected patients [25]. It is suggested that saliva can potentially be used to diagnose cystic fibrosis as an alternative
to the sweat test [63]. As it is a valuable source of clinically relevant information, which act as biomarkers of disease
and systemic conditions of the individual [64]. The saliva of cystic fibrosis patients represents increased levels of calcium
and phosphate, which may explain a higher incidence of tartar observed in these individuals. These patients also have
higher salivary levels of chloride, potassium and sodium ions with lower salivary volume and pH than healthy individuals.
In addition, whole saliva samples from young cystic fibrosis patients have higher levels of protein, antioxidants and uric
acid compared to controls. Javaid et al., (2016) [25] reported in their study that all these salivary changes are related
to the chronic activity of oxidative and inflammatory processes in the oral cavity of these patients and represent
biomarkers that: can give more clues about the etiology and follow-up of cystic fibrosis [25]. Detection of proteins, ions
and bacteria in salivary samples can help prevent or delay chronic lung infection in VD. InPlex from Hologic ® (Bedford
MA), is a molecular salivary test used in dental offices to simultaneously detect 23 mutations in the cystic fibrosis system
and the fibrosis transmembrane receptor (CFTR) gene [48], it is an easy, It is an easy, rapid and feasible test that
appears as a potential alternative to identify patients at risk and in need of specific management, which in turn could
open a window of opportunity to eradicate the etiological factors in the oral compartment before they are aspirated into
the lungs [65].

4.1.6. Detection of malignant tumors
4.1.6.1. Cancer of the oral cavity

In oncology, early diagnosis and treatment are the key to a good prognosis in almost all types of cancer. Saliva has
been used in several studies as an early diagnostic tool for oral squamous cell carcinoma (OSCC) based on salivary
analytes (proteins, mRNA and DNA). Oral cavity cancer is the sixth most common cancer type worldwide, of which 90%
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is represented by BEC. The average 5-year survival rate is approximately 60%, and the high mortality rate is generally
associated with late diagnosis [3]. In disease diagnosis and health surveillance, the use of salivary tests has proven to
be a promising and adequate alternative to blood tests for the detection of oral cancers, which are in direct contact
with the oral biofluid [66].

To date, several biomarkers have been reported in association with BEC, including IL-8, B-type endothelin receptor
hypermethylation, and microRNAs (such as miR-200a, miR-125a, and miR-31). Other previous salivary transcriptomic
studies found seven RNAs associated with oral squamous cell carcinoma (5100 calcium-binding protein P, dual specificity
phosphatase 1, interleukin-8, interleukin-1beta, H3 histone family A3, ornithine decarboxylase antizyme 1, and spermine
N1-acetyltransferase) with a predictive accuracy of 81% as biomarkers for OSCC. Other research studies have proven
the importance of three tumor markers (Cyfra 21-1, tissue polypeptide antigen (TPA) and cancer antigen CA125) that
have been shown to have high levels in the saliva of patients diagnosed with BEC [3].

The onset and development of malignancy is related to somatic mutations in tumor-specific DNA, which can be found
in saliva, plasma, or other body fluids. These somatic mutations can be used as biomarkers to diagnose oral and other
tumors. In saliva, tumor-specific DNA was positive in 100% of oral cancer patients. However, only 47% to 70% of
patients with tumors in other parts of the body were positive. Based on these results, Park et al. (2016) [62] found that
salivary tumor-specific DNA has the potential to be used to diagnose cancers of the oral cavity [62]. In addition, salivary
diagnostic tests can also be used to identify certain tumor proteins that constitute biorecognition molecules of oral
squamous cell carcinomas. In this sense, several studies have reported that the increase of the cancer antigen CA15-3
and antibodies for the tumor protein markers c-erbB2, CA-125 and P53 in the oral fluid can be considered as salivary
biomarkers of oral and extraoral cancers; thus, representing the bio-indicating power of these analytes in the screening,
diagnosis and management of patients with oral cavity cancers in dental practices [3]

With the development of high-throughput sequencing technology, The Collaborative Oral Fluid Diagnostic Research
Center, in partnership with engineers from the University of California, Los Angeles (UCLA) have developed an
electrochemical detection platform based on micro- and nano-electrical-mechanical system biosensors, capable of real-
time, ultrasensitive multiplex detection of salivary proteins and RNA biomarkers. This proposed product has been labeled
Oral Fluid NanoSensor Test (OFNASET®) [19]. OFNASET® is an integrated, automated, easy-to-use point-of-care
system that allows simultaneous and accurate detection of multiple salivary proteins and nucleic acids specific to each
cancer type. Moreover, this system is portable and could be used not only in dental offices, but also in any other health
care station to perform instant point-of-care diagnosis (fig.12) [16].

R

5

Figure 12: UCLA OFNASET® salivary
sensor for oral cancer detection [19].

4.1.6.2. Breast cancer

Breast cancer is one of the most common cancers in women [62]. Traditional screening mammography is considered
the gold standard for diagnosis of breast cancer, but the sensitivity of this test varies with the type of mammogram.
Other biomarkers of this cancer are being investigated: ATP6AP1 is an ATPase that is expressed in normal tissues such
as the brain marrow, blood, nerves and skin, and it is also correlated with several tumors such as head and neck
carcinomas, lung tumors, adrenal tumors and various other cancers. Nevertheless, its prevalence in breast cancer is the
highest among all these cancers, which may contribute to its early detection [67]. In their study in 2016 Zhang et al.,
(2016) [62] found eight mRNA biomarkers and one protein biomarker that could be used to detect breast cancer with
a sensitivity of 83% and specificity of 97%. In another study, levels of vascular endothelial growth factor, epidermal
growth factor (EGF) and carcinoembryonic antigen in saliva were found to be significantly increased in breast cancer
patients [62]. CA15-3 and c-erB-2 levels were also increased in saliva, which has positive correlations with the serum
of breast cancer patients [68]. Based on these studies, potential salivary biomarkers can be applied to early diagnosis
of breast cancer [62]. However, to date, the evidence remains too limited to confirm the use of salivary biomarkers as
diagnostic tools for this cancer [62].

4.5.5.3. Lung cancer

Lung cancer is the most common cause of death in men and women worldwide [21]. Because most of the symptoms

seen for this type of cancer are nonspecific, diagnosis is usually made late or at an advanced stage. Despite advances
- - |
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in the management of this type of cancer, it remains a significant global health burden with survival rates that have not
significantly improved in recent decades. The reduction in mortality with low-dose helical CT (LDCT) screening of high-
risk patients is challenged by the high false-positive rate and potential morbidity associated with follow-up diagnostic
evaluation in patients at high risk for iatrogenic complications. The diagnostic dilemma of this indeterminate nodule has
created the need to search for reliable biomarkers and credible salivary tests that are easy to use, noninvasive, cost-
effective, and feasible within the data practices [69]. Using two-dimensional difference gel electrophoresis and mass
spectrometry, Hua and others performed a proteomic analysis of saliva from lung cancer patients. Sixteen candidate
biomarkers were discovered and further verified in the saliva sample, and three candidate markers achieved a sensitivity
of 88.5% and a specificity of 92.3% [70].

The salivary transcriptome was also analyzed in a cohort of 42 lung cancer patients and 74 healthy controls by
microarray. Seven mRNA transcripts [BRAF (murine v-raf sarcoma viral oncogene homolog B1), CCNI (cyclin I), EGFR,
FGF19 (fibroblast growth factor 19), FRS2 (fibroblast growth factor receptor substrate 2), GREB1 (growth regulation by
estrogen in breast cancer 1) and LZTS1 (leucine zipper, putative tumor suppressor 1) expressed in saliva were identified
and pre-validated. The logistic regression model with the combination of five mRNA biomarkers (CCNI, EGFR, FGF19,
FRS2, and GREB1] was able to differentiate lung cancer patients from control subjects with a sensitivity of 93.75% and
specificity of 82.81% [71]. These results highlighted salivary biomarkers that require validation in prospective
multicenter studies for definitive use as a noninvasive lung cancer detection tool.

The team led by Wei et al., (2012) [69] developed a novel core technology, electric field-induced release and
measurement (EFIRM), which can detect epidermal growth factor receptor (EGFR) mutations directly in body fluids,
including saliva [69]. It is an electrochemical analysis approach based on attached nucleic acid probes capturing mutated
sequences after the application of electric fields to facilitate the hybridization process. Because of the speed and
simplicity of the method, EFIRM could be a potentially interesting tool for monitoring oncogenic mutation in patients. A
blinded test was performed on saliva samples from 40 patients with non-small cell lung carcinoma (NSCLC). EFIRM
detected exon 19 deletion and L858R mutations in saliva and plasma samples from lung cancer patients, and showed
slightly higher overexpression of the L858R mutation in saliva than in plasma, reinforcing the value of saliva testing for
more accurate and specific early detection of lung cancer [69].

4.1.6.3. Pancreatic cancers

Pancreatic cancer is the fourth leading cause of death in men and women of all ages worldwide with a 5-year survival
rate of 3-5% compared to other cancers. It has been estimated that this disease causes over 40,000 deaths per year
in the United States. Nearly 100% of patients with pancreatic cancer develop metastases due to late presentation, lack
of effective treatment protocols, and early detection tools [69].

Zhang et al., (2010) [72] profiled the salivary transcriptomes of 42 patients with pancreatic cancer, and 42 healthy
control individuals using the Affymetrix HG Plus 2.0 array [72]. Their results showed that the combination of 4 salivary
mRNA biomarkers (KRAS, MBD3L2, ACRV1 and DPM1) could differentiate cancer patients from healthy subjects with a
high sensitivity of 90.0% and specificity of 95.0% [69].

According to the team led by Kaczor-Urbanowicz, the discriminatory power of salivary miRNAs could differentiate
patients with non-operable pancreatic tumors from those with precancerous lesions, inflammatory diseases or control
subjects [73]. He also showed the importance of miRNAs in salivary diagnostics. The best candidates are 5 miRNAs
(miR-17, miR-21, miR-181a, miR-181b, and miR196a) that were differentially expressed in salivary samples from
diseased patients. Wang and his team report that among 94 salivary miRNAs examined in patients with pancreatic
cancer, pancreatitis, intraductal papillary mucosal neoplasia, and healthy controls, the transcriptomes miR-21, miR-23a,
miR-23b, and miR-29c are significantly present in the saliva of pancreatic cancer patients compared with controls,
showing perfect specificity (100%) but with low sensitivity between 57% and 85.7% [69]. Microarrays were used to
assess salivary miRNA from patients with resectable pancreatic cancer. The combined miR 3679-5p and miR-940 model
distinguished pancreatic cancer resectable, with sensitivities of 72.5%, 62.5%, 70.0% and specificities of 70%, 80%
and 70% respectively [69]. In their study Farrell et al., (2012) [69] observed significant variation in salivary microbiota
between 10 pancreatic cancers and 10 control subjects using Human Oral Microbe Identification Microarray (HOMIM),
later validated using quantitative PCR in an independent cohort. The combination of Neisseria elongata and
Streptococcus mitis provided a sensitivity of 96.4% and a specificity of 82.1% to distinguish pancreatic cancer patients
from healthy subjects. These reports open a new avenue for the salivary microbiota as a credible source of information
to discover non-invasive biomarkers that add to those already demonstrated and reinforce the value of salivary testing
for more accurate and specific early detection of pancreatic cancer [69].

4.1.7. Mental and behavioral disorders
4.1.7.1. Stress

Stress is the non-specific response to any demand related to the body's adaptations, through the activation of the
sympathetic and para-sympathetic nervous system. In psychology, two types of stress are often distinguished: positive
|
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and negative. Positive stress (eustress) helps to improve the individual's performance and motivation, whereas, distress
(negative stress) is considered as an excessive amount of stress, mainly related to the tension and emotional pressure
of the individual which can lead to serious health risks, and dramatic consequences in private and professional life [74].

Observation of the patient and medical interviews conducted with him/her and his/her immediate family members are
currently the main methods used to diagnose stress. Moreover, the multitude of causes and the different symptoms
that overlap with other mental disorders often make it difficult for psychiatrists to make an appropriate diagnosis and
apply effective treatment [75]. Therefore, salivary components may be useful in this setting, via promising and
potentially indispensable biomarker tests for the prevention, screening and monitoring of patients with acute and chronic
stress [75].

The most commonly considered biomarker for the determination of stress in humans is cortisol [ 79], which is a hormone
produced by the adrenal cortex primarily in the second half of the night, meaning the highest levels between 7:00 and
8:00 am [75]. When a person is exposed to mental or physical stress, the adrenal glands produce increased amounts
of cortisol which activates the body's metabolism, provides energy through the release of glucose and alters the
conditions of mental reactions [75]. In their meta-analysis of the relationship between stress and hypothalamic-pituitary-
adrenal (HPA) axis activity, Miller et al., (2008) [76] confirmed the importance of salivary cortisol as a biomarker of
acute stress, showing the close relationship between acute stress and the concentration of this hormone in saliva [76].
Other salivary biomarkers that may be useful for acute stress screening include Alpha-Amylase (SAA). It is considered
the main digestive enzyme of the oral cavity, and in addition to hydrolyzing starch and glycogen, also has an
immunological function, protecting the oral cavity from microorganisms [75]. The usefulness of alpha-amylase as a
salivary biomarker of acute stress and anxiety was confirmed by Jafari et al., (2018) [77] in 2018 highlighting its
reliability and objectivity in measuring anxiety associated with dental care [77]. In turn, Van Veen et al., (2021) [75]
suggested that SAA could be a potential marker of salivary stress in individuals sensitive to negative social evaluation
[75]. A recent study by Vivek Shetty and his team presented validation of the development of a portable point-of-care
biosensor system for rapid measurement salivary a-amylase levels. A simple disposable colorimetric test strip allows for
simplified sample collection and preparation, combined with a portable reader with digital display (Fig. 13).

The test strip incorporates a pad at the end and a reagent paper placed under the individual's tongue. After 10 seconds,
the strip is inserted into the reader. The Microprocessor Unit (MPU) of the biosensor calculates the SAA level and displays
it as a numerical value with a time stamp. From collection to reading, the duration of the entire test is approximately
30 seconds [78].

Figure 13: Portable sAA biosensor comprising a
handheld reader and a disposable collection strip [78].

At this time, it may be too early to introduce most of these biomarkers into the routine daily diagnostic applications of
the dental physician, but advances in the standardization of salivary biomarkers should allow for their widespread use
in the future, including safe, reliable, and noninvasive estimation of acute and chronic stress levels in patients [79].

4.1.7.2. Depression

Over the past decade, the rate of affective disorders has increased worldwide. Research reports suggest that depression
is the second most common disease after heart failure and may even take the lead by 2030. Depressive disorders are
very often preceded by stress and accompanied by anxiety; the coexistence of anxiety and depression is found in nearly
75% of children and adolescents. However, if anxiety and depressive disorders do not occur at the same time, they
generally follow one another. According to the team led by Chojnowska et al., (2021) [75] the probability of Anxiety
disorders after a depressive episode is 47-58%, and 56% of patients with anxiety disorders develop depression [75].

There is a growing interest in the biological underpinnings of depression, which are reflected in altered levels of salivary
markers. Among other things, increased inflammation has been reported in major depressive disorder, as evidenced by
increased levels of inflammatory markers, serum cortisol, interleukin-6, tumor necrosis factor-a, soluble interleukin-2
receptor, and C-reactive protein [80]. Elevation of serum cortisol is found in many patients with major depressive
disorder and may be due to chronic dysfunction in the feedback control of the pituitary-pituitary-adrenal axis. Salivary
cortisol is a valid indicator of serum cortisol. A higher level of cortisol in saliva confirms depressive symptomatology over
time in unipolar major depressive disorder. Higher cortisol secretion is associated with a more chronic pattern of
depression [81]. Recently, measures of testosterone in saliva have been widely used in the assessment of the degree
of aggression, depression, violence and antisocial behavior in psychiatry [61]. In August 2013, Oasis Diagnostics®
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received a research and innovation grant to complete the development of a human salivary cortisol test with its rapid
point-of-care platform under the name VerOFy® [48]. VerOFy® is a commercial device that combines rapid,
standardized oral fluid collection with high-quality immunochromatographic test strips, placed under the tongue for a
period of time until a sample volume adequacy indicator (built into the device) changes appearance (pale yellow-green
to dark blue). The device is removed from the mouth and the results are available immediately in the hospital setting
after 10 to 15 minutes (Fig. 13) [48,82]. VerOFy® cortisol is a rapid salivary test configured for instrumental reading,
through, the LIAM™ (Light Module for Image Analysis) portable scanning module. The LIAM™ is designed to archive a
limited number of results and can also offer the ability to transfer files directly to a smartphone or Bluetooth enabled
device. LIAM™ is battery powered, lightweight, portable, and capable of operating in hard-to-reach locations (fig.13).
In addition to salivary cortisol, the VerOFy® platform can be configured to assess multiple biomarkers such as
testosterone and other hormones simultaneously in a quantitative manner [82].

Figure 14: VerOFy® & LIAM™ rapid saliva
test for measuring serum cortisol [82].

4.1.7.3. Migraine

Chronic migraine is a disabling neurological condition that affects 2% of the general population. It imposes an enormous
burden on patients due to frequent headaches; hypersensitivity to visual, auditory and olfactory stimuli; nausea; and
vomiting. It also affects society through direct and indirect medical costs. Diagnosis requires a carefully conducted
patient interview and neurological examination, sometimes combined with additional diagnostic tests to differentiate
chronic migraine from secondary headaches. Among the complementary tests we distinguish the non-invasive salivary
tests performed by the dentist in the dental office for the early detection of specific biomarkers related to this pathology
[83]. Jang and his team observed increased levels of nerve growth factor (NGF) and sensory neuropeptides (including
substance P and calcitonin gene-related peptide (PRGC) in the saliva of the individuals studied. These biomarkers are
strongly correlated with pain severity in patients diagnosed with chronic migraine. The results of the saliva analyses
could, upon further investigation, serve as an index of disease status and therapeutic outcome in patients with chronic
migraine [84]. These biomarker-based findings do show that they may have a future role in helping to target specific
treatment for migraine to guide the dentist in managing patients within the dental office. However, the researchers
indicate that they are not yet ready for affordable, accurate salivary testing that can modify current procedures.

4. TECHNOLOGICAL ADVANCES IN SALIVARY DIAGNOSTICS: LOOKING AHEAD

The hunt for disease-related biomarkers in saliva is currently being pursued with great energy [85]. The combination
of different omics fields represents the future of salivary diagnostics. These fields have already transformed various
approaches, such as risk assessment, screening and therapeutic management, for a variety of biomedical applications
[7]. In the near future, salivary tests will be further refined to assess various diagnostic biomarkers at early stages
minimizing progression to advanced stages [7].

With the increased emphasis on prevention and early detection of a variety of diseases, the development of small
wireless devices has had a significant impact on health services. The next decade will see breakthroughs in accuracy,
efficiency, and monitoring at the bedside rather than in the hospital setting [86]. Recently, due to the combined
integration of miniaturized diagnostic technologies, salivary biosensors, lab-on-a-chip systems, individual genetics,
monitoring parameters, smartphones, and microfluidic devices, a large nhumber of medically useful analytes in saliva are
being progressively unveiled and some of them represent biomarkers for various diseases including cancer, autoimmune
diseases, viral diseases, bacterial diseases, metabolic diseases, and HIV [86,87]. These futuristic technologies have the
ultimate goal of expanding salivary diagnostics and improving the primary care system in dental offices [88]. In addition,
they allow clinicians to be more accurate, more consistent, capture clinical data quickly, ensure patient satisfaction, and
streamline workflow. The impact of salivary diagnostics on the healthcare system is enormous, as it is hon-invasive,
convenient, and well-accredited, while the introduction of bioinformatics will make standards and performance
increasingly high and improved [86]. In the last decade, the advancement of nanotechnology and the nanochip gives
hope that in the very near future patients at risk will be monitored in real time and above all in a less invasive, less
expensive and very accurate way. This allows us to dream of the creation of a biological nano-sensor, incorporated into
a tooth in contact with saliva and in the service of health [89].
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In 2012 a major contribution was proposed by Mannoor et al., (2018) [50] to realize a "connected tooth" [89]. These
pioneers invented a dental tattoo for continuous wireless monitoring of bacteria by biofunctionalizing antimicrobial
peptides on the graphene-modified silk tattoo substrates. From dream to reality, our future connected tooth, although
not yet a clinical reality, is driving the research of many curious people (Fig. 14) [50]. The future of personalized
medicine is very real, we speak of "4 P's": Predictive, Preventive, Personalized and Participatory. It involves universal
detection, generalized screening and treatment, if necessary, that is unique and adapted to the individual and his
genetics. In this respect, all the major pharmaceutical companies have understood the interest of salivary tests and
have started to collaborate with emerging web companies in this field. This futuristic evolution of tomorrow's medicine
is based on the progress already made in genetics, pharmacology, nhanotechnology and computer science. Each patient
would be treated individually according to his or her genetic and environmental specificities.

Figure 14: "Connected tooth" dental tattoo-
based sensor for bacteria monitoring [50].

4. CONCLUSION

Given their accuracy, efficacy, ease of use, and cost-effectiveness, salivary diagnostic tests have demonstrated
applications in clinical and basic sciences. Furthermore, diagnostic techniques based on this attractive fluid have the
potential to screen an entire population for a specific disease in a timely manner. However, much work remains to be
done to integrate saliva-based diagnostics into the daily use of the Moroccan dentist. Saliva collection methods and
biomarkers need to be standardized and validated. In addition, new tests and devices need to be developed at a
commercially feasible pace. This may involve significant costs and may require a cooperative agreement among various
stakeholders, including government, funding agencies, academia, and the private sector. Finally yet importantly, these
nontraditional saliva-based diagnostic tests would require widespread acceptance by insurance companies, dentists,
and other health care professionals, for whom additional studies must demonstrate and establish their accuracy and
cost-effectiveness. In conclusion, we anticipate that in the future, dentists will be able to diagnose and monitor
therapeutic strategies for metabolic diseases such as diabetes and obesity, inflammation, infection, stress response,
cancers, and oral diseases in individuals with only a drop of saliva within their hospital settings.
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