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Saliva has gained attention in research mainly because of the noninvasive way in
which the samples are obtained, allowing repeated sampling even in very suscepti-
ble populations such as children (Hartman et al. 2016). Moreover, increasing scien-
tific evidence confirms and highlights the potential of saliva as an analytical sample
in application to both local and systemic diseases (see previous chapters). Several
aspects of saliva have been studied in the search of biomarkers for a broad range of
disease conditions. Likewise, different techniques have been used, from simple
evaluation of salivary flow and colorimetry to more complex omics approaches.
Furthermore, saliva as a fluid biopsy has been assessed, with very promising results
(Aro et al. 2017; Khan et al. 2017). However, saliva is still little used in clinical set-
tings, and the main reasons for this could be:

1. Lack of knowledge
2. Lack of uniform guidelines
3. Lack of highly sensitive affordable methods
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15.1 Lack of Knowledge

One of the reasons why saliva is not routinely used in clinical practice is because it
is still relatively “unknown” compared to other body fluids such as blood.

Furthermore, the concrete conditions under which testing is performed pose
problems, since saliva composition experiences significant variations as a result of
different internal and external factors such as:

— Sex, age and ethnicity

— Circadian and circumannual rhythms
— Food consumption and sensory stimuli
— Psychological aspects, e.g., stress

— Physical activity

— Blood leakage

Sex and age are well known causes of variations in saliva composition. As an
example, elements like zinc, copper and magnesium have been reported to present
differences in relation to gender and in different age groups (Bales et al. 1990). The
same can be said of other parameters, including salivary pH, buffering capacity and
protein content (Prodan et al. 2015). Besides age and sex, ethnicity can also repre-
sent a source of variation in saliva composition, and more in-depth research is
required in this field. For example, differences in cortisol levels have been observed
among black, Caucasian and Hispanic adults (Hajat et al. 2010). In this same line,
differences in saliva microbiome have been reported among people from different
climate zones (Li et al. 2014).

Some salivary constituents such as salivary amylase activity, IgA, leptin or corti-
sol have been shown to present circadian rhythms (Shinkai et al. 1993; Randeva
et al. 2003; Ivars et al. 2015; Wada et al. 2017). However, information is lacking
regarding other salivary molecules. Such information is of particular importance in
order to obtain homogeneous results and minimize bias, with a view to securing
more accurate data and improved interpretation of the results.

Factors related to food intake and dietary habits can also result in inter-individual
variability in saliva (see Chap. 2). Depending on the type, timing and amount of
food previously eaten, as well as on different dietary patterns (e.g., vegetarian,
omnivorous diets, etc.), the levels of a given biomarker may differ, and this needs to
be taken into account in establishing a diagnosis. Moreover, psychological and
physical stress, including physical activity, have been shown to alter analytes in
saliva, including cortisol, amylase and IgA, as well as total flow rate and protein
concentration (see Chaps. 13 and 14). Further research is also needed in order to
assess potential changes in other less studied molecules.

A particularly important aspect, for which knowledge is essential, but which has
been not been so widely examined, is blood leakage. Blood contains analytes at
concentrations about 1000-fold higher than in saliva. Therefore, even minor blood
leakage can significantly alter the concentrations of target biomarkers. Moreover, if
the amount of blood is large enough to change the color of the sample, it can
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interfere with different methods, yielding erroneous analyte values (Kamodyova
et al. 2015). Therefore, adequate oral health and the collection of saliva without
abrasive methods and before teeth brushing are advised in order to avoid blood
contamination of saliva samples.

Apart from the above, a number of studies searching for salivary biomarkers of
disease or physiological conditions have adopted so-called “omic” approaches,
which allow the simultaneous identification of a large number of analytes. This
offers the advantage of affording a large amount of information about potential
variations corresponding to a large number of molecules. However, the techniques
employed only allow analysis in a limited number of individuals, and validation of
each proposed biomarker is necessary before it can be used in practice. This is one
of the reasons why such markers are not used on a routine basis, despite the number
of studies describing potential biomarkers for different conditions.

Overall, the lack of knowledge related to salivary biomarkers is even more accen-
tuated in veterinary medicine. Although this body fluid has generated interest in
recent years in application to many species, much work remains to be done before
this noninvasive fluid can be taken advantage of for analytical purposes.

15.2 Lack of Uniform Guidelines

Guidelines for saliva sampling and storage should be developed and reported for
accurate sample management, thereby minimizing bias within and between studies.
For this purpose, the following critical points related to saliva obtainment and stor-
age should be taken into account:

Sample Collection Although many sampling methods have been described, no
standard technique has been unanimously accepted to date. In general, the most
widely used methods in humans are drainage and the use of absorbent devices,
while the preferred method in animals is mechanical stimulation by chewing. But
even in these cases there is a lack of standardization of the procedure used.
Furthermore, not only the selected sample collection method but also several factors
such as fasting, the ingestion of substances such as alcohol or medications, or the
presence of periodontal disease must be taken into account for adequate interpreta-
tion of the results (Bhattarai et al. 2018; Malamud 2011). It is important to under-
score that different collection methods result in different saliva composition, making
it important to gain more in-depth knowledge of the changes in saliva composition
associated with each technique.

In this regard, a list of standard procedures should be proposed to ensure proper
collection of the samples, including information on the factors that need to be
avoided and on the procedures and time required to obtain an adequate sample.

Sample Storage 1t is important to keep in mind that the saliva components can be
significantly affected if the sample is not properly stored, since certain unstable
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analytes can change rapidly at room temperature (such as oxidative stress markers
or some proteins). Therefore, it is essential to investigate the effects of the storage
conditions upon the tested analytes, and if this is not possible, to follow basic rec-
ommendations for the storage of samples. As a general rule, it is advisable for all
samples to be kept refrigerated or on ice after collection, and frozen as soon as pos-
sible (preferably at —80 °C). In addition, multiple freezing and thawing cycles
should be avoided (Barranco et al. 2019).

The availability of guidelines with standard procedures can minimize variability
of the results and make the data obtained in different studies more comparable. Such
guidelines could make salivary biomarker determinations more easily applicable in
clinical practice.

15.3 Lack of Highly Sensitive Affordable Methods

Saliva contains a huge number of potential biomarkers, though at very low concen-
trations; as a result, expensive and sophisticated technologies are required that only
major laboratories can afford. Saliva analysis-related problems arise, including sta-
bility, transport and location-related issues that complicate the use of saliva in clini-
cal settings. In this regard, there has been growing interest in recent years among
researchers in developing easy-to-perform and sensitive point-of-care testing sys-
tems (Hartman et al. 2016; Khan et al. 2017; Pappa et al. 2018). These systems
usually integrate microfluidics, electrochemical sensing or bio-nanochips, among
other elements, that allow:

— Reduction of sample and reagent volume, and thus lesser resource consumption
— Obviation of sample storage and transportation-related issues

— Point-of-care disease screening

— Increased patient compliance

Overall, such systems would allow both personalized medicine and the screening
of large populations in the context of epidemiological studies.

A number of such systems have been designed and validated for different local
(e.g., periodontitis) and systemic disorders (stress, diabetes mellitus, cardiovascular
or kidney disease, cancer) and conditions (smoking, drug consumption) (Khan et al.
2017). However, in addition to a need for further large-scale studies in order to con-
tribute to existing knowledge and help correctly understand and thus interpret the
data obtained in each specific situation, there is a need for reducing the associated
equipment and hardware costs. In this regard, open-source hardware and software,
3D printing, low-cost electronic boards, and the use of mobile phone image process-
ing tools are increasingly gaining attention among researchers. As an example,
open-source toolkits for ultrasound-guided intervention systems (Lasso et al. 2014),
scientific microscopes (Gualda et al. 2013) or electrochemistry-based analytical
techniques (Rowe et al. 2011) have already been developed and shared. In this way,



15 The Future of Saliva as an Analytical Sample 325

anyone interested can benefit and contribute to advancement, not only by accessing
these resources in an easy and inexpensive way, but also by improving them through
collaboration and cooperation (Erny and Tvarijonaviciute 2019). Overall, despite
the need for more studies before open-source, low-cost hardware and point-of-care
devices can be integrated into clinical practice, their future potential applications in
human and veterinary medicine are clear.

15.4 General Conclusions

Saliva is a fluid of enormous potential. Interest in the study and applications of
saliva is increasing, though several points need to be addressed before this body
fluid can be routinely used for diagnostic purposes. On one hand, saliva composi-
tion changes in different situations, making it a good indicator of such changes,
though on the other hand, its dynamic nature makes it difficult to establish reference
values for many molecules. Research needs to continue in order to increase our
knowledge about the exact modifications produced by each source of variation.
Improved knowledge would allow the definition of guidelines for sample collection
and analysis, and the development of practical and sensitive methodologies — defin-
ing saliva as a fluid with successful future applications to diagnosis, as well as a
good source of information about different biological processes.
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