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Abstract—Nowadays human saliva is more frequently studied as a non-invasive, stress-free,
and preferable diagnostic material than blood. Supporting evidences acknowledge saliva as a
mirror that reflects the body’s physical state. Numerous studies have also demonstrated the
presence and use of RNA derived from saliva in the early diagnosis of disease by real-time
reverse transcriptase polymerase chain reaction (RT-PCR). Assessing the host inflammatory
response in patients and its resolution at an early stage can serve as a prognostic and predictive
method in determining therapeutic response or disease progression. In this context, the
potential of saliva as a specimen to diagnose early inflammatory biomarkers using RT-PCR
seems fascinating and useful. Here, we review inflammatory biomarkers within the saliva,
focusing on early detection of these biomarkers using RT-PCR and the factors influencing the
quality of saliva specimen.
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INTRODUCTION

Saliva is a biofluid with clinical significance that can
be easily collected and stored and is proved to be ideal for
early detection of systemic diseases [29]. As saliva is a
repository of multiple biomarkers, it can be used in rapid

tests, point-of-care (POC) devices, or other standard clini-
cal laboratory operations. Molecular diagnostics using sa-
liva has advanced into a sophisticated and established
science, and now it is renowned as a central player in
clinical areas and biomedical technology [29]. Saliva col-
lection being a relatively stress-free and non-invasive pro-
cess can be regarded as a potential alternative diagnostic
fluid in young individuals especially infants and toddlers.
Currently, saliva is used as a specimen for clinical assess-
ment of hormonal perturbations, detection of HIV antibod-
ies, DNA analysis, drug testing, and alcohol screening.
However, saliva is not yet considered as an established
analytical specimen due to the inadequate information
about the salivary biochemical composition and its inter-
relationship with plasma levels [10]. Among the currently
available molecular analytical tools, RT-PCR serves at the
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gene level of analysis and is proved to be a very evident
method for early detection of biomarkers in systemic dis-
eases and its rectification [55]. RT-PCR technique is
also regarded as the gold standard for gene-level anal-
ysis as it amplifies the target biomarker a billion times
thereby facilitating ease in detection even at a very early
stage of gene expression [19, 27, 33]. Accordingly, the
application of RT-PCR in early salivary diagnostics
seems promising and of great clinical interest. In the
latest years, one of the many important scientific dis-
coveries in medical research involved the awareness
that inflammation plays an inevitable role in many
health disorders leading to considerable morbidity and
early mortality [47]. Several psychiatric conditions,
such as anxiety, bipolar and unipolar depression, post-
traumatic stress disorder, and schizophrenia, as well as
many physical disease condition such as cardiovascular
diseases, respiratory illness, asthma, rheumatoid arthri-
tis, obesity, diabetes, osteoporosis, certain cancers, fatty
liver, organ disorders [6], stroke, Alzheimer’s disease,
physical injuries, and infectious diseases, show consid-
erable inflammatory responses as depicted in Fig. 1. A
list of predominant inflammatory markers associated
with chronic diseases is also given in Table 1. Hence,
the understanding that inflammation is responsible for
promoting poor health, and when and how we can
intervene to reduce inflammation-related disease risk,
should thus be a top scientific priority [14, 28, 47]. The
possibility to identify biomarkers in saliva at an early
stage could address the clinical need to avail informa-
tion on inflammation for improved disease diagnosis
and effective intervention of therapy and to contribute
to the development of new targeted therapeutic drugs. In
this perspective, we describe current findings and put
forth some promising avenues for future research and
intervention on the use of saliva for the assessment of
inflammatory response.

METHODOLOGY

The present review was conducted by comprehensive
literature search. The literature search was performed using
PubMed, Science Direct, Elsevier, Hindawi, Springer, and
Biomed Central databases from 1996 to 2021, by follow-
ing search strategy: (“saliva”AND “diagnostic specimen”)
OR (“inflammatory biomarkers”AND “saliva”) OR (“RT-
PCR analysis of inflammatory markers in saliva”).
Searches were also done among the reference lists from
suitable reviews or original articles to identify further

relevant literature. Additional information was also obtain-
ed from trusted websites and handbooks.

SALIVA AS A DIAGNOSTIC SPECIMEN

In recent years, there has been increasing interest in
the use of saliva as a diagnostic tool. Collection of patient
saliva is easy and non-invasive and requires less stress than
any other body fluid. Oral fluid sampling promotes low-
cost storage [40]. Moreover, analysis of saliva makes fre-
quent monitoring easy especially in infants, children, and
elderly patients, as well as in circumstances where urine or
blood sampling is impractical. Additionally, saliva appears
fascinating for diagnostic purposes owing to its linkage
with traditional biochemical parameters that appear in var-
ious forms [8]. The presence of specific proteomic content
in human saliva permits researchers to analyze and explore
different assays for possible identification of novel bio-
markers that can be correlated with the overall health status
of a patient [40].

The Saliva Proteome Knowledge Base (http://
www.skb.ucla.edu) is the first-ever database that com-
prises all the identified proteomic data to date making it
readily accessible to the public. The techniques used by
scientific researchers to carry out the elucidation of this
proteomic data from saliva are nuclear magnetic resonance,
capillary electrophoresis, gel electrophoresis, immunoas-
say, MS, and LC [54]. With this great discovery, scientists
have coined the term “salivaomics.” Salivaomics high-
lights all the different types of technologies used for
extracting the data about potential salivary biomarkers
such as transcriptomics, genomics, microRNA (miRNA)
proteomics, and metabonomics [54]. With respect to saliva
as a diagnostic specimen, its use in the assessment of many
systemic diseases such as autoimmune diseases, cardiovas-
cular diseases, disease of the adrenal cortex, genetic disor-
ders such as cystic fibrosis and ectodermal dysplasia, and
infections of bacteria and fungi is reported [30]. In a study
by Boppana et al., use of saliva from infants having CMV
(cytomegalovirus) infection, congenital infection, and a
non-genetic cause of sensorineural hearing loss reported
early screening of CMV through RT-PCR [4]. Another
study done in patients with oral squamous cell carcinoma
(OSCC) from 2015 to 2017 revealed that mRNA levels of
NAB2, CYP27A1, COL3A1, MAOB, NPIPB4, and SIAE
were significantly less in the saliva of oral cancer patients
by performing real-time PCR. The results advocate the use
of saliva as a good and stable specimen for early diagnosis
and prognosis of chronic oral diseases [35]. These findings
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thus support the use of saliva as a potential specimen
capable of being analyzed using various sophisticated mo-
lecular biology techniques such as RT-PCR. Use of saliva
for clinical diagnosis also poses several advantages over
the use of blood or any other biofluid, such as the follow-
ing: (i) reduction in healthcare costs: saliva collection does
not require specialized technicians; (ii) anticoagulation
treatment after collection can be avoided as they do not
clot; (iii) much more safer than other traditional specimens
(e.g., blood) as there are low chances of disease transmis-
sion, for example, infectivity of HIV is inhibited by certain
factors in salivary secretions; (iv) molecular activity re-
mains almost constant even after sampling, hence they
are “quiescent”; (v) they are relatively clean as they contain
few interfering proteins; and (vi) saliva proves that it can be
used as a specimen for point-of-care devices, where pa-
tients can collect the sample at their homes [39].

However, as a diagnostic specimen, several chal-
lenges have been reported in recent years which include
the essential need for sensitive biomarker detection sys-
tems, need for an apt collection method that does not
influence its composition, and the variations due to the
diurnal/circadian rhythm. Despite these challenges, saliva
is still gaining attention owing to its notable advantages
and its great deal of potential biomarkers that range from
changes in biochemical, DNA, RNA, and proteins in the
oral environment [40].

SCREENING OF INFLAMMATORY
BIOMARKERS IN SALIVA

The National Institutes of Health Biomarkers Defini-
tions Working Group defines a biomarker as a

Fig. 1. Mechanism of inflammatory cascade: In the presence of a perceived threat or infection, the cell membrane disrupts and the enzyme phospholipase A2
acts on the phospholipid layer, hydrolysing the esterified arachidonic acid [51]. This polyunsaturated fatty acid metabolizes via enzymes such as cycloox-
ygenase (COX-1 andCOX-2) and lipoxygenase to produce eicosanoids such as prostaglandins, leukotrienes, thromboxanes, and lipoxins. Leukotrines further
instigates the production of inflammatory cytokines such as IL-6, IL-1β, and TNF-α causing inflammation [52].

Table 1. List of inflammatory markers associated with common chronic diseases

Sl. No. Chronic disease Predominant inflammatory markers Reference

1. Alzheimer’s disease IL-10, IL-4, IL-1β, IL-6, IL-12, TNF-α ([17, 37])
2. Diabetes CRP, IL-6, TNF-R2 ([20, 53])
3. Cancer CRP, IL-6, TNF-α ([22, 25])
4. Chronic kidney diseases CRP, d-dimer, TNF-R1, thrombomodulin [44]
5. Chronic lung diseases, chronic obstructive pulmonary disease (COPD) sTNF-R1, CRP, MCP-4, CXCL-16, osteoprotegerin [11]
6. Heart diseases, heart failure, coronary artery disease CRP, IL-6, TNF-α, IL-6, IL-1, IL-8, CRP, MCP-1 ([38, 57])
7. Stroke IL-1α, IL-1β, TNF-α, IL-6, IL-10, TGF-β [3]

1715



Shakeeb, Varkey, and Ajit

characteristic that objectively measures and evaluates the
state of normal biological, pharmacological, or pathogenic
response to a therapy [39]. In the last two decades, various
inflammatory biomarkers have been discovered such as
tumor necrosis factor (TNF), interleukin-1 (IL-1),
interleukin-6 (IL-6), arachidonate 5-lipoxygenase (5-
LOX), prostaglandin-endoperoxide synthase 2 (COX-2),
chemokines, vascular endothelial growth factor (VEGF),
matrix metalloproteinases (MMPs), twist-related protein
(TWIST), and cell surface adhesion molecules. These bio-
markers are reported to be detected in biological specimens
such as blood, urine, hair, feces, cerebrospinal fluid, spu-
tum/saliva, and body tissues [39]. Protein level detection of
salivary markers has always been the gold standard in the
diagnostics industry. A recent study reported the detection
of acute-phase proteins and cytokines from saliva. Acute-
phase proteins, predominantly C-reactive proteins (CRPs),
aid in producing pro-inflammatory cytokines in response
to infection [49]. Salivary CRP levels can predict myocar-
dial infarction and cardiovascular disease, and hence, it
may be a particularly health-relevant biomarker of inflam-
mation [36]. Some cytokines such as IL-6, TNF-α, and IL-
1β are locally produced in the mouth and also get filtered
into the whole saliva from the oral mucosa transudate,
gingival fold, salivary glands, and mucus from the nasal
cavity [10]. Even though some studies have reported that
the levels of many cytokines are much lower in saliva than
in blood, there is a growing literature suggesting that
certain markers, such as salivary IL-1β may be detected
more in saliva than in blood [34].

Even though saliva can be used as a diagnostic spec-
imen in almost all systemic diseases, it proves to be more
efficient when different oral pathologies need to be diag-
nosed. As saliva is the major biofluid in the mouth, it is
with great certainty that an investigator can use it as a tool
for assessing the expression of inflammatory markers. Oral
diseases such as periodontitis (PD), primary Sjögren’s
syndrome (pSS), oral lichen planus (OLP), peri-
implantitis, oral leukoplaki, and medication-related
osteonecrosis of the jaw (MRONJ) use saliva as a tool to
diagnose as well as to prognose the disease severity [31].
TNF-α, IL1β, and PGE2 showed increased expression in
patients with PD; this suggests their potential use as bio-
markers for diagnosis and prognosis. Similarly, in patients
with pSS, there was an increased expression of S100A
protein in saliva, which directly relates to IL-12 production
[31]. Many authors have pondered the potential of inter-
leukins (ILs) as salivary markers for diagnosing and mon-
itoring the progression of oral leukoplakia. It is reported
that IL6, IL8, and TNF-α levels are elevated in patients

affected with oral leukoplakia [31, 43]. Singh et al. vali-
dated IL-1β, IL-8, and Lgals3bp (using ELISA) for detect-
ing oral squamous cell carcinoma (OSCC) in an Indian
population. IL-1β and IL-8 were expressed highly in
OSCC patients than those in controls. Lgals3bp signifi-
cantly discriminated the early stage of OSCC (stages I–II)
[46]. Another study highlighted the detection of salivary
interleukin-6 (IL-6) using enzyme-linked immunosorbent
assay (ELISA) in children with early childhood caries
(ECC) post treatment. The reduction in the mean level of
salivary IL-6 before and 3 months post treatment indicated
post-dental rehabilitation of children with ECC [32].

Nijawoski and Surdacka et al. reported certain sali-
vary biomarkers which can diagnose inflammatory bowel
diseases. This review highlighted that salivary IL-6 con-
centrations were significantly higher in Crohn’s disease
(CD) patients. CD is an inflammatory bowel disease which
causes inflammation of the digestive tract, leading to se-
vere diarrhea, abdominal pain, weight loss, fatigue, and
malnutrition (Nijawoski & Surdacka et al., 2020). The
world-shaking pandemic COVID-19 also agrees to the
effective use of saliva as a diagnostic specimen to replace
and overcome the difficulties in using nasopharyngeal or
oropharyngeal swabs (sample collection may cause bleed-
ing and patient discomfort), thus helping to monitor pa-
tients with various degree of disease severity, including the
asymptomatic carriers [42]. Recent studies have pointed
out increased plasma levels of IL-6, IL-7, IL-2, granulocyte
colony-stimulating factor (GSCF), IL-10, tumor necrosis
factor-α, INF-γ-inducible protein-10 (IP-10), macrophage
inflammatory protein-1A, and macrophage chemotactic
protein 1 in severe COVID-19 cases, indicating that the
inflammatory response mediated by cytokine release is
critical in the progression of COVID-19. These cytokines
and chemokines can also be detected in saliva, aiding in
hassle-free sample collection [42]. Similarly, TNF-α, IL-
1β, IL-6, IL-10, IL-12p70, and IL-8 can be used to diag-
nose cerebral palsy patients with gingivitis. The expression
profiles were recorded before and after periodontal treat-
ment [56].

Bloom et al. suggest that salivary IL-6 is a potential
non-invasive biomarker for Huntington’s disease (HD)
symptoms, which is a progressive and inherited neurode-
generative disorder typically affecting adults of age 30–40
[9]. The advent of an effective and reliable salivary bio-
marker would undoubtedly meet the urgent need for a non-
invasive means of detecting and monitoring HD disease
progression [9]. Another recent report states that the best
marker combination which includes inflammatory cyto-
kines that differentiated active TB (tuberculosis) from
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healthy controls were fractalkine + IP-10 + IL-1α +VEGF
in saliva [12]. The higher salivary concentrations of IL-
17A, IL-17F, and TNF-α were significantly associated
with disease advancement in patients with oral and oro-
pharyngeal cancer. Lower levels of IL-17A indicated oral
cavity colonization with aerobic bacteria. Contrastingly,
higher concentration of TNF-α indicated positive aerobic
culture of oral swabs from patients. The result suggested
that IL-17F, IL-17A, and TNF-α measured in the saliva
may be a potential biomarker for oral and oropharyngeal
cancer [58].

It may be noted that in the above-mentioned studies,
the inflammatory biomarkers were detected and reported to
be quantified using protein level assays. These findings
drive possible initiatives to the potential analysis of these
markers at a genetic level which could provide a much
earlier diagnosis. Accordingly, this calls for an urgent need
to investigate the presence of inflammatory markers at a
gene level using RT-PCR in saliva. Even though less
research has taken place in this area, there are some im-
pactful studies done by investigators which encourage and
emphasize gene-level detection of salivary markers. In a
study by Gomes et al., expression of inflammatory bio-
markers such as IFN-γ and TNF-α in whole saliva was
screened using RT-PCR to assess chronic moderate to
chronic severe periodontal disease in type II diabetic pa-
tients [15]. Results indicated high levels of IFN-γ mRNA
for 15.4% from the chronic moderate periodontal disease
group, suggesting that the cellular immune response is
suppressed in these patients and 50% in samples from
chronic severe periodontal disease patients. The detection
of mRNA expression for TNF-α was seen in 62% of
patients from the chronic moderate periodontal disease
group and 60% from the chronic severe periodontal disease
group suggesting that these cytokines play an active role in
maintaining the inflammatory response [15]. The most
common conditions prevailing in the human population,
such as Asthma, can also be diagnosed and monitored
using salivary markers such as amphiregulin (AREG)
[18]. In this study, plasma and salivary AREG protein
concentrations were analyzed using ELISA and the circu-
lating AREGmRNAwas analyzed using RT-qPCR. Asth-
matic patients showed high AREG protein levels in blood
and saliva compared to healthy subjects; also, there was a
high AREG mRNA expression in saliva [18].

In another study performed by Cheng et al., the ex-
pression profiles of inflammatory genes in patients with
head trauma were reported. This study involved 19 sub-
jects; seven healthy controls with no history of head trau-
ma, six patients from an outpatient concussion clinic

diagnosed with concussion injury from outpatient clinic
(CCPT), and 6 patients from the emergency department
(EDPT) who received treatment for traumatic brain injury
(TBI) within 24 h. Analysis of the inflammatory genes in
salivary extracellular vesicles (EV) of participants was
done by real-time PCR using the TaqMan Human Inflam-
mation array. The expression analysis disclosed nine up-
regulated genes in emergency department patients
(LTA4H, LOX5, CASP1, IL2RG, ANXA3, ITGAM,
ITGB2, TNFRSF1A, and MAPK14) and 13 upregulated
genes in CCPT compared with healthy participants
(ADRB1, BDKRB1, LTB4R2, LTB4R, PTAFR,
CYSLTR1, ADRB2, HRH1, HRH2, CES1, KLK1,
MC2R, and PTGER3). A unique profile was observed in
each patient group. Comparison between these groups
indicated that significant expression change was shown
by 15 inflammation-related genes, thus revealing that in-
flammatory biomarkers are a potential source for diagnosis
of traumatic brain injury and in assessing the severity of the
condition [7]. Another research study highlighted that 27
inflammatory cytokines detected in blood, such as IL-1β,
IL-2, IL-9, IL-10, IL13, IL-17, IL-12, and eotaxin, were
detected in healthy adult saliva as well. A correlation study
used 16 inflammatory biomarkers in healthy and depressed
adolescents which showed a higher detection rate of 14 out
of 16 biomarkers in more than 80% of saliva samples
except for IL-10 and INF-α2 [5]. An interesting study by
Al-Rawi et al. proved salivary microRNAs (miRNAs) to
be an efficient biomarker for detecting periodontal disease
among diabetic and non-diabetic patients. This study val-
idated four miRNAs, namely, miRNA 155, 146 a/b, and
203. Results of the cohort study indicated that all the four
miRNA expressions were seen high in patients with peri-
odontitis and/or diabetes [1]. Therefore, from these studies,
it is evident that by incorporating RT-PCR as a routine
diagnostic tool, early diagnosis and effective monitoring of
disease severity using saliva can be done as efficiently as
possible.

COMPARATIVE ANALYSIS OF SALIVARY
BIOMARKERSUSINGRT-PCRANDPROTEOMIC
APPROACHES

Despite the encouraging number of studies cited ear-
lier that focuses on RT-PCR-mediated detection of bio-
markers in saliva, a very limited number of studies have
investigated comparative analysis of salivary biomarkers
using RT-PCR and proteomic approaches.Moreover, com-
parative analysis of biomarkers in saliva at the
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transcriptome and proteome levels becomes meaningful
only when both RT-PCR and protein analysis are per-
formed within the same individual at the same time period.
S. Hu et al. reported that a certain degree of concor-
dance was observed in testing the hypothesis that sali-
vary proteins and their counterpart mRNA co-existed in
human saliva (S. [21]). In his study, saliva proteome
analysis was performed using “shotgun” and 2-D
electrophoresis/mass spectroscopy (2-DE/MS) ap-
proaches while saliva transcriptome analysis was per-
formed by microarray followed by validation with RT-
PCR. On proteomic profiling, 309 salivary proteins
were detected in the 1st healthy participant, 282 salivary
proteins in the 2nd healthy participant, and 297 salivary
proteins in the 3rd healthy participant. Interestingly, the
salivary mRNA profiles of the same three participants
performed using HG U133A expression arrays yielded
2940, 2521, and 3363 mRNAs in healthy participants 1,
2, and 3 respectively. To overcome false negative re-
sults in microarray profiling, the “undetectable”
mRNAs from participants were validated using RT-
PCR. Their findings concluded that salivary proteins
and their counterpart mRNAs do co-exist and that their
transcriptome may be detected by RT-PCR analysis at a
higher extent in comparison to proteomics and microar-
ray outcomes (S. [21]). Another study by John et al.
examined the detection of 2 specific inflammatory cy-
tokines, IL-6 and IL-8, in the saliva of patients with oral
cavity and oropharyngeal squamous cell carcinoma
(OSCC) using RT-PCR and ELISA technique. The
findings confirmed the mRNA and the protein level
results to be concordant [23].

In the literature search, no other comparative stud-
ies in similar lines were found using the key words
“salivary biomarkers,” “comparative analysis,” “RT-
PCR Analysis,” “ELISA,” “proteomic analysis,” and
“genomic analysis.” Further studies on comparative
analysis of salivary biomarker profiles within the same
individuals using RT-PCR and proteomic approaches
are thus encouraged to validate the superiority of the
RT-PCR technique in early detection for disease diag-
nosis at the clinical level.

FACTORS INFLUENCING DIAGNOSIS IN
SALIVA

Whole saliva is a mixture of saliva secreted in the oral
cavity from various glands along with constituents such as
bronchial and nasal secretions, tears, food debris gingival

crevicular fluid, and bacteria [2]. Numerous factors do
influence the diagnostic efficiency in saliva specimen such
as the collection method, age and gender of the patient [2,
48], preservation or storage, mouth position during saliva
collection [2], and how well the biomarkers are expressed
in it compared to serum, whole blood, or any other
biofluids. Proper sample collection should involve suffi-
cient sample volume, accurate patient identification, and
the appropriate type of collection container, i.e., the con-
tainer must have a design that facilitates easy spitting and
accumulation of saliva at the bottom. There are two ways
in which saliva can be collected: unstimulated and stimu-
lated [45]. Unstimulated saliva can be collected by
drooling the saliva in the mouth for a minute and draining
it into a sterile vessel or by suction method or swabbing
method. Saliva collected by masticatory action, i.e., by
gustatory stimulation by applying acetic acid in the mouth
or chewing paraffin wax yields stimulated whole saliva.
Stimulated saliva possesses certain disadvantages as the
foreign substances that stimulate the saliva modifies the pH
and the water phase of the secretion, resulting in a dilute
sample [45]. It is also recommended by Bhattarai et al. that
samples may be collected by passive drooling as large
amount of saliva can be collected in a short period [2].

Saliva comprises many constituents including water,
enzymes, electrolytes, and antimicrobial agents. These
constituents can vary or remain stable with age and gender.
For example, in elderly individuals, salivary flow rate and
calcium were observed to be decreased compared to young
individuals. Interestingly, newborns and adults also exhib-
ited differences in their salivary protein profile [13]. The
unstimulated saliva secretion was seen higher in healthy
men compared to that in women, owing to differences in
the gland size and its effect on salivary secretion as females
have smaller salivary glands, concluding that there is a
gender-dependent secretion. Hence, age groups and gender
must be categorized and considered to reduce statistical
errors [13]. It is also reported that if the diagnostic test is to
be performed immediately, salivary specimens can be
stored at room temperature for a duration of 30–90 min
[8]. On the contrary, Thomadaki K et al. clearly states that
if incubation temperature is lowered, then the degradation
rate of the salivary proteome is also reduced [50]. Another
study reported that repeated freeze–thaw cycles of the
salivary specimen should not be entertained [16]. Thus, it
is recommended to freeze the secretions at or below −20 °C
immediately after saliva collection. Specimens can also be
stored at 4 °C to prevent degradation of salivary molecules
and microbial growth, but should not be stored for more
than 6 h. Specimens can also be stored at −80 °C for several
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years with a very low chance of degradation [2]. The
different pairs of salivary glands which include parotid
glands, sublingual glands, submandibular glands, and nu-
merous other minor salivary glands also influence diagnos-
tic efficiency [2]. Even though the saliva secreted from
these glands comprises common components, the concen-
trations vary from one gland to another. For example, a
large number of serous acinar cells are seen in the parotid
glands along with that they produce high levels of proline-
rich proteins and alpha-amylase, whereas the submandib-
ular gland secretes less alpha-amylase and more mucins
than the parotid gland [2]. In addition to salivary origin,
salivary components and saliva production also depend on
the individual state of being, i.e., the resting state or the
stimulated state. For instance, components such as alpha-
amylase, cortisol, and secretory IgA levels are affected by
stimulation [2].

The wide expression of salivary biomarkers is
based on the circadian rhythms, and hence, they show
an impact on the dynamics and kinetics of these markers
[45]. Furthermore, the components in saliva are present
at 100–1000-fold lower than the serum levels which
hampers its use in routine diagnostic technologies. The
specific biomarker panel for diagnostic application re-
quires extensive validation and standardization before
implementing it in clinical usage. Thus, formulating
corrective actions to overcome the above-mentioned
limitations is essential to make saliva a potential diag-
nostic specimen.

GUIDELINES FOR QUALITY CONTROL IN
SALIVARY DIAGNOSTICS

The probability of sampling error is highly
witnessed during saliva collection and processing [2].
In order to avoid such errors, investigators must make
use of questionnaire answers to select eligible volun-
teers. It is always better to select an intermediate scoring
population for reducing potential variations in salivary
flow rate. Food and drinks should not be consumed
during saliva collection. Toda et al. reported that con-
suming food just prior to sampling can lead to false
results of stress markers such as salivary cortisol. How-
ever, in some cases, food can be eaten 30 min to 1 h
prior to spitting out the saliva [16]. The individual can
rinse his/her mouth with deionized water and wait for at
least 10 min before sample collection. Clear and read-
able labeling is necessary for proper sample identifica-
tion, processing, and storage. Bar-coded labels or

particulars written with permanent markers are mostly
recommended for long-term storage [26].

“Saliva Collection Handbook” a guide issued by
Salvimetrics (www.salvimetrics.com) justified certain
measures to be considered while saliva sampling. Mod-
ern salivary assays are crafted to use small sample
volumes (mostly less than 100 μL), and in many cases,
stimulants are not needed to collect adequate sample
volume. If stimulants are inevitable; it is advised to
use very less amounts of it and in a consistent manner.
Consider using visual or olfactory stimulation before an
oral stimulant is given, practice the collection method-
ology with the study participants before starting the
actual study to ensure that it is comfortable for them,
and conduct a pilot study for ensuring that the oral
stimulant does not cause any interference (“Saliva Col-
lection Handbook,” [41]).

Due to low concentrations and normal ranges of
analytes in saliva compared with those in blood, there is
a chance that blood contamination in saliva influences
the levels of salivary biomarkers [24]. To avoid blood
contamination in saliva, some recommendations can be
considered: individuals must not brush their teeth at
least 45 min prior to sample collection, no dental work
to be done within 24 h prior to sampling, individuals
must be screened for oral health injuries, and saliva
samples that are visibly contaminated with blood is to
be discarded and recollected (“Saliva Collection Hand-
book,” [41]).

Another recommendation to be considered is to use
appropriate collection methods for specific analyte. For
example, some analytes can only be detected in samples
which are collected by passive drool. Hence, using a
swab to measure such analytes can result in under-
recovery or over-recovery of the target analyte. Before
sampling, it is good to follow certain practices such as
avoiding foods with high acidity, sugar content, or high
caffeine, since they may lower the pH and increase
bacter ia l growth thereby affect ing the assay;
documenting consumption of caffeine, nicotine, alco-
hol, and prescribed/over-the-counter drug within 12 h
prior to sampling and presence of oral diseases or injury
and vigorous physical activity; avoiding eating a major
meal at least 60 min prior to sample collection; rinsing
the mouth to remove food residue; and waiting at least
10 min after rinsing to avoid sample dilution before
sampling. Hence, following the guidelines and recom-
mendations seriously will help an investigator or a med-
ical laboratory technician to efficiently decipher the
target analyte (“Saliva Collection Handbook,” [41]).
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FUTURE PERSPECTIVES

Saliva sampling is a non-invasive procedure and has
great potential to be used for studies aimed at analyzing time
period, magnitude, and variation in immune responses and
inflammation [49]. Being a patient-friendly diagnostic tool,
saliva can be used to diagnose, monitor, or assess systemic
inflammation in several chronic diseases such as tumors,
infectious disease, hormone and drug level, hereditary dis-
eases, serious conditions of anemia, and wound healing
[45]. As saliva owns a list of advantages such as easy
multiple sampling, stress-free and non-invasive (beneficial
for infants, toddlers, and patients who face difficulty in
providing blood samples), and reduction in healthcare costs
as there is no need for professionals to carry out this work, it
has got the potential to replace invasive diagnostic speci-
mens such as blood and CSF. Correlation studies published
in the past years clearly indicate that there is no much
difference in the analyte concentrations in saliva when com-
pared to blood, provided that saliva is collected, handled,
and stored under the standard guidelines and recommenda-
tions. Transforming saliva to a traditional diagnostic speci-
men would create more opportunities in the field of biomed-
ical research, especially in devising point-of-care equipment
that can analyze the target analytes of patients. Notably, RT-
PCR analysis of inflammatorymarkers in saliva has got very
limited reach in healthcare facilities, as mostly proteomic
analysis of cytokines is performed in medical laboratories to
diagnose the patient’s condition. It is beyond doubt that
proteomic assays provide a great deal of information about
inflammation and other conditions, but upgrading the anal-
ysis to the gene level will help in extracting clear and
meaningful information easily and much earlier than prote-
omic assays. With the popularization of molecular biology
techniques such as RT-PCR, there seems to be a high chance
for diagnosis and prognosis test to be shifted to genomic
level of analysis for faster results [10]. Gene-level analysis in
a non-invasive and stress-free diagnostic specimen such as
saliva would be a breakthrough in the diagnostics field,
easing the labor of laboratory technicians as well as reducing
the stress in patients. Even though many studies were done
using mRNA expression of inflammatory biomarkers
worldwide, this technology is still not prevalent in clinical
laboratories or in use as a point of care. This could be the
lack of extensive validation and in-depth awareness of such
a promising diagnostic method among healthcare innova-
tors. Here, we highlight the potentiality of saliva as a diag-
nostic specimen as well as the use of modern-day high-
precision molecular biology technique, RT-PCR, for early
screening of inflammatory genes.

CONCLUSION

Saliva can be regarded as a potential specimen for
detecting systemic inflammatory markers associated with
active diseases, as most of these markers can be very well
detected in saliva just as much as it is in the patient’s blood.
Currently, very limited studies targeting the detection of
inflammatory biomarkers at the genetic level using RT-
PCR are reported. With due importance to early diagnosis
and prognosis of diseases, this calls for members of the
scientific community to perform as well as validate such
studies being undertaken. Previous studies which
attempted to use saliva as a diagnostic fluid were hampered
by a lack of understanding of how the biomarkers enter
saliva and ignorance in considering the guidelines or rec-
ommendations during sampling, handling, and storage of
samples. These challenges have largely beenmet as a result
of careful studies of salivary gland physiology, the differ-
ent secretions that each gland produces, age and gender
dependency of good quality saliva, storage conditions,
development of sensitive detection methods like RT-
PCR, and educating the scientific and healthcare commu-
nity on apt methods for collection, processing, and storage
of salivary samples. With these advancements in the field,
it paves the way to transforming saliva into a traditional
diagnostic specimen which would create more opportuni-
ties in the field of biomedical research, especially in devis-
ing point-of-care equipment. The present review reveals
the relevance of systemic inflammatory markers in saliva
and its correlation with disease progression and intents to
promote many more discoveries in the field of salivomics,
with emphasis on the detection of genetic levels of inflam-
matory biomarkers using RT-PCR.
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