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Abstract

The human body has a unique way of saying when something is wrong with it. The molecules in the body fluids can be
helpful in the early detection of diseases by enabling health and preventing disease progression. These biomarkers enabling
better healthcare are becoming an extensive area of research interest. Biosensors that detect these biomarkers are becoming
the future, especially Point Of Care (POC) biosensors that remove the need to be physically present in the hospital. Detec-
tion of complex and systemic diseases using biosensors has a long way to go. Saliva-based biosensors are gaining attention
among body fluids due to their non-invasive collection and ability to detect periodontal disease and identify systemic dis-
eases. The possibility of saliva-based diagnostic biosensors has gained much publicity, with companies sending home kits
for ancestry prediction. Saliva-based testing for covid 19 has revealed effective clinical use and relevance of the economic
collection. Based on universal biomarkers, the detection of systemic diseases is a booming research arena. Lots of research
on saliva-based biosensors is available, but it still poses challenges and limitations as POC devices. This review paper talks
about the relevance of saliva and its usefulness as a biosensor. Also, it has recommendations that need to be considered to
enable it as a possible diagnostic tool.
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Introduction

Any disease deviates from healthy well-being, and early
disease detection is critical for proper treatment and eradi-
cation. Saliva-based diagnosis has drawn significant atten-
tion due to its ease of collection, cost-effectiveness, acces-
sible storage, and non-invasiveness. Other body fluids like
blood and urine routinely used for disease diagnosis have
associated collection issues. Saliva has biocomponents
that could be used as potential biomarkers. Hence, saliva
as a diagnostic tool will add to the diagnostic arsenal, pro-
viding critical information about oral and systemic health.
The Salivary biomarkers range in different omic realms,
from proteomics to metabolomics to transcriptomics.
Considering its various possibilities, this review explores
several studies in saliva-related diagnostics and its correla-
tion with systemic diseases, highlighting its potential as a
diagnostic specimen.

Saliva is a crucial human body fluid that protects the oral
cavity from infections [1]. It acts as a lubricant that pro-
tects teeth and regulates the enzymatic activity in the mouth.
Research shows a salivary flow reduction can indicate dental
caries risk [2]. The salivary biofilm covers the tooth surface
[3], naturally protecting the tooth against decay and erosion.

@ Springer

SALIVA-BASED BIOSENSOR

Salvary-

Saliva-Basics } Biomarkers

drr‘:etcl;irsn Peridontitis 4
Advantages & | »
Disadvantages Systemic
diseases

- Salivary components - Biosensors

The major and minor salivary glands secrete saliva, which
flows through the ducts and reaches the mouth [4]. The sig-
nificant glands include the parotid gland, submandibular
gland, and sublingual gland (Fig. 1), and are the combina-
tion of mucous and serous cells that aid in the secretion of
saliva. Mucous cells are columnar; they secrete thick and
viscous saliva, while serous cells are triangular and secrete
thin, watery saliva [5] (Fig. 2). Serous cells are found to
be smaller, with an oval-shaped nucleus; mucous cells are
much larger and have a paler color. Humans produce nearly
600 mL of saliva daily, essentially composed of 99% water
and containing sodium, potassium, and chloride electrolytes.
The salivary composition depends on the diet or nutrient
intake. The presence of genetic material in the saliva of the
person aids in many genomic applications, including foren-
sic evidence [6]. Saliva contains proteins such as amylases
and immunoglobulin, which break down starch and other
substances that aid digestion [7]. Additionally, it contains
antimicrobial factors that retain the health of oral microbi-
ota and substances like urea and ammonia [8]. Collectively,
these components in saliva make it a powerful and valuable
diagnostic tool.

The main focus of this review is to summarize the exist-
ing studies that use salivary biomarkers and identify salivary
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Fig. 1 Diagram shows the three salivary glands and their locations

Lumen

Fig.2 Diagram shows the types of acinar cells in salivary glands

biomarkers for various systemic diseases. This review has
three specific objectives (a) to summarize the literature in
terms of different kinds of salivary biomarkers, especially
those associated with systemic diseases; (b) to examine the
relationship with periodontitis and also the advantage of oral/
salivary biosensors; (c) to look at the change in the field after
the covid pandemic.

Method of Review

This review was based on salivary biocomponent presence,
which could be used as biomarkers for early detection and
diagnosis of oral health and the potential association with
oral and systemic diseases. The principle question, which is
the focus of this review, is, “Is there any change in salivary
biocomponents which could be used in diagnostic/biosen-
sor development”. Electronic databases such as PubMed,
Scholar, Science Direct, NIH, MDPI, Web of Science, and
other websites such as Wiley online library, RSC Publish-
ing, and Google Scholar were considered for this review
focusing only on the available literature. Figure 3 illustrates
the article selection method adopted to conduct this review.
No limits on dates were placed on the database search. The
search query included saliva, systemic diseases, salivary bio
components, and serum.

Saliva as a Potential Biofluid for Biosensing
Saliva: The Primary Function

Saliva can act as a buffer in the oral cavity to prevent patho-
gens from infecting the cavity, and it neutralizes the acids
produced by highly acidic food consumed [9]. This prevents
enamel from degradation and protects the teeth. For exam-
ple, consuming fermented carbohydrates in cookies, soda,
and candy can lead to decreased oral pH, and salivary pep-
tides are released to increase the pH of the saliva to maintain
the normal oral pH [10]. Ammonia and urea in saliva also
increase pH, allowing the buffer system to function effec-
tively. The ability to analyze normal vs. abnormal levels of
urea and other substances in saliva opens the door for vari-
ous biosensor development, where specific biosensors can
test for various salivary biomarkers and categorize them as
normal versus abnormal. As a result of this analysis, abnor-
mal signs or increased/decreased levels of crucial enzymes
or biomarkers can be used to diagnose possible disease or
infection detection.

Other functions of saliva include rinsing, solubilizing
food substances, bacterial clearance, lubricating soft tissues,
bolus formation, swallowing, speech, and facilitation of mas-
tication; all related to its fluid characteristics and specific
components. In addition, saliva components contribute to
mucosal coating, digestion, and antibacterial defense [11].

Properties of Saliva

Saliva is a hypotonic solution that contains water, electro-
lytes, mucus, and enzymes. Approximately 90% of saliva is
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Fig. 3 Flowchart representing the article selection method

secreted from major salivary glands such as parotid, sub-
mandibular, and sublingual. Elements of non-salivary ori-
gin include gingival crevicular fluid (GCF), expectorated
bronchial and nasal secretions, serum and blood derivatives
from oral wounds, bacteria and bacterial products, viruses,
and fungi desquamated epithelial cells, other cellular com-
ponents, and food debris [12].

Human saliva mirrors the body's health and well-being.
More than 20% of proteins in the blood are also found in
saliva, making saliva an invasive option for detecting bio-
markers that correlate with the disease state. Saliva has
numerous advantages over blood as a diagnostic fluid, allow-
ing for a non-invasive, simple, and safe sample collection. Its
composition reflects the state of health and illness in a body,
and it can potentially be a diagnostic medium for systemic
diseases. Saliva can be considered as gland-specific saliva
or whole saliva. Evaluations of the secretions from the indi-
vidual salivary glands help detect gland-specific pathology,
i.e., infection and obstruction. However, the whole saliva is
most frequently studied with analysis for systemic disorders.

Salivary Constituents

An average person can produce 600 mL of saliva per day.
Saliva contains 99% water and one percent organic mol-
ecules such as salivary amylase, mucopolysaccharide,
mucin, and lysozymes, and some inorganic matter such as
sodium, potassium, calcium chloride, and thiocyanate ions.
Various bio-components are also found in saliva, including
protein and related molecules, nucleic acid components, and
endogenous and exogenous metabolites[13]. Examples of
biocomponents detectable in saliva [14—16] are summarized
in Table 1.
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Advantages of Salivary Test

The main advantage of this non-invasive technique is that
patients with needle usage restrictions, such as children,
aged, and hemophiliac patients, can do the sample collec-
tion and test for biomarkers. Also, unlike blood, saliva can
be self-collected, and unlike urine, saliva can be collected
at any time. These are the necessary conditions that point-
of-care testing (POCT) must meet to make on-site testing
possible anywhere at home or the workplace. Furthermore,
it can be beneficial for mass screening tests and continuous
monitoring. Table 2 shows various approaches to diagnos-
ing systemic diseases and body conditions using salivary
biomarkers with the possibility of being used as diagnostic
methodologies even in a clinical setting.

Sample Collection

Saliva can be collected in two methods: unstimulated and
stimulated saliva. Unstimulated saliva is produced consist-
ently within the oral cavity and is present in the mouth. The
second type is stimulated saliva, collected using chewing
gum or a flavor drop into the oral cavity. The activated taste
buds respond to the brain and increase the secretion of saliva
in larger quantities [8]. Previous research exposes that stimu-
lated saliva expressed more than three times the number
of biomolecules than unstimulated saliva [17]. Stimulated
saliva contributes to most daily secretions, whereas unstimu-
lated saliva covers the oral tissue and acts as a lubricant [18].

A Lashley cup can be used to collect oral fluids via suc-
tion from a specific gland. Cotton swabs can also be used
but may cause unwanted bias. Various saliva-collecting
devices are manufactured by companies like Salimetrics®"



Biomedical Materials & Devices

Table 1 Examples of biocomponents detectable in saliva

Biocomponents in saliva Examples

Steroid Hormones

Cortisol, Insulin, Testosterone, Oestrogen

Cytokines Interleukins (IL-1beta, IL-6, IL-8), Tumor necrosis factors
Antibodies IgG, IgA, IgM
Proteins/Enzymes

Carbonic anhydrase, Lysozyme, Peroxidase, Amylase, Pepsin, matrix metalloproteinases-8 (MMP-8), Creac-

tive protein, mucin, lactoferrins, Leptin

Growth factors

Nucleic acid Human and microbial DNA, mRNA

Epidermal growth factor, vascular endothelial growth factor, insulin-like growth factor

Bacteria P. gingivalis, S. mutans, s, Lactobacillus spp, T
forsythia, E. coli, H. pylori, M. tuberculosis
Viruses HIV, HSV-1, HSV-2, EBV, HPV, VZV, CMV, HCV

Metabolites/Electrolytes
Small signaling molecules
Cells

Adenosine-triphosphate
Epithelial cells, Neutrophils

Phosphate, calcium, sodium, potassium, glucose, chloride, nitrate, uric acid, amino acids, lipids, carbohydrates

Table2 Summary of various approaches to diagnosing systemic diseases and body conditions using salivary biomarkers

Systemic diseases Salivary biomarker

References Comments

Atherosclerosis
E2 increases significantly

Acute Myocardial Infarction
T (hs-cTnT)

Cardiovascular diseases Alpha-2-HS glycoprotein in saliva

decreases, NT-proBNP levels increases in

saliva

Type-2 Diabetes Mellitus Alpha-2 macroglobulin increases in the

saliva

Chronic Liver diseases Hepatitis C virus increases in the saliva

IL-1beta, IL-6, TNF- alpha & prostaglandin

C-reactive protein (CRP), Cardiac troponin

Kosaka [81]

Pay et al. [82],
Mirzaii-Dizgah
et al. [37]

Zheng

[83], Foo et al. [39]

Salivary CRP and cardiac troponin T can be
used to monitor and diagnosis of myocar-
dial infarction

Salivary Alpha-2-HS glycoprotein and NT-
proBNP can be used as early diagnosis of
heart failure

Aitken et al.[84] Salivary glucose level can be used as poten-
tial indicator in screening, diagnosis and
monitoring of diabetes mellitus

Parisi et al. [61]

(State College, PA, USA), DNAGenotek (Kanata, ON,
Canada), and Oasis Diagnostics® Corporation (Vancouver,
WA, USA). These devices revolutionized collecting saliva
and its transportation methods without contamination [16].
However, draining, spitting, and suctioning are standard
approaches [19]. Regardless of the method used, the subject
should clean the oral cavity with water to avoid contamina-
tion before collection.

Biosensor Selections

Biosensors are an exciting addition to the world of nano-
medicine and technology. They allow patients and healthcare
providers to monitor disease progressions and treatment effi-
ciency [20]. Biosensors can detect various indicators of dis-
eases in fluids, such as blood, saliva, and urine. Additionally,
biosensors allow patients to understand their illnesses and
their betterment over time. The development of biosensors

allows patients to have an affordable alternative to doctors'
appointments and reduce the need for stressful medical bills
and inefficient circumstances. Such devices are considered
to be “point-of-care”. This means they play a vital role in
detecting diseases early on and surveilling any crucial data
to provide patients with early treatments and prevent disease
progression (Tables 3 and 4).

A fully developed biosensor will generally consist of
a bioreceptor, which recognizes the substance of interest
[20] (Fig. 4). It will also contain a substance transducer
to convert the biomarker into a viable number or readable
graph. For example, viruses, such as COVID-19, can also
be detected through saliva. This allows highly contagious
diseases to be detected quickly [21]. This allows easy
and quick data processing and communication between
patients, clinics, and doctors from their homes. Figure 4a)
is a representation of a potential app that can be developed
to connect with a transducer and used to send important
data to healthcare professionals; Fig. 4b) shows a sample

@ Springer



Biomedical Materials & Devices

UOIIBZI[EUOT)OUN] S} PUB JONTEWOIq
1-17VIAAD Jo Surpuejsiopun 1ea[d saxmbay -
hehliizh)
[e10 0} 9[qeoridde oq jou Aewr Jey) S1OULD

[s€] 1910 10 pue 130uED Funy uo WSIsur ap1aoid AeN-

oSuex owres oy} unyIMm Jou
are szoquuinu Ji orued Aew oym syuaned 1oy K19
-IXUB 9SNBD ABJA- $I0)O€] [BJUSWUOIIAUD JOYI0

sdnoi3 Teuonouny oyro
-ads 10919p 0} pazifnn spueq Adoosonoads Y] -
sanyea as1031d $30930p Ty}
JOSUQSOIq QATISUAS A[QWAIXS Uk SOONPONu] -
s1SpUAIds Aq paje[ndruewr 9q ued pue AIsea
Pasn usaq sey 1ey) PoyIow B “YSTTH SOZIn)
—sjuaunean A[3sod Jo saimpadoid [eordins Aue
INOYIIM JOOURD JO UONINAP A[Ied 0] SMO[[Y -
QATSBAUTUON] -

BAI[ES UI [~[Z-VAAD Jodrewolq
Jooued

Jy} SuNOAIP UO PISNO0J JONIBWOIQ JUSIOLYH -

(¥ 31D

uono_g

JI90uUe)) [BIO

JI0J Iosuasorg
orrjowrpadui] SATSBAUT-UON

pue SunySI| uo paseq pamays 3q AW UOT)I)P 9seasIp Teyuoporrad J0 ASeasIp AQUupry Yim (% "S1D)
JI0[0D)—S[euoISsajoId [eOIPoW PUR SOTUI[D O}  PIJRIOOSSE 9JoM BAIN JO S[OAJ] JOYSIY Jey) MOUS (¢ "S1J) S[A9] BaIN JO 9FURI AU} SAJEN]EAD JBY]) Josuasorg
BJEp I9JSURI) O} UONOAUUOD [T B A[YI] Isow BOIN JO S[IAJ] UO SI[ONIB OIeasal snoiadld  uonesrdde suoydirews e yarm 1oonpsuern e Sul Quoydirewrs
(L8] pue suoydirews e Jo ooudsard oy} soxmbay - —orendruew pue 3s9) 0} AOULISANS JJAIOUO)) - -}JOAUUOD PUE BAIN AIBATES JO STOAJ SUnovle(J - BoIN
sojeIp
-Kyoqres xardwos jo uonsagrp o1 anp Ajaed
[©I0 9y} UI AJIPIO. JO S[AJ] UO PISUI SOPIAOI] -
BAI[ES UI Juasaxd A[Juejsuoo st
Jey) de[ndruew pue 159} 0) 9UBISQNS 2J2IOUOD)
synsax s Juoned —[enpIAIpUL U JO JOIP Y} UO JYTISUI SIPIAOI] - [C2:1%))
QoUSNYUI ABW SUOTIIPUOD YI[eaY SunsIxe-o1{ - OAISBAUTUON] - Josuasorg
[98]  ®jep ur smays asned Kew [enpIAIpUI UB JO 121 - J[qe[reae A[Ipeay - BAI[eS ul ose[Aureeydye Jo s[oa9] Sunoee( - asejAwryeydyy
Ayenb Y3y ‘opor1od
JOU SO0P ‘9[qeInp SI WNIUEIL]- [00) YI[edY [eI0 sorroSims 3sod
aano9j01d © SE PaZI[NN JoylIng oq 03 ‘SIUMIAs pue a1d Juasaid sIoyIBWOIq pUE SISLISIP
10Su9so0Iq sIy) J0j Ares  edrms/[eyrdsoy ur A[9pIm pasn sI yorgm “XHD Qunuwroyne uo Juryse) I9YlIng I0j MO[[e [[Im
-$90QU S[ELIDJEW A} [[ UIelqo 0} A[1S00 oq ABJA[ - SMO[[Y—UYOIBIsaI QAISUIX? JO 109[qns oY) useq  SIY [, ‘[TUOPION) SN290003dams JO S[OA] [njuLrey
JIOJ PAIUNOdJk JOU SI0JoR)  SBY Jey) BLISJORQ B JO SUIpuB)SIOpun dy) SIZI[N() - Sunoalep pue yreay rejuoporrad uo JySisur
[c8]  Ioyo 2onponul Aew Funeod e se XHD Jurs() - QAISBAUTUON] - ured 0} SIOSUISOIq PAJeod wnruein JuIzZimn - JIOSUsOrg WnIue)L],
SQOUAIRYY saSejueApesi(q soSejueApy ordrourid urejy s1osuasorg

SIOSUISOI] [BIO UO SMIIADI 2INJBIANI] JO ATewwIng € ajqel

pringer

Qs



Biomedical Materials & Devices

Voo =] o O ko] S = N o BV~ B | |
58 8 a ‘3 < > O 8= 9 3w ond
i) S 2 o O B .
5] o < [ Z = o <
o Z =) %] 5 ‘2= 2 - (e —
2 &2 C] ® = g 2o o0oo— .
= 235 S 8 =2 = o 9 4 =
|V R 7 = 58 2O 33°8 e3s—=.9¢8
3 538.= S T S o—§LoLsBz
Om.lu.ﬁ /_ [} = g nnv.nea.lcsed
~ EEIER £ 22 E£%2223-%8¢2
< .= O = O
$2=¢ E >« 2 g82228E;
S =B £ v S I R A )
89372 o L & 0o ST o B T O
c s 8 & R 8 = 9 = 3 == 2 95
SEZE 2 = s L < 22598573
° s ) 2 | 2 3 © ©° w. L 0802 > &
= L= 29 < z = - 0 o = - = =
S = 0 9 z m| 7/ = = = =8 a5 =2 s
£5E27% Z Blo=¢ £ =L SL2FHcsE23 03 E
Q0 oD 2 9 = =) Y ~ - o > . 9 = w 4 g «
§38 % 2 o o S5 ES T E
A= =R 5 = D N RO g E <=
=E0T ° B o oS LT 5 =
Rl + D = 28 ©eB8203E8C3
mnam — =] =] SOW.dsWﬂaCa
2% 2E N 2 82 SZ 23828 &g 2
a g oS _OO 5 58 HSEETZ 2%
3] ® i@ L 5 Fifitiiss
- .-

-4 [ (. Sl 2573 = QO 2 S Ez_g-2855 5388
qal 3 : S O 45 E = 28 cEs=sS S8z 282 EQ
1| 3 3 E2 S5 O . SZET 28 A&ZEEsS
= R T 5552 e8 EZCETE2S.FE7

= = = o 5 .S @« m s O () ] b= Q
Z 5 2 SsA o <9 s o kS%h%thm.ISM
=2 Qe g o 25 £8 >~ 08 4,2 EET
3 = O < O o @ = S wn S
® = 48 5 =6 A= 25 M2 295 s 38z~ g
=25 2538 s ST ELS WO B 2 90un g
_— S L83 <@ = 29=c0 o5 ds9D ¢
© D 3 S » 2.9 Z 0o 3 5 23> 0 F 2 8
D =725 L o T O = e 8E ® R B o
paurejqo 2q o3 91d [euoissojoid aresylfeay pue juoned
-wes & 10J smof[e qems [eagukreydoseu oy, "eAI[eS a3 yioq Joy opdures oy} Surure}qo 10y poylow afes uonovjep
[16] ur panseaw 3] Yy3noIy) uoroep g-A0D-SAVS pourad Sunrepy v juoned oy) J0J QAISBAUTUOU PUE JUIIOLJO A[oWon X 61-AIAQD I0j J0suasorg
Tw/NdD
IvOT ST SB [[eWS Se 9q Ued S[9A9]
uonol(J 'S[[99 [BLI
sadKjoxas Sunoajep se Jom -9)0eq sAkonsap jey) opndad [erqororunue UISIN, oY)
Se SI0JNQLISIP POOJ S [[9 S SISWNSU0d Yjoq Sur Uo Paseq SI pue Y[IW Se Yons pPooj Ul UOId)IP B[[ou
[06]  -Pre ‘e[[ouowies 2UIOGPOO] 192)3P 0] PAsN SIOSUISOIF  SITeIURAPESIP [BWIUI[A]  -Ow[es 10J podo[oAdp sem Josuasolq ornawipadur uy UoMd3JOp B[[AUOW[ES J0J JOSUISOIg
uonew
-Jojursmu jo peaids SIOWNSUOD JOJ [eIONIO SI AJI[Iqeure)sns
SIQWNSUOD J0J AJaJes pue AJIPIoe Jo uome) pue s[enpIAIpul pUE PooJ dJes SuLINSuF "SPoOJ Ul SUAUOD [NJULIEY
[68] -uowLIdY JO S[OAQ] 9ZATRUE O} SPIMP[IOM PIsn AJuaLIn) ur orued pasearouy IO pnexj pooj 10913p 0} pado[erap oIom SIOSUISOTE Kyo7es pooy Sunioddns siosussorg
aseasIp ay) Jo uorssarSord 1o suoz sno S[[02 J90UED JO SIN[IBWOI] JO S[OAJ] [NJULIey
-1o3Uep © I9)US U9AD A9U) 9J0Joq WAY) 9ABS UBD SIY], [oIeasal 109J9p 0} [BIONIO ATE SIOSUISOI IS T, -SOUIN UL
-ooeds U syneuomnse 10 SUTUAQIVS YI[eaY [[NJ B IQJJO  QAISU)X 21nbar pue OIU230UIOIeD S YoNS (I[eAY] SINBUOIISE UT SIOAY
[88] Jey) s1osuasolq Surzimn st ATey] ‘euSojog Urwed) y  9AISUadxo A[owonxyg  OpIs [NJULIEy 9sned ued sKel orusod o) a1sodxe YSTH  yi[esy S Jneuolse J0JTuow Jey) SIosuasorg
SO0UQIROY {Pasn Suraq APUALING ST JeYA\ soSejueapesiq saSejueApy

SIOSULSOIg J0J PN [BOTUI[D) § d|qeL

pringer

Ns



Biomedical Materials & Devices

Salivary Biomarkers

Various biomarkers are present in saliva, and some are iden-
tified through infrared spectroscopy. Cells proliferate much
faster, and therefore, cancers can metastasize quickly. Apart
from monitoring periodontal diseases [23, 24], saliva has
been used to identify systemic inflammations and screening
purposes in epidemiological studies [25], revealing its pos-
sibility as a diagnostic tool. The presence of cancer-detection
biomolecules leads researchers to believe that biomarkers
in saliva can indicate cancers and provide options for early
detection[26].

Gingival Crevicular Fluid (GCF) GCF

Gingival crevicular fluid (GCF) is a fluid secreted by the
gums, specifically at the line where the gums and the teeth
meet. GCF is unique because it is considerably low in quan-
tity in a healthy oral cavity and spikes higher when a patient
has gum disease or infection. GCF is also non-invasive, and
its concentration can indicate disease [27]. The composition
of GCF is unique due to its electrolytes, albumins, globulins,
lipoproteins, and other components. GCF has shown its abil-
ity to detect anti-HIV antibodies [28], which enables its use
as a diagnostic marker in HIV-positive patients.

Microbiome as a Biomarker

A typical example of bacteria in the saliva is Streptococ-
cus Gordonii, which is found in periodontal environments
and causes bone loss and inflammation [29]. Additionally,
S. Gordonii can enter the blood circulatory system and
cause life-threatening diseases such as endocarditis. It can
affect the formation of healthy biofilm protective layers,
thereby increasing the risk of dental caries [30]. With the
overwhelming use of Ti-based dental implants, the Ti-based
biosensors are crucial as they can provide information about
peri-implantitis and bacterial disintegration upon antibacte-
rial or antimicrobial agents.

Alpha-Amylase as Biomarker
Alpha-amylase plays a significant role in odor, flavor, and
oral texture [31], it also monitors stress levels [32]. Although

alpha-amylase is only found in small amounts in saliva, it
still significantly influences the oral cavity.

Urea as Biomarker

Levels of urea in saliva can provide insight into chronic
kidney disease [33] and renal failure. Salivary urea and

@ Springer

bicarbonate act as a buffer, and their levels can vary based
on salivary gland stimulation [34]. Providing patients with
a biosensor will allow them to better understand their con-
dition through a simple smartphone app. Additionally, they
can seek medical help if normal urea levels are shifted and
remain aware of their bodily functions, further preventing
emergencies. The presence of urea in saliva makes saliva a
test sample facilitating easy, point-of-care feasibility using
optical or electrochemical biosensors.

Cancer Biomarkers

With oral cancer being one of the top cancers in the world,
controlling its cell cycle and early detection is a crucial step
to prevent it from spreading [35]. Generally, detecting oral
cancer can take a long period, is expensive, and is invasive
for the patient. Collecting a sample and analyzing it directly
through a biosensor allows painless detection, is time effi-
cient, and does not require the presence of a trained expert.
Serum and plasma are often used to detect biomarkers, spe-
cifically for monitoring diseases and their progression.

Diagnosis of Systemic Diseases Using Saliva

Some systemic diseases may affect the composition of
salivary biomarkers presence. These characteristic changes
may contribute to the diagnosis and early detection of these
diseases.

Metabolic Diseases—Heart Diseases, Diabetes,
and Liver Diseases

Cardiovascular Diseases

Cardiovascular diseases are reported as one of the leading
causes of death annually by the World Health Organization
(WHO). Human saliva plays a significant diagnostic role in
the detection of cardiovascular diseases by examining the
salivary biomarkers, e.g., C-reactive proteins (CRP) [36],
Cardiac troponin (cTn) [37], and Creatine phosphokinase
[38] and NT-ProBNP [39]. Table 5 summarizes various Sali-
vary Biomarkers in Cardiovascular diseases. Activation of
MMP-8 plays a vital role in the pathogenesis of coronary
artery diseases. It causes infarction growth, tissue repair,
and cardiac remodeling [40]. MMP-8 and its tissue inhibitor
TIMP-1(tissue inhibitor of matrix metalloproteinase-1) con-
centration are associated with ischemia and infarction [41].
The ratio of MMP-8/TIMP-1 reflects the progression of car-
diovascular diseases in serum [42]. The additional enzyme
involved is Lysozyme, which is present in saliva and other
secretions such as mucus and tears [43].
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Table 5 Summary of various salivary biomarkers in cardiovascular diseases

Disease Biomarkers Sample type Result References
Myocardial Necrosis C-reactive protein, Serum and Elevated in both, Significant correlation between Foley et al. [62]
Troponin 1, Saliva serum and saliva observed
Myeloperoxidase,
MMP-9

C-reactive Protein,
Creatine kinase,

Acute Myocardial Infarction

BNP
Inflammation tissue injury and C-reactive protein, Serum and
remodeling Myeloperoxidase, Saliva
MMP-9
Heart Failure Patients NT-proBNP Serum and saliva

Serum and saliva

Miller et al
[44]

CRP detected significantly in serum and saliva
Elevated in both Foley et al. [62]

No correlation found between saliva and serum,
though elevated in both

Foo et al. [39]

Literature reports the compatibility between a biomarker
of saliva and blood for the diagnosis of Acute Myocardial
Infarction (AMI). Serum biomarkers for Acute Myocardial
Infarction were Troponin 1, B-type natriuretic peptide, and
creatine kinase. In saliva, C-reactive protein (CRP) was
found as a biomarker that is the most predictive biomarker
of AMI. AMI was diagnosed with 80.0% sensitivity and
100% specificity. This finding shows the potential of salivary
biomarkers combined with ECG as an additional diagnostic
method for AMI patients [44].

Diabetes Mellitus

Diabetes is another common systemic disease in the world
and developing rapidly due to dietary habits, genetics, and
other systemic disease-related complications. In addition,
patients with diabetes have higher glucose and alpha-
hydroxybutyrate levels and significant changes in carbohy-
drate, lipid, and oxidative stress levels. The relation between
HbA1c and Salivary glucose concentrations in patients with
diabetes is reported, indicating blood glucose levels could be
easily monitored by the saliva in patients with diabetes mel-
litus [45]. MMP-8 levels are also elevated in patients who
have diabetes [43]. It can be used as a salivary biomarker;
however, further studies are needed to diagnose diabetes.
Table 6 shows various Salivary Biomarkers found for dia-
betes in different research experiments.

Liver Diseases

Hepatocellular Carcinoma (HCC) is one of the deadli-
est types of cancer that causes a large number of deaths
around the world. Early detection of HCC is complicated.
Salivary long non-coding RNA-PCDH9-13:1(salivary Inc-
PCDH9-13:1) is a specific biomarker for the diagnosis of
early HCC [46]. HCC tissue, by necrosis and apoptosis,
secretes IncRna in blood, and then through the salivary gland
blood supply, it goes to saliva. Alpha-fetoprotein-L3 is also a

promising salivary biomarker of HCC [47]. Hepatitis B and
C virus infections commonly cause chronic liver diseases
and liver cirrhosis. The natural history of hepatitis B and C
virus infection can remain latent without manifesting symp-
toms. Most patients are asymptomatic, unaware of existing
illnesses, and prone to disease progression and transmis-
sion. Additionally, some infected people remain undiag-
nosed due to their unwillingness to provide a blood sample.
HBYV and HCYV infections are monitored mainly by blood
and serological test. Interestingly, reports have indicated that
HBYV and HCV DNAS, viral antigens, and antibodies also
exist in infected person’s saliva and correlate significantly
with blood samples [48]. These findings show the poten-
tial role of saliva as a non-invasive diagnostic method for
HBV and HCYV infection. A commercially available test
that can rapidly identify HCV antibodies in saliva using an
Enzyme Immunoassay (EIA) was also developed [49]. The
result obtained by this test is almost similar to that of serum
immunoassay. It is widely available in Europe; however,
waiting for approval by the FDA in the United States. Once
approved, this could impact the early detection and manage-
ment of HCV infections [50]. Table 7 summarizes salivary
biomarkers found in the literature for liver diseases.

Inflammatory Disease—Rheumatoid Arthritis

Rheumatoid arthritis causes joint pain and damage through-
out the body, as it is a chronic inflammatory disease. In
rheumatoid arthritis, the body attacks its tissue; in severe
cases, it may destroy internal organs. Because of pain and
swelling IL-1beta, MMP-8, and TNF-alpha increase in
inflamed joints and serum. It is anticipated that rheumatoid
arthritis increases the risk of periodontal diseases. MMP-8
is elevated in saliva in patients with rheumatoid arthritis,
and its increased level causes periodontal inflammation [51].
Several studies have suggested a strong association between
rheumatoid arthritis and periodontal diseases. IL-1beta level
in the saliva is high in rheumatoid arthritis compared to
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Table 6 Summary of various salivary biomarkers found for diabetes

Disease Biomarkers Sample type Result References

Diabetes Glucose Serum and saliva A significant correlation between  Gupta et al.[63]
serum and saliva found

Diabetes mellitus Glucose Serum and saliva  Significant correlation between Gupta et al
fasting blood and salivary [92]

Type-2 diabetes mellitus

Diabetes Mellitus

Diabetes mellitus

Diabetes Mellitus

Diabetes Mellitus

Type-2 Diabetes Mellitus

Diabetes Mellitus

Type 2 diabetes

Diabetes mellitus

Glucose and
HbAlc

Glucose

Salivary amylase

Glucose

Glucose and
HbAI1C

Glucose, amylase and proteins

Salivary glucose, Salivary amyl-
ase and

immunoglob

ulins

Salivary glucose and urea

Salivary glucose and
HbAIC

Serum and saliva

Serum and saliva

Saliva

Serum and
Saliva

Serum and
Saliva

Serum and
Saliva

Serum and saliva

glucose levels and postprandial
blood and salivary glucose
levels

Significant correlation between
salivary glucose concentration
and associated glycemia/HbAlc
values

Significant correlation between
salivary and serum blood glu-
cose levels in both diabetic and
nondiabetic patients

Salivary amylase concentration
increased in diabetic patients
which can be used as a potential
biomarker to evaluate and
clinical management of diabetic
patients

Significant correlation is found
between serum and salivary
glucose levels which suggest
that salivary glucose can be
used to monitor blood glucose
concentration

Significant correlation is found
between serum and salivary
glucose and between serum
and salivary glucose and serum
glycated hemoglobin

Significantly higher salivary
glucose, lower amylase and total
protein observed which suggest
that diabetes influence the com-
position of saliva

However, further is needed to use
saliva as a diagnostic tool for
diabetes mellitus

Increase in levels of post prandial
blood glucose, HBA1A, salivary
glucose, salivary amylase and
salivary immunoglobulin A in
diabetic patients. Significant
correlation is found between
post prandial blood glucose
and salivary glucose in diabetic
patients

Saliva and plasma Significant correlation is found

Serum and
Saliva

between salivary and plasma
glucose levels as well as in
salivary and blood urea

Significant Correlation found
between fasting salivary glucose
and blood glucose and fasting
salivary glucose and HbA1C in
diabetic patients

Mascarenhas et al. [93]

Bhattacharyya et al. [94]

Pérez-Ros et al
[95]

Amer et al
[96]

Naseri et al
[97]

Indira et al
[98]

Abd-Elraheem et al. [99]

Mrag et al
[100]

Satish et al
[45]
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Table 7 Summary of various salivary biomarkers found for liver diseases

Disease Biomarkers Sample type Result References
Hepatocellular Carcinoma Alpha Feta Serum and  Elevated AFP level in saliva and serum You et al. [47]
Protein (AFP) Saliva
Early salivary long noncoding Serum and A significant correlation between serum and Xie et al. [46]
Hepatocellular RNA-PCDH9- Saliva saliva found
Carcinoma 13:1
Hepatitis C viral (HCV) infection HCV Serum and  The clinical performance of the OraQuick HCV Chaetal. [101]
Saliva Test is comparable to that of laboratorybased
tests with both serum and oral fluid
Hepatitis A viral (HAV) infection HAV Saliva IgG antibodies detected in saliva for HAV infec-  Augustine. et al

tion [102]

patients with periodontal disease [52]. Rheumatoid arthri-
tis patients receiving anti-TNF-alpha antibody therapy have
lower IL-1beta and TNF-alpha levels in saliva. Table 8 sum-
marizes salivary biomarkers found for Rheumatoid arthritis
during the current review.

Malignant Tumors—Breast Cancer and Cystic
Fibrosis

Breast Cancer

Breast cancer, besides skin cancer, is the most common
type of cancer in females. Mammography, the most generic
method used to detect breast cancer, has a few limitations,
such as overdiagnosis and false positives. It fails for small,
early-stage tumors, dense breast tissue, and women under
40. The most crucial aspect of saving a patient is the early
detection of breast cancer. There are several challenges and
concerns in the early detection of breast cancer, including
the risk of disease transfer through serum-based breast can-
cer screening. To address these challenges, a handy and self-
screening saliva-based biosensor was developed by Sania
Arif et al. [53] by using salivary autoantibodies ATP6AP1
[76]. Lately, detecting Human Epidermal Receptor-2

Table 8 Summary of salivary biomarkers found for Rheumatoid arthritis

(HER?2) levels in saliva has also been suggested to diag-
nose breast cancer [54]. Cancer antigen 15-3 (CA 15-3) is
a protein that is produced by normal breast cells. In many
people with cancerous breast tumors, there is an increased
production of CA 15-3.

The salivary level of CA 15-3 is 50% higher in an infected
person than in a healthy person or those with benign tumor
cases. Therefore, it has been suggested to use CA 15-3 for
the early detection of breast cancer [55]. Tumor protein p53
regulates cell division by keeping cells from growing and
proliferating too fast or uncontrolled. Salivary levels of p53
are reported less in breast cancer patients than in healthy
individuals [56]. Salivary autoantibodies against both HER2
and MUC-1 have been reported for the early detection of
breast cancer [57]. Milk-derived peptides proline and valine
are suggested as potential salivary biomarkers for detecting
early and advanced stages of breast cancer [58]. Table 9 indi-
cates various salivary biomarkers found for breast cancer.

Cystic Fibrosis
Cystic Fibrosis (CF) is a genetically transmitted disease

among children and young adults. It occurs due to defective
electrolyte transport in epithelial cells and viscous mucus

Disease Biomarkers Sample type Result References
Rheumatoid MMP-8 Serum and MMP-8 is elevated in saliva at Ayriivﬁinen etal [51]
arthritis Saliva early stage of Rheumatoid arthritis
Rheumatoid IL-1, TNF-alpha Serum and Anti-TNF alpha antibody therapy reduces levels of ~ Mirrielees et al. [52]
arthritis Saliva IL-1 and TNFalpha in Saliva
Rheumatoid IL-1 beta Serum and GCF Periodontal therapy significantly Biyikoglu et al. [103]
arthritis decreases DAS28 and IL-1 beta levels in

Rheumatoid arthritis patient
Rheumatoid ACPA (Anti- Serum and Anti-porphyromonas gingivalis antibodies are Hitchon et al. [104, 105]
arthritis citrullinated protein antibod- Saliva associated with

ies). Antiporphyromonas
gingivalis

ACPA
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Table9 Summary of various salivary biomarkers found for breast
cancer

Salivary biomarkers

Breast cancer Cystic fibrosis

Increase Cancer antigen 15-3 Increase protein and calcium levels
Decrease Tumor protein 53
Anti-MUC1, Anti-HER2

Proline and Valine

Increase turbidity of saliva
Increase phosphate level
Increase lipid and fatty acid levels

secretions from glands and epithelia [59]. The organs most
affected in CF are (a) sweat glands, which produce a secre-
tion with elevated concentrations of sodium and chloride;
(b) the lungs, which develop the chronic obstructive pul-
monary disease; (c) the pancreas, resulting in pancreatic
insufficiency [60]. DNA analysis is not considered for CF
diagnosis due to mutations in the CF gene. At the same time,
the diagnosis is derived from the characteristic clinical signs
and symptoms and elevated sweat chloride values analysis.

CF patients contain increased calcium levels [61-63].
Elevated levels of calcium and proteins in submandibu-
lar saliva resulted in a calcium-protein aggregation which
caused turbidity of saliva [64]. The elevated calcium and
phosphate levels in the saliva of children diagnosed with
CF may explain why these children demonstrate a higher
occurrence or formation of calculus than healthy controls
[65]. The effect of alteration in the salivary compositions is
also seen in the lipid profile of cystic fibrotic patients, which
is markedly changed compared to healthy subjects [66]. The
submandibular gland saliva of cystic fibrosis patients con-
tains 66% more lipid per 100 ml saliva than that of a healthy
subject. The salivary fatty acid profile can be a good indica-
tor of the early detection of tumorigenesis processes and car-
diovascular diseases, which are influenced by dietary intake
[67]. Table 9 shows the summary of salivary biomarkers
found for cystic fibrosis. Saliva-based CF disease diagnosis
might take a long way to reach the bedside from the bench.

Infectious Diseases

Human Immunodeficiency Virus (HIV) causes AIDS and
weakens the body's ability to fight infection. This virus can
be transmitted through contact with infected blood, semen,
and vaginal fluids. Today, strict antiretroviral therapy can
slow down the disease progression and complications. Both
HIV and anti-HIV antibodies can be detected in saliva [68],
which provides an alternative method to detect HIV antibod-
ies apart from blood. In 1980, oral fluid was collected with
the particular collecting device "OraSure" for the saliva HIV
antibody test [69]. OraSure is commercially available in the
United States and can be used to diagnose HIV. Addition-
ally, rapidly screening HIV-1 and HIV-2 via saliva-based

@ Springer

enzyme-linked immunosorbent assay (ELISA) in 20 min
also eliminates the necessity for blood tests [70]. Since it is
widely accessible after the approval of the FDA, the over-
the-counterpoint of care ELISA kit makes HIV tests not only
easy but also private [71]. Currently, 25% of HIV-positive
individuals are unaware of their infection and responsible
for most new cases annually. The point-of-care testing kit
provided a means to assess their HIV status and possibly
reduce HIV infections. Furthermore, it may enhance long-
term survival rates by facilitating retroviral therapy's early
initiation. Secretory Leukocyte Protease Inhibitor enzyme
(SLPT) present in saliva shows antiretroviral therapy and
prevents HIV-1 infection for 3 weeks after infection; how-
ever, human plasma and synovial fluid cannot inhibit HIV-1
infectivity [64].

Diagnosis of HIV with saliva is safe over blood, as saliva
collection is painless, non-invasive with minimal or no risk
of infection, inexpensive, simple, and rapid. Furthermore,
viral transmission via saliva is unlikely as the infectious
virus is rarely isolated from saliva [72]. Saliva collection
also simplifies the diagnostic process in special populations
for whom blood drawing is challenging. This population
can be individuals with compromised venous access (e.g.,
injecting drug users), patients with hemophilia, and chil-
dren. Studies have demonstrated that HIV infection diagno-
sis based on a specific salivary antibody is equivalent to a
serum-based diagnosis. And, therefore, applicable for both
clinical use and epidemiological surveillance [73]. In con-
clusion, the collection and analysis of saliva offer a simple,
safe, well-tolerated, and accurate method for diagnosing
HIV infection.

Additionally, saliva-based diagnoses are not only limited
to HIV infection. It also plays a significant role in diagnos-
ing infectious diseases such as Malaria, dengue, Ebola,
Mycobacterium tuberculosis, and Herpes Simplex virus.
The malaria level of IgG antibodies Plasmodium falciparum
antigen is present in saliva and strongly correlates with the
plasma level [74]. Using saliva as a medium for point-of-
care screening will improve early disease state management
by identifying the source of infection at an early stage.

Relationship Between Peridontitis
and Systemic Diseases

A positive correlation is found between alpha-2 mac-
roglobulin and HbA1c, demonstrating that alpha-2-mac-
roglobulin in saliva could reflect the glycemic control in
patients with Type-2 diabetes mellitus [64], whereas the
concentration of salivary melatonin decreases in Type-2
diabetes and periodontitis patients. This indicates that
salivary melatonin is essential in the pathogenesis of
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diabetes and periodontal diseases and can be used as a
biomarker in diagnosing and treating these two diseases
[65].

Periodontal therapy can collaborate with systemic
rheumatoid therapy to improve rheumatoid arthritis con-
ditions [74]. After periodontal therapy in rheumatoid
arthritis patients, Disease activity score 28 (DAS28)
decreases significantly, showing that periodontal ther-
apy can be used in association with RA systemic therapy.
Structural damage resulting from chronic inflammation
is the primary cause of loss of function and pain seen in
the progression of rheumatoid arthritis and periodontal
diseases. Also, the porphyromonas gingivalis periodon-
tal pathogen is associated with the production of Anti-
citrullinated proteins antibodies (ACPA) in Rheumatoid
arthritis patients (Fig. 6) [75]. However, further studies
should be established to verify this link between rheuma-
toid arthritis and periodontal diseases [75]. Several stud-
ies reported severe periodontal symptoms in rheumatoid
arthritis patients. Therefore, paying attention to the oral
cavity of rheumatoid arthritis patients and referring them
for regular dental checkups might positively impact the
management and treatment of rheumatoid arthritis.

Periodontitis
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Advantages of Oral Biosensors

Oral biosensor research reported so far confirms its feasibil-
ity to assess health and reports disease states as viable num-
bers or signals based on biomarkers present in the specimen
used, such as the whole saliva. An essential aspect of this
approach is its non-invasive needleless nature, easy collec-
tion, and availability.

A biosensor capable of detecting oral cancer from saliva
samples facilitates one of the historical goals of cancer
research. With the help of salivary biomarkers, a non-inva-
sive oral cancer diagnostic strategy is established, with mini-
mum expense, ease to use, and a home-based routine testing
possibility [76, 77]. Existing biosensor studies are grouped
under tables representing their general (Table 3) and clinical
(Table 4) perspectives.

Current Status and Future Direction

The biosensor as a diagnostic tool has been used for dec-
ades to diagnose, treat, and prevent countless diseases. When
observing the usage of biosensors during a pandemic, their
meaning takes on a new level. After the COVID-19 pan-
demic began in late 2019, salivary biosensors have become
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Fig.6 Common risk factors and pathogen in the pathogenesis of rheumatoid arthritis and periodontitis
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the primary tool to detect the virus and begin the process of
spread prevention and treatment [78].

Comparing these tests shows that these biosensors can
efficiently analyze a common denominator, saliva. Saliva
is being used as an easy communication path between both
clinics and marketing companies to provide a wide range
of services. Due to its easy accessibility and inexpensive
extraction, it is increasingly becoming a popular medium
for scientists to use for viruses, ancestry, and other disease
biomarkers that indicate severe or fatal diseases.

In an experiment with the saliva and serum sample of
250 individuals with a prior history of cardiovascular dis-
eases, salivary levels of CRP, prostaglandin E2 (PGE2), leu-
kotriene B4 (LTB4), matrix metalloproteinase 9 (MMP9),
creatinine, and lysozyme were measured. A significant cor-
relation identified between salivary and serum CRP levels
among patients with ischemic heart disease (IHD) confirms
that saliva can be used as an alternative means for the evalu-
ation of cardiovascular risk [79]

Saliva contains several biomarkers that play an important
role in determining systemic diseases. Salivary biomark-
ers such as C-reactive protein, Myeloperoxidase, MMP-9,
salivary glucose, IL-1, salivary proteins, TNF-alpha, can be
used to diagnose various systemic diseases; however, further
studies are required to confirm the significance of these bio-
markers. A panel of biomarkers can be used to screen and
assess systemic disease risk. As our knowledge of salivary
biomarkers expands, the potential applications, interconnec-
tion, and common biomarkers for oral and systemic disease
diagnosis will also grow. Table 10 summarizes various sali-
vary biosensors used for various systemic diseases. In the
future, there are rich possibilities that salivary diagnostics
can be used as an effective tool for saving lives and preserv-
ing those already saved.

Saliva-based diagnostics seems to be an important tool
for regularly screening larger populations. However, fur-
ther technology development and identification of robust
and discriminatory sets of salivary biomarkers are required

to apply saliva as a diagnostic tool in day-to-day practice.
Saliva is non-invasive, easy to handle, and with the possibil-
ity of self-collection fluid—these characteristics are critical
in a pandemic scenario, enabling less exposure to healthcare
professionals.

Conclusions

This review paper highlights the need for saliva-based bio-
sensors that can benefit patients and healthcare providers.
It also reveals the importance of developing a system that
can function based on salivary biomarkers for each systemic
disease detection. From a healthcare professional's perspec-
tive, using a biosensor will allow faster results that do not
always require a medical appointment. The data transferred
from patient to doctor can be discussed and sent to multiple
healthcare professionals, allowing for various opinions on
the data analyzed by that biosensor. They would also allow
cost-effective strategies to track patients and their disease
progression and real-time monitoring. The development of
whole saliva-based biosensors will be challenging due to
the variation in the dietary habits of individuals. However,
it will provide an efficient resource that can lower the risks
of the progression of oral diseases and early prediction of
other systemic diseases. Advances in machine learning and
ultra-sensitive detector modalities will overcome big data
issues and lower concentrations. Al and machine learning
can help find relationships, nullifying variabilities like age,
race, and food habits [80]. This knowledge will contribute to
a better understanding and correlation between systemic and
oral health. The main findings of this review are:

e Saliva can be an alternative biological diagnostic fluid.

e Non-invasive saliva collection facilitates a home-based
diagnosis approach; however, more studies should be in
place to incorporate saliva-based diagnostics into daily
use.

Table 10 Summary of various salivary biosensors for systemic disease detection

Systemic diseases Salivary biomarkers

Salivary biosensors

References

Diabetes mellitus Glucose
HIV Immunoglobulin

Cardiovascular diseases CRP, Lactate

Salivary nanobiosensor

Electrochemical peptide-based biosensors

Zhang et al. [106]
McQuistan et al. [107]

Electro Claver et al

chemiluminescence biosensor Microchip assay biosensor [108]
Christodoulides et al
[109]

Breast cancer ATP6API,
CA15-3, CEA,
CA125, HER-
2/neu

Hyperphosphatemia Phosphate

Quartz crystal biosensor Surface plasma resonance biosensor
Multiplexed microfluidic biosensor

Amperometric biosensor

Arif et al. [53]
Liang et al. [110]
Jokerst et al. [111]

Kwan et al. [112]
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While several questions remain open, the potential
advantages of salivary analysis for diagnosing systemic
disease suggest that further studies are warranted.
Saliva-based diagnosis is gaining attention after the
covid pandemic, with oral health as an indicator of over-
all health, and dentists will have greater involvement in
identifying non-oral or systemic diseases apart from their
routine responsibilities.
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