
Electrochemical sensors targeting salivary
biomarkers: A comprehensive review

Item Type Article

Authors Mani, Veerappan; Beduk, Tutku; Khushaim, Walaa; Ceylan, Ayse
Elcin; Timur, Suna; Wolfbeis, Otto S.; Salama, Khaled N.

Citation Mani, V., Beduk, T., Khushaim, W., Ceylan, A. E., Timur, S.,
Wolfbeis, O. S., & Salama, K. N. (2020). Electrochemical sensors
targeting salivary biomarkers: A comprehensive review.
TrAC Trends in Analytical Chemistry, 116164. doi:10.1016/
j.trac.2020.116164

Eprint version Post-print

DOI 10.1016/j.trac.2020.116164

Publisher Elsevier BV

Journal TrAC Trends in Analytical Chemistry

Rights NOTICE: this is the author’s version of a work that was accepted
for publication in TrAC Trends in Analytical Chemistry. Changes
resulting from the publishing process, such as peer review,
editing, corrections, structural formatting, and other quality
control mechanisms may not be reflected in this document.
Changes may have been made to this work since it was submitted
for publication. A definitive version was subsequently published
in TrAC Trends in Analytical Chemistry, [, , (2020-12)] DOI:
10.1016/j.trac.2020.116164 . © 2020. This manuscript version
is made available under the CC-BY-NC-ND 4.0 license http://
creativecommons.org/licenses/by-nc-nd/4.0/

http://dx.doi.org/10.1016/j.trac.2020.116164


Download date 24/05/2023 07:55:25

Link to Item http://hdl.handle.net/10754/666821

http://hdl.handle.net/10754/666821


TOC 

 

Jo
urn

al 
Pre-

pro
of



1 

 

Electrochemical sensors targeting salivary biomarkers: A 

comprehensive review 

Veerappan Mani,1* Tutku Beduk,1 Walaa Khushaim,1 Ayse Elcin Ceylan,2 Suna Timur,2 Otto 

S. Wolfbeis,3* Khaled Nabil Salama1* 

 

1 Sensors Lab, Advanced Membranes and Porous Materials Center (AMPMC), Computer, 

Electrical and Mathematical Science and Engineering Division, King Abdullah University 

of Science and Technology (KAUST), Saudi Arabia. 

2 Department of Biochemistry, Faculty of Science, Ege University, 35100 Izmir, Turkey. 

3 Institute of Analytical Chemistry, Chemo- and Biosensors, University of Regensburg, D-

93040 Regensburg, Germany. 

khaled.salama@kaust.edu.sa (K.N. Salama) 

veerappan.mani@kaust.edu.sa (V. Mani) 

 

ORCID numbers: 

VM: 0000-0002-0756-7398 

TB: 0000-0001-7365-6404 

WK: 0000-0002-8431-1070 

AEC: 0000-0002-0591-6080 

ST: 0000-0002-3129-8298 

OSW: 0000-0002-6124-2842 

KNS: 0000-0001-7742-1282 

  

Jo
urn

al 
Pre-

pro
of



2 

 

Abstract 

The analysis of salivary markers has grown into a promising non-invasive route for 

easy, safe, and pain-free monitoring and has the potential to alter the existing way of 

clinical diagnosis and management. Advancements in sensing technology, the arrival of 

novel materials, the innovative fabrication technologies, and sampling accuracy have made 

significant progress and establishing saliva as a fluid for routine analysis. Salivary 

biomarkers are useful to diagnose not only cardiovascular diseases, bacterial or viral 

infections but also cancer, diabetes, or Alzheimer’s disease. In addition, saliva is analyzed in 

toxicology, forensic medicine and drug abuse. Electrochemical assays and sensors are well 

accepted tools because they allow for fast and cost-effective analysis. Nanomaterials, 

microfluidics, smartphones, paper-based, flexible and wearable devices have made 

significant advancements in saliva analysis. This review discusses the recent progress 

made in electrochemical methodologies for detecting salivary biomarkers. 

 

Keywords: Clinical diagnostics; Saliva; biomarker; Biosensor; Viral disease; Cardiovascular 

disease; Cancer; Drug abuse; Wearable sensors; Microfluidics 

 

1. Introduction 

Clinical diagnostics is mainly based on blood analysis, which involves invasive 

collection of blood samples from the body, usually a few microliters or milliliters [1]. 

However, blood collection procedure is associated with pain and inconvenience, and 

requires skilled personnel to draw the blood. Analysis of saliva is a non-invasive method 

for clinical analysis [2]. The ease and convenience with minimal stress on patient, allowing 

multiple collections readily and frequently, rapid sample collections, and less 

contamination risk are the attractive features of saliva analysis [3]. Saliva-based testing is 

expected to replace at least some current blood tests in the near future. Several reviews are 

known on methods for analyzing saliva, but some are outdated [2, 4], some are highly 

specific [5], some are general [1], and some are not covered all types of electrochemical 

Jo
urn

al 
Pre-

pro
of



3 

 

methodologies and drug markers [6] and others are not focused to electrochemical sensing 

[7, 8]. Here, we are exclusively focusing on the recently reported electrochemical sensing 

and biosensing reports which targets salivary biomarkers including markers of chronic and 

infectious diseases and drug abuse. 

The salivary chemicals include a wide variety of biological agents including 

substances produced from salivary glands, external substances, microorganisms, and 

permeating substances from blood (Scheme 1). However, saliva testing has some 

complications compared to blood analysis. Primarily, the concentrations of biomarkers 

often are lower by several orders of magnitude in saliva compared to blood. Next, the 

establishment of correlation between saliva and serum levels of biomarkers is also 

challenging. The background noise, interferences, matrix effects, viscosity, salivary flow 

rate, and food intake have to be considered for developing accurate and stable saliva 

testing. In addition, there are challenges due to lack of standardized sampling methods and 

analytical procedures [1]. On the positive side, recent research has witnessed numerous 

technical advancements in electrochemical sensors and biosensors that include novel 

materials, paper-based electrodes, microfluidics, integrated sensors, wearable devices, 

smartphone technology etc. [9, 10]. The limits of detection (LOD) of sensors have been 

greatly improved, reliability is improved, the levels of several blood markers are correlated 

with saliva, and new saliva collection and processing methods are introduced. 

Unstimulated whole saliva can be collected by passive drooling or spitting methods, while 

stimulated saliva can be collected through mechanical stimulation. 

Electrochemical techniques are known for their simple, low-cost, portable and quick 

analysis. In addition, they are compatible with cloudy samples, whole saliva analysis, low-

power, minimal sampling, and wearable options. Here, we review the electrochemical (bio) 

sensor reports focused on salivary biomarkers for acute, chronic and infectious diseases 

and for monitoring pharmaceutical, toxic and illegal drugs. 
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Scheme 1. Opportunities and recent trends in saliva testing 

2. Salivary biomarkers 

Table 1 lists the physiological levels of saliva and blood biomarkers and their related 

health implications. The analytical parameters of the reported electrochemical sensors for 

salivary markers are listed in Table S1. 

Table 1. Physiological levels of major biomarkers in saliva and blood and their 

related health conditions 

Analytes Physiological 

levels in saliva 

Physiological levels 

in blood or serum 

Implications 

Glucose [11] 0.008–1.77 mM 2–40 mM Diabetes mellitus 

Lactate [12] 0.1–2.5 mM 0.5–2.2 mM (Venous) 

0.1–1.6 mM (Arterial) 

Sepsis, hypoxia, metabolic 

disorders, and sports medicine 

Uric acid 120−400 μM 200–430 μM Gout arthritis, hyperuricemia, 

chronic kidney diseases. 

Adolescent body fat and 

nutritional indicator 
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Creatinine 4.4–17.7 μM 45–110 μM An indicator of renal 

(mal)function such as chronic 

kidney disease 

Thiocyanate [1] 0.5–2 mM < 0.2 mM Indicator to monitor cigarette-

smoking behavior, iodine 

deficiency and cancer 

Glutamate 0.232 μM 5–100 μM Neurodegenerative diseases, 

kidney diseases, migraines and 

chronic intestinal pseudo-

obstruction disorder 

Cholesterol [13] 0.02–5.46 μM < 5.2 mM Diabetes mellitus, 

cardiovascular disease 

Nitrite 130–217 μM 0.1–1.0 μM Oral cancer, periodontal disease 

and therapeutic functions of NO 

pathway. 

pH value 6.2–7.6 7.35–7.45 Tooth decay, gum diseases, 

plague formation, gingivitis, 

anxiety disorder. 

Cortisol [14] 

 

2.8–4.4 nM 0.1–0.8 μM  Stress marker, Cushing’s 

disease and Addison's disease. 

α-Amylase [15] 19–308 U mL−1  0.05–0.125 U mL−1 stress biomarker 

Cardiac 

troponin I [16] 

0.067 pg mL−1  0.04 ng mL−1 Biomarker for cardiovascular 

diseases 

Cholesterol [13] 13–120 μM < 5.2 mM Biomarker for cardiovascular 

diseases 

Tumor necrosis 

factor-α [17] 

– 0.1–0.3 pM pro-inflammatory cytokine, 

heart failure 

Prostate 

Specific Antigen 

0.01–1.74 ng mL−1 < 4.0 ng mL-1 prostate cancer 
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Fig. 1 (A) Evolution of glucose sensors from invasive to non-invasive electrochemical 

monitoring (Reproduced with permission from ref. [11]). (B) Wearable pacifier biosensor 

for saliva biomarker monitoring in infants (Reproduced with permission from ref. [18]). 

(C) Mouthguard biosensor for monitoring salivary glucose (Reproduced with permission 

from ref. [19]). 

2.1. Organic Compounds 

Glucose monitoring is one of the successful salivary electrochemical sensing devices 

due to high saliva glucose levels. The evolution of glucose sensors from invasive to non-

invasive methods is shown in Fig. 1A [11]. A review on non-invasive glucose monitoring in 

saliva and sweat is available [11]. A flexible, transparent, non-enzymatic amperometric 

sensor for salivary glucose using randomly oriented CuO nanowire networks supported 

poly(ethylene terephthalate) modified electrode was reported [20]. The method works in a 

solution of volumes as small as two microliters, but biofouling is a major problem. Wang et 

al. [21] describe an attractive ‘delayed-sensor exposure concept’ based on transient 
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coatings, which allowed direct glucose monitoring in whole saliva without biofouling. The 

use of such protective polymeric coatings with programmable transiency behavior offer the 

exposure of fresh surfaces at preselected times. Reduced graphene oxide/chitosan/glucose 

oxidase/nafion nanocomposite modified PET polyester sheet was demonstrated for 

glucose sensor [22]. The 3D network of the composite was used as a scaffold for the 

enzyme immobilization. The resulting biosensor showed a detection limit of 5 μM, and 

practically demonstrated in artificial saliva. Blood glucose monitoring in neonates is always 

challenging. To resolve this issue, a wearable pacifier-based glucose biosensor was 

demonstrated [23] that integrates saliva sampling, electrochemical devices and 

miniaturized wireless electronics on a single device. Such sensors collect real-time heath 

data, without complex manipulation, sampling, and treatments. Besides, the baby’s mouth 

movements on the pacifier automatically stimulate saliva pumping and promote a 

unilateral flow from the mouth to the electrochemical chamber. This baby-friendly device 

continuously monitors the glucose levels in newborns’ saliva in a non-invasive manner, and 

wirelessly transmits the data to a smartphone (Fig. 1B). The proof-of-concept of this device 

underpin the possibilities for metabolite monitoring in neonates targeting saliva. Similarly, 

a wearable mouthguard biosensor was demonstrated on for real-time monitoring of 

salivary glucose [19]. The components (GOx entrapped co-polymers of 2-

methacryloyloxyethyl phosphorylcholine with 2-ethylhexyl methacrylate) and wireless 

transmitter are printed onto the surface of poly(ethylene terephthalate glycol) (PETG) of 

the mouthguard, enabling telemetric glucose monitoring (Fig. 1C). Although thousands of 

articles are being published every ever by considering the impact of diabetes, most of them 

focused on different nanomaterials and uses glucose as a model analyte. However, from 

clinical analysis perspective, future efforts should be directed towards the development of 

non-invasive methods, low-cost paper-based electrodes, continuous wireless monitoring 

systems, and implantable devices glucose sensors [9]. 

Lactate is a sepsis biomarker. Salivary lactate level is highly correlated with blood 

lactate at a ratio of 1: 4. Non-enzyme electrocatalytic sensors and lactate oxidase (LOx) or 

lactate dehydrogenase (LDH) based enzymatic biosensors are used for salivary lactate 

measurements. A disposal, cost-effective biosensor has been developed using screen-
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printed electrode (SPE)-Prussian Blue-LOx for quantification of salivary lactate in athletes 

[12]. Prussian Blue is a well-known electrocatalyst for H2O2 that is formed during 

enzymatic oxidation of lactate by LOx. The linear range is from 0.025 to 0.25 mM, and the 

LOD is 0.01 mM, matching saliva levels. Neethirajan et al. [14] described a prototype 

chronoamperometric immunosensor by immobilizing antibodies on a reduced graphene 

oxide (RGO)/SPE for simultaneous monitoring of lactate and cortisol. A handheld 

potentiostat, Bluetooth communication setups and a smartphone with OS-based mobile 

were integrated. The device configuration is perfect for non-invasive POC analysis of saliva. 

But before considering its feasibility in practical use, the results of this device should be 

validated and calibrated. 

Electrocatalytic and enzymatic methods are the major approaches for sensing 

ascorbic acid (AA). A disposable, flexible, and printable biosensor was developed for the 

continuous monitoring of AA in untreated saliva and sweat [24]. Ascorbate oxidase 

immobilized SPE printed on polyurethane substrate was used. Raw saliva was collected by 

passive drool method and directly placed on the sensing zone and detected with 

chronoamperometry. The sensor continuously tracks the AA dynamics after the intake of 

AA pills and fruit juices. 

Uric acid (UA) contributes more than half of the total radical-trapping capacity of 

saliva, and works along with other antioxidants to eliminate oxidative stress. UA biosensor 

use the enzyme uricase, which converts UA into allantoin and H2O2. A paper-based 

biosensor has been reported for quick detection of salivary UA [25]. The analysis time is 

three minutes, which is convenient for daily self-health management such as gout 

management. HPLC coupled electrochemical detection methods are promising approaches 

for highly selective quantifications of UA [26]. In this non-enzymatic approach, UA 

undergoes two-electrons/two-protons-coupled oxidation reaction, which was used to 

construct a hydrodynamic voltammetric sensor. Although chromatography-

electrochemical schemes hold promise for clinical applications, their POC use is limited due 

to their large size. 
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The simultaneous monitoring approaches are more attractive than single analyte 

sensing. An electrocatalytic sensor based on Ni–Fe Prussian Blue analogues hollow 

nanocubes modified electrode was reported for the simultaneous quantifications of 

guanine and H2O2 in whole saliva [27]. The low LOD of 10.4 nM (guanine) and 291 nM 

(H2O2) indicates the potential of these sensors. An integration of chip-scale electronic 

circuits, microfluidic sampling, wireless communication, and rechargeable battery into a 

miniaturized flexible architecture is necessary to fabricate wearable sensors. Such 

advanced integrated wearable mouthguard biosensors for continuous monitoring of 

salivary UA (Fig. 2A) [28] and lactate [29] have been demonstrated. These wearables are 

useful to extract real-time information about the wearer's health, stress level, and fitness. 

The data can be stored for personalized medicine. 

Operational stability and long-term stabilities are key parameters for any commercial 

sensor device. Most reports demonstrated the stability tests in short-term, usually less than 

a month, while long-term durability has not been widely explored or reported. Moreover, 

the stability experiments are generally performed in lab samples, not on the real saliva 

samples. As a result, it is difficult to judge the feasibility of such methodologies for the real 

practical use. 
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Fig. 2 (A) a) Mouthguard UA biosensor integrated with wireless amperometric circuit 

board. b) Layer of the Prussian Blue/uricase/glutaraldehyde/poly-o-

phenylenediamine/carbon working electrode printed on a poly(ethylene terephthalate). c) 

Photograph of the wireless circuit board (Reproduced from ref. [28] with permission). (B) 

(top) Overview of the intraoral electronics displaying quantification of sodium intake via 

real-time monitoring and (bottom) X-ray micrographs of an ultrathin intraoral electronics, 

laminated on an oral retainer (Left), and image of circuit interconnects (Right) on a porous 
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membrane (Reproduced from ref. [30] with permission). (C) Ratiometric DNA biosensor 

based on homogeneous exonuclease III-assisted target recycling amplification (Reproduced 

from ref. [31] with permission). (D) Smartphone coupled testing of salivary α-amylase 

(Reproduced with permission from ref. [15]). (E) Immunosensor for simultaneous 

determination of interleukin-1-β and tumor necrosis factor-α using dual SPE/f-double–

walled CNTs [32]. (F) Electrochemical immunosensor for the determination of salivary 

cytokine interferon gamma (IFN-γ) [33]. 

2.2. Inorganic compounds 

The quantification of salivary thiocyanate (SCN−) is a safe, inexpensive, and fast way 

to distinguish early smokers from non-smokers for controlling tobacco use. Salivary 

thiocyanate levels in non-smokers are 0.5–2 mM, but exceed 6 mM in smokers. 

Thiocyanate-selective membranes based potentiometric sensor is the major method used 

for thiocyanate. Electrocatalytic sensors have also been suggested for detecting low 

concentrations of SCN−. For example, carbon dots doped Fe3O4/g-C3N4 nanosheets modified 

electrode based differential pulse voltammetry (DPV) able to detect picomolar levels of 

SCN− [34]. This method can discriminate between smokers and non-smokers by quickly 

sensing their salivary SCN−.  

Salivary pH is an global health indicator for monitoring pH balance of the mouth and 

accessing the oral functions of the salivary glands. Potentiometric sensors are widely used 

to monitor saliva pH values, in which a variety of proton-selective materials are developed 

to enhance sensor performance. However, Compton et al. [35] reported on a different 

approach by placing quinones on the surface of a microelectrode for voltammetric 

measurement of salivary pH values. The method is based on reversible two-electron 

coupled two-proton redox reactions of surface quinone groups on the oxidized carbon fiber 

electrode. This pH sensor eliminates the need for deoxygenation of saliva and it can 

accurately detect the pH of oxygenated authentic human saliva, synthetic saliva and real 

saliva. Recently, a cable-type potentiometric sensor was reported for real-time pH 

monitoring of saliva [36]. The cable sensor is made by weaving together two carbon fiber 

thread electrodes coated with a self-healing polymer, poly(1,4-cyclohexanedimethanol 

succinate-co-citrate. 
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Salivary electrolytes contribute to ionic strength, buffering capacity, and 

antimicrobial activity. Ion-selective electrodes (ISEs) are the best candidates for detecting 

saliva electrolytes with proper collection of saliva, processing data, and sensor calibrations. 

Microfabrication technologies such as photolithography are useful for making integrated 

electrochemical sensors because they can produce miniaturized sensors at micrometer 

scales. A soft intraoral wearable sensor, fabricated via photolithography, was demonstrated 

for continuous real-time monitoring of sodium ions in saliva for hypertension management 

(Fig. 2B) [30]. The fabrication process includes processes of double transfer printing, chip 

integration, and fabrication of sodium ISEs.  

Heavy metal poisoning can lead to serious health problems. Electrocatalytic, DNA- 

and aptamer-based sensors coupled with square wave voltammetry (SWV) or DPV are the 

major detection schemes for heavy metal assays. Preconcentration is usually employed to 

improve LODs, which is done by accumulating heavy metals on an electrode surface before 

measurements. A reusable “signal-on” aptasensor using a 36-base thiolated and Methylene 

Blue-modified aptamer was reported for Cd(II) detection in saliva [37]. Lat et al. [38] 

demonstrated a peptide-based sensor using a 13-amino-acid peptide sequence derived 

from the calcium-binding site of the protein E-cadherin to quantify Pb(II) in saliva. The 

sensor behaves as a “signal-off” sensor in alternating current voltammetry, but it can 

behave as a “signal-on” sensor in the DPV mode. This peptide sensor has high specificity, 

limited cross-reactivity, and quick response time (<60 s). 

Despite the development of several sensitive voltammetric and amperometric 

sensors for inorganic materials in saliva, still these species mostly rely on ISEs because of 

the good selectivity of ISEs. But the detection limits of the ISEs are insufficient to capture 

low levels of salivary inorganic materials. Future research can directed on the following 

directions: (1) new materials and engineering methods for transforming the conventional 

bulk membrane structures of ISEs into nanostructured interfaces (to improve sensitivity), 

(2) by incorporating bioreceptors or artificial receptors, the selectivity of the 

voltammetric/amperometric sensors can be improved. 
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2.3. Hormones, amino acids, DNA, enzymes and proteins 

About 95-99% of hormones in the bloodstream are bound to proteins. Unlike blood, 

saliva contains mostly free-hormones. As a result, salivary hormones testing have gained 

greater clinical significance. Real-time patterns of salivary hormones are valuable data for 

understanding fertility and pregnancy beyond physio-pathological monitoring. Providing 

high selectivity, electrochemical immunosensors are the most common methods for 

hormones. A disposable paper-based biosensor chip was reported for salivary cortisol 

monitoring [39]. The electrode was prepared by coating a nanocomposite of graphene and 

the diblock-co-polymer poly(styrene)-block-poly(acrylic acid) on a filter paper followed by 

deposition of metallic gold.  

Given the low concentration of markers in saliva , signal amplification strategies have 

been introduced to increase electrochemical sensor sensitivity for various salivary 

diagnostics including clinical applications. Salivary DNA analysis  was demonstrated by Ma 

et al. [31] who described a highly sensitive ratiometric DNA biosensor based on a 

homogeneous exonuclease III-assisted target recycling amplification and one-step 

triggered dual-signal output (Fig. 2C). This biosensor achieves a detection limit as low as 

12.8 fM for a DNA species related to Oral Cancer Overexpressed 1 (ORAOV1) in saliva. 

Another gene sensor was reported for the picomolar quantification of DNA species related 

to ORAOV1, based on nuclease-assisted target recycling and amplification of DNAzyme 

[40]. A signaling probe was modified with a thiol group at its 3′ terminus, consisting of a 

target recognition sequence and a G-rich sequence. This method can discriminate even 

single-base mismatch, making it a favorable candidate for accurate diagnosis of oral cancer. 

α-Amylase, lipase, lactoperoxidase, lysozyme, alkaline phosphatase, and superoxide 

dismutase are other useful enzyme biomarkers found in saliva. The electrochemical 

determination of α-amylase is a relatively simple method compared to conventional 

analysis. A smartphone-based testing device was demonstrated for POC monitoring of 

salivary α-amylase (Fig. 2D) [15]. The device is making use of a smartphone with an α-

amylase detection app, a potentiometric reader and a sensing chip. When the saliva sample 

was adsorbed on the reaction zone by capillary-based sampling, α-amylase reacts with the 

preloaded reagents. This results in the conversion of the electron mediator Fe(CN)63− to 
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Fe(CN)64−. The chip is then pressed by fingers to push the reaction mixture to the detection 

zone for potentiometric measurement. The potential reading is sent to the app and 

converted into digital reading. 

Cytokine detections are vital for diagnosis of diseases related to inflammation, 

atherosclerosis, cancer and others. A simultaneous immunosensing of two cytokines, 

interleukin-1-beta (IL-1β) and tumor necrosis factor-alpha (TNF-α) was demonstrated [32] 

using  dual SPE modified functionalized double-walled CNTs (Fig. 2E). The LODs were 0.38 

pg/mL (IL-1β) and 0.85 pg/mL (TNF-α) and this method was successfully applied for the 

multiplexed detections of cytokines in saliva samples. Similarly, polythiophene polymer 

with densely populated carboxyl groups [41] and ITOs modified with 6-

phosphonohexanoic acid [42] were reported to be viable immobilization matrices for 

immunosensing of IL-1β in human saliva. Aydin et al. [43] developed a conductive carbon 

black and star PGMA polymer composite modified ITO based immunosensor for 

interleukin-8 (IL-8) in human saliva. The immunosensor detected as low as of 3.3 fg mL-1 of 

IL-8. The method able to determine IL 8 in saliva and serum samples, which was validated 

by ELISA. 

Interferons (IFNs) are a group of signaling proteins and released by host cells in 

response to the presence of some viruses. A sandwich-type immunosensor [33] was 

described for the cytokine interferon gamma (IFN-γ) in saliva using a screen-printed 

carbon electrode (SPCE) modified by electrochemical grafting (Fig. 2F). Horseradish 

peroxidase serves as a label. The linear response extends from 2.5 to 2000 pg mL−1. 

Smartphone technology has brought about many possibilities in POC testing and in 

home healthcare devices. A smartphone-based portable amperometric biosensing system 

was demonstrated  for the detection of salivary circulating microRNA-21 in saliva [44]. 

Circulating microRNAs are attractive biomarkers for early cancer detection. The integrated 

sensing system consists of a disposable SPE modified rGO/gold nanocomposite, a detection 

circuit board, and a bluetooth-enabled smartphone installed with an special Android app. 

The hybridization between microRNA-21 target and ssDNA probe resulted in a decrease in 
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current. This smartphone-based system is suitable for resource-limited and non-clinical 

settings, providing opportunities for POC detection of microRNA in saliva. 

Saliva contains about 20 kinds of amino acids and many of them are electrochemically 

active, but this is an unexplored area by electroanalytical chemists. Real-time hormone 

sensors can track the hormone imbalance in continuous fashion, and there a huge 

commercial opportunities for such technological developments.  

 2.4. Biomarkers of acute and chronic diseases 

Table S2 lists the analytical parameters of the electrochemical sensors and 

biosensors targeting salivary markers of acute and chronic diseases. 

Cardiac troponins are the most useful biomarkers in cardiology. In particular, cardiac 

troponin I (cTnI) is a gold standard marker for acute myocardial infarction (AMI). The 

salivary cTnI level increases from a lower limit of 0.67 pg mL−1 to an upper limit of 675 

pg mL−1 after AMI initiation. The practical challenges with biosensors for salivary troponins 

are recently reviewed [45]. A label-free electrochemical aptasensor was reported for the 

determination of salivary cTnI using nitrogen-doped RGO/1-pyrenecarboxylic 

acid/poly(ethylene glycol) modified electrode [46]. The linear range (1–105 pg mL−1) and 

LOD (1 pg mL−1) of the sensor are suited for saliva analysis. Salivary cTnI levels of 

<1 pg mL−1 for healthy patients and 675 pg mL−1 for AMI diagnosed patients have been 

reported by this aptasensor (Fig. 3A). The method allows for yes/no decisions, with is 

especially attractive for rapid AMI screening in elder patients. Salivary cholesterol and 

TNF-α cytokine are also clinically useful CVD markers. A paper-based enzymatic sensor has 

been reported for the impedimetric detection of salivary cholesterol [13]. The enzymes, 

cholesterol oxidase (ChOx), cholesterol esterase (ChE), and HRP were immobilized on a Pt 

black/poly(3,4-ethylenedioxythipohene) (PEDOT):PSS modified nitrocellulose paper. The 

method can detect cholesterol in human serum and saliva. Barhoumi et al. [47] showed that 

salivary TNF-α can be detected using a sandwich-type immunosensor based on a polymer-

coated magnetic microparticles modified screen-printed gold electrode array. Similarly, a 

disposable impedimetric immunosensor was reported for TNF α using a poly(3-thiophene 
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acetic acid) (P3) modified ITO [48]. The sensor can accurately quantify TNF α in human 

saliva. 

Oral squamous cell carcinoma (OSCC) is a malignant neoplasm of the oral cavity 

causing oral cancers. The diagnosis of OSCC is usually diagnosed by an oral examination 

combined with a biopsy. In most cases, OSCC cannot be detected until the cancer has 

developed into advanced stages. The identification of markers of OSCC can assist in the 

early detection, which can improve the survival rate. For oral cancer, saliva is the ideal 

source as it comes in direct physical contact with the cancer lesions. Pingarrón et al. [49] 

developed an amperometric magnetobiosensor for the simultaneous determination of oral 

cancer biomarkers, protein IL-8 and its messenger RNA (IL-8 mRNA) in undiluted human 

saliva (Fig. 3B). They have used a functionalized magnetic beads immunosensor for IL-8, 

and a hairpin DNA sensor for IL-8 mRNA and disposable SPCEs. The LODs are 0.21 nM for 

IL-8 mRNA and 72 pg/mL for IL-8. The magnetobiosensor was used to quantify both 

markers in the saliva of seven healthy individuals and the results were in agreement with 

the ELISA. A similar sandwich-type magnetoimmunosensor was developed by the same 

group for salivary interleukin-6 (IL-6) [50].  

Verma et al. [51] demonstrated an anti-IL8/goldNP-rGO/ITO based immunoassay  for 

salivary IL-8 (Fig. 3C). The assay is fast (9 min) and sensitive (72 pg mL–1) because of the 

synergy between rGO and gold NPs. Hasanzadeh et al. [52] reviewed the role of 

electrochemical sensors for the diagnosis of oral cancer using saliva markers.  

Cortisol is the biomarker in the clinical assessment of chronic stress disease such as, 

Cushing's syndrome and Addition’s disease. An impedimetric cortisol immunosensor [53] 

was reported using RGO as an electrode substrate. A surface-coated denatured bovine 

serum albumin was introduced as a bi-functional interlinking layer for the covalent 

immobilization of anti-cortisol antibodies. The sensor detected salivary cortisol in the 

range of 0.01–100 nM and exhibited negligible cross-reactivity to cortisol analogs. A DPV-

technique coupled immunosensor was developed [54] for cortisol analysis using gold 

nanoparticles and MoS2 modified electrode. It holds potential for POC use in smartphone-

based diagnosis of chronic stress diseases. 
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 Electrochemical sensors are ideal for diagnosing chronic diseases where quantitative 

analysis are required. The aforementioned reports suggesting that electrochemical sensors 

have the potential to diagnose cancer, stress and cardiac markers at point-of-care using 

saliva medium. However, many of these devices are still in research phase, yet to be 

commercialized. 

 

Fig. 3 (A) Electrochemical sensing of cTnI in serum and saliva samples of a patient 

with chest pain, using GCE/N-doped RGO-aptamer: (a) Calibration curve for cTnI. (b) DPVs 

recorded in 5 mM [Fe(CN)6]4− from serum samples of three different patients suspected of 

acute coronary syndrome. (c) serum samples of three different patients spiked with 

150 pg mL−1 cTnI. (d) DPV response of saliva samples of healthy and AMI diagnosed 

patients (Reproduced with permission from ref. [46]). (B) (a) Magnetobiosensor for 

simultaneous determination of IL-8 protein and IL-8 mRNA. (b) Picture of dual-SPCE and a 

homemade magnet holding block (up), and magnetic beads on the dual-SPCE (down). 

(Reproduced with permission from ref. [49]). (C) Anti-IL8/AuNPs-rGO/ITO-based 
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immunosensor for salivary oral cancer markers (Reproduced with permission from ref. 

[51]). (D) Detection of anti-ZIKV antibodies in saliva by EIS with (a) E-DIII and (b) ΔNS1 

proteins, testing positive and negative saliva samples (Reproduced with permission from 

ref. [55])  

2.5. Biomarkers of infectious diseases 

The analytical parameters of the electrochemical sensors targeting salivary markers 

of infectious diseases are included in Table S2. 

The diagnosis of HIV infection is feasible due to the presence of sufficient HIV virus in 

patients’ saliva. Salivary immunoglobulin A (IgA) levels change during oral candidiasis 

infections caused by reduced oral defense mechanisms following HIV infection. Lai et al. 

[56] developed a peptide-sensor for HIV marker, IgG antibodies. The peptide labeled with 

Methylene Blue and thiolated antifouling diluents were immobilized on a gold electrode. 

The peptide-antibody binding event decreased the Methylene Blue signal, which was 

detected by AC voltammetry. The use of thiolated antifouling diluents mitigates the non-

specific binding and protects the sensing surface. Similarly, a DNA sensor was developed 

for HIV-related DNA (single nucleotide polymorphisms) in saliva using a controllable 

magnetic electrochemical biosensor [57]. The LOD of this assay is as low as 0.37 fM. 

Zika virus (ZIKV) is a mosquito-borne pathogen transmitted to humans by infected 

Aedes mosquitoes. One major problem in sensing ZIKV is interference with Dengue virus 

(DENV). To distinguish ZIKV and DENV, Cabral-Miranda et al. [55] developed a biosensor 

using two proteins instead of conventional one protein system; recombinant forms of ZIKV 

non-structural protein 1 (NS1) and the domain III of the envelope protein (EDIII). The 

sensor fabrication involves the assembly of SPCE, carboxylated CNTs, EDIII protein, NS1 

protein, anti-EDIII and anti-NS1. Saliva from ZIKV-positive and ZIKV-negative patients 

were accurately measured without cross-reactivity, which was verified by RT-PCR. 

Detection of infectious viruses by electrochemical genosensors has great importance. An 

anti-digoxigenin (Dig) antibody labeled with a HRP tag was demonstrated for genosensing 

of ZIKV in saliva. This ZIKV test operates closer to the patient and very promising for POC 

use in the surveillance of ZIKV in resource limited areas [58]. A chip-based potentiometric 
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sensor was developed for ZIKV in saliva using a 3D molecularly imprinted polymer (MIP) 

[59]. Thiol co-adsorbed-ZIKV imprinted gold electrode chips were fabricated by imprinting 

and the signal read-out is open-circuit potential. This sensor holds potential for a lab-on-a-

chip use and it its rapid (20 min) and accurate. This method is also useful for DENV 

detection by DENV imprinted electrodes [59]. 

Influenza virus is widely known for causing outbreaks of H1N1 strains in humans, 

which include the 2009 swine flu pandemic and 1918 flu pandemic. Joshi et al. [60] 

demonstrated an immunosensor for the impedimetric detection of influenza virus H1N1 

using a thermally reduced GO/ITO. The LOD was 33 PFU/mL. Since the amounts of the 

influenza viruses in saliva and nasal samples typically ranges between 103 and 105 

TCID50/mL, this sensor can be considered for clinical use. Foot and mouth disease virus 

(FMDV) is a highly contagious virus due to its ease of transmission. FMDV viral imprinted-

MIP (poly-O-aminophenol) on an AuSPE was developed for FMDV detections [61]. The LOD 

was 2 ng/mL. In comparison with standard ELISA and PCR methods, this MIP-sensor 

offered 50 folds lower LOD plus on-line monitoring options. 

Periodontitis is a bacterial infection caused by oral bacteria such as Aggregatibacter 

actinomycetemcomitans, Streptococcus sanguinis and Porphyromonas gingivalis. An 

electrochemical PCR sensor is reported for salivary Porphyromonas gingivalis [62]. This 

method uses disposable electrode and USB-powered hand-held potentiostat. An 

antimicrobial peptide-based sensor targeting Streptococcus sanguinis detects bacteria as 

low as 102 CFU mL−1 in artificial saliva [63]. 

Pyocyanin secreted by the Pseudomonas aeruginosa is a potential biomarker. An 

ultrasensitive detection of salivary pyocyanin has been reported using a whole-cell redox 

reactivation module based signal amplification strategy, which provided excellent signal 

amplification up to 405 times, as a result extremely low LOD of pM level was achieved [64]. 

Merging the electroactive material with polymeric matrixes is another effective way to 

increase electrocatalytic activity, the electronic transfer rate and active surface area. Cernat 

et al. [65] reported an electrochemical sensor based on nanohybrids of graphene, 

polypyrrole and gold modified electrode for salivary detection of pyoverdine. Pyoverdine is 
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a virulence factor secreted by Pseudomonas aeruginosa bacteria that involved in 

nosocomial infections. An electrochemically exfoliated graphene-gold nanoparticle solid 

phase electrode was utilized for a sensitive and selective determination of pyoverdine [66]. 

Ahmed et al. [67] introduced an impedimetric biosensor on a commercial screen-

printed gold electrode for rapid determination of pathogenic bacteria Streptococcus 

pyogenes in saliva. Biotin-tagged whole antibodies against Streptococcus pyogenes were 

conjugated to polytyramine amino groups via biotin-NeutrAvidin coupling. The sensor 

showed linear response of 100 cells/10 μL-105 cells/10 μL, which covers the pathogenic 

levels. Baldrich et al. [68] developed a different approach for gram-negative bacterial 

detections, which is based on a microelectrode arrays-based device to detect N-Acyl 

homoserine lactones (quorum-sensing signaling molecules). The indicator strain 

Agrobacterium tumefaciens NTL4 carries a β-galactosidase reporter gene, which was used 

to detect lactones with the help of a 4-aminophenyl-β-d-galactopyranoside substrate. This 

method provided LOD of 2 pM for lactones, in small sample volumes (20 μL), after a 2 h 

assay and a <1 min of analysis. 

Prototype interdigitated electrodes were demonstrated for the quantitative 

measurement of malaria in saliva, which converts impedance changes to voltage difference 

variation [69]. Similarly, an impedimetric immunosensor was reported [70] for the 

detection of the malaria biomarker plasmodium LDH in saliva.  

3. Saliva analysis of drug abuse and toxic compounds 

The salivary analysis is considered as the easiest and quickest method for the 

detection of illicit and toxic drugs. Various methods have been developed for salivary drug 

screening, however many of them do not always fulfill the requirements in terms of 

reliability, simplicity and portability. Electrochemical methods fulfill these requirements. 

Many drugs can be directly detected through electrocatalytic sensors or receptor-coated 

systems. The practicality of  saliva  has been widely explored for the quantification of 

different groups of therapeutic drugs and detecting drugs abuse. Table S3 listed the 

reported electrochemical sensors for toxic and illicit drugs in saliva. 
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3.1. Toxic drugs 

Lithium ions (Li+) are widely used to treat bipolar disorder. The recommended 

amount of lithium is 0.6 to 1.2 mM, which is slightly lower than toxic threshold level of 1.5 

mM and lethal threshold level of 2.0− 2.5 mM. Hence, its concentration must be carefully 

adjusted in biological fluids during treatment. A rapid electrochemical sensor has been 

developed for the determination of Li+ in human saliva using lithium manganese oxide 

(LiMn2O4) modified GCE and SPE  [71]. The scheme is based on an initial galvanostatic 

delithiation of LiMn2O4 followed by linear stripping voltammetry to sense the reinsertion of 

Li+ in the analyte (Fig. 4A). The quick analysis time (< 3 min) and the simplicity of the 

analysis suggest that its potential for routine monitoring. Bisphenol A (BPA) is known as a 

toxic and endocrine disturbing organic chemical, which is often present in plastic bottles. A 

3D printed Au-RGO electrode was developed for the determination of BPA in saliva samples 

[72]. This electrocatalytic sensor was used to quantify BPA in children’s saliva. 

Acetylsalicylic acid (or aspirin) is a strong anti-inflammatory and analgetic drug. Diouf et al.  

[73] developed a portable and sensitive electrocatalytic sensor to detect aspirin in human 

saliva by a voltammetric electronic tongue. The sensor was fabricated by self-assembly of 

chitosan capped gold nanoparticles on a SPCE. The successful combination of an 

electrochemical sensor and an electronic tongue for the quantitative analysis makes this 

method applicable for POC. This was achieved by using chemometric methods, principal 

component analysis and discriminant functional analysis, which facilitate the data 

processing and interpretation. 

Ampicillin is one of the most widely used β-lactam antibiotics. A “signal-on” 

aptasensor using a gold disk electrode, thiolated and Methylene Blue (MB) modified DNA 

aptamer was developed for ampicillin quantifications in saliva and other fluids [74]. To 

generate a large signal gain, a displacement-based approach is used. First, the aptamer 

probe was hybridized to a displacement probe, and then binding of ampicillin to the 

aptamer probe displaces the displacement probe from the DNA duplex. This change in 

probe conformation and flexibility produced a substantial increase in the MB signal and 

facilitated a sensitive LOD of 30 nM. Acetaminophen is a widely used antipyretic drug, 

which - at higher levels – is toxic to liver and nephrons. Mahmoud et al. [75] developed a 
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simultaneous voltammetric sensor for quantitative detections of acetaminophen and 

isoniazid in saliva using Bi2O2.33 nanorod modified SPCE. Cisplatin is a widely used 

chemotherapeutic drug. An electrochemical OFF/ON cisplatin sensor was developed using 

a thiolated and MB modified oligo-adenine(A)-guanine(G) DNA probe (Fig. 4B) [76]. For 

the high-coverage, the formation of Pt(II)-AG intrastrand adducts rigidifies the oligo-AG 

probe and results in a concentration-dependent decrease in the MB signal. For the low-

coverage, the increase in probe-to-probe spacing allows cisplatin to be bound through the 

intrastrand GNG motif creating a bend in the probe, resulting in an increase in MB current. 

 

Fig. 4 (A) Electrochemical quantification of Li+ in saliva using LiMn2O4-modified 

electrodes (Reproduced with permission from ref. [71]). (B) An OFF/ON DNA sensor for 

cisplatin (Reproduced with permission from ref. [76]. (C) Modafinil analysis in saliva by 

adsorptive stripping voltammetry using a CNTs/SPE. Saliva samples were collected using 

Salivetts® (Reproduced with permission from ref. [77]. (D) Structures of indole and 

indazole based synthetic cannabinoids (Reproduced with permission from ref. [78]). 

3.2. Illicit drugs 

Methadone is an opioid analgesic drug used for chronic pain management. 

Electrocatalytic-oxidation based diagnostic devices such as gold 
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nanoparticles/MWCNTS/CPE [79] and f-MWCNTs/GCE [80] have been developed for 

quantitative detections of methadone in saliva samples. Modafinil is a stimulant drug for 

the treatment of several sleep disturbances. The non-metabolized forms of modafinil are 

found in relatively high levels in saliva compared to urine or blood. Compton et al. [77] 

developed CNTs modified SPE coupled adsorptive stripping SWV sensor for modafinil (Fig. 

4C). The successful sensing in authentic saliva suggests its possible application as a 

convenient method for doping control during competitions. 

There are legal concentration limits for the use of cannabis type drugs. Dronova et al. 

[78] fabricated voltammetric sensors for 11 indole and indazole based synthetic 

cannabinoid drugs (Fig. 4D). These are the predominant illicit smoking mixtures on the 

drug market. The electrochemical sensor able to detect nanomolar levels of these cannabis 

drugs spiked in artificial saliva. The results were authenticated by GC-MS and LC-MS, 

suggesting the accuracy and potential of this method in real-world applications. An 

electrochemical sensing device [81] was reported for monitoring Δ9-tetrahydrocannabinol 

(Δ9-THC) in saliva using a N-(4-amino-3-methoxyphenyl)-methanesulfonamide mediator 

attached SPCE. A recent study outlined the existence of certain correlations between 

amperometry based salivary diagnostics and wearable technology by demonstrating an 

amperometric detection of Δ9-THC and alcohol sensing device simultaneously. A ring-

shaped sensor and a wireless electronics were developed, with a sensing layer composed of 

MWCNT/carbon [82]. 

Methamphetamine is an illicit drug, enforced a significant public health concern 

worldwide. The concentration of 3,4-methylenedioxy-methamphetamine (MDMA) are 

reported to be 30-times higher in saliva than in plasma after its ingestion [83]. Bartlett et 

al. [84] developed an N,N′-(1,4-phenylene)-dibenzenesulfonamide mediated disposable 

SPE-sensor for methamphetamine in undiluted saliva [84]. In conjunction with a double 

square wave reduction technique, galvanostatic oxidation led to the identification of 

methamphetamine in saliva with a response time of 55 s and an LOD of 400 ng mL-1. The 

tobacco product consumption and exposure to smoke can cause a wide variety of diseases. 

Cotinine is the principal metabolite of nicotine. The half-life of cotinine in saliva is longer 

than that of nicotine, therefore cotinine is used as a marker to detect nicotine. A boron-
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doped diamond electrode was demonstrated for the cotinine monitoring in saliva based on 

a multiple-pulse amperometry in a flow-injection analysis [85]. Parate et al. [86] reported 

an electrochemical cotinine sensor using a MIP electrodeposited on a SPCE modified with 

graphene flakes and Pt nanoparticles. The sensing system can measure cotinine n in a 

spiked saliva within minutes. 

A portable POC device is needed to fight drug trafficking. Cocaine is one of the most 

widely used illicit drugs worldwide. Higher cocaine levels are observed in saliva compared 

to intravenous drug administration, hence salivary cocaine analysis is useful for drug abuse 

monitoring [83]. Electrochemical devices can be easily integrated into microfluidic 

systems. Abdelshafi et al. [10] has integrated an electrochemical detection system to an 

ELISA-based magnetic beads in a hybrid microfluidic sensor, utilizing flexible tubing, a 

static chip and a SPE for sensing cocaine in saliva. A MIP sensor with SWV technique has 

been developed for salivary cocaine analysis using electropolymerized p-aminobenzoic 

acid/Pd nanoparticles/graphene/SPCE [87]. A label-free nanopore aptasensor was 

developed for the sensitive detection of cocaine in human saliva and serum samples based 

on a target-induced strand release strategy [88]. 

Overall several nanomaterials modified electrodes have been developed in recent 

years targeting drug residues in saliva. The main finding is that the proper choice of 

nanomaterials can improve the sensitivity and detection limits, so that low levels of drugs 

in saliva can be quantified. The modified screen-printed electrodes appearing as potential 

probes for sensing drugs in saliva due to their low-cost, easy-to-use, and disposability. 

Nevertheless, no studies have been particularly focused on salivary interference and matrix 

effects.  On the one hand, the proper selection of the electrocatalyst can minimize the 

overpotential of the reaction, which can impart a certain amount of selectivity to the 

electrode. On the other hand, these simple modified electrodes will not have the ability to 

provide sufficient selectivity against salivary interferences unless a selectivity factor is 

configured in electrode engineering. Alternatively, the best-performing nanomaterials 

modified electrochemical drug sensing schemes can be combined with separation 

techniques. In this way, the separated drug analytes can be quantified selectivity as well as 

sensitivity, with small compensation in portability. 
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4.General considerations, challenges and future perspectives 

With multiple novel viral diseases coming over the past years, the sensing need for 

saliva biomarkers is apparent, with the time for diagnosis being crucial to control the 

spread of infectious diseases. The ideal sensor should be able to provide results in a few 

minutes or even seconds. Electrochemical immunosensors have shown promising potential 

to give rapid, ultrasensitive, and quantitative results. One significant advantage of 

electrochemical immunosensors is the sensing event can be directly translated into a 

digital signal without any external tool, which minimizes the sensor size.  

However, it is a matter of fact that most clinical assays still rely on optical methods, in 

particular most immunoassays (ELISA) and PCR assays. The electrochemical sensors are 

less often used in saliva analysis by clinicians while many researchers use them. The main 

reason for this fact is that optical methods can give visual signals, but electrochemical 

sensors cannot. For example, colorimetry-based ELISA assay kits give ‘positive’ or 

‘negative’ results to virus samples by change in color, which can be seen with the naked 

eye. This is the case for ELISA kits used for malaria, Hepatitis C virus, Syphilis, HIV virus, 

etc. As these kits are qualitative, they can only tell whether a person is infected or not; but, 

they unable to predict how severe the disease is. Electrochemical sensors are quantitative 

and they can track the severity of the infection. Nevertheless, in the case of several 

infectious diseases, clinicians often look for qualitative results, while the severity of the 

infection is frequently judged based on patient’s physical signs and symptoms. There seems 

to be a high probability that optical sensors will dominate diagnostics that need simple 

qualitative analysis, while electrochemical sensors are useful where quantitative analysis 

are required. 

Unlike infectious diseases, quantitative analysis of salivary biomarkers is essential for 

the diagnosis and management of chronic and acute diseases. Therefore, the future work of 

electrochemical sensors targeting salivary biomarkers can be focused more on biomarkers 

of chronic diseases such stress, cancer, CVD, diabetes mellitus, and Alzheimer’s disease. The 

nanomaterials provide sensitivity, the receptors provide selectivity, but repeatability and 

stability (working and storage) are the two major challenges largely limiting the 

commercial use of electrochemical sensors for monitoring chronic diseases. Future 
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research should be directed to resolve these issues. Also, new ideas to overcome matrix 

effects in real saliva are highly in demand. In addition, electrochemical sensors are 

desirable for developing hand-held POC testing devices because they are more robust, less 

expensive, easier to miniaturize and more compatible with smartphones compared to 

optical sensors. Future research can be focused on developing such smartphone coupled 

sensors for home-healthcare monitoring devices that are useful for better management of 

chronic diseases. 

Mounting evidences suggest that the wearable sensors, such as smart watches and 

smartphone health sensors improve the wearer’s exercise routine and overall health. The 

commercial demand for wearable sensors is growing at an annual growth rate of 15%. But, 

wearable chemical sensors are still at their infancy. Compared to wearable sweat sensors, 

only a few studies have focused on wearable saliva sensors, likely because of additional 

complexities such as fragileness of the oral tissues, regular mouth activities, smaller 

exposed area, and  uncomfortable to the wearer. Irrespective of the challenges, 

electrochemical sensors are the ideal tools for wearable chemical sensors because of their 

portability, and compatibility with advanced electronics and smartphones.  

Paper-based electrochemical sensing strips/devices are the fast-growing, low-cost 

diagnostic tools that have the potential to reach commercial markets of home-healthcare 

device. These will allow for sample collection in the privacy of one’s home. Microfluidics 

coupled paper-based analytical devices (µPADs) are light-weight, disposable, portable, and 

attractive tools for POC analysis. They are capable of analyzing very small volumes, thereby 

increasing the speed of analysis, and they do not require bulky instruments and highly-

trained personal. Irrespective of their capability, µPADs are rarely used in the salivary 

electrochemical sensors. Multiplexed POC testing (xPOCT) for more than two salivary 

biomarkers are scarcely reported, but there is an urgent need to develop materials and 

methods for multiplexed detections. For example, multiplexed detection of ZIKA and DENV 

viruses is necessary to avoid perplexing results. Electrochemical biosensors are not 

explored for some of the recently correlated salivary biomarkers. For instance, salivary 

biomarkers of Alzheimer’s disease are correlated well with their blood levels, but no 

electrochemical biosensors are reported so far. Similarly, creatinine and urea, the 
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biomarkers of chronic kidney disease, are present in saliva, but electrochemical sensors are 

yet to be developed. Thus considering all the key points such as failures, shortages, 

unexplored analytes and techniques, we anticipate that there exists a tremendous need for 

a foray of electrochemical sensors in saliva diagnostics. The POCs based on this technology 

have the potential to tap the market and to increase the biosensor predictions made by 

analysts. 

5. Conclusions 

 Several electrochemical sensors and biosensors have been demonstrated for the 

determination of salivary biomarkers over the past decade, especially in the past five years. 

The presence of a wide range of analytes, including organic and inorganic metabolites, 

hormones, DNAs, enzymes, proteins, cytokines, cardiac markers, stress markers, 

antibodies, viruses, bacteria, and parasites can be determined by electrochemical 

techniques. The diagnosis of numerous disorders and diseases, such as diabetes mellitus, 

oxidative stress, hypertension, hormonal disturbances, acute and chronic stress, 

cardiovascular diseases, oral cancer, Cushing's disease, Addison’s disease, HIV, Zika virus, 

dengue virus, influenza virus, foot and mouth disease virus, periodontitis, nosocomial 

infections, and malaria are possible by electroanalysis of salivary markers. Moreover, 

smoking behavior, athletes performance, fitness levels, tobacco use, infant health, and oral 

functions of the salivary glands can be monitored. Wearable electrochemical sensors 

printed on pacifier, mouthguard, and dental retainer have shown potential for continuous 

monitoring. Smartphone technology has brought about many possibilities in sensors. In 

addition, screen-printed electrodes are appeared to be promising for low-cost and rapid 

analysis of clinical drugs, toxic compounds, and drug abuse. For some  biomarkers, 

differences between saliva values and known serum values need further study to examine 

whether saliva samples can be a clinically diagnostic tool. Thus, the recent increase in the 

center of the electrochemical sensors is leading to new interests in the development of 

advanced sensing devices and in the discovery of new saliva diagnostic biomarkers. In 

addition, these studies offer new possibility to apply innovative electrode fabrication 

technologies and commercialization of advanced saliva detection tools. 
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Highlights 

� Electrochemical (bio) sensors developed over the past 10 years for salivary 

biomarkers are reviewed 

� Biomarkers including substances of salivary glands, external substances, 

microorganisms, and permeating substances from blood are covered 

� Diagnosis of numerous acute, chronic, and infectious diseases are discussed 

� Electrochemical sensors for screening clinical drugs and drug abuse are reviewed 

� Microfluidics, paper electrodes, smartphone technology, flexible electrodes and 

wearable electronics based saliva diagnostics are highlighted 
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