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Abstract

The need for rapid, reliable diagnostic methods has never been more 
evident in the light of the COVID-19 pandemic. Salivary diagnostics 
are a non-invasive, quick and inexpensive tool in the detection of 
disease and their potential are yet to be fully harnessed. The aim 
of this review article is to assess the feasibility of using saliva as an 
alternative biological fluid to serum in the diagnosis of systemic 
disease. The objectives of this article were to: (1) identify if the 
physiological properties of saliva support its use in being able to 
reflect various physiological states of the body; (2) evaluate the 
current evidence with regard to the use of salivary biomarkers 
compared to conventional serum biomarkers in the detection of 
some of the most prevalent systemic diseases; and (3) establish 
whether current technology potentiates the clinical application of 
salivary diagnostics. 

Abbreviations

AMI - Acute myocardial infarction 
CTnI - Cardiac troponin I
ECG – Electrocardiogram
ELISA - Enzyme-linked immunosorbent assay 
GCF - Gingival crevicular fluid
HIV – Human immunodeficiency virus
LFT - Lateral flow test
LOC - lab-on-chip
PCR – Polymerase chain reaction
POC - Point-of-care

Introduction

A diagnostic biomarker is a biological measurement that can 
be used to confirm the presence or absence of a disease and 
contributes significantly to modern-day diagnosis. Perhaps the 
most consequential benefit of diagnostic biomarkers is their ability 
to detect disease in the absence of physical signs and symptoms, 
removing the need to rely on these parameters alone. This, in 
turn, facilitates earlier diagnosis and, thus, earlier prevention or 
treatment, most importantly in diseases that exhibit late-stage 
presentation. In addition, diagnostic biomarkers have the potential 
to expedite clinical trials when used as a surrogate endpoint and 
pave the way to redefine the classification of a disease using 
biological measurements as opposed to physical characteristics.1 The 
conventional method to identify diagnostic biomarkers in the body 
is via blood serum analysis, yet this requires an invasive method of 
collection and extensive training from the practitioner. Saliva has 
an array of biological functions and cannot be overlooked as a non-
invasive, quick and inexpensive alternative diagnostic fluid2,3 as it 
possesses an abundance of informative molecules for diagnosis, 
including DNA, RNA and proteins.4 This review will investigate the 
evidence as to whether saliva can be utilised as an alternative to 
serum as a diagnostic tool for systemic disease by: (1) considering 
the properties influencing its diagnostic potential; (2) summarising 
our understanding of salivary biomarkers versus conventional serum 
biomarkers in three prevalent systemic diseases; and (3) discussing 
the feasibility of using saliva with current diagnostic instrumentation 
in a clinical setting. 
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Properties of saliva influencing its diagnostic 
potential

Saliva arises from a variety of sources including the major salivary 
glands and minor salivary glands. The extent of contribution of 
saliva from these sources varies depending on whether the saliva is 
stimulated or unstimulated (see Table 1).5  Saliva production relies 
on a series of active and passive diffusion mechanisms (Figure 1a), 
which lead to a final product rich in protein, electrolytes and more 
(see Table 1).6

In the mouth, saliva is mixed with gingival crevicular fluid (GCF), which 
is the fluid around the necks of teeth (see Figure 1b). GCF contains 
cytokines, immunoglobulins, host enzymes, serum proteins and 
inflammatory cells. The contributions from GCF to the saliva occur 
via capillary leakage and provide dynamic, real-time information 
pertaining to biomolecules that can be found in serum.7  

Salivary flow rates exhibit high intra- and interindividual variation 
due to factors like hydration status, age, disease and medication, 
with higher flow rates reducing and lower flow rates elevating 
biomarker concentrations.8  For example, a 38% reduction in flow 
rate was  observed in the elderly,9 suggesting that concentrations 
of salivary biomarkers may be elevated in this cohort. This decline 
is often attributed  to the physiological ageing process; however,  
polypharmacy and the presence of disease is more often the 
explanation. Thompson et al. established the link between 
polypharmacy and hyposalivation, with a number of medications 
having a severe effect on salivation. In a study of elderly people, 
participants were found to be taking a variety of drugs, including 
antihypertensives, antidepressants, analgesics, and statins. 
Hyposalivation was associated with use of antidepressants or 
bronchodilators.10 Thus, considering that systemic disease is more 
prevalent in an ageing demographic, it is important to be aware 
that associations between salivary biomarker concentration and 
disease could be heavily affected by the reduction in salivary flow 
rate and volume variability. Consequently, caution is warranted when 
interpreting study data with regard to biomarker concentrations 
associated with disease, most notably with studies that do not 
account for age differences.

Salivary biomarkers associated with common 
systemic diseases

Cardiovascular disease Cardiovascular disease is one of the main 
causes of death globally. The burden of this disease is on the rise, with 
more than 5 million additional deaths reported in 2015 compared to 
1990,11 highlighting the need for rapid diagnosis to reduce mortality. 
The most preferable biomarker in serum for the diagnosis of acute 
myocardial infarction (AMI) is cardiac troponin I (cTnI), a protein 
released into the blood when the myocardium is damaged. Foley 
et al. reported that salivary cTnI levels exhibit a positive correlation 
with serum cTnI, yet consistently show lower concentrations.12 The 
participants in the study by Foley and colleagues were chosen 
based on the fact that they were undergoing surgical intervention 
for heart disease (alcohol septal ablation or percutaneous coronary 
intervention). Therefore, cardiac damage would be largely influenced 
by surgical and human factors and, thus, may not accurately 
mirror the event of an AMI. Nonetheless, Mishra et al.,13 who 
utilised participants suffering from AMI within 24 hours, reported 
a statistically significant elevation in salivary cTnI compared to the 
control, confirming that saliva can reflect cardiac damage. Despite 
the low concentrations of cTnI reported in both studies, there is 
evidence to suggest the concentration of this marker in saliva is 
sufficient for detection.14 Furthermore, Floriano et al. investigated 
the use of a panel of 3 salivary-based biomarkers, consisting of 
C-reactive protein, myoglobin and myeloperoxidase, as a screening 
tool for AMI. This saliva-based biomarker panel was shown to have a 
sensitivity and specificity similar to serum diagnostics when used in 
conjunction with an electrocardiogram (ECG).15 This study provides a 

good level of evidence  according to the Oxford Centre of Evidence-
Based Medicine (Level 2b, which is ‘an exploratory cohort study with 
good reference standards’).16 The advent of highly sensitive tests 
potentiates the use of salivary cTnI in AMI diagnosis, yet the utility 
of a panel of biomarkers may offer the best diagnostic capabilities. 

Diabetes An estimated 451 million adults live with diabetes, and 
this is projected to rise to 693 million by 2045. Diabetes is a major 
cause of cardiovascular, kidney and liver disease17 yet, in the 
case of type 2 diabetes, is preventable and reversible in its early 
stages. Therefore, the need for early identification is paramount in 
facilitating early prevention. A diabetes diagnosis is confirmed by the 
detection of a fasting blood glucose of greater than 7 mmol/l or a 
two-hour postprandial plasma glucose concentration greater than 
11.1 mmol/l.18 Unstimulated whole saliva and serum glucose levels 
are shown to correlate, with higher concentrations being found in 
diabetic patients. One study reported that when a salivary glucose 
level is equal to or greater than 0.25 mmol/l, a diabetes diagnosis 
could be made with 78% sensitivity and 80% specificity.19,20 Contrary 
to this, Wang et al. reported no correlation between unstimulated 
whole saliva and serum glucose levels, but did note an association 
between parotid gland-derived saliva and serum glucose.21 
Parotid gland synthesis of saliva fluctuates considerably, and saliva 
production is increased by 30% when stimulated vs unstimulated.4  
The variability in the extent to which parotid glad-derived saliva 
contributes to whole saliva may explain the differing results found 
regarding the association between saliva glucose and serum glucose, 
as well as casting doubt on the reliability of using a predetermined 
glucose value (as used with serum glucose) when using saliva to 
diagnose diabetes. 

The scope of salivary diagnostics with regard to diabetes is yet 
to be expanded to include a panel of biomarkers, such as that 
suggested for the diagnosis of cardiovascular disease.  Additional 
salivary biomarkers demonstrating a statistically significant elevation 
between diabetic and healthy patients include salivary amylase, 
calcium and phosphorus, all of which are potential candidates for 
the construction of a biomarker panel, which may provide more 
consistent and reliable diagnostic results.19 

Human immunodeficiency virus Around 1 million people 
die every  year because of an underlying infection with human 
immunodeficiency virus (HIV), with the majority being concentrated 
in sub-Saharan Africa.22 Considering the greatest prevalence of 
HIV is within low-income countries, the availability of simple and 
cheap diagnostic tests is hugely beneficial. The use of saliva as a 
diagnostic tool for HIV forms the basis of one of the most successful 
salivary diagnostic tests, known as OraQuick. This test detect 
immunoglobulins against HIV in saliva that have passed from 
serum via oral mucosa transudation.25 Belete et al. and Deville and 
Tempelman reported sensitivities and specificities of approximately 
99% and 100%, respectively, when using OraQuick to diagnose 
HIV;23,24 these validating cohort studies present a high level of 
evidence (Level 1b).16 However, a study that included participants 
taking antiretroviral medication showed that the sensitivity of 
OraQuick is lower in cases with a reduced viral load, whilst blood 
serum analysis provided a constant sensitivity and specificity of 100% 
regardless of viral load,26 maintaining its status as the gold standard 
for HIV diagnosis. A solution to this could be the utilisation of a panel 
of biomarkers, such as salivary malondialdehyde (a factor that is 
positively associated with oxidative stress, which is elevated in HIV-
infected patients)27 in conjunction with immunoglobins. 

See Table 2 for a summary of all biomarkers discussed in this review.

Application of salivary diagnostic 
instrumentation to clinical practice

Biomarkers can come in a variety of forms, including DNA, RNA 
and proteins. As such, an array of laboratory tests can be utilised to 
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Table 1. Sources of saliva. The physical properties and percentage contributions of saliva from its various sources.5

Source Acinar type Viscosity Composition Unstimulated saliva (%)
Change from 

unstimulated to 
stimulated saliva (%)a

Parotid gland Serous Watery

Amylase, proline- rich 
proteins, agglutinins, 
and small amounts of 

cystatins, lysozymes, and 
extraparotid glycoproteins

20 +30

Submandibular gland Mixed (predominately 
serous) Semi-viscous

All components of serous 
and mucous secretions, 
including high levels of 

cystatins

65 -

Sublingual gland Mucous Viscous
Mucin glycoprotein-1, 
mucin glycoprotein-2, 

lysozymes
7-8 -

Minor salivary glands Mucous Viscous
Mucin glycoprotein-1, 
mucin glycoprotein-2, 

lysozymes
10 -

GCF - Watery

Electrolytes, inflammatory 
mediators, cellular 
components, host 

enzymes, and metabolic 
and tissue breakdown 

products

<7 -

aData for stimulated saliva is only reported for the parotid gland.

Figure 1. The stages of saliva 
production. (a) Saliva production 
begins with the formation of a 
primary isotonic saliva, containing 
sodium chloride (NaCl), via active 
and passive diffusion. This is 
subsequently modified and NaCl is 
replaced with bicarbonate (HCO3−) 
and potassium (K+) ions, resulting 
in a hypotonic product. Figure 
from Porcheri and Mitsiadis.7 (b) 
GCF is produced via transudation 
from the blood capillary, utilising 
transcellular and paracellular 
transport mechanisms, followed 
by passage through the lamina 
propria connective tissue and, 
finally, junctional and sulcular 
epithelium filtration into the 
gingival sulcus. GCF then 
passes to saliva. Reprinted 
from Challacombe et al.6, with 
permission from Elsevier.

a

b

detect biomarkers, being specific for a given type of marker. Some 
conventional laboratory tests include polymerase chain reaction 
(PCR) and DNA/RNA sequencing, microarrays for measuring DNA, 
microRNA or protein analysis, culture techniques for the maintenance 
or growth of biological samples, and enzyme-linked immunosorbent 
assay (ELISA). ELISA is one of the most sensitive and omnipresent 
diagnostic tools in healthcare,28 which can also be applied in 
salivary diagnostics. However, the biomolecules in saliva, most 
notably peptides, are susceptible to rapid degradation and require 
immediate processing or expensive requisites to preserve the sample 

in a clinical setting.29 This renders methods for peptide analysis, such 
as ELISA, less preferable in clinical care. A range of point-of-care (POC) 
instruments have been identified with sufficient sensitivities for use 
in salivary diagnostics, such as the lab-on-chip (LOC) systems.30 These 
systems possess one laboratory function or include several functions 
on a single integrated circuit, facilitating rapid results, thus making 
them more suitable for clinical application for salivary diagnostics. 
An example includes the lateral flow tests (LFTs) currently being 
used to detect the presence of SARS-CoV-19 during the COVID-19 
pandemic (Figure 2). LFTs can be performed by patients and provide 
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Table 2. A summary of the salivary biomarkers for cardiovascular disease, diabetes, and HIV discussed in this article.
Salivary biomarker/ biomarker panel Advantages Disadvantages Study authors; level of evidencea

Cardiovascular disease

C-reactive protein, myoglobin and 
myeloperoxidase 

• Excellent sensitivity and specificity 
(80-90%) when used with ECG

• Needs to be used in conjunction 
with ECG recordings to achieve 
optimum specificity and sensitivity

Floriano et al.;15 Level 2b

cTnI • Direct correlation with serum 
troponin levels

• Established laboratory tests already 
in use for serum diagnostics

• Significantly lower concentrations 
compared to serum, making 
detection difficult

• Tests with greater sensitivities 
required for confident diagnosis

Foley et al.;12 Level 3b

Mishra et al.;13 Level 3b

Diabetes

Glucose • Potential correlation with serum 
glucose levels

• Method of detection quick and easy

• Results heavily influenced by extent 
of saliva contribution by various 
glands 

• Glucose concentrations 
considerably lower when compared 
to serum

Ladgotra et al.;19 Level 3b

Mrag et al.;20 Level 2b

Wang et al.;21 Level 3b

Amylase • Significant elevation in salivary 
concentrations in diabetic patients 
compared to people without 
diabetes

• Greater concentrations in saliva 
relative to serum

• Poor stability when not kept 
under optimum conditions due to 
enzymatic properties

• Requires rapid processing 

Ladgotra et al.;19 Level 3b

Mrag et al.;20 Level 2b

HIV

HIV-1/2 antibody • Excellent sensitivity and specificity 
(99-100%)

• Rapid testing kits already available 
(e.g. OraQuick)

• Viral load heavily influences 
sensitivity of salivary diagnostics, 
unlike serum diagnostics

Belete et al;23 Level 1b

Deville and Tempelman;24 Level 1b

Malondialdehyde • Accurately reflects oxidative stress 
in HIV-positive patients 

• Can be used in conjunction with 
antibody testing to strengthen 
diagnostic capabilities

• Insufficient evidence to be used 
alone

Amjad et al.;27 Level 3b

aLevel of evidence according to the Oxford Centre of Evidence-Based Medicine:16 Level 1b, validating cohort study with good reference 
standards; Level 2b, exploratory cohort study with good reference standards; Level 3b, non-consecutive study or without consistently 
applied reference standards.
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Figure 2. The mechanism of a 
LFT used to detect the presence 
of SARS-CoV-19 during the 
COVID-19 pandemic. The sample 
is placed onto the sample pad 
and works its way along the strip 
by the capillary action stimulated 
by the absorbent pad. Target 
analytes that are present bind to 
the immunofluorescent antibody 
on the conjugate pad. The 
combined target and antibody 
will travel along the nitrocellulose 
membrane and bind to a binding 
reagent. This produces a distinct 
fluorescent line on the membrane, 
with a darker colour corresponding 
to a greater concentration of the 
analyte. Adapted from Parolo et 
al.31 by permission from Springer 
Nature.



rapid results, within 30 minutes. This removes the need for testing 
facilities and trained staff, thus reducing the overall expense and time 
consumption required for laboratory testing. Recent data reported by 
the Department of Health and Social Care presents an LFT sensitivity 
of 50.1% and specificity of 99.72-100%, while the sensitivity of PCR is 
94.2-100% and its specificity is 100%.32 Although the sensitivity of the 
LFT renders it inferior to PCR, its high specificity means that a positive 
result does not need to be confirmed with further testing, making it 
a useful screening tool when laboratory resources are scarce. Thus, 
it is evident that there are rapidly emerging diagnostic tools that 
pave the way for salivary diagnostics in the clinical settings upon the 
validation of appropriate biomarkers.

Conclusion 

Salivary diagnostics offers less invasive sample collection methods 
and lower costs of procurement than blood diagnostics by 
circumventing the need for expensive training and laboratory 
testing. Modern technology offers unprecedented application of 
salivary diagnostics in clinical practice, with advents such as rapid 
LFTs, which have played an instrumental role in the diagnosis of 
COVID. The literature presents an abundance of possible biomarkers, 
with biomarker panels having the highest potential, with some 
tests having sensitivities and specificities comparable to that of 
blood serum, most notably for HIV diagnosis. It is suggested that 
the properties of saliva, such as high flow-rate variability, as well as 
the range of contributions from different saliva sources to the total 
saliva volume, both between and within patients, may be the main 
barrier to reaching a consensus on which salivary components may 
be useful biomarkers for disease. Consequently, it is likely that there 
are many salivary biomarkers that remain to be elucidated and 
further investigations should account for properties that may be 
confounding to the use of saliva for disease diagnosis.  In addition, 
future research should focus on the identification of new salivary 
biomarkers, as well as those already identified, with large-scale trials 
and subsequent validation of findings before saliva can be utilised as 
a reliable alternative to blood serum in the diagnosis of disease.
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