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Abstract: The use of saliva samples in clinical studies has
increased. However, the diagnostic value of whole saliva
is compromised in the presence of blood contamination,
owing to the higher levels of analytes in blood compared
with those in saliva. The aim of this study was to review
the existing methods and their limitations for measuring
the levels of blood contamination in saliva. A literature
search was performed using Web of Science, SCOPUS, and
PubMed databases and 49 articles dealing with salivary
diagnostics and measurements of blood contamination
were included. Five methods for measuring the degree
of blood components in saliva were discussed, includ-
ing “visual inspection”, use of “strip for urinalysis”,
and detection of plasma proteins such as “hemoglobin”,
“albumin”, and “transferrin”. Each method has its limita-
tions, and transferrin has been regarded as the most reli-
able and valid marker for blood contamination in saliva.
However, transferrin in whole saliva may not be solely a
product of blood, and its level in whole saliva can be influ-
enced by several factors such as age, gonadal hormones,
salivary flow rate, chewing performance, and oral micro-
organisms. In conclusion, when quantitatively analyzing
whole saliva samples, the influence of blood contamina-
tion should be considered.
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Introduction

There is no denying that blood and urine are the most
important fluids among the diagnostic fluids, but saliva
is rapidly becoming another main diagnostic fluid due to
the ease and non-invasiveness of collection procedures
[1]. Saliva has been considered as an alternative to blood
for detecting viral antibodies and monitoring of the levels
of hormones and lipid-soluble drugs. Several commercial
kits to detect antibodies of human immunodeficiency
virus (HIV), human papillomavirus, and hepatitis C virus
using oral fluids have been used at points of care [2]. Simi-
larly, many commercial kits that use saliva for detecting
hormones and drugs are also available for research and
diagnostic purposes [3-5]. Furthermore, salivary diag-
nostics has potential applications for Sjogren’s syndrome
[6], other life-threatening diseases such as cardiovas-
cular diseases, malignancies, Alzheimer’s disease, Par-
kinson’s disease, and cystic fibrosis [7-11], and chronic
metabolic diseases such as diabetes mellitus and renal
disease [12, 13]. The salivary diagnostic spectrum for
malignancy encompasses not just oral cancer, but also
breast, stomach, pancreas, and lung cancers [14-16]. Fur-
thermore, research advances have resulted in salivary
diagnostic tools for head and neck cancer diagnosis (Sali-
Mark™ QSCC, PeriRx, Broomall, PA, USA; MethDNA-Oral
Test™, Uniquest, Brisbane, Australia; OraMark™, OncA-
lert Labs, GA, USA) that could be applied for detecting
squamous cell carcinoma at outpatient clinics.

Salivary diagnostics can be divided into qualitative
and quantitative categories. For qualitative diagnostics,
such as the detection of viral antibodies, the use of saliva
as a diagnostic tool has many advantages, and results
have shown high levels of sensitivity and specificity [2, 17].
However, most attempts at salivary diagnostics adopt
quantitative strategies, which include several limitations
that should be overcome to increase the reliability and
accuracy of the diagnostic data. Most of all, no standard-
ized collection and storage procedures of saliva have been
established to date [18]. Second, due to wide normal ranges
and low concentrations of analytes in saliva compared
with those in blood [19], the levels of salivary biomarkers
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could be influenced by blood contamination in saliva. The
total protein level in plasma is usually ten to 100 times
higher than that in saliva [20, 21], and the concentration of
immunoglobulin G in serum, in particular, is over 20,000
times higher than that in saliva [22]. The levels of steroid
hormones, such as cortisol, testosterone, and dehydroepi-
androsterone, are generally up to tens of times in serum
than in saliva [5, 20, 23-25]. Whole saliva rather than glan-
dular saliva has been widely used for salivary diagnostics
and whole saliva contains constituents of non-salivary
gland origin, which include microbes and their products,
mucosal exudates, gingival crevicular fluid, and desqua-
mated oral epithelial cells. Therefore, the diagnostic value
of whole saliva would be unavoidably compromised in the
presence of blood contamination, deriving either from the
compromised mucosal integrity or from gingival inflam-
mation. The concentrations of analytes in blood are much
higher than those in saliva, therefore, the concentrations
of analytes in saliva appear to be abnormally elevated
when blood leakage reaches a certain level [26-28]. Thus,
the blood contamination in salivary samples inevitably
results in errors in analytic results.

Not all analytes are influenced by the presence of
blood in saliva. Some proteins in whole saliva are prod-
ucts of salivary glands specifically and are present only
in saliva, not in blood. Components such as c-amylase,
potassium, and phosphate are present in higher concen-
trations in saliva than in blood [29]. The concentrations
of several oxidative stress biomarkers in whole saliva are
significantly influenced when more than 1% blood con-
tamination is present, which could be easily detected by
the naked eye [30]. However, considering that the concen-
trations of many salivary biomarkers could be critically
affected by a minimal amount of blood in the samples, it
is very important to develop methods for measuring the
levels of blood contamination in saliva to improve the
diagnostic accuracy of the saliva samples.

The aim of this study was to review the existing
methods and their limitations for measuring the levels of
blood contamination in saliva and propose the need for
developing novel future biomarkers for blood contamina-
tion in salivary diagnostics.

Methods

The present scoping review was conducted via a com-
prehensive literature search. We did not follow a typical
systematic review protocol because the research field is
still not sufficiently populated to accommodate system-
atic reviews or meta-analyses. A literature search was

DE GRUYTER

performed using Web of Science, SCOPUS, and PubMed
databases from 1980 to 2018, with the following search
strategy: (“saliva” AND “blood contamination) OR (“sal-
ivary biomarkers” AND “blood”) OR (“salivary diag-
nostics”). Searches of the reference lists from relevant
reviews or original articles were also employed to iden-
tify further relevant literature. After screening the initial
article search, 11 articles were identified as eligible studies
that focused on the impacts of blood contamination on
the diagnostic power of saliva samples, the methods for
measuring levels of blood contamination in saliva, and
the plasma components that could interfere with the diag-
nostic accuracy of the saliva (Table 1). Five methods for
measuring the degree of blood components in saliva were
extracted, including “visual inspection”, use of “strip
for urinalysis”, and detection of plasma proteins such as
“hemoglobin”, “albumin”, and “transferrin” (Figure 1).

A second literature search was performed using the
Web of Science, SCOPUS, and PubMed database from
1980 to February 2018, with the following search strate-
gies: “saliva” AND “blood” AND (“visual” OR “strip” OR
“hemoglobin” OR “albumin” OR “transferrin”). The addi-
tional searches were modifications of this search, and
supplementary articles were sought manually by review-
ing the reference lists of the literature from the first and
second searches in order to identify further eligible studies
that were not detected using key words. Only references
with English abstracts and full text were included. One
study was written in Japanese but had an English abstract.
The following studies were excluded: animal studies, case
reports, and abstracts only. After abstract and full-text
analysis, 49 articles dealing with salivary diagnostics and
measurements of blood contamination were included in
this review (Table 1 and Figure 2).

Determining the levels of blood
contamination in whole saliva

Visual inspection

The degree of blood contamination in saliva samples can
be occasionally detected by the naked eye. This simple
method can be easily performed by untrained personnel in
the field during sample collection. A tint in samples con-
taining 0.1%-0.2% by volume of blood can be detected by
visual inspection of whole saliva samples [5, 30]. Several
studies have used this method to test hormones or drug
levels in saliva [31-34]. However, the levels of blood meas-
urable by transferrin assay or urinalysis strips cannot
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Table 1: Existing methods for measuring the levels of blood contamination in saliva and related references.

Method for measuring the levels Advantage and limitation Reference Article adopting the following method
of blood contamination in saliva for measuring blood contamination
Visual inspection Easy detecting procedures 5,30,31-34

Lower detection sensitivity in 26, 30, 35

comparison to other methods
Application of strip for urinalysis Possibilities of producing false-positive 41 36-40

results

Lower detection sensitivity in 26

comparison to measuring transferrin

levels
Measuring the salivary levels of Less detection sensitivity and 45,50 42, 43-48
hemoglobin reproducibility

Influences of obesity 50

Interference with the measurements of 52

salivary testosterone

Interference with measuring oxidative 30

stress markers in saliva

Less consistency when using strips from 51

different companies
Measuring the salivary levels of Influences of tumor cells and obesity 50, 58 53-56
albumin

Interference of results from proteomic 59-61

analysis
Measuring the salivary levels of High detection sensitivity in comparison 26, 28, 63, 64 27, 65-69

transferrin to other methods

Possibilities of synthesis by salivary 70,71,72
glands and tumor cells

Age-related decrease in saliva 68,74,75
Influence of female gonadal hormones 68
Influence of chewing ability 75,77
Influence of oral microorganisms 80, 81

The references in bold indicate the articles from the initial search.

always be detected by the naked eye [26]. One previous
study reported that salivary testosterone levels could be
altered by a factor of 2 due to blood contamination, even
though the sample did not appear to be contaminated with
blood on visual inspection [26, 35]. However, in an experi-
ment using a spike-in method, the levels of several oxida-
tive stress markers in saliva were significantly affected only
when the level of blood contamination was greater than 1%
[30], though the concentrations of markers normalized to
those of total proteins, and not the actual concentrations,
were used as the data. Thus, the appropriateness of visual
inspection by the naked eye may depend on the salivary
components being analyzed, and the application of this
method on a routine basis requires careful consideration.

Applying strip for urinalysis in saliva

The strips for urinalysis (i.e. Hemastix®), which contain
3,3,5,5’-tetramethylbenzidine have been used to detect

blood in saliva [36—40]. This method detects the pseudop-
eroxidase activity of hemoglobin [28], but endogenous
salivary peroxidase is also involved in this reaction and
could produce false-positive results for hemoglobin [41].
Furthermore, the detection sensitivity of blood in saliva
for this method was lower than that achieved by measur-
ing salivary transferrin [26]. Therefore, the urinalysis strip
method is no longer widely used.

Measuring the salivary levels of hemoglobin

Several previous studies have used hemoglobin as a
marker of blood contamination because it is abundantly
available in plasma but is non-existent in glandular sali-
vary secretion [42-48]. The hemoglobincyanide method,
an internationally accepted reference method, had been
adopted to detect hemoglobin in saliva [44]. However, due
to the lower hemoglobin concentration in whole saliva
compared with those in plasma, the use of this method
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Figure 1: Flow chart of the literature review process using records based on the initial search.

to detect hemoglobin levels in whole saliva proved to be [42, 45], spectrophotometry [47], mass spectrometry [50],
difficult [49]. To overcome this technical limitation, other and anti-human hemoglobin antibodies [43, 45, 46, 48]
methods, including the use of automated blood analyzer have been applied. Nonetheless, the accuracy of these
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methods is still questionable because one study has
suggested the lack of correlations between periodontal
health and salivary hemoglobin levels measured using
hemoglobin antibodies [45]. Moreover, the measurement
of free hemoglobin levels in centrifuged whole saliva
samples by mass spectrometry did not yield reproduc-
ible results [50]. Forensic kits for bloodstains based on
the principle of chromatographic immunoassay have
not shown consistent results and potential false positive
results in saliva samples [51]. In addition to these techni-
cal limitations, the level of hemoglobin can be influenced
by other factors that one study has shown that increased
hemoglobin levels in whole saliva were detected in obese
patients [50]. Due to these reasons, hemoglobin has not
been regarded as a commonly accepted marker of blood
contamination in saliva, thus indicating the need for
other advanced methods to measure the salivary levels of
hemoglobin.

Interestingly, hemoglobin can interfere with the
measurement of analytes in saliva. The interference of
hemoglobin with salivary testosterone [52] and oxidative
stress marker measurements has been suggested [30].
Therefore, it is important to consider the influences of
both blood contamination and hemoglobin on the diag-
nostic accuracy of salivary samples when measuring the
levels of these analytes in saliva.

Measuring the salivary levels of albumin

Albumin is one of the major plasma proteins, but it has
not been regarded as a normal component of glandular
saliva. Thus, the presence of albumin in whole saliva is
thought to be the result of contamination by exudates
resulting from gingival inflammation or the destruction
of the oral mucosa. In fact, albumin levels in whole saliva
increased concomitantly with an increase in the gingival
index, representing the degree of gingival inflammation
in the oral cavity [53, 54] and were elevated in patients
with HIV infection or stomatitis with decreased mucosal
integrity [55, 56]. Therefore, the albumin level in whole
saliva has been regarded as a quantitative indicator of
blood traces in saliva. However, elevated albumin levels
in whole saliva were also detected in hospitalized frail
elderly subjects [57] and patients with certain conditions
such as oral leukoplakia, oral squamous cell carcinoma,
and obesity [50, 58]. These conditions might be related to
the destruction of the oral mucosal integrity or increased
gingival inflammation. Nevertheless, further research is
needed to determine the validity of albumin as a reliable
marker of blood contamination in saliva.
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Albumin can interfere with salivary analyte measure-
ments, particularly in proteomic analysis, because the
presence of high-abundance proteins such as albumin
could either mask or reduce the separation sensitivity for
detecting low-abundance proteins in various disease con-
ditions [59-61].

Measuring the salivary levels of transferrin

Measuring the salivary levels of transferrin [28] has been
regarded as one of the most widely adopted methods for
determining the levels of blood contamination in saliva.
In a previously conducted human study, transferrin was
not detected in glandular saliva, but was identified in
whole saliva using two-dimensional gel electrophoresis,
leading the authors to suggest that transferrin in whole
saliva would not originate from the salivary glands but
from the local environment in an individual’s oral cavity
[62]. However, this study used only four participants, pre-
sented the data of one female, and discussed the possi-
bility of inter-individual differences. Several studies have
also reported that the measurement of the salivary levels
of transferrin showed better results in comparison to the
detection of blood using the naked eye or strips for uri-
nalysis, and transferrin has been regarded as the most
valid surrogate marker for the quantification of blood con-
tamination in saliva [26, 28, 63, 64]. The salivary levels of
transferrin of >5 mg/L for the measurement of testoster-
one and >10 mg/L for cortisol and dehydroepiandroster-
one have been suggested as thresholds to determine the
accuracy of salivary immunoassay results [28]. A commer-
cial kit for detecting the salivary levels of transferrin has
been used to determine the levels of blood contamination
in saliva samples [27, 65-69]. However, recent research
findings have suggested that this method may also have
problems in applying for clinical and research purposes
using whole saliva. Therefore, in the present study, we
introduced several factors, which could influence the sali-
vary levels of transferrin, except gingival inflammation
and deteriorations of the oral mucosal integrity.

Synthesis by salivary glands and tumor cells

The main hypothesis for using transferrin as an appro-
priate marker for blood contamination in saliva samples
is that transferrin does not originate from the salivary
glands. However, an endogenous transferrin synthesis
mechanism in rat parotid acinar cells and active transpor-
tation to parotid acinar cells after its synthesis in hepatic
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cells have been suggested in an animal study, thus imply-
ing the presence of other possible sources of transferrin
in saliva [70].

In a human study, the transferrin level was found to
be significantly increased in the whole saliva of patients
with head and neck squamous cell carcinomas com-
pared with that of unaffected controls [71]. Moreover, the
salivary levels of transferrin showed positive correlations
with tumor size [72]. Transferrin is an essential element in
cell growth, because it is usually involved in iron-depend-
ent metabolic processes such as DNA synthesis, electron
transport, mitogenic signaling pathways, and cell prolif-
eration and survival [73]. Thus, the expression amount of
transferrin can be increased in rapidly growing tissues. As
a result, the adequacy of transferrin as a blood contami-
nation marker in whole saliva is questionable because
transferrin can be synthesized in the salivary glands and
its concentration can be influenced by specific conditions
and pathologies.

Age and menstruation cycle

An age-related decrease in the salivary levels of trans-
ferrin levels has been reported [74] and in our previous
study, we showed higher salivary levels of transferrin in
young females despite the presence of a lower gingival
index, in comparison to the older females [75]. This may
be attributed to the levels of gonadal hormones and
the process of menopause, which may affect the syn-
thesis of transferrin, an iron-containing protein. The
proliferative phase, including the follicular and ovula-
tory phases, is accompanied by an increased demand
for transferrin due to active metabolism of proliferating
endometrial cells. Consequently, the level of transfer-
rin in blood during the proliferative phase needs to be
elevated [73]. Likewise, the salivary levels of transfer-
rin appeared to be higher during the ovulatory phase
than those during other phases [68] and the transferrin
levels in blood were lower in post-menopausal women
than in pre-menopausal women [76]. Therefore, age and
gonadal hormones may influence the salivary levels of
transferrin.

Salivary flow rate and chewing ability

A previous study had suggested the influence of salivary
flow rate on the secretion and concentration of trans-
ferrin in saliva [75]. This study suggested that effects
of salivary flow on the level of transferrin in saliva and
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existence of dilution effects in the stimulated condition.
In another study, the influences of both salivary and
gingival crevicular flow rates on the final concentra-
tions of plasma proteins in the oral cavity (up to nine-
fold differences in the salivary levels of transferrin) were
shown [77].

The chewing performance may also affect the sali-
vary levels of transferrin [75]. Tooth mobility induced by
chewing transmits a stimulus to the walls of the gingival
blood vessel, which can lead to an increase in blood vessel
transudation [78]. A higher number of teeth and increased
biting force may lead to elevated amounts of exudates in
the gingival crevice, which may eventually increase the
level of blood contamination in saliva.

Oral microorganisms

The role of transferrin in saliva has not been fully inves-
tigated. However, transferrin may have bacteriostatic
effects because lactoferrin, an analog of transferrin,
exhibits antimicrobial properties. A previous study
focusing on the iron-binding capacities of lactoferrin
and transferrin has suggested mechanisms by which the
iron-binding proteins can damage the outer membranes
of Gram-negative microorganisms by altering membrane
permeability or creating an iron-deficient environment
that could limit bacterial growth [79]. Other studies have
shown that the concentrations of lactoferrin and trans-
ferrin were significantly decreased in patients with oral
candidiasis and suggested that this might influence the
occurrence of oral candidiasis [80, 81]. Although the bio-
logical role of transferrin in saliva is not fully understood
at present, oral microorganisms might affect the salivary
levels of transferrin.

Saliva collection tubes and blood
contamination

To improve the clinical usability of saliva samples, it is
essential to standardize the procedures of collection,
processing, and storage of saliva samples. Several saliva
collecting methods and devices have been developed to
overcome this limitation.

Three types of collection tubes for saliva samples
have been proposed. The first type is in the form of a
simple tube which facilitates saliva collection by the
passive drooling and spitting procedure or provides a
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volume adequacy indicator. Secondly, cotton roll and
other absorbing materials including inert polymers have
been used as media in the devices for collecting saliva,
leading to the well-known Salivette® and Intercept®. The
absorbing materials are soaked into saliva and then the
soaked materials are inserted into a container. The con-
tainer is centrifuged to obtain the saliva. However, several
studies have demonstrated the low recovery of several
substances including steroid hormones and peptides
when using this method [82-84]. Considering that many
proposed methods for measuring the level of blood con-
tamination in saliva samples mainly adopted the method
of measuring plasma protein levels in saliva, saliva collec-
tion using these tubes may also affect the blood contami-
nation levels in samples. Furthermore, some methods
adopted the procedures of chewing the absorbent mate-
rials which may lead to increase the gingival exudates.
The increased gingival exudates could cause increasing
the likelihood of blood contamination in the collected
samples. Several reports have mentioned the increased
concentrations of oxidative stress markers and C-reactive
protein in saliva samples collected by the chewing pro-
cedure using Salivette® with cotton medium compared
to those collected by swab or drooling method [85, 86].
The third type of collector such as SalivaBio Oral Swab®
and ORAcollect - DNA® adopted a swab method that cap-
tures cells and saliva in the mouth. These applicators are
rubbed on the oral mucosal surfaces and enable to secure
a small quantity of saliva and cells.

Though saliva is a promising biological sample for
diagnostic purposes, types of collection tubes may affect
the accuracy of the analytic results and also the level of
blood contamination in saliva samples. Therefore, it is
necessary to select collection tubes that do not interfere
with the accuracy of the analytic results, while allowing
standardization of the sampling process.

Kang and Kho: Blood contamination in saliva =— 1121

Recommendation for clinical
laboratory

Contemporary salivary research and diagnostics focus on
the measurement of salivary constituents. The compo-
nents in whole saliva could be classified into three groups,
constituents which are originated from plasma and are
not secreted from the glandular salivary glands (ex.
albumin), those mainly produced from the salivary glands
(ex. histatins), and those from both sources (ex. steroid
hormones, cytokines, oxidative stress markers, and elec-
trolytes) [19, 87]. Several components in the third group
are transported into saliva from plasma through passive
diffusion, active transport, or ultrafiltration process [19,
87]. Otherwise, some of them are locally produced in the
salivary glands, and others are transported from plasma
to saliva directly through gingival exudates [19, 87]. Gen-
erally, the concentrations of salivary components in the
first and third groups could be influenced by the level of
blood contamination in saliva samples. Especially, most
components in the third group show much higher concen-
trations in plasma than in saliva and the concentrations
of these analytes in saliva appear to be inevitably elevated
when blood leakage reaches a certain level. Therefore,
consideration of the usefulness of saliva samples in terms
of the level of blood contamination has been suggested. It
has been reported that the salivary levels of transferrin of
>5 mg/L for the measurement of testosterone and >10 mg/L
for cortisol and dehydroepiandrosterone have been sug-
gested as thresholds to determine the accuracy of analytic
results [28]. Therefore, routine check-up of degree of blood
contamination in every salivary sample would be recom-
mended, especially in the analyses of salivary components
of which origin is plasma or those of which concentrations
are much higher in plasma compared to in saliva (Table 2).

Table 2: Recommendation of screening blood contamination in saliva samples.

Transport mechanism from
plasma to whole saliva

Origin of component

Example of component

Screening for blood contamination

Plasma Gingival inflammatory Albumin
exudates and damaged
oral mucosa

Glandular saliva Histatins

Plasma and glandular Passive diffusion

saliva

Active transport
Ultrafiltration
sulfate

Cortisol, testosterone,

Immunoglobulin A
Dehydroepiandrosterone

Necessary

Not necessary
Recommend Depends on the difference
dehydroepiandrosterone of concentration between
plasma and saliva
Recommend
Recommend
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Conclusions

Previous studies on the behavioral and diagnostic aspects
of saliva have usually adopted quantitative analyses of
whole saliva samples. The diagnostic value of saliva is
affected by the level of blood contamination originating
from either gingival inflammation or loss of oral mucosal
integrity. Several methods including visual inspection,
use of strips for urinalysis, and measurement of plasma
proteins levels in saliva, have been used to detect the
level of blood contamination in saliva but these methods
have several limitations. Although transferrin has been
regarded as one of the most reliable markers in saliva,
several factors, including age, gonadal hormones, sali-
vary flow rate, chewing performance, oral microorgan-
isms, and pathologies, might affect the salivary levels of
transferrin. Further studies for the identification of addi-
tional suitable markers of blood contamination in saliva
samples are warranted.
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