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P R A T I Q U E C L I N I Q U E

Saliva is the product of multiple salivary glands lying
beneath the oral mucosa. Each day, the human
salivary glands produce almost 600 mL of serous and

mucinous saliva1 containing minerals, electrolytes, buffers,
enzymes and enzyme inhibitors, growth factors and cytokines,
immunoglobulins (e.g., secretory immunoglobulin A [sIgA]),
mucins and other glycoproteins.1-5 Once saliva passes through
the ducts and enters the oral cavity, it mixes with blood cells,
microorganisms (viruses, bacteria and yeast) and microbial
products, oral epithelial cells and cell products, food debris
and upper-airway secretions. Although saliva consists mostly
of water, it plays a key physiologic role in the lubrication and
repair of the oral mucosa, the formation and swallowing of
food boluses, the digestion of starch, the facilitation of food
tasting and the control of oropharyngeal microbial popula-
tions. Saliva also aids in the formation of plaque and, through
its supersaturation with respect to tooth mineral, in the

process by which dental enamel can be remineralized.6 At the
same time, it possesses antimicrobial components and buffer-
ing agents that act to protect and maintain oral tissues. Proteins
that are found in saliva, such as lactoferrin, lysozyme, peroxi-
dase, defensins and histatins, can destroy or inhibit the growth
of microorganisms in the oral cavity; a case in point would be
the histatins, which have fungicidal properties.7

The multifarious components within saliva not only
protect the integrity of the oral tissues, but also provide clues
to local and systemic diseases and conditions.8,9 These “salivary
biomarkers” are being explored as a means of monitoring
general health and in the early diagnosis of disease. Disorders
and diseases in which saliva may aid in diagnosis include but
are by no means limited to human immunodeficiency virus
(HIV) seropositivity, cancer and preterm labour. Tests using
saliva as a diagnostic tool have made substantial inroads into
an array of clinical and research areas, such as virology,
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immunology, microbiology, endocrinology, epidemiology and
forensics. In the past, serum has been the fluid most often used
in disease diagnosis; however, saliva has many advantages over
both serum and urine. For example, salivary assays for anti-
bodies (to viruses and bacteria), unconjugated steroid
hormones (e.g., estrogen, testosterone and progesterone), envi-
ronmental toxins (e.g., cadmium, lead and mercury), tobacco
(cotinine) and certain drugs (e.g., ethanol, theophylline and
lithium) are sufficiently sensitive to accurately reflect the blood
concentrations of these substances (for a review and summary
tables, see Slavkin,9 Mandel10 and the proceedings of a recent
conference on the subject11).

In the clinic or the laboratory, saliva is relatively easy to
collect in sufficient quantities for analysis, and the costs of
storage and shipping tend to be lower than those for serum
and urine. Of course, a variety of factors may influence the rate
of salivary flow and its physiologic characteristics, including
circadian rhythms and activities such as exercise, and these
factors should be taken into account when saliva is used as a
diagnostic fluid.12 For health care professionals and scientists,
saliva tests are safer than blood tests, which are more likely to
result in exposure to HIV or hepatitis. For the patient, the
noninvasive collection techniques for saliva can dramatically
reduce anxiety and discomfort, thereby simplifying collection
of serial samples for monitoring general health and disease
states over time. Interest in noninvasive home testing of saliva
has led to a proliferation of Web sites offering saliva-testing
kits; however, many of these kits have yet to obtain the
approval of the Food and Drug Administration (FDA) or
Health Canada.

In recognition of the importance of saliva as a diagnostic
fluid, the New York Academy of Sciences sponsored a major
conference on the subject in 1992.11 The conference partici-
pants recommended the development of more sensitive and
specific assays to measure and understand changes in saliva in
relation to drug therapy and abuse, endocrine function,
systemic and oral disease, genetic defects, nutritional status
and age-specific changes. The conference raised awareness of
the potential of saliva-based diagnostics, and continuing
research has led to the development of more sensitive salivary
assays, which have advanced our understanding of the associa-
tion between oral health and general health.

Salivary Markers of Generalized Disease and
Their Diagnostic Role

For decades, dental health professionals have used saliva
to help assess the risk of caries by measuring its buffering
capacity and bacterial content. Now, saliva is increasingly
being used as an investigational aid in the diagnosis of systemic
diseases that affect the function of the salivary glands and the
composition of the saliva, such as Sjögren’s syndrome, alco-
holic cirrhosis, cystic fibrosis, sarcoidosis, diabetes mellitus and
diseases of the adrenal cortex. The introduction of polymerase
chain reaction methods has led to the use of oral fluids as 
a source of microbial DNA for detecting viruses (e.g., the
herpes virus associated with Kaposi’s sarcoma13) and bacteria

(e.g., Helicobacter pylori, which is associated with gastritis,
peptic ulcers and possibly stomach cancer14). In addition, the
onset and severity of infectious diseases can be determined by
monitoring the presence of antibodies to the microorganisms
found in saliva and the oral cavity. For example, in the past 10
years researchers have demonstrated that saliva tests for anti-
bodies to HIV15 represent a noninvasive alternative to quan-
tification of antibodies in blood for monitoring the efficacy of
antiretroviral therapies and disease progression to acquired
immunodeficiency syndrome.16

Until recently, oral transmission of HIV through the
saliva of infected individuals during dental treatment or as the
result of biting or coughing has been considered less likely than
vaginal or rectal transmission,17 but concerns about this mode
of transmission have been growing. Monitoring HIV loads
through saliva tests, as an adjunct to blood tests, helps in iden-
tifying high levels of HIV in the oral cavity that might place
the patient at risk of transmitting the virus orally. HIV-specific
antibodies, nonspecific antimicrobial salivary defence factors
and the recently discovered secretory leukocyte protease
inhibitor have been found to inhibit HIV from invading
cells,18,19 and these components may explain how saliva can
protect against oral contagion with HIV. However, the oral
transmission of HIV through infected seminal fluid or milk
deposited directly into the oral cavity may result from the dilu-
tion of the hypotonic saliva (which has low salt content) with
the infected semen or colostrum, each of which has a higher
salt content. In vitro, infected white blood cells in milk or
serum usually swell and burst when exposed to fluids of lower
salinity (such as saliva); however, when these fluids are intro-
duced directly into the mouth, the protective salivary inhibi-
tion of HIV production by infected leukocytes is over-
come.17,20 Thus, the levels of protein and salt in saliva serve as
important biomarkers of the body’s ability to fight off infec-
tion. By monitoring these levels, clinicians and, with the
advent of home testing, patients themselves can take the
appropriate steps in combatting this type of viral infection.

Salivary proteins can also maintain an ecological balance
among the diverse bacteria that affect oral and general health.
Recent studies have shown that several species of oral strepto-
cocci, such as Streptococcus gordonii, bind to salivary alpha-
amylase immobilized onto hydroxyapatite surfaces.21 Thus
amylase, as a receptor for streptococcal adhesion to the tooth,
contributes to the formation of dental plaque. Typical respiratory
pathogens, such as Streptococcus pneumoniae, Streptococcus
pyogenes, Mycoplasma pneumoniae and Haemophilus influenzae,
colonize the dental plaque of intensive care patients and residents
of nursing homes.22,23 Once established in the mouth, these
pathogens can be aspirated into the lung and cause a nosocomial
infection. The interaction among enzymes in the saliva that
promote the adhesion and colonization of mucosal surfaces by
respiratory pathogens may explain the potential role of oral
bacteria in the pathogenesis of respiratory infection.24-28 The
example of amylase illustrates the important association
between oral and systemic health, and points to the significant
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effect of surrogate markers of high bacterial levels in plaque
and saliva that may lead to more severe forms of disease.

Yet another recent example of the role of saliva in the
diagnosis of systemic health is evident in breast cancer
research, where salivary testing for markers of the disease are
being studied for potential use in conjunction with mammog-
raphy. Saliva assays may soon be marketed for the protein
c-erbB-2, which is a prognostic breast cancer marker assayed
in tissue biopsies of women diagnosed with malignant
tumours. The soluble fragments of the c-erbB-2 oncogene and
the cancer antigen 15-3 were significantly higher in the saliva
and serum of women who had cancer than in the saliva and
serum of healthy controls and patients with benign tumours.29

Pilot studies have indicated that the saliva test for this onco-
gene is both sensitive and reliable and is potentially useful in
initial detection of and follow-up screening for breast cancer.30

In endocrinology, the ease of collecting saliva is simplifying
serial measurements of hormone levels and their diurnal varia-
tion. In the past, salivary testing was less reliable than blood tests
because of problems in precisely measuring levels of hormones
in saliva. The presence of a small amount of blood in a sample
(e.g., as a result of flossing or chewing food or gum) could
compromise the results. However, the recent development of
more sensitive radioimmunoassays has helped to minimize this
problem. For example, salivary free-cortisol assays are now being
perfected in the research setting and should soon be available to
clinicians. It has been shown that salivary cortisol is a valid indi-
cator of cortisol concentration in the serum and is not depen-
dent on salivary flow rate.31 Increased levels of circulating and
salivary cortisol (the stress hormone) result from the activation
of the hypothalamic–pituitary–adrenal axis brought on by
psychological stress and extensive physical activity. Similarly,
saliva is being used to detect a specific estrogenic hormone,
estradiol, which has been found to predict preterm labour.32

The FDA-approved test for estradiol can be used at home by
women at risk for premature, low-birth-weight babies. Here
again, salivary testing is being used to measure indicators of
systemic conditions that help in explaining a particular
hormonal response.

Expectorated whole saliva might one day replace blood as
a suitable monitoring medium for nutritional deficiencies in
elderly people. Older adults who suffer from malnutrition also
exhibit signs of impaired immune response. Reduced resistance
of the oral tissues to disease often leads to increased coloniza-
tion by oral pathogens and to severe, sustained oral infections.
Indeed, clinical signs of malnutrition and a compromised
immune system frequently appear first in the oral cavity.33

Dimeric sIgA, the predominant immunoglobulin in saliva, acts
as the first line of defence in protecting against microbial inva-
sion, largely by its ability to inhibit bacterial adherence to
epithelial cells.5,34,35 Studies of age-related changes in the
composition of salivary secretions suggest that there are subtle
changes in the protective capacity of salivary IgA antibodies,
which make elderly people more susceptible to oral bacterial
and fungal infections, such as root caries and candidiasis.36-48

Moreover, significant age-related reductions in the concentra-

tion of mucins from the submandibular gland49,50 could result
in reduced lubrication and contribute to the sensation of
mouth dryness that is commonly reported among older adults
who are taking a number of medications.51,52

My research group has completed a pilot study to deter-
mine correlates of salivary sIgA in a sample of older adults
living in a multilevel geriatric care centre. The goal of the
study was to assess whether, after controlling for confounders
such as functional dependence, number of prescription drugs
per day and chewing ability, salivary factors (total sIgA, sIgA1,
sIgA2, total protein and cortisol) could be significant markers
for nutritional status.53 We found that lower concentrations of
protein-adjusted sIgA and higher concentrations of cortisol in
stimulated whole saliva are associated with risk of malnutri-
tion. In light of the growing number of older adults, analysis
of saliva may offer a cost-effective approach for assessing
declines in general health in geriatric populations.

Conclusions
With advances in microbiology, immunology and

biochemistry, salivary testing in clinical and research settings is
rapidly proving to be a practical and reliable means of recog-
nizing oral signs of systemic illness and exposure to risk
factors. The components of saliva act as a “mirror of the body’s
health,” and the widespread use and growing acceptability of
saliva as a diagnostic tool is helping individuals, researchers,
health care professionals and community health programs to
better detect and monitor disease and to improve the general
health of the public. C

Remerciements : L’auteure remercie tout particulièrement le Dr Colin
Dawes, professeur de biologie buccale à la Faculté de médecine
dentaire de l’Université du Manitoba, ainsi que le Dr Edward D.
Fillery, professeur de microbiologie, et le Dr Richard Ellen, professeur
de parodontie, à la Faculté de médecine dentaire de l’Université de
Toronto, pour leur aide dans la révision de ce manuscrit.

La Dre Lawrence est professeure adjointe en dentisterie
communautaire à la Faculté de médecine dentaire de l’Université de
Toronto, Toronto (Ontario).

Écrire au: Dre Herenia P. Lawrence, Faculté de médecine dentaire,
Université de Toronto, 124, rue Edward, Toronto (Ontario) M5G
1G6. Courriel : herenia.lawrence@utoronto.ca.

Les opinions exprimées sont celles de l’auteure et ne reflètent pas
nécessairement les positions ni les politiques officielles de l’Association
dentaire canadienne.

Références
1. Watanabe S, Dawes C. The effects of different foods and concentra-
tions of citric acid on the flow rate of whole saliva in man. Arch Oral Biol
1988; 33(1):1-5.
2. Mandel ID. The role of saliva in maintaining oral homeostasis. 
J Am Dent Assoc 1989; 119(2):298-304.
3. Tabak L. In defense of the oral cavity: structure, biosynthesis, and func-
tions of salivary mucins. Annu Rev Physiol 1995; 57:547-64.
4. Zelles T, Purushotham KR, Macauley SP, Oxford GE, Humphreys-
Beher MG. Saliva and growth factors: the fountain of youth resides in us
all. J Dent Res 1995; 74(12):1826-32.
5. Mestecky J, Russell MW. Mucosal immunoglobulins and their contri-
bution to defense mechanisms: an overview. Biochem Soc Trans 1997;
25(2):457-62.



Mars 2002, Vol. 68, N° 3 173Journal de l’Association dentaire canadienne

Salivary Markers of Systemic Disease: Noninvasive Diagnosis and Monitoring of General Health

6. Lamkin MS, Oppenheim FG. Structural features of salivary function.
Crit Rev Oral Biol Med 1993; 4(3-4):251-9.
7. Xu T, Levitz SM, Diamond RD, Oppenheim FG. Anticandidal activ-
ity of major human salivary histatins. Infect Immun 1991; 59(8):2549-54.
8. McLeod D. Saliva: a spitting image of the body. AGD Impact 1996;
24(8):10-5.
9. Slavkin HC. Toward molecular based diagnostics for the oral cavity.
J Am Dent Assoc 1998; 129(8):1138-43.
10. Mandel ID. The diagnostic uses of saliva. J Oral Pathol Med 1990;
19(3):119-25.
11. Saliva as a diagnostic fluid. Conference proceedings. Panama City
Beach, Florida, October 22-25, 1992. Ann N Y Acad Sci 1993; 694:
1-348.
12. Dawes C. Considerations in the development of diagnostic tests on
saliva. Ann N Y Acad Sci 1993; 694:265-9.
13. Koelle DM, Huang ML, Chandran B, Vieira J, Piepkorn M, Corey L.
Frequent detection of Kaposi’s sarcoma-associated herpesvirus (human
herpesvirus 8) DNA in saliva of human immunodeficiency virus-infected
men: clinical and immunologic correlates. J Infect Dis 1997; 176(1):
94-102.
14. Reilly TG, Poxon V, Sanders DS, Elliot TS, Walt RP. Comparison of
serum, salivary, and rapid whole blood diagnostic tests for Helicobacter
pylori and their validation against endoscopy based tests. Gut 1997;
40(4):454-8.
15. Malamud D. Oral diagnostic testing for detecting human immuno-
deficiency virus-1 antibodies: a technology whose time has come. Am J
Med 1997; 102(4A):9-14.
16. Shugars DC, Slade GD, Patton LL, Fiscus SA. Oral and systemic
factors associated with increased levels of human immunodeficiency virus
type 1 RNA in saliva. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2000; 89(4):432-40.
17. Baron S. Oral transmission of HIV, a rarity: emerging hypotheses.
J Dent Res 2001; 80(7):1602-4.
18. Shugars DC, Wahl SM. The role of the oral environment in HIV-1
transmission. J Am Dent Assoc 1998; 129(7):851-8.
19. Shugars DC. Endogenous mucosal antiviral factors of the oral cavity.
J Infect Dis 1999; 179(Suppl 3):S431-5.
20. Baron S, Poast J, Cloyd MW. Why is HIV rarely transmitted by oral
secretions? Saliva can disrupt orally shed, infected leukocytes. Arch Intern
Med 1999; 159(3):303-10.
21. Scannapieco FA, Torres GI, Levine MJ. Salivary amylase promotes
adhesion of oral streptococci to hydroxyapatite. J Dent Res 1995;
74(7):1360-6.
22. Scannapieco FA, Stewart EM, Mylotte JM. Colonization of dental
plaque by respiratory pathogens in medical intensive care patients. Crit
Care Med 1992; 20(6):740-5.
23. Fourrier F, Duvivier B, Boutigny H, Roussel-Delvallez M, Chopin C.
Colonization of dental plaque: a source of nosocomial infections in inten-
sive care unit patients. Crit Care Med 1998; 26(2):301-8.
24. Scannapieco FA, Mylotte JM. Relationships between periodontal disease
and bacterial pneumonia. J Periodontol 1996; 67(10 Suppl):1114-22.
25. Scannapieco FA. Role of oral bacteria in respiratory infection.
J Periodontol 1999; 70(7):793-802.
26. Scannapieco FA, Papandonatos GD, Dunford RG. Associations
between oral conditions and respiratory disease in a national sample
survey population. Ann Periodontol 1998; 3(1):251-6.
27. Hayes C, Sparrow D, Cohen M, Vokonas PS, Garcia RI. The associ-
ation between alveolar bone loss and pulmonary function: the VA Dental
Longitudinal Study. Ann Periodontol 1998; 3(1):257-61.
28. Terpenning MS, Taylor GW, Lopatin DE, Kerr CK, Dominguez BL,
Loesche WJ. Aspiration pneumonia: dental and oral risk factors in an
older veteran population. J Am Geriatr Soc 2001; 49(5):557-63.
29. Streckfus C, Bigler L, Dellinger T, Dai X, Kingman A, Thigpen JT.
The presence of soluble c-erbB-2 in saliva and serum among women 

with breast carcinoma: a preliminary study. Clin Cancer Res 2000;
6(6):2363-70.
30. Streckfus C, Bigler L, Dellinger T, Dai X, Cox WJ, McArthur A, and
others. Reliability assessment of soluble c-erbB-2 concentrations in the
saliva of healthy women and men. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2001; 91(2):174-9.
31. Kirschbaum C, Read GF, Hellhammer DH. Assessment of hormones
and drugs in saliva in biobehavioral research. Kirkland, WA: Hogefe &
Huber Publishers; 1992.
32. McGregor JA, Jackson GM, Lachelin GC, Goodwin TM, Artal R,
Hastings C, and other. Salivary estriol as risk assessment for preterm
labor: a prospective trial. Am J Obstet Gynecol 1995; 173(4):1337-42.
33. Patton LL, McKaig RG, Eron JJ Jr, Lawrence HP, Strauss RP. Oral
hairy leukoplakia and oral candidiasis as predictors of HIV viral load.
AIDS 1999; 13(15):2174-6.
34. Williams RC, Gibbons RJ. Inhibition of bacterial adherence by secre-
tory immunoglobulin A: a mechanism of antigen disposal. Science 1972;
177(50):697-9.
35. Brandtzaeg P, Farstad IN, Johansen FE, Morton HC, Norderhaug IN,
Yamanaka T. The B-cell system of human mucosae and exocrine glands.
Immunol Rev 1999; 171:45-87.
36. Epstein JB, Kimura LH, Menard TW, Truelove EL, Pearsall NN.
Effects of specific antibodies on the interaction between the fungus
Candida albicans and human oral mucosa. Arch Oral Biol 1982;
27(6):469-74.
37. Vudhichamnong K, Walker DM, Ryley HC. The effect of secretory
immunoglobulin A on the in-vitro adherence of the yeast Candida albi-
cans to human oral epithelial cells. Arch Oral Biol 1982; 27(8):617-21.
38. Baum BJ. Age changes in salivary glands and salivary secretions. In:
Holm-Pederson P, Löe H, editors. Geriatric dentistry. Copenhagen:
Munksgaard; 1986. p. 114-22.
39. Smith DJ, Taubman MA, Ebersole JL. Ontogeny and senescence of
salivary immunity. J Dent Res 1987; 66(2):451-6.
40. Smith DJ, Joshipura K, Kent R, Taubman MA. Effect of age on
immunoglobulin content and volume of human labial gland saliva. J Dent
Res 1992; 71(12):1891-4.
41. Butler JE, Spradling JE, Peterman JH, Joshi KS, Satam M, Challa-
combe SJ. Humoral immunity in root caries in an elderly population. 1.
Oral Microbiol Immunol 1990; 5(2):98-107.
42. Butler JE, Spradling JE, Rowat J, Ekstrand J, Challacombe SJ.
Humoral immunity in root caries in an elderly population. 2. Oral Micro-
biol Immunol 1990; 5(3):113-20.
43. Tenovuo J. Oral defense factors in the elderly (review). Endod Dent
Traumatol 1992; 8(3):93-8.
44. Challacombe SJ. Immunologic aspects of oral candidiasis. Oral Surg
Oral Med Oral Pathol 1994; 78(2):202-10.
45. Challacombe SJ, Percival RS, Marsh PD. Age-related changes in
immunoglobulin isotypes in whole and parotid saliva and serum in
healthy individuals. Oral Microbiol Immunol 1995; 10(4):202-7.
46. Närhi TO, Tenovuo J, Ainamo A, Vilja P. Antimicrobial factors, sialic
acid, and protein concentration in whole saliva of the elderly. Scand
J Dent Res 1994; 102(2):120-5.
47. Percival RS, Marsh PD, Challacombe SJ. Age-related changes in 
salivary antibodies to commensal oral and gut biota. Oral Microbiol
Immunol 1997; 12(1):57-63.
48. Lockhart SR, Joly S, Vargas K, Swails-Wenger J, Enger L, Soll DR.
Natural defenses against Candida colonization breakdown in the oral
cavities of the elderly. J Dent Res 1999; 78(4):857-68.
49. Denny PC, Denny PA, Klauser DK, Hong SH, Navazesh M, Tabak
LA. Age-related changes in mucins from whole saliva. J Dent Res 1991;
70(10):1320-7.
50. Navazesh M, Mulligan RA, Kipnis V, Denny PA, Denny PC. Compar-
ison of whole saliva flow rates and mucin concentrations in healthy
Caucasian young and aged adults. J Dent Res 1992; 71(6):1275-8.



Journal de l’Association dentaire canadienne174 Mars 2002, Vol. 68, N° 3

Lawrence

51. Dawes C. Physiological factors affecting salivary flow rate, oral sugar
clearance, and the sensation of dry mouth in man. J Dent Res 1987;
66(Spec Iss):648-53.
52. Pajukoski H, Meurman JH, Snellman-Gröhn S, Keinänen S, Sulkava
R. Salivary flow and composition in elderly patients referred to an acute
care geriatric ward. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1997; 84(3):265-71.
53. Lawrence HP, Fillery E, Matear DW, Paterson L, Hawkins RJ, Locker
D. The association between salivary sIgA, nutritional status, and func-
tional dependence in the elderly. J Dent Res 2001; 80(AADR
Abstracts):43.


