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Abstract Salivary secretory IgA (s-IgA) is considered to
act as an important first line of defense mechanism in the
oral cavity. It has therefore been suggested that an in-
creased antigenic load would induce an increase in sali-
vary IgA production. This study investigated the pure
glandular levels of salivary IgA in parotid and subman-
dibular/sublingual (SM/SL) saliva during plaque accu-
mulation leading to experimental gingivitis. Starting from
regular oral hygiene, 14 healthy, nonsmoking men re-
frained from all oral hygiene measures for 12 days. On
days �2, 0, 3, 6, and 12 a plaque index, a bleeding index,
and unstimulated and stimulated saliva from the parotid
and the SM/SL glands were measured. Salivary IgA was
quantified using a sandwich ELISA. All subjects devel-
oped gingivitis as measured by a bleeding index. Com-
pared to baseline the salivary flow rate was increased on
day 12. Regarding the secretion rate of IgA there was a
statistically significant increase in stimulated parotid sa-
liva but not SM/SL saliva compared to baseline after 6
and 12 days without oral hygiene. No significant changes
were observed for the concentration of IgA during the
trial. Thus, in healthy subjects with regular oral hygiene
the development of plaque induced gingivitis is associated

with increased salivary gland output and increased total
IgA output levels in stimulated parotid saliva but not in
SM/SL saliva.

Keywords Salivary IgA · Experimental gingivitis · Pure
glandular saliva · Plaque · Antigen load

Introduction

Secretory immunoglobulin A (IgA) is the predominant
immunoglobulin found in saliva and other exocrine se-
cretions such as the gastrointestinal, respiratory, and
genitourinary tracts. IgA has been shown to agglutinate
bacteria, neutralize toxins, enzymes, and viruses [14, 24]
and is considered to represent the first line of defense
against pathogens which colonize and invade mucosal
surfaces [26]. However, the role of salivary IgA during
the development of periodontal diseases is still not fully
understood [23], and data regarding the comparison of
salivary IgA levels between healthy and periodontally
diseased patients have led to conflicting results [7, 9, 28,
32, 35, 38]. Higher levels of IgA have been determined in
parotid saliva of subjects with gingival inflammation [8,
11, 32], suggesting the induction of an s-IgA response due
to the myriad bacterial derived antigen load of dental
plaque [15, 33, 36]. However, no direct correlation has
been determined between the concentration of salivary
IgA and plaque accumulation [10, 11, 37]. Only few
studies have focused on the role of salivary IgA during the
development of gingivitis [18, 40]. These studies used
only either stimulated or unstimulated parotid saliva and
revealed no longitudinal changes for IgA. Group differ-
ences in susceptibility to gingivitis were related to the
levels of specific IgA in parotid saliva [40]. No data on
SM/SL IgA in the course of experimental gingivitis are
yet available.

The aim of this study was to investigate levels of pure
glandular salivary IgA from both parotid and SM/SL se-
cretions during experimental plaque accumulation leading
to gingivitis.
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Materials and methods

Subjects

We recruited 14 men for the study to exclude possible hormonal
induced immune variation (mean age 27 years, range 22–37) [6].
All subjects were in good general health and nonsmokers and had at
least 24 teeth, no gingival pockets larger than 4 mm, and no active
caries. None of the subjects had taken regular medication 6 months
prior to the study nor did they during the study period. Participants
were informed about the purpose and duration of the study and
signed an informed consent form. The study was approved by the
medical ethics committee of Humboldt University of Berlin.

Study design and clinical examination

One week prior to the 14-day trial period all participants underwent
a thorough dental examination to ensure the inclusion criteria of the
study. On day �2 and day 0 examinations were carried out with the
participants performing their regular oral hygiene procedures. No
professional tooth cleaning should have been carried out within
3 months prior to the start of the study and only a slight gingivitis
was allowed to be present [papilla bleeding index (PBI)/tooth � 0.5
[39]). After finishing the examination on day 0 the subjects re-
frained from all oral hygiene procedures for 12 days. Rinsing with
tap water was allowed. After finishing the trial they received a
professional tooth cleaning. Gingival bleeding and the development
of plaque was recorded on days �2, 0, 3, 6, and 12 by using the PBI
and a modified Quigley and Hein plaque index without disclosing
[34, 39]. All examinations were scheduled for the same time period
of the day (18:00 hours). Three hours prior to the appointment the
subjects were asked to refrain from eating and the consumption of
beverages containing coffeine, sugar, or acid.

Collection of salivary samples

Unstimulated and stimulated saliva was obtained on days �2, 0, 3,
6, and 12. For simultaneous and separate collection of pure glan-
dular saliva custom made collection devices were placed on the
orifices of the parotid (similar to [17]) and SM/SL glands (similar
to [45]) and fixed using skeleton plastic impression trays attached
to the teeth with silicone impression material. The saliva was col-
lected into ice-chilled vessels. The exact intraoral position of the
collection device was confirmed at the end of each sampling pro-
cedure. Saliva collection was carried out under standardized con-
ditions in a silent room with the patient sitting on a dental chair to
avoid the influence of circadian fluctuations in the salivary flow
rate and IgA production [3]. All examinations were performed at
the same time of the day (between 18.00 and 19.00 hours) by one
examiner (J.D.). Unstimulated and stimulated saliva was collected
for 20 min each. The stimulation of salivary flow was performed by
applying 2% citric acid on the dorsal part of the tongue by using a
cotton swab. The collection tubes were coated with 1% ethylene
diaminetetraacetic acid to reduce the activity of proteases. The
sample volumes were measured by weight. Immediately after col-
lection the saliva was centrifuged at 5000 g for 10 min at 4�C.
Aliquots of 0.5 ml supernatant were supplemented with 50% eth-

ylene glycol (Merck, Darmstadt, Germany) and were stored at
�80�C until laboratory examination.

ELISA for total IgA

Salivary IgA was quantified using a sandwich enzyme-linked im-
munosorbent assay (ELISA) [7]. Briefly, microtiter plates (Nunc,
Roskilde, Denmark) were coated with 20 ng per well with goat anti-
human a-chain specific oligoclonal IgA (Linaris, Wertheim, Ger-
many) in phosphate-buffered saline (20 mM, pH 7.6). The wells
were washed three times with phosphate-buffered saline containing
1% Tween-20 (Sigma, St. Louis, M., USA). Saliva specimens were
used in dilutions of 1:400 and 1:1600 (100 �l/well) in phosphate-
buffered saline containing 150 mmol NaCl, 1 mmol ethylene di-
aminetetraacetic acid, and 0.1% Tween-20. A commercial human
serum containing monomeric human IgA (Serotec, Oxford, UK)
served as a reference standard at eight different dilutions from
1:1�103 to 1:1.28�105. All tests were carried out in duplicate. As
secondary antibody 20 ng per well of goat anti-a-chain conjugate
with horseradish peroxidase (Serotec) was used. Following wash-
ing, enzymatic activity was developed by 3,30,5,50-tetramethyl-
benzidine (Merck, Darmstadt, Germany) substrate in citric buffer
with 30% H2O2. After 10 min development was stopped, and op-
tical density of the microtiter plates was measured at 405 nm using
a microplate reader 3550 (Bio-Rad, Hercules, Calif., USA).

Data processing and statistics

All saliva samples from one individual were incubated on the same
microtiter plate. For quantitation of total IgA the standard curves
were interpolated using a four-parameter logistic algorithm. Se-
cretion rate of total IgA was calculated by multiplying concentra-
tions with the salivary flow rate. Because no statistically significant
side directed differences were found, data were pooled for further
evaluation. Statistical analysis was carried out using the SPSS 9.0
program (SPSS, Chicago, Ill., USA). Testing for normal distribu-
tion by using the Kolmogorov-Smirnov demand the use of non-
parametric statistics. Therefore longitudinal changes were analyzed
using the Friedman and Wilcoxon signed ranks test. P values less
than 0.05 were accepted as statistically significant.

Results

Clinical parameters

During the 12-day period without oral hygiene both the
plaque index [34] and the PBI [39] showed a continuous,
statistically significant increase (Table 1). Groups with
high (PBI � 1.5, median 2.0 at day 5) and low gingival
reactivity (PBI <1.5, median 0.75 at day 5) showed no
significant difference in the plaque index on any of the
observation days.

Table 1 Clinical variables
(median values). After day 0 the
participants refrained from all
oral hygiene measures

Regular oral hygiene No oral hygiene

Day �2 Day 0 Day 3 Day 6 Day 12

Plaque index [34] 0.69 0.66 1.13* 1.81** 2.63***
Papilla bleeding index [39] 0.20 0.25 0.50* 0.75** 1.25***

* P<0.05 vs. day 0
** P<0.05 vs. day 3
*** P<0.05 vs. day 6
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Flow rates

The median values for the salivary flow are shown in
Table 2. A statistically significant difference between
stimulated and unstimulated saliva was detected for all
examination days. The later flow rate medians are slightly
higher than the means reported by others [12, 13].

Total IgA levels

Table 3 shows the median values of the total IgA con-
centrations and IgA secretion rates for parotid and SM/SL
saliva on the five examination days. The concentration of
parotid IgA differed widely among the subjects but was
within normal ranges and showed no significant changes
during the observation period of 14 days [2, 18, 40].
There were no significant differences between the parotid
and the SM/SL glands at any time. Reference finding
studies show intraindividually higher IgA concentrations
in unstimulated saliva than in stimulated saliva [1, 32],
but these differences can be small [31]. In our experi-
mental gingivitis study we found no significant differ-
ences for IgA concentrations between stimulated und un-
stimulated saliva. Other data for corresponding IgA con-
centrations in experimental gingivitis are not available
[18, 40].

A statistically significant increase in the IgA secretion
rate was observed in stimulated parotid saliva after 6 and
12 days without oral hygiene. This change was not seen in
resting saliva. No statistically significant changes could
be detected in the SM/SL fraction. The secretion rates of
SM/SL saliva were significantly higher than for parotid
saliva [41].

No significant differences were found in the IgA con-
centration or secretion rate between subjects with high
and low gingival reactivity on any of the observation
days.

Discussion

Salivary secretory IgA is considered to act as an impor-
tant first line of defense mechanism within the oral cavity
[26]. This concept implies that an increased antigenic load
as it is present in dental plaque accumulation [15, 33, 36]
should lead to an immediate increase of salivary IgA
production [2]. To test the biological effects of dental
plaque accumulation we used an experimental gingivitis
model [18, 20, 40]. Since the increased release of serum
IgA due to an increased flow of crevicular sulcus fluid
and bleeding during a period of gingival inflammation
may contribute to the concentration of IgA in whole sa-
liva, we used pure glandular saliva in this study [19].

Table 2 Saliva flow rates (ml/min per glands) of resting and
stimulated parotid and submandibular/sublingual (SM/SL) saliva
(median values, parentheses interquartile range). After day 0 the

participants refrained from all oral hygiene measures. All values are
given as medians

Day �2 Day 0 Day 3 Day 6 Day 12

Parotid
Resting saliva 0.19 (0.14–0.31) 0.21 (0.13–0.33) 0.13 (0.10–0.20) 0.19 (0.09–0.23) 0.19 (0.13–0.32)
Stimulated saliva 0.42**(0.18–0.68) 0.36 (0.22–0.48) 0.40 (0.22–0.57) 0.41 (0.32–0.62) 0.55* (0.36–0.70)

SM/SL
Resting saliva 0.41**(0.36–0.62) 0.46 (0.20–0.69) 0.33 (0.27–0.53) 0.37 (0.23–0.51) 0.63* (0.32–0.66)
Stimulated saliva 0.64**(0.25–0.81) 0.68 (0.49–0.76) 0.58 (0.43–0.77) 0.70 (0.54–0.81) 0.76* (0.59–0.83)

* P<0.05 vs. day �2
** P<0.05 vs. day 12

Table 3 Total IgA (�g/ml per glands) in parotid and submandibular/sublingual (SM/SL) saliva (median values, parentheses interquartile
range); Wilcoxon test with Bonferroni’s correction

Day �2 Day 0 Day 3 Day 6 Day 12

Parotid
IgA concentration

Resting 106 (62–119) 75 (50–108) 68 (40–118) 90 (61–124) 87 (60–134)
Stimulated 77 (42–122) 90 (50–181) 76 (47–100) 56 (42–122) 81 (64–115)

IgA secretiona

Resting 19 (4–25) 12 (5–22) 11 (5–20) 16 (9–28) 17 (13–30)
Stimulated 235* (17–30) 205* (5–48) 204*,5* (15–35) 31*** (14–50) 40*,**,*** (24–66)

SM/SL
IgA concentration
Resting 73 (55–129) 69 (55–141) 83 (51–137) 94 (67–106) 94 (58–147)
Stimulated 76 (50–134) 82 (59–106) 79 (61–123) 78 (41–100) 70 (42–109)
IgA secretiona

Resting 26 (8–54) 30 (7–54) 26 (13–42) 32 (15–52) 36 (19–81)
Stimulated 36 (13–74) 51 (15–68) 35 (31–80) 49 (26–63) 45 (28–79)

* P<0.05 vs. day �2, **P<0.05 vs. day 0, ***P<0.05 vs. day 3, 4*P<0.05 vs. day 6, 5*P<0.05 vs. day 12
a Calculated by multiplying the concentration with the salivary flow rate
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Although, compared to the parotid gland, the SM/SL
tissues contain higher numbers of IgA producing plasma
cells, and their secretion contains similar concentrations
of IgA [16, 41], experimental gingivitis studies have fo-
cused on parotid saliva, either stimulated or nonstimu-
lated [18, 40]. In these studies oral hygiene was omitted
for up to 15 days with weekly collection of saliva. To
evaluate the immediate reaction of the secretory immune
system we chose a similar observation period and two
collection times within the first week of oral hygiene
interruption.

As anticipated from other experimental gingivitis
studies [18, 20, 40], the omission of all oral hygiene
measures resulted clinically in higher plaque levels and in
the development of gingivitis as determined by PBI [39,
40]. Plaque accumulation can induce different intensities
of gingivitis since the development of gingivitis does not
depend solely on external factors but also to a consider-
able degree on host resistance [40, 43]. In agreement with
Schenck et al. [40], we found no relationship between the
intensity of the experimental gingivitis (measured by PBI)
and plaque quantity or total salivary IgA concentration.

Interestingly, the salivary gland output increased during
the development of the experimental gingivitis. The rea-
son for this finding is nor clear and should be investigated
in future studies. Perhaps the accumulation of plaque-de-
rived substances or inflammatory products triggers the
salivary secretion via neural pathways. An effect of the
collection device cannot be excluded with certainty [5]
although this potential effect was kept constant throughout
study.

Our results showed no significant longitudinal changes
in salivary IgA concentrations for neither parotid nor
SM/SL fluid over the observation period of 14 days. The
IgA secretion rate (�g/min) has been suggested to reflect
more precisely the output level and the actual immune
response [28]. In our study the secretion rate was signif-
icantly increased in stimulated parotid saliva after 6 and
12 days of plaque accumulation; no alteration was seen
after 3 days. Our findings regarding stimulated parotid
saliva are in contrast to those of Lie et al. [18] who ob-
served no changes in IgA output levels in stimulated
parotid saliva during their experimental gingivitis study.
This discrepancy supports the suggestion that a secretory
immune response is modulated by the amount of antigen
load [21, 22, 42]. According to Macpherson et al. [21, 22]
a minimum amount of specific antigen is necessary for
the initial activation of immunoglobulin production, while
an excess of antigen can inhibit the immunoglobulin
production. In the experimental gingivitis study of Lie et
al. the antigen load was drastically reduced by profes-
sional tooth cleaning and oral hygiene instruction before
entering the gingivitis period, but the oral hygiene status
as possible prestimulating factor prior to the professional
tooth cleaning is not reported [18]. In our study the ob-
served gingivitis and salivary IgA response resulted from
an offset of antigen load based on a regular oral hygiene
without initial professional tooth cleaning.

The salivary IgA response against oral antigens is in-
duced by two mechanisms. Precursor B cells producing
antigen-specific IgA are migrated from other mucosal
associated lymphoid tissues into the salivary gland im-
mune tissue [25, 27]. Additionally, oral antigens can lo-
cally stimulate the proliferation and differentiation of
lymphoid cells in the salivary glands. The indirect evi-
dence of a local immune system associated with salivary
glands was derived from topical immunization studies.
These studies indicate that an intimate contact of plaque
covered molar surfaces can enable an antigen uptake
through the mucosal surface to the parotid immune tissue
[4, 29, 30, 44]. Thus our finding of slightly raised IgA
secretions in the parotid but not in the SM/SL glands
might be explained simply by the anatomical situation
that plaque-covered buccal surfaces have intimate contact
with parotid tissues.

In summary, we observed that in healthy subjects with
regular oral hygiene the development of plaque-induced
gingivitis is associated with increased salivary gland
output and increased total IgA output levels in stimulated
parotid saliva but not in SM/SL saliva.

References

1. Brandtzaeg P (1971) Human secretory immunoglobulins. VII.
Concentrations of parotid IgA and other secretory proteins in
relation to the rate of flow and duration of secretory stimulus.
Arch Oral Biol 16:1295–1310

2. Brandtzaeg P (1989) Salivary immunoglobulins. In: Tenovuo J
(ed) Human saliva: clinical chemistry and microbiology. CRC,
Boca Raton, pp 2–54

3. Dimitriou L, Sharp NC, Doherty M (2002) Circadian effects on
the acute responses of salivary cortisol and IgA in well trained
swimmers. Br J Sports Med 36:260–264

4. Emmings FG, Evans RT, Genco RJ (1975) Antibody response
in the parotid fluid and serum of irus monkeys (Macaca fas-
cicularis) after local immunization with Streptococcus mutans.
Infect Immun 12:281–292

5. Garrett JR, Proctor GB (1998) Control of salivation. In: Linden
RWA (ed) The scientific basis of eating. Frontal oral biology.
Karger, Basel, pp 135–155

6. Gomez E, Ortiz V, Saint-Martin B, Boeck L, Diaz-Sanchez V,
Bourges H (1993) Hormonal regulation of the secretory IgA
(sIgA) system: estradiol- and progesterone-induced changes in
sIgA in parotid saliva along the menstrual cycle. Am J Reprod
Immunol 29:219–223

7. Hagewald S, Bernimoulin JP, Kottgen E, Kage A (2000) Total
IgA and Porphyromonas gingivalis-reactive IgA in the saliva of
patients with generalised early-onset periodontitis. Eur J Oral
Sci 108:147–153

8. Harding J, Berry WC, Marsh C, Jolliff CR (1980) Salivary
antibodies in acute gingivitis. J Periodontol 51:63–69

9. Henskens YM, van der Weijden FA, van den Keijbus PA,
Veerman EC, Timmerman MF, van der Velden U, Amerongen
AV (1996) Effect of periodontal treatment on the protein
composition of whole and parotid saliva. J Periodontol 67:205–
212

10. Jalil RA, Ashley FP, Wilson RF (1992) The relationship be-
tween 48-h dental plaque accumulation in young human adults
and the concentrations of hypothiocyanite, ‘free’ and ‘total’
lysozyme, lactoferrin and secretory immunoglobulin A in sa-
liva. Arch Oral Biol 37:23–28

11. Jalil RA, Ashley FP, Wilson RF, Wagaiyu EG (1993) Con-
centrations of thiocyanate, hypothiocyanite, ‘free’ and ‘total’

236



lysozyme, lactoferrin and secretory IgA in resting and stimu-
lated whole saliva of children aged 12–14 years and the rela-
tionship with plaque accumulation and gingivitis. J Periodontal
Res 28:130–136

12. Kalk WW, Vissink A, Spijkervet FK, Bootsma H, Kallenberg
CG, Nieuw Amerongen AV (2001) Sialometry and sialo-
chemistry: diagnostic tools for Sjogren’s syndrome. Ann
Rheum Dis 60:1110–1116

13. Kalk WW, Vissink A, Stegenga B, Bootsma H, Nieuw
Amerongen AV, Kallenberg CG (2002) Sialometry and sialo-
chemistry: a non-invasive approach for diagnosing Sjogren’s
syndrome. Ann Rheum Dis 61:137–144

14. Kilian M, Mestecky J, Russell MW (1988) Defense mecha-
nisms involving Fc-dependent functions of immunoglobulin A
and their subversion by bacterial immunoglobulin A proteases.
Microbiol Rev 52:296–303

15. Kinane DF, Lappin DF (2001) Clinical, pathological and im-
munological aspects of periodontal disease. Acta Odontol
Scand 59:154–160

16. Korsrud FR, Brandtzaeg P (1980) Quantitative immunohisto-
chemistry of immunoglobulin- and J-chain-producing cells in
human parotid and submandibular salivary glands. Immunology
39:129–140

17. Lashley KS (1916) Reflex secretion of the human parotid
gland. J Exp Psychol 16:461–493

18. Lie MA, Myint MM, Schenck K, Timmerman MF, van der
Velden U, van der Weijden GA, Loos BG (2002) Parotid sal-
ivary S-IgA antibodies during experimental gingivitis in
smokers and non-smokers. J Periodontal Res 37:86–92

19. Lindstrom FD, Folke LE (1973) Salivary IgA in periodontal
disease. Acta Odontol Scand 31:31–34

20. L�e H, Theilade E, Jensen SB (1965) Experimental gingivitis in
man. J Periodontol 36:177–187

21. Macpherson AJ, Gatto D, Sainsbury E, Harriman GR,
Hengartner H, Zinkernagel RM (2000) A primitive T cell-in-
dependent mechanism of intestinal mucosal IgA responses to
commensal bacteria. Science 288:2222–2226

22. Macpherson AJ, Lamarre A, McCoy K, Harriman GR, Oder-
matt B, Dougan G, Hengartner H, Zinkernagel RM (2001) IgA
production without mu or delta chain expression in developing
B cells. Nat Immunol 2:625–631

23. Marcotte H, Lavoie MC (1998) Oral microbial ecology and the
role of salivary immunoglobulin A. Microbiol Mol Biol Rev
62:71–109

24. McGhee JR, Kiyono H (1994) Effective mucosal immunity.
Current concepts for vaccine delivery and immune response
analysis. Int J Technol Assess Health Care 10:93–106

25. McGhee JR, Mestecky J, Dertzbaugh MT, Eldridge JH, Hira-
sawa M, Kiyono H (1992) The mucosal immune system: from
fundamental concepts to vaccine development. Vaccine 10:75–
88

26. McNabb PC, Tomasi TB (1981) Host defense mechanisms at
mucosal surfaces. Annu Rev Microbiol 35:477–496

27. Michalek SM, Katz J, Childers NK (2001) A vaccine against
dental caries: an overview. BioDrugs 15:501–508

28. Myint MM, Steinsvoll S, Odden K, Dobloug J, Schenck K
(1997) Salivary IgA responses to bacteria in dental plaque as

related to periodontal and HIV infection status. Eur J Oral Sci
105:562–570

29. Nair PN, Schroeder HE (1983) Local immune response to re-
peated topical antigen application in the simian labial mucosa.
Infect Immun 41:399–409

30. Nair PN, Schroeder HE (1983) Retrograde access of antigens to
the minor salivary glands in the monkey Macaca fascicularis.
Arch Oral Biol 28:145–152

31. Oon CH, Lee J (1972) A controlled quantitative study of
parotid salivary secretory IgA-globulin in normal adults.
J Immunol Methods 2:45–48

32. Orstavik D, Brandtzaeg P (1975) Secretion of parotid IgA in
relation to gingival inflammation and dental caries experience
in man. Arch Oral Biol 20:701–704

33. Paster BJ, Boches SK, Galvin JL, Ericson RE, Lau CN, L
evanos VA, Sahasrabudhe A, Dewhirst FE (2001) Bacterial
diversity in human subgingival plaque. J Bacteriol 183:3770–
3783

34. Quigley GA, Hein JW (1962) Comparative cleansing efficiency
of manual and power brushing. J Am Dent Assoc 65:26

35. Ranney RR, Ruddy S, Tew JG, Welshimer HJ, Palcanis KG,
Segreti A (1981) Immunological studies of young adults with
severe periodontitis. I. Medical evaluation and humoral factors.
J Periodontal Res 16:390–402

36. Roitt IM, Lehner T (1983) Immune responses to dental bacte-
rial plaque. In: Roitt IM, Lehner T (eds) Immunology of oral
diseases. Blackwell Scientific, London, pp 305–323

37. Rudney JD, Krig MA, Neuvar EK, Soberay AH, Iverson L
(1991) Antimicrobial proteins in human unstimulated whole
saliva in relation to each other, and to measures of health status,
dental plaque accumulation and composition. Arch Oral Biol
36:497–506

38. Sandholm L, Gronblad E (1984) Salivary immunoglobulins in
patients with juvenile periodontitis and their healthy siblings.
J Periodontol 55:9–12

39. Saxer UP, Muhlemann HR (1975) Motivation and education.
SSO Schweiz Monatsschr Zahnheilkd 85:905–919

40. Schenck K, Poppelsdorf D, Denis C, Tollefsen T (1993) Levels
of salivary IgA antibodies reactive with bacteria from dental
plaque are associated with susceptibility to experimental gin-
givitis. J Clin Periodontol 20:411–417

41. Stuchell RN, Mandel ID (1978) Studies of secretory IgA in
caries-resistant and caries-susceptible adults. Adv Exp Med
Biol 107:341–348

42. Talham GL, Jiang HQ, Bos NA, Cebra JJ (1999) Segmented
filamentous bacteria are potent stimuli of a physiologically
normal state of the murine gut mucosal immune system. Infect
Immun 67:1992–2000

43. Van der Velden U, Abbas F, Winkel EG (1986) Probing con-
siderations in relation to susceptibility to periodontal break-
down. J Clin Periodontol 13:894–899

44. Walker J (1981) Antibody responses of monkeys to oral and
local immunization with Streptococcus mutans. Infect Immun
31:61–70

45. Wolf RO (1964) Regulated vacuum system for collecting
submaxillary and sublingual saliva. J Dent Res 43:303–306

237




