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The ability of specific secretory immunoglobulin A (S-IgA) antibodies to inhibit bacterial colonization of
mucosal surfaces may be neutralized by the activity of bacterial IgA1 proteases. Because of the resistance of the
IgA2 subclass to these enzymes, the biological effect of IgA1 proteases in vivo may depend on the subclass
distribution of the bacterium-specific antibodies. We have estimated the subclass distribution of S-IgA
antibodies in saliva samples from 13 individuals against IgA1 protease-producing (Streptococcus sanguis and
Streptococcus oralis) and nonproducing (Streptococcus gordonii and Streptococcus mitis bv. 2) oral streptococci.
IgA1 was found to be the predominant subclass of antibodies against these four bacteria in most of the saliva
samples, corroborating previous data suggesting a role of IgA1l proteases in plaque formation. However,
variation in the subclass distribution of S-IgA antibodies against the same strain was observed. In one
individual, IgA2 was the predominant subclass of antibodies against all four streptococci and of total salivary
S-IgA, pointing to the possible significance of genetic variations. The study also addresses methodological
problems related to the quantitation of salivary antibodies by solid-phase immunoassays.

Specific immunological defense on mucosal surfaces is
mediated primarily by antibodies of the immunoglobulin A
(IgA) class. In accordance with their restricted ability to use
ancillary effector mechanisms such as activation of comple-
ment and phagocytosis, IgA antibodies do not mediate the
dramatic defense reactions characteristic of other immuno-
globulin isotypes. Whereas the role of IgA in serum is
incompletely understood, secretory IgA (S-IgA), the form of
IgA present in secretions, seems to mediate protection by
interfering with microbial adherence to mucosal surfaces and
by inhibiting the penetration of potentially harmful antigens
into mucosal tissues (for reviews, see references 6 and 21).

IgA occurs in serum and secretions as two subclasses that
differ in amino acid sequences and glycosylation of the a
heavy chain (30). IgA1 predominates (approximately 90%) in
serum, whereas secretions, including saliva, may contain up
to about 50% IgA2 (9). The physiological significance of the
subclasses has not been explained. However, it is likely that
IgAl and IgA2 antibodies are of different protective values
because of the exclusive susceptibility of the IgAl subclass
to bacterial IgA1l proteases. IgA1l proteases are endopeptid-
ases with specificity for one of several postproline peptide
bonds located within a sequence of 13 amino acids present in
the hinge region of IgAl, but not IgA2, molecules. As a
consequence of IgAl protease activity, S-IgAl molecules
are left as antigen-binding Fab, fragments devoid of the
Fc - SC part, which is particularly responsible for the ef-
fector functions of S-IgA antibodies (21).

IgA1 proteases are produced by a number of overt patho-
gens (23). In relation to dental disease, it is relevant that such
enzymes are produced by several members of the oral
streptococcal floras. These include Streptococcus sanguis,
Streptococcus oralis, and Streptococcus mitis bv. 1 (19, 22).
These species are among the first to colonize a clean tooth
surface (31), thereby initiating the formation of dental
plaque, which may eventually cause caries and periodontal
disease. In addition, a number of suspected periodontal
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pathogens contribute to IgAl protease activity in the oral
cavity (23).

Previous studies in our laboratory have indicated that
IgA1l protease activity may promote the adherence of oral
streptococci to tooth surfaces (34) and that this effect is
accompanied by the occurrence of Fab, fragments on the
bacterial surface (1). In view of the resistance of the IgA2
subclass to protease activity, it is possible that bacterium-
specific IgA2 antibodies, if present, limit the potential effect
of IgAl protease. To investigate this possibility, we have
estimated the subclass distribution of salivary S-IgA anti-
bodies to plaque-forming oral streptococci including IgAl
protease-producing and nonproducing species. As part of the
study, we have addressed methodological problems related
to the quantitation of salivary antibodies by performing
solid-phase immunoassays.

MATERIALS AND METHODS

Collection of whole saliva and isolation of salivary S-IgA.
Whole saliva samples from 13 healthy individuals were
collected by expectoration into a tube on ice. The saliva was
clarified by centrifugation at 12,000 X g for 10 min at 5°C and
mixed with an equal volume of 80% glycerol in distilled
water containing 0.1 M EDTA (disodium salt) to inhibit
streptococcal IgA1 protease activity (19). The saliva samples
were frozen in liquid nitrogen and stored at —65°C.

To isolate salivary S-IgA, 2 ml of whole saliva was
subjected to size exclusion chromatography on a column (55
by 1.6 cm) of Sepharose CL-2B (Pharmacia, Uppsala, Swe-
den) equilibrated with 0.01 M phosphate-buffered saline, pH
7.4, containing 0.02% sodium azide (PBS). The column had
been calibrated with standards including S-IgA (400 kDa)
and dimeric and monomeric myeloma IgA purified as de-
scribed previously (35). Eluent fractions containing S-IgA
were identified by an enzyme-linked immunosorbent assay
(ELISA) in which S-IgA was detected in microwells coated
with rabbit anti-a-chain antibody and by using peroxidase-
conjugated antibody specific for the secretory component as
a third layer (24). Eluent fractions were also tested in IgA
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TABLE 1. ELISA procedures used to determine the subclass distribution of salivary S-IgA antibodies to streptococcal cells
(assays A and B) and the subclass content of total salivary S-IgA (assay C)

Procedure in assay:

Step
A B C
1 Glyoxal-treated streptococcal cells Rabbit anti-human a-chain antibodies Rabbit anti-mouse immunoglobulin
(4 X 10%ml, 4 h) (1:3,000, 4 h) antibodies (1:3,000, 4 h)
2 Salivary S-IgA (serial twofold dilu- S-IgA subclass standard (serial twofold Monoclonal anti-IgAl or anti-IgA2 an-
tions, 16 h) dilutions, 16 h) tibody (1:3,000, 4 h)
3 Monoclonal anti-IgA1 or anti-IgA2 Monoclonal anti-IgAl or anti-IgA2 Salivary S-IgA or S-IgA subclass stan-
antibody (1:3,000, 4 h) antibody (1:3,000, 4 h) dard (serial twofold dilutions, 16 h)
4 Biotinylated rabbit anti-mouse immu- Biotinylated rabbit anti-mouse immu- Peroxidase-conjugated rabbit anti-hu-
noglobulin antibodies (1:5,000, 2 h) noglobulin antibodies (1:5,000, 2 h) man a-chain antibodies (1:2,000, 2 h)
S Peroxidase-conjugated streptavidin Peroxidase-conjugated streptavidin
(1:5,000, 1 h) (1:5,000, 1 h)

subclass-specific assays (Table 1, assay C). Fractions corre-
sponding to the elution position of the S-IgA marker and
representing the peak of reactivity in ELISAs (see Results)
were pooled, supplied with glycerol to a concentration of
20% (vol/vol), frozen in liquid nitrogen, and stored at —65°C
until used.

Preparation of S-IgAl and S-IgA2 standards. S-IgA was
purified from human colostrum by methods including ammo-
nium sulfate precipitation, size exclusion, and anion-ex-
change chromatography (28). To separate S-IgAl from
S-IgA2 molecules, colostral S-IgA was subjected to affinity
chromatography on a column of agarose-bound jacalin (Vec-
tor Laboratories, Burlingame, Calif.) by using the procedure
recommended by the manufacturer. Unbound proteins col-
lected in the effluent (S-IgA2 fraction) and protein eluted
with 0.8 M galactose (S-IgA1 fraction) were then chromato-
graphed on a calibrated size exclusion column (30 by 0.8 cm)
of Superose 6 (Pharmacia) equilibrated in PBS. With each
subclass, eluent fractions representing S-IgA of 400 kDa
were pooled and the protein concentration was determined
spectrophotometrically assuming E35™..1% = 13.4 (17). By
using the S-IgA2 preparation as the standard in a subclass-
specific ELISA (Table 1, assay C), it was found that the
S-IgAl preparation contained less than 5% S-IgA2, whereas,
in a similar assay, by using the S-IgAl preparation as the
standard, S-IgA2 was found to contain less than 0.5%
S-IgAl.

Bacterial strains. S. sanguis ATCC 10556 (American Type
Culture Collection, Rockville, Md.), Streptococcus gordonii
ATCC 10558, S. oralis ATCC 10557, and S. mitis bv. 2
NCTC 12261 (National Collection of Type Cultures, Colin-
dale, United Kingdom) were propagated in Trypticase Pep-
tone Broth (BBL Microbiology Systems, Cockeysville, Md.)
prepared as described by Gibbons and Fitzgerald (14). After
20 h of growth, the cultures were dispensed into 10-ml sterile
tubes and stored at ~20°C. Thawed bacterial cells were
washed twice in 10 ml of PBS before use.

Subclass distributions of total salivary S-IgA and S-IgA
antibodies. Subclass distributions of total salivary S-IgA and
S-IgA antibodies to the individual streptococci were esti-
mated by analysis of salivary S-IgA preparations instead of
whole saliva. The distribution of total S-IgA was estimated
by parallel titration of salivary S-IgA and S-IgA subclass
standards in assay C (Table 1). The distributions of specific
S-IgA antibodies in the 13 S-IgA preparations were deter-
mined in two steps. First, all 13 preparations were titrated in
parallel in Maxisorp ELISA wells (Nunc, Roskilde, Den-
mark) coated with streptococcal cells and developed for the

detection of S-IgAl and S-IgA2 antibodies (Table 1, assay
A). One S-IgA preparation (no. 13) was chosen as the
reference standard. Second, the relative levels were trans-
formed into absolute concentrations (nanograms per millili-
ter) based on estimates of the absolute concentrations of
antibodies in the reference standard. These estimates were
made by using assay A (Table 1), as calibrated by parallel
titration of S-IgA subclass standards in wells of the same
plate coated with anti-a-chain antibodies (Table 1, assay B).
Salivary antibody levels were expressed as the percentage of
antibody relative to total S-IgA of the same subclass. All
assays were performed with duplicate, serial twofold dilu-
tions of salivary S-IgA and of standards. Dilutions were in
ELISA washing solution, i.e., PBS (0.5 M NaCl) containing
0.15% Tween 20 and 0.005 M EDTA.

IgA subclass-specific monoclonal antibodies were pur-
chased from Nordic (Tilbury, The Netherlands). Polyclonal
antibodies and streptavidin were from Dakopatts (Glostrup,
Denmark). With the exception of peroxidase-labeled anti-
bodies against human a chains, all antibodies were of
affinity-isolated grade. Bacteria were immobilized in ELISA
wells in 0.1 M sodium bicarbonate, pH 8.3, containing 0.3%
methyl glyoxal (Sigma Chemical Co., St. Louis, Mo.) (8).
Antibodies used for coating were diluted in 0.1 M borate-
buffered saline, pH 8.4. In later steps, antibodies were
diluted in ELISA washing solution. Washing solution also
served to block residual binding sites in coated wells. ELISA
wells were developed with o-phenylenediamine substrate
and read at 492 nm with a Titertek Multiskan spectropho-
tometer (Flow Laboratories, Glasgow, United Kingdom).
Optical densities were processed by the computer program
Titersoft (Flow). By using a four-parameter logistic model,
the program constructs a dose-response curve based on
optical densities in wells used for the titration of a standard
or an unknown.

RESULTS

Background reactions caused by salivary samples in the
ELISA. When, in initial experiments, unfractionated saliva
was used for the titration of S-IgA1 and S-IgA2 antibodies by
ELISA, the majority of the saliva samples gave rise to strong
background reactions as detected in blocked control wells
not coated with bacteria. Some saliva samples caused con-
siderable reaction, even when added at a dilution of 1:128
(Fig. 1). By systematic variation of the assay conditions, it
was found that neither change of the blocking agent from
Tween 20 to bovine serum albumin (1%) or gelatin (0.25%)
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FIG. 1. Background reaction (optical density at 492 nm) in the
ELISA for salivary S-IgA1 antibodies against streptococci (Table 1,
assay A) as obtained by parallel incubation of 13 individual whole
saliva samples (A) and the corresponding purified S-IgA prepara-
tions (B), diluted as indicated, in blocked wells not coated with
antigen. Note that the strong background reaction obtained with
some samples of whole saliva is not displayed by the corresponding
S-IgA preparations.

nor the use of more-intensive washing procedures resulted in
a reduced reaction in blocked wells (results not shown). No
reaction in blocked wells occurred when the incubation with
IgA subclass-specific monoclonal antibodies was omitted.

After fractionation of whole saliva on a column of Seph-
arose CL-2B, a reaction in blocked wells was obtained with
fractions corresponding to the void volume (Fig. 2). With
later-eluted fractions representing S-IgA of both subclasses,
including antibodies to streptococci, such a reaction was
insignificant (Fig. 2). Therefore, subclass distributions of
S-IgA antibodies and of total S-IgA were estimated by using
a pool of the later eluent fractions instead of whole saliva.

Calibration of ELISAs. In assays for total S-IgAl and
S-IgA2, the dose-response curves of sample and the S-IgA
subclass standard were parallel (data not shown), and esti-
mates were made at a dilution corresponding to the midseg-
ment of the sigmoid curve.

S-IgAl and S-IgA2 antibody levels relative to the levels in
preparation no. 13 were calculated as the means of three
estimates made with consecutive twofold dilution steps of
the sample. With all 12 preparations, and irrespective of the
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FIG. 2. Analysis of whole saliva fractionated on a column of
Sepharose CL-2B. B, protein profile (optical density at 280 nm
[OD,g,]); O, total S-IgA profile (OD,y,) determined by ELISA.
Similar profiles were obtained with subclass-specific ELISAs (Table
1, assay C). +, IgA antibody activity (OD,y,) detected in ELISA
wells coated with S. sanguis ATCC 10556 and developed with
enzyme-conjugated anti-a-chain antibodies; ¢, ELISA profile
(OD,y,) resulting from incubation in blocked ELISA wells followed
by development with anti-IgA1l antibody and conjugates according
to assay A (Table 1). A similar profile was obtained by development
with anti-IgA2 antibody.

subclass of S-IgA antibodies measured, the coefficient of
variation of the three estimates was less than 10%, testifying
to a high degree of parallelism among the dose-response
curves of the 13 preparations.

Absolute concentrations of specific S-IgAl and S-IgA2
antibodies in the reference preparation were estimated by
using assay A (Table 1), as calibrated by the parallel titration
of S-IgAl and S-IgA2 standards in wells coated with anti-a-
chain antibody. Calibrated in this way, the ELISA system
did not meet the requirement of parallel dose-response
curves of the sample and standard (Fig. 3). Accordingly,
calculated antibody concentrations in the undiluted prepara-
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FIG. 3. ELISA dose-response curves of S-IgAl and S-IgA2
antibodies against S. sanguis in saliva sample no. 13 (@) in relation
to the dose-response curves of the corresponding S-IgA subclass
standards (O). To illustrate the similar geometric relationship be-
tween antibody and standard dose-response curves in S-IgAl and
S-IgA2 assays, the logit-log method of interpolation (38) has been
used.
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TABLE 2. Concentrations and relative amounts of S-IgAl and S-IgA2 antibodies against four oral streptococci
in the S-IgA preparation from saliva no. 13

S. sanguis S. oralis S. gordonii S. mitis bv. 2
Dilution S-IgAl S-IgA2 S-IgAl S-IgAl S-IgA2 S-IgAl S-IgAl S-IgA2 S-IgAl S-IgAl S-IgA2 S-IgAl
(concn)? (concn) (%) (concn) (concn) (concn) (concn) (%) (concn) (concn) (%)
1:2 51.3 95.5 349 54.5 101.7 349 37.0 46.3 44.5 31.1 39.7 439
1:4 67.0 133.2 335 68.5 152.7 31.0 46.1 61.1 43.0 43.8 57.3 43.4
1:8 85.2 182.6 31.8 91.8 219.4 29.5 61.7 75.6 44.9 67.3 82.1 45.1
1:16 112.8 241.5 31.8 125.9 290.2 30.3 ND¢ ND ND 103.1 114.6 47.8

¢ Antibody concentration (nanograms per milliliter). Each value is the mean of duplicate determinations.

b % S-IgAl antibody = [S-IgA1/(S-IgAl + S-IgA2)] x 100.
€ ND, not done.

tion varied depending on the dilution at which the prepara-
tion was tested (Table 2). However, estimates made at
different dilutions maintained constant ratios of the two
subclasses (Table 2). With each of the four streptococci, the
estimates recorded were those made with a twofold dilution
of the S-IgA preparation (Table 2). Optical densities ob-
tained at this dilution corresponded to the midsegments of
the S-IgAl and S-IgA2 standard curves.

Subclass distributions and levels of salivary antibodies.
Subclass distributions of S-IgA antibodies against the four
streptococci in all of the 13 saliva samples were compiled
(Fig. 4). It appears that IgA1 was the predominant subclass
in the vast majority of cases and that IgAl often constituted
more than 80% of the bacterium-specific antibodies. The
predominance of S-IgAl antibodies is reflected also in the
mean levels of S-IgAl and S-IgA2 antibodies (Table 3). In
most saliva samples, IgAl was the predominant subclass
also of total S-IgA (Fig. 4). However, in several saliva
samples, the subclass distributions of antibodies to the
individual streptococci and of total S-IgA were not related
(Fig. 4). Saliva sample no. 13 was exceptional in that IgA2
predominated in antibodies to all four streptococci and in
total S-IgA (Fig. 4).

No systematic difference was found in the subclass distri-
bution of antibodies to IgA1l protease-producing (S. sanguis
and §. oralis) compared with nonproducing (S. gordonii and
S. mitis bv. 2) streptococci (Fig. 4).

DISCUSSION

As the present study amply demonstrates, the quantitation
of salivary S-IgA antibodies according to subclasses in
solid-phase immunoassays is a problematic issue. The quan-
titation may be complicated by extreme background reac-
tions, as detected by incubation of whole saliva in control
wells not containing antigen. The common practice of cor-
recting for such background simply by subtraction may lead
to erroneous results, since the contribution of background to
the reaction in wells containing antigen is likely to be
different from the reaction in the control wells.

In this study, background reaction was not observed when
the incubation with subclass-specific monoclonal antibodies
(Table 1, assay A) was omitted, indicating that the phenom-
enon resulted from nonspecific immobilization of IgA and
not of conjugate. After Sepharose CL-2B fractionation of
saliva, the ability to cause a reaction in blocked wells was
found in void volume eluent fractions, which are known to
contain primarily the high-molecular-weight mucin (16).
When adding to this picture the previously reported evi-
dence of noncovalent association of S-IgA molecules to
mucins in saliva (33, 37), it is likely that the background

reaction resulted from S-IgA immobilized indirectly as part
of macromolecular complexes, with the highly tenacious
mucin as the main component. Consequently, subclass dis-
tributions were estimated by the analysis of eluent fractions
containing nonaggregated S-IgA. Such fractions are also
equivalent substitutes for unfractionated saliva in measure-
ments of antibody levels, provided that levels are expressed
in terms of the amount of antibody relative to the amount of
total S-IgA.

Unlike the secretions of other salivary glands, parotid
saliva is devoid of high-molecular-weight mucins (37), and
preliminary experiments have confirmed that ELISA quan-
titation of S-IgA antibodies in parotid saliva involves a
minimum of background reaction.

Ideally, calibration standards for use in isotype-specific
enzyme immunoassays (or radioimmunoassays) should
closely resemble the unknown with respect to antigen spec-
ificity, affinity, isotype, and molecular form. A standard that
meets these criteria will result in a dose-response curve
parallel to that of the unknown, hereby providing for accu-
racy in the calibration. This situation was approached when
antibodies in 12 salivary S-IgA preparations were estimated
with preparation no. 13 serving as the reference standard.

Total S-IgAl and S-IgA2 in salivary S-IgA preparations
were estimated with an assay that used colostral S-IgAs of
the respective subclasses as standards. Colostral S-IgA
purified according to commonly used procedures contains
large proportions of higher polymers (28). Accordingly,
parallel dose-response curves of the standard and unknown
could be obtained only by using S-IgA standards matched to
the 400-kDa salivary S-IgA by appropriate gel filtration.

To estimate the subclass distribution of bacterium-specific
antibodies, it was necessary to express antibody levels in
absolute concentration units. While this might have been
achieved by preparing affinity-purified antibody standards of
each subclass (5), this was considered impractical, and
differences in affinity as well as the impurity or denaturation
of the standards might have added to the inaccuracy of the
calibration. We therefore adopted a previously described
approach (26, 36, 39) based on the use of heterologous
standards (i.e., of different antigenic specificities) titrated in
wells coated with anti-immunoglobulin antibodies. That this
type of calibration introduced bias is evident from the
increasing antibody concentrations obtained by assaying at
increasing dilutions of the salivary S-IgA preparations (Table
2). However, because the geometric relationships of the
sample and standard dose-response curves were similar in
assays for S-IgAl and S-IgA2 antibodies (Fig. 3), estimates
of concentrations made at the same dilution could still be
expected to reflect the subclass distribution of antibodies.
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FIG. 4. Subclass distributions of S-IgA antibodies against four oral streptococci and of total S-IgA in saliva samples of 13 individuals.

S-IgA1l (hatched bars) and S-IgA2 (cross-hatched bars) percentages were calculated from estimates of concentrations in salivary S-IgA

preparations.

specific for protein antigens have been found predominantly
in the IgAl subclass, whereas antibodies to bacterial lipo-
polysaccharide and lipoteichoic acid were predominantly of
the IgA2 subclass (3, 29). Such antigen-dependent subclass

Several studies have suggested that the biochemical type
of an antigen influences the outcome of the IgA antibody

response with respect to subclass (for a review, see refer-
ence 29). Thus, in secretions, including saliva, antibodies
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TABLE 3. Salivary S-IgAl and S-IgA2 antibody levels against
four oral streptococci

Mean (coefficient of variation)

Species % antibody”
S-IgAl S-IgA2
S. sanguis 1.85 (65.7) 1.12 (54.3)
S. oralis 1.35 (55.3) 0.42 (130.9)
S. gordonii 1.21 (74.5) 0.50 (62.6)
S. mitis bv. 2 1.25 (64.0) 0.38 (62.1)

“ Mean (coefficient of variation) antibody level in 13 saliva samples. %
S-IgAl antibody = [S-IgA1 antibody (ng/ml)/total S-IgA1l (ng/ml)] X 100.

restriction has been observed also in studies of IgG antibod-
ies. As IgG subclasses vary in their effector functions such
as complement fixation, opsonization, and mast cell degran-
ulation, it may be speculated also that the subclasses of IgA
represent a functional differentiation.

Although subtle functional differences between IgAl and
IgA2 molecules have recently become apparent in various
experimental systems (29), the evidence for differential
effects of the two IgA subclasses under physiological condi-
tions is still sparse (15, 29). However, the hypothesis that
IgAl and IgA2 antibodies have different efficiencies in vivo
because of the effect of bacterial IgA1 proteases has received
considerable support (for reviews, see references 21 and 23).
In the context of dental plaque formation, it is relevant that
IgAl protease has been found to promote the adherence of
oral streptococci to hydroxyapatite beads (simulating dental
enamel) in saliva by counteracting the adherence-inhibiting
effect of S-IgA antibodies (34). A subsequent study (1)
indicated that IgA1 protease activity resulted in the presence
of Fab, on the streptococcal surface. Fab, was recovered
also from bacteria in incipient dental plaque, suggesting that
IgAl protease promotes the bacterial colonization of teeth in
vivo. Further support for a role of IgAl proteases in plaque
formation comes from our observation that 88% of the
streptococci that colonize a newly cleaned enamel surface
produce IgA1l protease, as opposed to a low percentage of
the streptococci on the oropharyngeal mucosa and the
dorsum of the tongue (25).

S-IgA antibodies seem to inhibit bacterial colonization by
blocking epitopes serving as adhesins, by making bacteria
more hydrophilic, and by contributing to the formation of
large bacterial aggregates (6). The surface antigens of
plaque-forming organisms, which may be the targets of
inhibiting S-IgA antibodies, are only beginning to be identi-
fied (11, 13, 27). Therefore, whole bacteria were chosen as
antigens in the present study.

The level of antibodies against streptococci (Table 3) is
roughly 15 times higher than the levels reported by Butler et
al. (4) in a study of salivary IgA antibodies against two other
members of the normal oral floras, Streptococcus mutans
and Actinomyces viscosus. As the ELISA methods used by
Butler et al. differ greatly from those used by us, this
discrepancy is probably a methodological issue rather than a
biological one. In support of this explanation, Russell et al.
(36), by using an assay configuration similar to ours, found
that in saliva the concentration of IgA1 antibodies to various
surface antigens of S. mutans was on the order of 0.35 to
1.30 pg/ml. Assuming the total salivary IgA1l concentration
to be 100 ng/ml (2, 9), this corresponds to antibody levels of
0.36 to 1.3%, i.e., similar to the levels against oral strepto-
cocci reported here.

INFECT. IMMUN.

The observation of similar antibody levels against the four
streptococci (Table 3) is in keeping with the constant pres-
ence of these species in the oral cavities of most individuals
(10). Serological examinations have revealed that, with the
possible exception of S. mitis, the four streptococcal species
included in the study are not totally antigenically distinct (7,
22). Some of the salivary antibodies may therefore be
directed against surface antigens shared by two or more
strains.

The observation of large, and in most cases predominant,
proportions of S-IgA1l antibodies against oral streptococci
(Fig. 4) is in accordance with our previous finding of a
combination of Fab, and intact S-IgA on streptococci ex-
posed to saliva and IgAl protease, with intact S-IgA pre-
sumably representing S-IgA2 (1).

Because of the specificity of IgA proteases for the IgAl
subclass, it has been speculated (32) that the IgA2 subclass
evolved in response to the occurrence of IgAl protease-
producing microorganisms. Our finding that, in most individ-
uals, S-IgA1 antibodies predominated against IgA1 protease-
producing as well as nonproducing streptococci does not
corroborate this hypothesis. Direct evidence against the
hypothesis comes from a recent study by Kawamura et al.
(18), demonstrating that ancestral a-chain genes are closely
related to the a2, but not to the al, gene of humans and
hominoid primates.

In spite of the overall predominance of S-IgA1l antibodies,
the 13 individuals varied considerably with respect to the
subclass distribution of antibodies against the same bacte-
rium (Fig. 4). This outcome is not incompatible with the
above-mentioned observations of a correlation between the
biochemical type of an antigen and the subclass of the IgA
antibodies induced, since whole bacteria represent several
epitopes of different types to which the individuals may have
responded to different extents. Different levels of antibodies
against an epitope may also have arisen from different
exposures to cross-reacting microorganisms or food compo-
nents (12). Interestingly, in one individual, IgA2 predomi-
nated in antibodies to all four streptococci and in total
salivary S-IgA, pointing to the possibility that the different
subclass distributions could also reflect genetic variations in
the secretory immune system.

Irrespective of the underlying regulatory mechanisms, the
existence of individuals with contrasting subclass distribu-
tions of S-IgA antibodies to oral streptococci is of interest in
relation to the significance of S-IgA antibodies in the protec-
tion of oral tissues. It raises the interesting question of
whether such variations may be partly responsible for dif-
ferences in the rate of plaque formation (20, 31) and in the
incidence of dental disease. This question is of relevance to
ongoing attempts to stimulate a protective secretory immune
response against cariogenic plaque bacteria.
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