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Abstract: The present study compared IgA specificity against oral
streptococci in colostrum and saliva samples. Sixty-two mother-and-child
pairs were included; samples of colostrum (C) and saliva (MS) were
collected from the mothers and saliva samples were collected from
babies (BS). The specificity of IgA against Streptococcus mutans and S. mitis
were analyzed by western blot. Only 30% of babies’ samples presented
IgA reactivity to S. mutans, while 74 and 80% of MS and C, respectively,
presented this response. IgA reactivity to S. mutans virulence antigens
(Ag I/II, Gtf and GbpB) in positive samples showed differences between
samples for Gtf and especially for GbpB (p < 0.05), but responses to
Ag I/II were similar (p > 0.05). The positive response of Gtf-reactive
IgA was different between C (90%) and MS (58%) samples (p < 0.05), but
did not differ from BS (p > 0.05). GbpB was the least detected, with 48
and 26% of C and MS, and only 5% of BS samples presenting reactivity
(p > 0.05). Eight percent of MS and C samples presented identical bands to
SM in the same time-point. In conclusion, the differences of IgA response
found between C and MS can be due to the different ways of stimulation,
proliferation and transportation of IgA in those secretions. The colostrum
has high levels of IgA against S. mutans virulence antigens, which could
affect the installation and accumulation process of S. mutans, mainly by
supplying anti-GbpB IgA to the neonate.
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The oral cavity is an important access route into the human body for
several microorganisms, some of which become residents that facilitate the
adhesion and accumulation of other species, increasing the complexity of
the oral microbial communities. Streptococcus mitis is the main bacteria that
initially colonizes the oral cavity.1,2 After tooth eruption new species are more
commonly found, such as Streptococcus mutans.3 However, these species
may also be detected in predentate children highly exposed to S. mutans.4
Some major antigens expressed in the S. mutans cell surface, such
as antigen I/II (Ag I/II), glucosyltransferase (Gtf) and glucan-binding
protein B (GbpB), are involved in the ability of these microorganisms to
adhere and accumulate in the oral biofilm, promoting the development
of dental caries.5,6,7 Several studies have shown that the induction of
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specific antibodies against these antigens can confer
protection against the development of dental caries
in animal models.8 Some studies support the use of
these antigens in clinical trials on vaccines against
caries in older children and adults.9
The main immunoglobulin present in mucosal
secretions is the secretory IgA (SIgA), representing the
first line of defense of the oral cavity. SIgA is associated to
the oral microbiota control by reducing the adherence of
bacteria on the mucosa and teeth.10 Previous prospective
studies with 5- to 24-month-old children heavily exposed
to S. mutans showed a complex pattern of salivary IgA
reactivity to S. mutans antigens,11,12 suggesting that
responses to virulence-associated antigens, especially
against GbpB, may influence the ability of S. mutans to
colonize the oral cavity. Thus, the salivary IgA response
to GbpB can modulate the infection by S. mutans.
Saliva from newborns with undetectable levels of
S. mutans and detectable IgA levels, presented IgA
reactivity to Ag I/II and Gtf in 16% of samples, but no
reactivity to GbpB was detected.13 After 3 months, IgA
reactivity to Gtf and Ag I/II was unchanged, but 7% of
the children presented salivary IgA response to GbpB.14
Breastfeeding represents an important source of
immune components for the mucosal membranes of
neonates, especially by the mother-to-child transfer
of SIgA, the main mediator of anti-bacterial activity
in human colostrums.15,16 Several studies showed the
passive protection conferred by breast milk against
bacterial infections through binding mechanisms and
also by covering the mucosal surfaces, preventing
the adhesion and invasion of a large variety of
pathogenic microorganisms.17,18
The IgA antibodies present in breast milk are
directed against microbes and food proteins from the
mother that the breastfeeding child may also have
contact.19 This antigenic exposure of the gut associated
lymphoid tissues (GALT) and upper respiratory tract
tissues results in sensitized B-lymphocytes in those
tissues via the circulation to mesenteric lymph nodes.
Previous studies showed that colostrum has
detectable levels of IgA against all S. mutans antigens,
although GbpB has been significantly less detected
than other antigens.20 Therefore, colostrum provides
to the neonate significant levels of specific IgA against
S. mutans virulence, which can disrupt the installation
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and accumulation process of these microorganisms
in the oral cavity20 and supply the immature mucosal
immune system in early life, especially against GbpB,
as anti-GpbB IgA is absent at birth.13,14
There is little information about the immune
response during the early stages of S. mutans bacterial
challenge and the role of IgA provided by breastfeeding
against the installation of these bacteria. It is possible
that some factors can affect the initial response of
pioneer commensal species of the oral cavity, and
influence the patterns of immune response and the
susceptibility to colonization. In the present study,
the levels of anti-S. mutans IgA and anti-S. mitis IgA
were analyzed on saliva (MS) and colostrum (C)
samples from mothers and in saliva samples from
newborn babies (BS).

Methodology
Study design
A total of 62 pairs of mothers and newborns were
enrolled in this study, after the mother’s written
consent for participation. The Ethical Committee
of the Medical School of Ribeirao Preto, SP, Brazil,
13290/2012, approved this study. Only healthy
mothers submitted to a cesarean section within the
previous 12 hours were included. Information about
maternal and gestational background was obtained
by interviewing the expectant mother at arrival
in the maternity hospital. After birth, newborn’s
saliva samples were obtained. Collection of the
mothers’ samples (C and MS) occurred 12 hours
after giving birth. Detectable levels of S. mutans were
found in all MS samples, which were processed for
immunoassay analysis.

Collection of samples
Samples of colostrum were collected manually
and stored into sterile polypropylene Falcon tubes.
After collection, the samples were transported to
the laboratory, and centrifuged at 1,300 g to remove
lipid components. Samples of whole non-stimulated
saliva were collected using sterile polypropylene
transfer pipettes. In newborns, collection saliva
samples was performed at approximately 5 minutes
after birth. A solution of 250 mM EDTA, pH 5.2
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(Sigma, St Louis, USA) was added to each sample
prior to transporting it on ice to the laboratory for
storage at -80ºC until analysis.

antibody reactions between samples were tested
by Pearson correlation analysis. A p-value of <0.05
was considered statistically significant.

Colostrum and saliva IgA reactivity
against streptococcal antigens

Results

Total levels of IgA, IgM and IgG were determined
in capture ELISA assays as previously described.11,20
Patterns of reactivity of salivary IgA antibody
against S. mutans (UA159) and S. mitis (ATCC506)
antigens were determined in western blot assays
as previously described.20 Sixteen micrograms of
antigen extracts were loaded per lane, separated
by 6% sodium dodecyl sulfate polyacrylamide gel
electrophoresis, and transferred to nitrocellulose
membranes. Membranes were washed and blocked
overnight at 4°C (in Tris-buffered saline–Tween,
pH 7.5, 5% non fat milk, Sig ma). Incubations
with diluted samples (normalized by the IgA
concentration) were performed at room temperature
for 2 h. Membranes incubated with blocking buffer
were used as negative controls, and membranes
incubated with a standard saliva sample obtained
from an adult whose pattern of reaction with antigen
extracts had been previously measured were used
as positive controls.
The secondary antibody was goat IgG anti-human
IgA conjugated with horseradish peroxidase (Sigma,
1:4,000 dilutions). Antibody reactions were developed
using an ECL system (GE Healthcare UK, Little
Chalfont, United Kingdom). Immunoblots were
incubated with ECL detection solution and then
exposed to the same X-ray film for 5 min. The
developed X-ray films were scanned in a scanning
densitometer (GE Healthcare) to analyze patterns
of antigen recognition, including the number of
reactive bands. A blank value was subtracted from
the value of the reactive band.

The mean concentrations of IgA in C, MS
and BS were 2850.2 (± 2567.2); 435.2 (± 86.7) and
2.4 (± 7.6) µg/mL, respectively. There were no
correlations in the levels of IgA between the samples
(p > 0.05, r < 0.23). The concentration of IgA in C and
MS was significantly higher than in BS (p < 0.05). No
associations were found between immunoglobulin
levels based on race, maternal age, oral health, type
of birth and socioeconomic data (p > 0.05).
The percentage of samples (C, MS and BS) with
positive and negative IgA response to S. mutans and
S. mitis is shown in Figure 1. The mean number of
reactive bands to S. mutans and the frequency of
positive response to the virulence antigens (Ag I/II, Gtf
and GbpB), in C (n = 50), MS (n = 4 0) and BS (n = 1 6)
samples presenting positive IgA response to S. mutans
is shown in Table 1. The analysis in each group showed
that the frequency of positive response to Ag I/II and
Gtf were statistically higher than the negative (Table
1, p < 0.05). Concerning GbpB, there was no difference
between positive and negative detection in C, but the
number of negative IgA response was statistically
higher than the positive in MS and BS (p < 0.05).
The mean number of S. mitis reactive bands and the
frequency of positive responses to 56kDa-Ag of S. mitis
in the samples is shown in Table 2. The number of
IgA reactive bands to S. mitis was higher in C and
MS than in BS (Table 2).
The number of samples with IgA positive to S.
mutans and S. mitis in BS was significantly lower than
in C and MS (p < 0.001, Figure 1). Contrarily, the
majority of C and MS samples were IgA-reactive to
S. mutans and S. mitis, and did not differ statistically
(p < 0.05, Figure 1). The mean number of IgA-reactive
bands to S. mutans was significantly different
between samples (p < 0.021), being higher in C,
followed by MS and BS (Table 1). The mean number
of IgA-reactive bands to S. mitis was similar between
MS and C samples (p = 0.08) and lower in comparison
with BS ( p< 0.006, Table 2).

Statistical analysis
Frequencies of children with IgA antibody
specificities were compared by chi-square test.
The mean number of IgA-reactive bands in antigen
extracts was also determined and compared between
samples with ANOVA. Associations between
concentrations of specific IgA and patterns of
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Figure 1. Number of samples in C (colostrum), MS (maternal saliva) and BS (newborn saliva) with IgA reactive or not to
SMI (Streptococcus mitis) and SM (S. mutans).

Table 1. Number and percentage of S. mutans positive samples in colostrum, maternal saliva and newborn saliva reactive or not to the S.
mutans virulence antigens (Ag I/II, Gtf and GbpB). The mean and standard deviation of reactive bands in each tested group is also given.
Colostrum (n = 50)
Variable

Maternal saliva (n = 46)

Newborn saliva (n = 18)

Yes

No

Yes

No

Yes

No

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

Ag I/II

(94.0)

3 (6.0)1

(84.8)

7 (15.2)3

(88.9)

2 (11.1)5

Gtf

(96.0)

2 (4.0)2,7,8

(78.3)

(27.1)4,7

(66.7)

6 (33.3)6,8

GbpB

(50.0)

(50.0)1,2,9

(36.9)

(63.1)3,4,10

1 (5.6)

(94.4)5,6,9,10

-

2.69 ± 2.4911,13

-

0.87 ± 1.6412,13

-

S. mutans antigens

Mean ± SD of reactive antigens 4.48 ± 3.5711,12

Chi-square, p < 0.05, q = 24.0; 2Chi-square, p < 0.05, q = 26.8; 3Chi-square, p < 0.05, q = 22.0; 4Chi-square, p < 0.05,
q = 16.0; 5Chi-square, p < 0.05, q = 25.0; 6Chi-square, p < 0.05, q = 14.5; 7Chi-square, p < 0.05, q = 18.9; 8Chi-square,
p < 0.05, q = 28.3; 9Chi-square, p < 0.05, q = 49.1; 10Chi-square, p < 0.05, q = 29.3; 11ANOVA, p = 0.021; 12ANOVA,
p = 0.001; 13ANOVA, p = 0.001.
1

Table 2. Number and percentage of positive samples to S. mitis in colostrum, maternal saliva and newborn saliva reactive or not
to the S. mitis antigen (56kDa-Ag). The mean and standard deviation of reactive bands in each group is also given.
Colostrum (n = 39)
Variable

Maternal saliva (n = 39)

Newborn saliva (n = 14)

Yes

No

Yes

No

Yes

No

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

(89.7)

4 (10.3)

(84.6)

6 (15.4)

(85.7)

2 (14.3)

1.68 ± 2.07*

-

1.73 ± 1.89*

-

0.71 ± 1.77*

-

SMI antigens
kDa Ag
Mean ± SD of reactive antigens
ANOVA, p < 0.05.

*
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Figure 2. Schematic representation of positive (gray) and negative (white) IgA reactive to SMI (Streptococcus mitis) and SM (S. mutans)
and their virulence antigens (Ag I/II, Gtf, GbpB) in C (colostrum), MS (maternal saliva) and BS (newborn saliva) in the 62 pairs of samples
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The positivity of samples with IgA reactive to Gtf
was different between C and MS (p < 0.001, q = 18.8)
and between C and BS (p < 0.001, q = 28.9), with
colostrum showing the greatest number of samples
with Gtf-reactive IgA. GpbB-positive IgA was less
frequent than other antigens in the samples (p < 0.05),
especially in BS, in which only 5.6% of samples were
GbpB-positive, while 36.9 and 50.0% of MS and C,
respectively, showed such response (p<0.05 for
between-group differences).

The comparative analysis of IgA response
patterns to S. mutans, in MS and C showed that
only 8% of those samples presented identical bands
in the same time-point, and 9.6% of samples did not
present any band. C and MS samples presented some
similarities in the response to S. mutans; for example,
48 pairs of C and MS (77,4%) presented the same
response to S. mutans, which was not found when
the comparisons were done between MS and BS
(43,5%), C and BS (38,7%), and C, BS and MS (29,0%).
The number of C and MS that presented a similar
positive response to Ag I/II and Gtf was higher
than other antigens and samples (p < 0.05), because
29 pairs of those samples presented IgA response
to Gtf and Ag I/II in the same time-point (p < 0.05).
In general, GbpB was different and less recognized
by the samples, which was confirmed by the elevated
number of sample pairs with a negative response to
GbpB (p < 0.05) and a decreased number of pairs with
similar IgA response to GbpB and other antigens in
the same time-point (p < 0.05).

Comparative analysis of IgA response
patterns between groups
Figure 2 shows a diagram of IgA responses to
S. mutans and S. mitis and their virulence antigens
in C, MS and BS. Examples of western blot from 3
samples of mothers (MS and C) and their respective
babies’ saliva (BS) are illustrated in Figure 3. Pattern
similarity analysis of IgA response to S. mutans
between samples shows a positive correlation
between positive response to S. mutans and Ag I/II
(p < 0.05, r > 0.79) and between S. mutans and Gtf
(p < 0.05, r > 0.69) in all samples. A positive correlation
occurred between IgA response to S. mutans and
GbpB in MS and C (p < 0.05, r > 0.36), but not in
BS (p > 0.05). There was a positive correlation
between C and MS in the IgA response to S. mutans
(p = 0.03, r = 0.27) and MS and BS in the IgA response
to Gtf (p = 0.003, r = 0.36).
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SMI

SM

SMI

SM

SMI

SM

Discussion
IgA concentration was significantly higher in
colostrum than in maternal and newborn saliva,
which is compatible with the type of secretion and
maturation of the mucosal system. IgA antibodies
reactive to S. mutans and S. mitis were found in most

SMI

SM

SMI

SM

SMI

SM

SMI

SM

SMI

SM

202_

117_
98_

48_
C

MS

BS

C

MS

BS

C

MS

BS

Figure 3. Patterns of IgA specificities against antigens from SMI (Streptococcus mitis) and SM (S. mutans) in C (colostrum), MS (maternal
saliva) and BS (newborn saliva) in the 3 groups of samples. Standard molecular sizes (kDa) are indicated in left the immunoblots.
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of the MS and C samples (Figure 1). The analysis of
reactive bands showed that colostrum has a more
complex IgA response than MS or BS.
Although having an immature mucosal immune
system, the newborns presented antibody production
against oral streptococcal colonizers, as found by
Borges et al.14 Since saliva collection was performed
before starting breastfeeding, the presence of IgA
in babies’ saliva supports the hypothesis that oral
bacterial antigens can be transferred from mother to
child via the umbilical cord blood and/or through
the amniotic fluid. Past studies suggest that during
the intrauterine life there is an efflux of commensal
bacteria from the mother to the child.23 The presence
of Enterococcus, Staphylococcus epidermidis and
Streptococcus sanguinis was identified in cord blood
samples24 and these species are frequently detected
during the first days of life, generally regarded
as commensal organisms in healthy children.23,24
Thus, the bacteria detected in the babies’ saliva
could have been delivered to the fetus in utero and
thereby stimulating the development of the mucosal
immune system.
The analysis of S. mutans-specific IgA antigens
showed that the majority of samples with positive
response to S. mutans presented IgA response against
Ag I/II and Gtf, which was found in colostrum
samples20 and saliva from children at birth,14 at three
months14 and 5–11 months of age,12 regardless of
S. mutans colonization. On the other hand, many
samples had a negative IgA response to GbpB,
especially in the salivary samples. The S. mutans
virulence is related, among other mechanisms,
to its ability to synthesize GbpB, a heterogeneous
group of proteins that promote cell adhesion to
the tooth surface.25 Thus, studies on the natural
immune response against this protein can provide
evidence of its importance and immunogenic
behavior, especially considering that the positive
response of IgA to GbpB in saliva samples was
more commonly found in children not colonized
by S. mutans.12
It is critical to investigate the transfer of antibodies
from the mother to the newborn by breastfeeding
as an important way of fighting several infectious
challenges. Recent studies show that colostrum may

supplement the lack of antibodies in the newborn,
since colostrum have high levels of IgA against
S. mutans antigens.20 Here, the differences found
in the frequency and specificity of IgA between
C and BS support the importance of breastfeeding
against oral colonization early in life. Clearly, the
high levels of IgA specific to S. mutans antigens
in colostrum can address the lack of antibodies
in the newborn’s saliva, especially against GbpB,
a protein which is absent in saliva of the absolute
majority of babies’ saliva samples. However, to attest
the function and protection of colostrum in the
prevention of caries disease, it is necessary to
study the influence of colostrum in the S. mutans
biofilm formation.
Little is known about the role of S. mutans antigens
in the immune system of mucosal membranes, and
the results of this study highlight some important
points. First, the presence of antibodies against
S. mutans in colostrum and saliva of mothers is
related to the presence of the S. mutans colonizing
the oral cavity. In both samples, there was a positive
correlation between the IgA responses to S. mutans,
showing that the stimulation pathways are the same
(by oral colonization).
Assuming that the stimulation is by intra-uterine
route, GbpB protein is not transferred and does not
stimulate the immune system of the fetus, which
justifies a smaller amount of salivary antibodies
against GbpB. With time, the baby is exposed to
S. mutans, and IgA reactive to GbpB antibodies become
detectable at 3 months, as described by Borges et al.14
At 6 months of age, this reactivity has an important
modulatory action on infection, as reported by
Nogueira et al.12
In summary, the complexity of IgA in colostrum
and saliva of mothers is similar and suggest a
common pathway, although the concentration of Igs in
colostrum is significantly higher. In newborn’s saliva,
the levels of IgA are low especially against GbpB,
which strengthens the importance of breastfeeding
in controlling early infections by S. mutans.
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