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SUMMARY

Antibodies against food antigens are usually produced in healthy people. This humoral response can be
detected both in serum and secretions. The characterization of this response can be useful for a better
understanding of food-related immunological alterations. In this study, IgA and IgG antibodies specific
to ovalbumin,b-lactoglobulin or gliadin were measured in serum, saliva, colostrum and milk from 40
healthy breast-feeding women. Specific IgA and IgG to the three antigens were measured by indirect
ELISA. Specific IgG levels were highest in serum and very low in the other biological fluids. No
correlation between the IgG specific to the different antigens was found. Specific IgA reactivity was
found in all the samples analysed. Levels observed were higher in colostrum and milk than in serum and
saliva. In spite of being three different unrelated food antigens, a correlation between the levels of
specific IgA was found in saliva, colostrum and milk samples of all subjects studied. The specificity of
IgA anti-gliadin antibodies from serum, saliva and colostrum was analysed by immunoblotting of SDS–
PAGE-separated wheat proteins. Each sample presented a unique pattern of recognition. No common
pattern of recognition was found either among the same biological fluids of the different subjects tested,
or among the different samples—either serum, colostrum or saliva—of the same individual. Different
degrees of specificity to wheat proteins among IgA from colostrum, saliva or serum were observed,
suggesting that the local IgA-producing populations are functionally different in the different tissues of
the organism.
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INTRODUCTION

Food antigens, although generally harmless, behave as ‘non-self’
agents, triggering an immune response. The study and character-
ization of the humoral response against food antigens has become
of interest due to the potential importance of anti-food antigen
antibodies in clinical tests performed to detect food-related
immunological illnesses [1]. This characterization is also useful
for a better understanding of the role of secretory antibodies in the
modulation of the immune response against food antigens [2].

The presence of specific IgG to different food antigens in serum
has been reported in recent years [3,4]. The presence of IgA
specific to different food antigens in saliva and breast milk was
also described [5–7]. There is a consensus in that food antigen-
specific B cell clones are expanded in the gut and migrate to other
distant mucosal sites, where they secrete IgA [8,9].

The presence of IgA and IgG specific to three common
different food antigens, not structurally related, such as hen
ovalbumin (OVA), bovineb-lactoglobulin (b-LG) and gliadins,
in serum, saliva, colostrum and milk of healthy individuals, is
reported in this study. A study of the specificity of the anti-gliadin
IgA in the different biological fluids is described. Our results
suggest that local influences may have a greater importance than
previously thought with regard to the specificity and the levels in
which secretory IgA is produced.

SUBJECTS AND METHODS

Subjects studied
Samples were taken from healthy breast-feeding mothers seen at
the Department of Obstetrics of San Roque’s Hospital of La Plata
and the Department of Neonatology of the Sor Maria Ludovica
Children’s Hospital of La Plata, Argentina. All of them were
following an unrestricted diet that included bovine milk and
dairy products, eggs and wheat-derived products.
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Ethical considerations
The protocol carried out was approved by both Ethics and
Research committees of San Roque’s and Sor Maria Ludovica’s
Hospitals. All mothers were informed of the purpose of the study
and were enrolled with their consent.

Samples
An aliquot of 1 ml of serum was separated from the samples
obtained 48–72 h after delivery to perform routine analysis at the
Hospital laboratory. The same day a 2-ml sample of colostrum was
obtained either by manual extraction or by using a breast pump. At
the same time a saliva sample was collected as described by
Fitzsimmonset al. [10]. Breast milk sample was obtained either
by manual extraction or using a breast pump 5–16 days after
delivery. Colostrum and milk samples were centrifuged at 88C
12 000g, 10 min. The aqueous phase between the cellular pellet
and the overlying fat phase was separated and employed to perform
antibody studies. Saliva samples were centrifuged under the same
conditions, the pellet containing cells and debris was discarded and
overlying transparent phase was separated for study. Immediately
after processing, all samples were frozen at¹ 808C until analysis.

Total IgA levels
The content of IgA in all samples was measured employing a
Kallestadt (USA) radial immunodiffusion kit, following the
specifications of the manufacturer.

Specific antibody measurement
The presence of specific antibodies to gliadins, hen OVA and
bovineb-LG was tested by indirect ELISA.

Antigen preparation. Gliadin from Sigma (St Louis, MO) was
dissolved in 70% aqueous ethanol and quantified by Kjeldahl’s
method. Hen OVA and bovineb-LG (Sigma) were dissolved in
PBS (140 mM NaCl, 2·7 mM KCl, 1·5 mM KPO4H2, 8·1 mM

Na2PO4H; pH 7·4).
Coating. Polystyrene strips (Maxisorp; Nunc, Roskilde, Den-

mark) were incubated with either OVA,b-LG or gliadin, dissolved
in PBS at 1mg/ml, 100ml/well, 16 h at 48C.

Blocking. Non-specific binding sites were blocked by incubat-
ing with 200ml/well of 2% (w/v) bovine serum albumin (BSA;
Sigma) in PBS for 2 h at 378C.

Incubation. One hundred microlitres per well of each sample
diluted 1:5 (v/v) in PBS containing 0·5% (w/v) BSA (diluent
solution) were incubated at 378C during 1 h (for the measurement
of specific IgG, serum samples were diluted 1:50).

Conjugate. Either goat anti-human IgA horseradish peroxidase
(HRP) conjugate (Sigma) or goat anti-human IgG HRP conjugate
(Dako, Glostrup, Denmark), both diluted 1:1500 (v/v) in diluent
solution, were incubated (100ml/well) for 1 h at 378C.

Colour development. The colour reaction was developed by
adding a solution containingo-phenylenediamine (1 mg/ml;
Merck, Darmstadt, Germany) and 30% H2O2 (1ml/ml) in 0·1M

citrate-phosphate buffer pH 5·0. The enzymatic reaction was
stopped after 20 min with 40ml/well of 2 M SO4H2. Optical density
(OD) was determined at 490 nm.

After each incubation step, wells were washed three times with
PBS containing 0·05% (v/v) Tween 20 (PBS–T) during 10 min.
Each sample was analysed in duplicate. A set of five control
samples was analysed in every experiment and its values were
used to normalize the results. All chemical reagents were reagent
grade, from Sigma unless otherwise stated.

Immunoblotting
Wheat flour proteins were extracted with sample buffer (125 mM

Tris–HCl, 0·1% (w/v) SDS, 40% (v/v) glycerol, 5% (v/v) 2-
mercaptoethanol (2-ME), 0·5 mg% bromophenol blue, pH 6·8) at
a flour/buffer rate of 100 mg/ml. This protein extract was separated
by SDS–PAGE according to the method described by Laemmli
[11], employing a polyacrylamide gradient of 10–15%. After that,
they were transferred to nitrocellulose using a trans-blot cube
(BioRad, USA) as described by Towbin [12]. Membranes were
blocked by incubating overnight at 48C in 1% (w/v) skimmed milk
Tris–HCl buffer (TBS; 0·05M Tris–HCl, 0·15M NaCl, pH 7·4).
Membranes were then incubated for 3 h at 378C with the sample
under study (either serum, saliva, colostrum or milk). After that,
they were incubated with an affinity-purified peroxidase-conju-
gated anti-human IgA serum (Sigma) at 1:400 in 0·5% (w/v)
skimmed milk–TBS during 1 h at 378C. After each incubation
step, membranes were washed three times during 5 min with TBS.
Immunoblotting was performed employing 4-chloronaphtol
0·5 mg/ml in a 12% methanol–TBS buffer containing 0·1% H2O2

(30% v/v). Reaction was stopped after 10 min incubation by
immersion in distilled water. As a control, a dilution 1:1000 of a
rabbit anti-gliadin serum in TBS supplemented with 0·5% w/v
skimmed milk was employed. The production and characterization
of the rabbit anti-gliadin serum has been previously described [13].

RESULTS

IgA specific to different food antigens
Specific IgA to gliadin, OVA andb-LG were determined. Results
are summarized in Table 1. The three antigens studied showed
similar behaviour: colostrum and milk presented the highest
values, whereas levels of saliva and serum were the lowest. For
each subject the highest level of specific IgA to either gliadin,
OVA or b-LG was found in colostrum samples; lower levels were
observed in the other biological fluids. A great dispersion in results
can be observed, with overlapping values for the different bio-
logical fluids studied. High individual variability of colostrum- and
milk-specific IgA against pathogens [14] and food antigens [15]
has been described. High variability in the specific IgA levels
throughout breast feeding as a consequence of immunological,
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Table 1. Specific IgA determination

Antigen tested Sample No. of samples Mean OD490nm s.d.

Gliadin Serum 36 0·19 0·16
Saliva 33 0·41 0·33
Colostrum 26 1·92 0·75
Milk 23 0·80 0·44

Ovalbumin Serum 13 0·11 0·06
Saliva 13 0·32 0·21
Colostrum 13 2·00 0·51
Milk 13 0·90 0·43

b-lactoglobulin Serum 13 0·11 0·04
Saliva 13 0·39 0·21
Colostrum 13 1·64 0·53
Milk 13 0·72 0·41

Results are shown as the optical density (OD) (490 nm) reading from
ELISA test. Standard deviation (s.d.) is in the same units.



hormonal and psychological influences has also been reported
[16–18].

Total IgA and specific IgA to these food antigens were
measured. Serum samples showed a mean IgA level of 135 mg/dl
(s.d.¼ 30 mg/dl). Levels found in saliva were 45 mg/dl (s.d.¼

25 mg/dl), while colostrum and milk levels were 300 mg/dl
(s.d.¼ 120 mg/dl) and 100 mg/dl (s.d.¼ 30 mg/dl), respectively.
No correlation was found between total and specific IgA levels
in any of the four different biological fluids studied (not shown).
Samples presenting the highest levels of specific IgA did not
necessarily show high levels of total IgA. Samples with low
levels of specific IgA presented in some cases high values of
total IgA.

The analysis of the levels of specific IgA to the different
antigens studied in every subject showed a striking similarity.
Among the different samples tested (saliva, colostrum or milk) the
same behaviour was always observed: every time that a sample
presented high levels of specific IgA against one of the antigens
tested, high levels against the other two antigens were also
observed. The correlation plot between the levels of OVA-specific
IgA versusgliadin-specific IgA in the different biological fluids is
shown in Fig. 1a. Most of the colostrum samples can be seen in the
upper right part of the figure, since they present high values of both
IgA-specific antibodies. Milk samples are located mainly in the
central part of the figure and most saliva samples are grouped in the
lower left side of the plot. In Fig. 1b the plot of anti-b-LG IgA
versusanti-gliadin IgA can be observed. The distribution of the
colostrum, saliva and milk samples is similar to that observed in
Fig. 1a. There is a statistically significant correlation between the
analysed levels of specific IgA in both cases.

IgG specific to different food antigens
Results of specific IgG measurement are summarized in Table 2.
The same behaviour was observed in the three antigens tested.
Antibody levels in samples of saliva, milk and colostrum were very
low. On the other hand, serum levels were much higher, in
agreement with the results reported in literature [3,6,19]. A great
dispersion of serum-specific IgG was observed for anti-gliadin,
anti-OVA or anti-b-LG antibodies. As in the case of IgA, an
analysis of correlation of the levels of the specific IgG observed in

each individual for the different antigens was performed. Results
are shown in Fig. 2, where the serum levels of anti-OVA IgG
(Fig 2a) or anti-b-LG IgG (Fig 2b) were plotted against anti-gliadin
IgG levels. Subjects that showed high specific IgG for one antigen
do not always have high specific IgG for the other antigens. No
statistically significant correlation was found in any case.

Immunoblotting
Saliva, colostrum and serum from seven different subjects were
studied. Three of them were selected as an example of the general
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Table 2. Specific IgG determination

Antigen tested Sample No. of samples Mean OD492nm s.d.

Gliadin Serum 35 0·92 0·58
Saliva 9 0·06 0·02
Colostrum 9 0·14 0·10
Milk 14 0·11 0·07

Ovalbumin Serum 15 1·19 0·72
Saliva 9 0·06 0·02
Colostrum 7 0·09 0·06
Milk 11 0·05 0·03

b-lactoglobulin Serum 15 0·50 0·24
Saliva 9 0·06 0·03
Colostrum 7 0·06 0·04
Milk 11 0·06 0·05

Results are shown as the optical density (OD) (492 nm) reading from
ELISA test. Standard deviation (s.d.) is in the same units. Serum samples
were tested at 1:50 dilution. The other samples were tested at 1:5 dilution.
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Fig. 1. Correlation between the levels of IgA specific to the different
antigens studied. The different types of samples are represented by the
symbols:A, colostrum sample;W, milk sample;D, saliva sample. (a) Anti-
ovalbumin (OVA) IgAversusanti-gliadin IgA. The correlation coefficient
is 0·928. (b) Anti-b-lactoglobulin (b-LG) IgA versusanti-gliadin IgA. The
correlation coefficient is 0·836. In both cases there is a statistically
significant correlation (P< 0·001).



behaviour observed. Figure 3 shows the blots of the specific IgA of
serum, saliva and colostrum samples against wheat grain proteins
separated by SDS–PAGE. Lanes 1–3 show the molecular weight
markers, wheat protein extract and the blotting of the extract
performed with an anti-gliadin rabbit serum, respectively. Lanes
4–12 show the IgA reactivity of serum, saliva and colostrum of
three different subjects against wheat proteins. It can be observed
that each sample presents a particular pattern of recognition.
Proteins from the high molecular weight glutenin (HMW) fraction,
the gliadin fraction and components from albumin and globulin
fractions are recognized by different samples. In control experi-
ments with no transferred gliadins non-specific bands were not
detected (not shown).

The comparison of the sera-specific IgA fluid from the three
different subjects (lanes 4, 7 and 10) shows that there is not a
common pattern of recognition. Some samples present a broad
recognition pattern (e.g. lane 4 or 7), whereas others show a
restricted one, recognizing some components that are not recog-
nized by the others (e.g. lane 10). A similar situation is observed
when the blots of the different saliva samples (lanes 5, 8 and 11) or
colostrum samples (lanes 6, 9 and 12) are analysed.

The comparison of the patterns of recognition of samples
obtained from the same subject also show differences (e.g. lanes
4, 5 and 6, revealed with serum, saliva and colostrum, respec-
tively). Each sample reacted against several components of the
gliadin fraction. Some components were recognized by the three
samples, but each sample recognized components that were not
recognized by the others. The same happened with the other
subjects, as can be seen in lanes 7–9 and 10–12 (serum, saliva
and colostrum, respectively).

DISCUSSION

The presence of specific IgG and IgA against three different food
antigens, usually present in a normal diet, such as OVA,b-LG and
gliadins, is analysed here. The three antigens have been extensively
studied and their primary structure has been reported [20–22]. No
homology among them could be found. They showed no common
immunological reactivity, either. Moreover, these three antigens
come from independent, completely unrelated, food sources. For
these reasons the three antigens should trigger specific, indepen-
dent immune responses.

In spite of the high variability of the levels of specific IgA in
the kinds of samples analysed, the lack of structural similarity and
independence of the response against the antigens studied, a
correlation in the specific IgA levels against them was found, as
shown in Fig. 1. Samples showing high IgA levels to a specific
antigen also showed high IgA levels to the other two antigens
studied. This correlation was observed for saliva-, colostrum- and
milk-specific IgA. To our knowledge this observation has not yet
been reported, and it may be part of a general behaviour that
involves the humoral mucosal immune response to other food
antigens. No correlation could be found between specific IgG
against the different antigens studied (Fig. 2).

Wheat proteins present multiple homologous components with
similar structures and the consequent cross-reactivity among them
[23,24]. The use of such a complex antigenic mixture in the
Western blot, instead of a single food protein, made possible the
detection of differences in the specificity of the anti-gliadin
antibodies. These differences were detected as a different recogni-
tion pattern. If a single protein had been used, the blot would have
detected only the presence or absence of antibodies against it. As
can be seen in Fig. 3, there is not a conserved pattern of recognition
among anti-gliadin IgA of different individuals.

There are some components that were recognized by most of
the samples, but each sample recognized a particular group of
components that were not recognized by the others. No recurrent
pattern of recognition among serum, salivary or breast milk
samples of different individuals was found (Fig. 3). Moreover,
IgA from different biological fluids from the same individual
showed a different pattern of recognition, indicating that there
are differences in the specificity of the antibodies produced in the
different tissues of the organism. This fact may contribute to the
different individual susceptibility to infectious diseases, because
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Fig. 2.Correlation between the levels of serum IgG specific to the different
antigens studied. (a) Anti-ovalbumin (OVA) IgGversusanti-gliadin IgG.
Correlation coefficient 0·508. (b) Anti-b-lactoglobulin (b-LG) IgG versus
anti-gliadin IgG. The correlation coefficient was 0·076. In both cases there
is not a statistically significant correlation (P<0·01).



there may be individuals who can develop a high IgA-based
response to certain pathogens, but with a non-protective specificity
pattern or a weak response with an appropriate profile of specifi-
cities. This situation may extend to the different mucosal sites of
the body.

There is general agreement that the IgA specific to food antigen
is produced by differentiated lymphocytes that are sensitized by the
antigen, expanded in the gut and afterwards migrate to other
peripheral mucosal microenvironments and differentiate to IgA-
secreting plasmatic cells [7,8]. However, a concomitant local
activation of B lymphocytes in mucosal sites can not be ruled
out [25]. If all the gliadin-reactive plasma cells present in the
mammary gland and the oral cavity originate from expanded
clones in the gut, milk and saliva, IgA antibodies would present
a comparable pattern of recognition. Results described here do not
support this hypothesis. On the contrary, results may be explained
if there is either a differential homing or direct activation of
different subpopulations in the different mucosal sites. To differ-
entiate between these two hypotheses is beyond the scope of the
present work, and deserves further study.

In conclusion, in this study we have shown that there is a
correlation among the levels of IgA produced against the three
different antigens studied. This indicates the importance of local
influences that regulate the production of antibodies in the different
mucosal sites. Besides, the differences found in the recognition
patterns of IgA anti-wheat proteins of different samples coming
from the same individual suggest that the local IgA-producing cell
populations are functionally different in the different tissues of the
organism.
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