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Abstract

ABSTRACT: This is a short review of the literature with a bias toward the author's work. Small amounts of 
dietary antigens are taken up into the circulation. B-cell responses to foods (antibodies and antibody-
secreting cells) occur as a physiological event locally and in the circulation in all three major 
immunoglobulin classes. A low levels of IgE is also a normal phenomenon. IgA anti-gliadin antibodies 
represent an exception. Antibody titers in general tend to decline with age. T-cell responses specific for 
foods are low in the circulation of healthy subjects. T-cell cytokines are more frequently produced in the 
gastrointestinal mucosa compared with the circulation. Results indicate that the phenomenon of oral 
tolerance takes place in humans. Oral tolerance within the T cell system may represent an important 
regulatory mechanism for normal immunity. 

The ingestion of foods is a basic requirement for sustaining life. Apart from the digestion of nutrients, the 

gastrointestinal tract with its surface area of 200 to 300 m2 in an adult plays an important role in immune 

defense, with more immunoglobulin-producing cells than any other organ (approximately 5 × 1010 cells in 

an adult) (1). The gastrointestinal immune system may react to a vast array of dietary components, 

either as proper antigens or as haptens. This presentation is focused on the normal immune responses in 

humans toward food proteins and peptides. Dietary proteins such as ovalbumin (OA) from hen's egg have 

been used frequently as model antigens in experimental animals, and reference will be made to such 

studies when appropriate. B-cell responses have been studied in detail, in particular as antibody 

measurements, whereas antigen-specific T-cell activity for methodologic reasons has as yet been studied 

only sparsely.

A fascinating aspect of the normal immune response to ingested foods is the development of oral 

tolerance (2). Oral tolerance is a form of peripheral tolerance in which mature lymphocytes are rendered 

hyporesponsive after prior administration of the antigen. This mechanism allows the immune response to 

be downregulated toward innocuous dietary components and commensal bacteria and at the same time 

enables the subject to mount a vigorous immune response to potentially dangerous micro-organisms. The 

breach of oral tolerance could be a key mechanism for the development of such different clinical disorders 

as allergic, inflammatory bowel, and autoimmune diseases. Oral tolerance will be discussed as part of the 

normal immune response.

GASTROINTESTINAL IMMUNE SYSTEM

The gastrointestinal immune system consists of different types of immune cells dispersed within the 

mucosa and the submucosa. The esophagus and the ventricle contain significant numbers of 

lymphocytes, eosinophils and mast cells (for review, see reference 3) and have the potential for 
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generating immunity and allergic reactions. Antigen-specific immunity is predominantly generated in the 

small intestine, with its huge surface area, and in the colon. The lymphoid cells of the human small 

intestine are organized in three compartments: 1) lymphoid follicles including the Peyer's patches, the 

appendix, and solitary lymph nodules; 2) in the epithelium interspersed as single-cell intraepithelial 

lymphocytes (IELs); and 3) in the lamina propria as single cells.

The induction of the immune response takes place in the lymphoid follicles in particular involving M cells, 

macrophages, T cells, and B cells. The effector arm includes IELs, B cells, and T cells in the lamina 

propria and macrophages, plasma cells, eosinophils, and mast cells (Fig. 1).

 

[Help with image viewing] 
[Email Jumpstart To Image] 

FIG. 1. The organization of gut-associated lymphoid tissue into three 
major compartments: Peyer's patches, intraepithelial lymphocytes, and 
lamina propria lymphocytes with indications of lymphocyte migration. 
(Reprinted with permission from Elson CO. The immunology of 
inflammatory bowel disease. Philadelphia: Lea & Febiger, 1996.) 

T cells in the intestinal epithelium and the lamina propria are believed to originate from Peyer's patches 

or the lymphoid follicles. They come in contact with the antigen, are activated, and mature in the 

germinal centers of the follicle or Peyer's patches. IgA-committed T cells then leave the mucosa, migrate 

to the lymph, and move into the blood. The migration of T cells is determined in particular by the integrin 

[alpha]4[beta]7, which reacts with adhesion molecules in the mucosa, predominantly MadCAM1 (4,5). The 

cells eventually return to the gastrointestinal tract, where they locate within the lamina propria to become 

lamina propria lymphocytes (LPLs) or within the intestinal epithelium to become IELs (6,7).

B CELLS: ANTIBODIES AND ANTIBODY-SECRETING CELLS

Antibodies to food antigens may be detected in a proportion of the normal population, depending on the 

method used. In particular, antibodies to milk and egg proteins have been investigated. Forty years ago, 

measurements with a hemagglutination technique showed that more than 50% of adult blood donors had 

detectable serum antibodies to cow's milk protein (8). Fewer cord blood sera and sera from infants had 

detectable antibody and in lower titers (9,10). The radioimmunoassay was introduced, and antibodies to 
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bovine serum albumin were detected in 75% of normal children and in 8% to 25% of adults, depending 

on the age of the subject (10). Antibodies to [alpha]-lactalbumin occur at about half this frequency. Not 

surprisingly, term and preterm infants show development of antibodies in high titers to cow's milk after 

weaning (11). The antibody titers tend to decline further during the first decade of life for most healthy 

children, but not in food-allergic children (12). In a limited number of sera using a similar Farr-type 

radioimmunoassay, we found a high incidence of antibodies to a number of food proteins: OA, [beta]-

lactoglobulin (BLG), [alpha]-lactalbumin, bovine serum albumin, and [alpha]-casein (13).

Serum antibodies may be detected in the major immunoglobulin (Ig) classes IgM, IgG, and IgA in most 

healthy children (14) and adults (13). In a large study in adults, antibodies of the IgA, IgG, and IgM 

classes were seen to decline during adult age (15), extending the observations made previously in a 

younger age group (12). We developed sensitive quantitative enzyme-linked immunosorbent assays 

(ELISAs) for the measurement of IgG antibodies to ovalbumin OA and BLG (16). A high-titered human 

serum was used for calibration, and the results were expressed metrically as milliunits per milliliter. 

Controls for assay quality were included by testing for parallelism, by mixing experiments, and by the 

inclusion of reproducibility controls at different antibody levels. The coefficients of variation were 

acceptable with between-assay coefficients of variation of 17% to 24%. Serum IgG antibodies to BLG and 

OA were detectable in 95% of 96 6-to 20-year-old healthy twins, with a log gaussian distribution of 

antibody levels (17). For these two selected antibodies, no particularly strong association between 

antibody levels was observed. Based on comparison of antibody levels in monozygotic and dizygotic 

twins, a significant genetic dependency (heritability estimates of 30–40%) was observed (Fig. 2).

 

[Help with image viewing] 
[Email Jumpstart To Image] 

FIG. 2. Within-pair correlations of IgG anti-ovalbumin (OA) and anti-
[beta]-lactoglobulin (BLG) antibody levels (log scale) in monozygotic 
twins (a and c) and dizygotic twins (b and d). Analytical within-assay 
variation (±2 SD) indicated by the shaded area around the line of 
identity (—). Significant differences between monozygotic and dizygotic 
twins were observed. (Reprinted with permission from Husby et al. J 
Immunogenetics 1987;14:131–42.) 
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Antibody formation against the gliadin fraction of gluten represents an exception from the dogma that 

dietary protein antibodies of the major immunoglobulin classes occur normally, because the presence of 

serum IgA antibody to gluten is of diagnostic value in the screening for celiac disease (18,19). However, 

IgG antibodies to gliadin may be seen in healthy subjects as of limited value for the diagnosis of celiac 

disease (15).

Human IgG consists of four subclasses (IgG 1–4) and IgA of two subclasses (IgA 1 and 2). The serum 

antibodies against food antigens seem to reside mainly in IgG1 and IgG4 (20), even though methodologic 

difficulties are inherent in the quantitation of subclass antibody comparing subclass levels (21). No firm 

relationship with IgG subclass antibodies to food proteins has been documented between healthy and 

allergic persons (22). However, IgG1 and IgG4 antibodies tend to be higher in food-allergic infants and 

tend to predict the later occurrence of inhalant-specific IgE antibodies (23,24). Of note, bottle-fed infants 

have significantly higher levels of high-affinity IgG1 antibodies to casein compared with breast-or mixed-

fed infants (25), indicating antibody affinity maturation. IgA antibodies in serum against foods including 

gliadin are predominantly of the IgA1 subclass (26).

Dietary protein is taken up from the gastrointestinal tract in small amounts in healthy persons (27,28), 

seemingly with no deleterious effects. We studied antigen uptake by using ELISA with a detection limit of 

0.3 ng/ml. The maximum levels of OA in our study ranged from 1.7 to 10.5 ng/ml. The antigen may be 

detected in an antigenically intact form or in high-molecular-weight antigen–antibody complexes. Only 

IgG was detected in immune complex formation with OA (Fig. 3), and the subjects with high IgG 

antibodies in serum had high-molecular-weight OA in contrast to the subjects with low-IgG anti-OA levels 

who showed free, intact OA in their sera (29).

FIG. 3. Fractionation by high-performance liquid chromatography in 
combination with IgG-specific ELISA detection of ovalbumin-containing 
IgG immune complexes. Sera obtained before (x–x) and 5 hours after a 
meal. Three subjects (nos. 1, 3, 8) with detectable levels of IgG anti-OA 
antibody; subject 6 without antibody included as a negative control. 
(Reprinted with permission from Husby et al. Scand J Immunol 
1986;23:447–55.) 
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The uptake of intact dietary antigen into the circulation may stimulate the production of B cells, which 

subsequently proliferate and secrete antibody. Alternatively, the antibodies may appear in the circulation 

after local stimulation of lymphocytes in the gastrointestinal mucosa. Such a passage of B cells or 

plasmablasts was shown for bacterial antigens (30), and an immune response may be detected both in 

the circulation and in the mucosa (31). In a study in healthy adults of the immune response to keyhole 

limpet hemocyanin (KLH) after oral challenge, we saw only limited levels of antibodies and of antibody 

forming cells of the major immunoglobulin classes, but we detected an IgA antibody response within the 

intestine (32).

In summary, the appearance of serum antibodies to dietary antigens is a normal physiologic response 

after the ingestion of food. Antibodies to dietary antigens may occur in all three major immunoglobulin 

classes, and the titers tend to decline with age. Antibody-secreting cells may be detected in the 

circulation, probably at low levels after oral antigen stimulation.
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T CELLS

T-cell responses to foods may be studied by in vivo methods by tests measuring skin reactivity cell-

mediated immunity (CMI) and by in vitro methods, including lymphocyte proliferation (3H-thymidine 

uptake), cytokine production, and the emergence of cell surface markers—for example, for cellular 

activation. In animal experiments only minor increases in foot pad thickness are normally seen in 

response to ingested foods. Increased foot pad thickness in response to dietary antigens was seen in 

experimental graft-versus-host disease (33). Immune reactivity to food antigens such as OA administered 

orally may well be influenced by the local bacterial environment (34).

Few studies have investigated T-cell reactivity to foods and dietary antigens in healthy adults. Depending 

on the methods used, antigen-specific T-cell reactivity to foods seem to be virtually absent in healthy 

people (35). Along the same line, spontaneous interferon (IFN)-[gamma]–, interleukin (IL)-4–, and IL-5–

secreting cells are uncommon in healthy children (36). However, in another study the antigen nonspecific-

response T cells from infants and children expressed mRNA of several cytokine genes: IFN-[gamma], IL-

4, IL-5, IL-10, and IL-13 (37). Investigating local immunity is of obvious importance. In the duodenal 

lamina propria of adults (31) and children (36), the frequencies of spontaneous cytokine-secreting cells are 

high compared with those observed in the peripheral blood.

Cytokine production has been investigated in relation to food allergy and atopic dermatitis. In children 

with atopy, results indicate an imbalance between T cells producing IFN-[gamma] (T-helper [Th]1-type 

response) and T cells producing IL-4 and IL-5 (Th2-type response) (38). A very strict partition between 

Th1 and Th2 responses may, however, in the clinical situation represent an oversimplification. To this 

end, duodenal lamina propria lymphocytes from children with cow's-milk-sensitive enteropathy compared 

with those in control subjects show a general increase both in IFN-[gamma]– and IL-4–sereting cells (36).

DEVELOPMENTAL ASPECTS

In the human fetus, a gastrointestinal tract develops with columnar epithelium and villi at 9 to 10 weeks 

of gestation. At 14 weeks of gestation clusters, of T and B cells with accessory cells appear, and they 

develop into well-defined Peyer's patches at approximately 19 weeks of gestation. Germinal centers with 

activated B cells do not appear before birth (39). M-cells at the luminal side of the Peyer's patches 

function to sample particulate antigens from the lumen (40). The human fetus passively receives IgG from 

the maternal circulation primarily through the placenta. Very few B cells and plasma cells are seen in the 
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gut lamina propria before the time of birth at 40 weeks of gestation. Some antigenic stimulation may take 

place through the amniotic fluid, which has been hypothesized to constitute a low-grade stimulation of 

the fetal immune system, because secretory-component–associated IgA (sIgA) has been demonstrated in 

amniotic fluid (41).

The cord blood provides an opportunity to determine the immune responses at birth. Total IgE levels 

have been measured to look for markers for atopy and high IgE levels related to the later development of 

atopic disease (42,43). With a refined radioimmunoassay, it was possible to determine cord blood IgE 

levels in all samples from a population of twins (44). We estimated the genetic determination (heredity) of 

IgE in such an unselected population to be approximately 80% with the use of new biometric methods for 

twin data analysis. IgE class antibodies directed to a number of antigens including foods can be detected 

in a proportion of cord blood samples (45).

After birth, the numbers of B cells and plasma cells increase rapidly, corresponding to stimulation from 

the external environment, including microbial antigens and dietary antigens. In the human, no clearly 

demarcated gut closure takes place, even though a decrease in antigen uptake has been demonstrated in 

comparing premature infants with those born at term (46) and further during the first 2 to 3 months of life 

(47). sIgA antibodies to BLG have been found in neonatal breast milk from healthy infants fed cow's milk 

(48). IgG, and more slowly, IgA-and IgM-producing cells, begin to appear after the first few weeks of life. 

Gradually, secretory IgA becomes the most important immunoglobulin at the mucosal surfaces. In a 

study of food-allergic infants IgE antibodies during the first months of life tended to decrease or stay at 

low levels in those infants who were tolerant, but no significant differences were seen (23).

T-cell reactivity toward food antigens has been seen to peak in infancy and then gradually to decline in 

contrast with reactivity to respiratory allergens, which gradually increases (45,49). In infants who received 

cow's milk formula during the first 12 months of life, a gradual decrease in T-cell reactivity to bovine BLG 

was observed in 8 of 10 infants (50). These results are in keeping with those of a study that investigated 

the production of cytokines from blood mononuclear cells cultured from cord blood and peripheral blood 

at 6 and 12 months of age. In those infants who were healthy at the age of 3 years, a gradual increase in 

the production of IFN-[gamma] was observed, whereas those infants in whom asthma with atopy 

developed later had defective IFN-[gamma] production (38). Infancy may constitute a sensitive window 

for the development of atopic disease in predisposed persons (49).
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ORAL TOLERANCE

Oral tolerance may be observed as part of the normal physiologic response, in particular to soluble 

antigens, whereas particles and living and multiplying micro-organisms in general induce an active 

immune response. Oral tolerance has been induced in response to a range of antigens from soluble 

antigens such as OA from hen's egg (51) to particulate antigens such as sheep red blood cells (52). These 

results have primarily been obtained in rodents, but species differences exist (e.g., it was not possible to 

induce oral tolerance in rabbits [53]). Both T- and B-cell immune responses may be involved in the 

development of oral tolerance. T cells are more easily tolerized than B cells, and the tolerance persists for 

a longer time (54). Similarly, T-cell tolerance may be obtained as part of oral tolerance without a similar 

effect on B-cell responses, probably as a form of low-zone T-cell tolerance (55).

Three mechanisms have been implicated for immune tolerance: clonal deletion, clonal anergy, and active 

suppression. The T-cell response to orally ingested antigens has been related to a Th2-type response (IL-

4, IL-5, and IL-10) with the secretion of IL-4 and IL-5 and concomitant downregulation of Th1-like cells 

producing IFN-[gamma] and IL-2. A further functional subset Th3 has been suggested with production of 

the suppressive cytokine TGF-[beta](55). However, suppression may occur by either CD4+ or CD8+ T 

cells producing TGF-[beta], and in one experimental system both Th1 and Th2 responses were 

susceptible to oral tolerance induction. Thus, a dichotomy of T cells into cells producing the 

proinflammatory IFN-[gamma] and cells producing the anti-inflammatory TGF-[beta] may more 

accurately describe the opposing immune forces at the mucosal surface. The mechanisms of oral 

tolerance have been investigated to a considerable degree, and comprehensive reviews of oral tolerance 

have recently been published (56,57).

Few studies have been performed on oral tolerance in humans (58,59). We conducted a study of oral 

tolerance toward an antigen KLH, which the subjects had not experienced before (35). Eight healthy 

adults had a daily intake of 50 mg KLH, twice daily for 5 days and together with eight control subjects 

were parenterally immunized two times with KLH. Antibody responses in serum and saliva and anti-KLH–

producing cells were higher in the orally challenged subjects. However, T-cell proliferation and delayed 

skin test reactivities were diminished, indicating orally induced T-cell tolerance (Table 1). No IgE anti-KLH 

in serum or IgE anti-KLH–producing cells were detected with ELISA and ELISPOT techniques, respectively 

(Husby et al., unpublished data, 1994).
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TABLE 1. Delayed-type skin test response to KLH in eight subjects fed 
KLH and subsequently immunized parenterally and eight subjects 
parenterally immunized onlyData represent number of positive 
responses. P = 0.007, 24 hours;P = 0.038 48 hours, KLH group versus 
controls. KLH, keyhole limpet hemocyanin. 

CONCLUSIONS

It may be concluded that humoral immunity to foods occurs normally in the three major immunoglobulin 

classes, IgM, IgG, and IgA. Transient and low levels of IgE antibodies may also be seen during infancy 

and early childhood. The development of immune responses is influenced by the intake of food antigens, 

in particular in the first year of life. The mode of infant feeding and the timing of weaning is of obvious 

importance. Furthermore, the infective load during the first months of life could be an important cellular 

Th1-type activating component that influences the maturation of the infant's immune response. The 

development of immunologic oral T-cell tolerance to food antigens may represent an important regulatory 

mechanism for normal immunity. Detailed knowledge of the normal immune responses to foods is 

advantageous for studies of gastrointestinal allergy and intolerance.
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FIG. 1

 

FIG. 1. The organization of gut-associated lymphoid tissue into three major compartments: 
Peyer's patches, intraepithelial lymphocytes, and lamina propria lymphocytes with 
indications of lymphocyte migration. (Reprinted with permission from Elson CO. The 
immunology of inflammatory bowel disease. Philadelphia: Lea & Febiger, 1996.) 
From:   Husby: J Pediatr Gastroenterol Nutr, Volume 30(1) Supplement.January 2000.S13-
S19
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FIG. 2. Within-pair correlations of IgG anti-ovalbumin (OA) and anti-[beta]-lactoglobulin (BLG) antibody levels (log scale) in monozygotic 
twins (a and c) and dizygotic twins (b and d). Analytical within-assay variation (±2 SD) indicated by the shaded area around the line of 
identity (—). Significant differences between monozygotic and dizygotic twins were observed. (Reprinted with permission from Husby et al. 
J Immunogenetics 1987;14:131–42.) 
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FIG. 3. Fractionation by high-performance liquid chromatography in combination with IgG-
specific ELISA detection of ovalbumin-containing IgG immune complexes. Sera obtained 
before (x–x) and 5 hours after a meal. Three subjects (nos. 1, 3, 8) with detectable levels 
of IgG anti-OA antibody; subject 6 without antibody included as a negative control. 
(Reprinted with permission from Husby et al. Scand J Immunol 1986;23:447–55.) 
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S19
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TABLE 1. Delayed-type skin test response to KLH in eight subjects fed KLH and subsequently 
immunized parenterally and eight subjects parenterally immunized onlyData represent number 
of positive responses. P = 0.007, 24 hours;P = 0.038 48 hours, KLH group versus controls. KLH, 
keyhole limpet hemocyanin. 
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