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Influence of infant feeding on the excretion of gluten immunopeptides in feces
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ABSTRACT

INTRODUCTION

Introduction: the secretion of antigens from the diet into
breast milk has been extensively documented. The trans-
fer of gliadin could be critical for the development of an
immune response.

Objectives: to investigate the presence of immunogenic
gluten peptides in the feces of infants fed with different
diets.

Material and methods: a blind, prospective, controlled, col-
laborative study was performed in three hospitals, between
September 2016 and January 2017.The study protocol was
approved by the Ethics Committee of the hospitals in Seville
prior to starting the study.

Results: the cohort was divided into three groups of 30
infants: an experimental group (average age 9.2 + 2.8
weeks) with exclusive breastfeeding, a control group 1
(average age 10.3 + 3.3 weeks) exclusively fed with onset
formula and a control group 2 (average age 56 + 3.7 weeks)
with infants that consumed gluten on a regular basis. The
peptide 33-mer of gliadin was negative in all feces sam-
ples from both the experimental and control group 1. With
regard to control group 2, the peptide 33-mer of gliadin was
negative in 23% of cases (seven children).There was no dif-
ference in the amount of gluten ingested by these children
compared to those who excreted the 33-mer peptide.

Conclusions: the failure to detect gluten in the feces of
infants that were exclusively breastfed indicates that it is
probably below the limits of detection. Healthy children
who consume gluten may not excrete it in feces.
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Several elements affect the development of intestinal
immune tolerance throughout life. At birth, the intestine
is still immature from a functional point of view and thus
requires growth and maturation factors contained within
breast milk (BM). Their main function, among others, is to
preserve the integrity of the intestinal lamina propria and
protect it from infections which could alter the permeabil-
ity of the intestine. This immunoregulator role of BM (1)
defines a period in which the presence of food allergens in
the intestine favors the development of tolerance against
these food stuff (“immunologic window”) (2,3). Neverthe-
less, there is no conclusive evidence of its pre-emptive
effect.

Recent studies claim that BM does not have a significant
effect on the development of celiac disease (CD), regardless
of whether the infant is exclusively breastfed, or if gluten
is introduced whilst breastfeeding. However, none of these
studies have been evaluated in infants older than three
years of age (4,5). Despite the hypothesis that suggests the
existence of a window of immunological tolerance in the
intestine, a cohort study of neonates at risk for CD disputes
this idea.The introduction of small amounts of gluten into
the diet of neonates aged 16 to 24 weeks old did not reduce
the risk of developing CD at the age of three years (5) com-
pared to the placebo group.

CD is a multifactorial disease and two risk factors have been
clearly identified: an external factor (gluten) and a genetic
factor (the HLA-DQ2). Both are crucial and necessary for
disease development.The fact that genetically predisposed
individuals do not always develop CD begs the question
of whether other environmental factors are involved (REO
virus?) (6,7), which may prevent the tolerance to gluten
peptides.
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According to the last ESPGHAN report (8), breastfeeding
does not protect against the development of CD but delays
its appearance. This was demonstrated by the fact that
infants did not suffer from CD while breastfeeding. Howev-
er, the proportion of individuals that develop CD at different
ages is the same regardless of whether they were fed with
breast milk or not (7,8).

Gluten is a protein of low nutritional value that is commonly
used in bread production. Its protein chains are very elastic
and allow the gases produced by the yeast to inflate them,
leading to the rising of the dough (9). Gliadins are gluten
fractions that are soluble in alcohol and contain most of
the toxic components that affect celiac patients. They are
rich in glutamine and proline, and the digestion of these
in the gastrointestinal tract is more difficult than for other
peptides (10).

In vitro experiments have shown that the digestion of glia-
din derives an alfa-gliadin peptide.This peptide is composed
of 33 amino acids (33-mer) and it is resistant to gastric and
pancreatic proteases, as well as to brush border enzymes
of the intestinal lining.This 33-mer gliadin peptide seems to
be the most immunogenic of all the currently known pep-
tides. This 33-mer has six epitopes that partly overlap and
it is resistant to enzymatic degradation by intestinal and
pancreatic enzymes (7,10-12). The average life span of the
33-mer peptide is longer than 20 hours, leading to the belief
that it could act as an antigen and therefore could stimulate
T-cell proliferation.This would induce a toxic phenomenon
in genetically predisposed individuals (7). Other in vitro
experiments have shown thatT lymphocytes isolated from
the intestinal mucosa from untreated celiac patients contain
a peptide similar to the 33-mel alpha-gliadine (7).

How these partially digested peptides get through the intes-
tinal barrier is still unknown. However, it is hypothesized
that it could be due to early infections, which could also
influence the disease pathogenesis by increasing perme-
ability (7). Furthermore, it may also be mediated by the
action of zonulin, a protein that carries intracellular signals
that open tight junctions (13). Gliadin has the ability to
induce the liberation of zonulin, with an increase in intes-
tinal permeability and cytokine production (14). Once the
peptides get through the barrier epithelium, the 33-mer
fragment would act as a substrate for the transglutaminase
2 (TG2) andTG2 would deaminate the peptide. On the other
hand, the action gliadin-TG2 (15) on susceptible individuals
leads to the development of antiendomysial and antitrans-
glutaminase antibodies, which are the most sensitive and
specific tools for diagnosis up to now.

The 33-mer fragment modified by the TG2 is an efficient
stimulator of T CD4 lymphocytes, which can only recognize
gluten peptides when the HLA-DQ2 and HLA-DQ8 heterodi-
mers are present (10). The stimulation of lymphocytes leads
to the immune cascade, which results in the inflammatory
response and harm to the celiac mucosa (16). Gluten-reac-
tive T-cells have aTh0/Th1 phenotype and usually release
the pro-inflammatory cytokine IFN-y.

The presence of gluten proteins in breast milk has been
reported in previous studies (17).The average level of glia-
din in BM is 178 ng/ml (range 5-2,000 ng/ml) and the aver-
age level of gliadin epitopes that elicitT-cells are 132 ng/ml
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for Glia 9 and average levels of Glia 1 are 404 ng/ml (18).
Gliadin that was given to mothers with a non-gluten diet
appeared in their BM between two to four hours after the
gliadin intake (19).

The gluten peptides are resistant to gastrointestinal diges-
tion (in particular the 33-mer immunotoxic peptide), which
ensures that a significant part of these peptides are excret-
ed in feces. This provides a mechanism to detect previous
gluten intake (20). Therefore, it is important to prove that
BM contains a sufficient amount of gluten to interact with
the intestine and is excreted in the feces of exclusively
breastfed babies. It is possible that BM is not only immu-
nomodulatory but also performs the antigen presentation
function, which is gluten in this case.This leads to breastfed
babies reaching a correct gluten tolerance.

Study hypothesis

If BM contains gliadin, gliadin peptides should be found in
the feces of breastfed babies. This would mean that BM pro-
tects against the development of CD and that it induces intes-
tinal tolerance against gluten due to the fact that it contains
small amounts of gluten from the mothers’ dietary intake.

MATERIAL AND METHODS

A prospective and single-blinded study from three medical
centers was performed between September 2016 and Jan-
uary 2017.The study was approved by the ethic committees
of the hospitals Virgen del Rocio and Macarena (Seville,
Spain).The study was performed in the Santa Isabel clinic,
Amante Lafon health center and Macarena hospital from
October to December 2016.

The infant enrolment process was conducted from the
beginning of the project and included children who met
the inclusion criteria (discarding deferral criteria), until 30
individuals for each study group were obtained.

Study population

Experimental group: 30 healthy exclusively breastfed
babies, older than four weeks old and younger than four
months old.

Control group 1: 30 healthy babies exclusively fed with first
infant formula, older than four weeks old and younger than

four months old.

Control group 2: 30 healthy breastfed babies from ten to 14
months old with a daily gluten intake.

Figure 1 shows a summary chart.

Deferral criteria

Breastfed babies who received any nourishment different
from BM in the experimental group and control group 1.

Parents who did not sign the informed consent form.
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Prospective and single-blinded study. Performed from
September 2016 — January 2017

Signing of the informed consent form by parents

Infants > 4 w and < 16 w exclusively breastfed

\

DETECTION OF GLUTEN
IMMUNOPEPTIDES IN FECES

Group 2 Infants > 4 w and < 16 w exclusively fed with first infant formula
Control FAST
IMMUNOCHROMATOGRAPHIC
METHOD
Glieus 2 Infants > 40 w and < 56 w gluten diet (8-12 g)
Control
iVYCheck GIP Stool

Test rapido para deteccion de gluten en heces

/

Study protocol approved by Ethic Committee from the Hospitals Virgen del Rocio and Macarena

— Sample (feces) collection and dietary survey for mothers and children with a gluten-free diet.

— Sample freezing at -20 °C.

— Sample processing — Researcher unaware of the child identity and group.

Fig. 1. Samples, materials and method chart (w: weeks; > 4 w and < 16 w: time-frame from 28 to 112 days).

Lab materials and method

The samples of recent feces were collected by a relative,
according to a standard procedure. A depressor was used
to extract the feces from the diaper and were kept in a feces
container. Ideally, the samples were not mixed with urine
or lotion.The samples were brought to the consulting room
and were registered with consecutive numbers, on both
the container and the informed consent form.The samples
were immediately frozen.

The analysis of the feces was performed per batch; each
batch was defrosted simultaneously and contained a dif-
ferent number of samples. Each sample was identified by
a number, so that the researcher was unaware of both the
baby and the study group (control, group 1 or group 2) of
the sample.

The IVYCHECK GIP-Stool® was used to analyze the fecal
samples. This kit is based on a fast immunochromato-
graphic test which allows the detection of immunogenic
peptides (GIP) in feces. The technique was performed as
described by the manufacturer. This immunochromato-
graphic test allows the detection of GIP from dietary intake
in feces samples. The first step is the extraction of gluten
from a feces sample that is frozen at -20 °C. The sample
reacts with the conjugated antibodies (monoclonal anti-
bodies A1 and G12) that are fixed on the strip. This complex
moves along the strip by capillarity (Fig. 2). A red colored
line appears on the strip result area to indicate a positive
result. The absence of a red line indicates a negative test.
A control protein is also present to confirm the correct
functioning of the test as shown by the blue line (Fig. 3).

The detection limit of the immunochromatographic strip is
0.3 GIP micrograms per gram of feces. This test specifically
detects the toxic prolamin fraction of wheat (gliadin), rye
(secalin) and barley (hordein) in feces. It also detects oats
prolamin (avenin) if the quantity is above the threshold.

Breastfeeding mothers and children from control group 2
(with a daily intake of gluten) performed a short dietary
survey with a three-day reminder in order to estimate their
daily gluten intake.

RESULTS

A total of 90 children were recruited to the study. Table 1
shows a summary of the results of the three study groups.
The experimental group was formed by 30 exclusively
breastfed babies with an average age of 9.2 + 2.8 weeks.
Fourteen were male and 16 were female. All were negative
for the 33-mer gliadin peptide in feces.

Control group 1 included 30 babies (17 female and 13
females) with an average age of 10.3 + 3.3 weeks, who
were fed exclusively with first infant formula. All had a GIP
33-mer test.

Control group 2 included 30 babies who habitually con-
sumed gluten.This included 15 males and 15 females with
an average age of 56 + 3.7 weeks; 23% (7) did not excrete the
GIP 33-mer in feces. No difference was observed between
the amount of gluten ingested by these children compared
with those that excreted the GIP 33-mer.
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Fig. 2. Sample result rising by
capillarity.

|
?L

Fig. 3. Possible results left to right: slightly positive,
positive and negative.

DISCUSSION

Gluten is a protein of low nutritional value that is commonly
used for bread production. Its protein chains are very elas-
tic and allow the gases from yeast to inflate them, leading

Table 1. Results

Breastfed
(experimental group)
n 30
92+28

14 males
16 females

Group

Average age (weeks + DS)

Sex

GIP 100% negative

to rising of the dough (9). Gliadins are an alcohol-soluble
fraction of gluten and contain most components that are
toxic to celiac individuals. Gliadins are rich in glutamine
and proline and their digestion in the gastrointestinal tract
is more difficult than for other peptides (10).

In vitro experiments have shown that there are still non-di-
gested regions which generate an alfa-gliadin peptide after
the digestion of gliadin.This peptide is composed of 33 ami-
no acids (33-mer) and it is resistant to gastric and pancre-
atic proteases, as well as border enzymes of the intestinal
lining.The average life span of the 33-mer peptide is longer
than 20 hours and had led to the belief that it could act as
an antigen and therefore stimulate T-cell proliferation. This
would induce toxic phenomena in genetically susceptible
individuals (7). Other in vitro experiments have also shown
thatT lymphocytes isolated from intestinal mucosa from
untreated celiac patients contain a peptide similar to the
33-mel alpha-gliadin (12).

Gliadin peptides pass through the epithelium via transcyto-
sis, but this mechanism is still unclear. In active CD, there is
an increase in trans-epithelial transport and the processing
of these peptides by the epithelium cells is also altered.
Thus, toxic peptides (19-mer) and immunogenic peptides
(33-mer), both intact and partially broken down, may be
able to get through (21). Several studies support this the-
ory and there is a high level of transport from the apical
membrane of enterocytes to the basal membrane in celiac
patients, via a mechanism dependent on gamma interferon
(IFN-y). Nevertheless, the literature with regard to the pro-
duction and action of the 33-mer peptide in healthy people
intestines is limited.

Nowadays, this 33-mer peptide is used to detect voluntary
or inadvertent dietary transgressions, as it can be detected
in feces (22). More recently, it has been shown that it can
be detected in urine (23) with a higher sensitivity than the
classic serological test. In fact, this peptide has recently
been included in the catalogue of diagnostic tests in hos-
pital services.

This study, regardless of our prior knowledge that BM con-
tains gliadin (24), proves that feces from breastfed babies
do not contain this peptide, or that is it present in very low
concentrations (ng/ml order). This peptide would also be
further digested in the intestine and would therefore reach
such a low concentration level that it would not be detected
by the IVYCHECK GIP test. As expected, children fed with
infant formula had a negative result, as formula does not

Formula DDG
Control 1 Control 2
30 30
10.31 +3.37 56.2 +3.7
17 males 15 males
13 females 15 females
100% negative 7 negatives (23%)

DGI: daily gluten intake; SD: standard deviation; GIP: detection of GIP 33-mer in feces.
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contain gluten and the composition is clearly defined and
regulated, regardless of their brand. These results do not
provide convincing evidence of the preventive effect of
breastfeeding. Furthermore, it does not provide any proof
that breastfeeding significantly influences the development
of CD, regardless of its exclusive or non-exclusive nature
(4,5).

With regard to 1-year old children who consume gluten,
23% did not excrete the 33-mer gliadin peptide. This is due
to the fact that the digestive enzymes do not produce it
from the intake of gluten, or it is produced in such small
quantities that it cannot be detected by the test. The short
dietary survey byTrinidad Rodriguez et al. (25) allowed us to
obtain information from the long-term consumption model.
It is even more effective when estimating the usual intake
of general food groups. The questionnaire inquired about
the number of times per week/month that certain groups
of food of 45 different items were consumed, for a total of
six days during the following two weeks (three days per
week). Therefore, we considered it useful for the present
study, as the aim was to estimate the intake of cereals that
contain gluten (complex carbohydrates) and they are highly
consumed in the Mediterranean diet.

CONCLUSIONS

Current scientific evidence leads us to believe that BM
contains gliadin and its peptides and that BM is the ideal
carrier for an effective presentation of this antigen to the
intestine of a breastfed baby. The fact that the 33-mer-al-
fa-gliadine peptide was not detected in the feces of exclu-
sively breastfed babies does not discard this theory. How-
ever, it probably indicates that this peptide is found at a
lower concentration than the detection limit of the test, or
that breastfed babies excrete other kinds of gliadin pep-
tides in their feces.

It is noteworthy that healthy children aged one year old,
even though they consume gluten proportionally to their
size, do not no excrete equivalent quantities of PIG (33-mer
gliadin) in feces.Thus, these two interesting results need to
be explored in subsequent studies.
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