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ABSTRACT

Background: there are no effective methods to easily control the correct adherence to
a gluten-free diet (GFD) in celiac disease (CD) patients.

Aim: to assess the sensitivity and specificity of a rapid immunochromatographic (IC)
test that detects gluten immunogenic peptides (GIP) in feces, compared to an enzyme-
linked immunosorbent assay (ELISA) method.

Methods: fecal samples from healthy infants were analyzed by a rapid IC test and
ELISA, both methods are based on the anti-gliadin 33-mer monoclonal antibody. Group
1 included infants aged from 6 to 24 months, with an unrestricted consumption of
gluten containing cereals. Group 2 (negative controls) was comprised of infants aged
from 0 to 6 months, either breastfed or formula fed who had never ingested gluten.
Results: In group 1 (n = 34), all infants had positive values by ELISA, the mean was
13.13 pugGIP/g (range 0.56-46.79). The IC test was negative in 5/20 cases and there was
a significant correlation (p=0.006) between the mean daily gluten intake and GIP in
feces. In group 2 (n = 20), all the samples were negative by both methods. Moreover,
the Kappa Fleiss concordance index (Kappa = 0.79 1C95% [0.616, 0.965]) indicated a
moderate concordance between both methods.

Conclusions: according to our results, both methods are highly specific. However, the
ELISA test had a higher sensitivity. Although we found a significant correlation between
the amount of gluten consumed and GIP recovery in feces, further studies are needed

to clarify the impact of individual confounding factors in GIP recovery.
Key words: Celiac disease. Gluten-free diet. Gluten immunogenic peptides.
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Although new treatments besides dietary restrictions are being extensively
investigated, celiac disease (CD) patients still need to comply with a lifelong gluten free
diet (GFD) in order to achieve and maintain a histological recovery and avoid
complications. However, despite the importance of a strict adherence to a GFD, there
are no efficient tools to assess dietary compliance. Neither voluntary transgressions
nor involuntary gluten consumption due to food contamination or mislabeling can be
accurately detected, especially if this only happens occasionally, Moreover, these
dietary deviations will only lead to clinical symptoms or overt disorders in exceptional
cases. Serum anti-tissue transglutaminase antibodies (a-tTG) or anti-deamidated
gliadin peptide antibodies (a-DGP) can be in the normal range, especially after years of
compliance when only an occasional gluten exposure occurs. Only repeated and severe
noncompliance that eventually leads to a histological lesion will cause an increase in a-
tTG levels. Although DGP antibodies seems to perform better than a-tTG for this
purpose, a recent study by Monzani reported a sensitivity of 60% for anti-DGP IgA and
76% for DGP IgA+IgG; a-tTG IgA had a sensitivity of 24% in the same pediatric
population (1). On the other hand, dietary interviews, which are frequently considered
as the gold standard for GFD monitoring, are unreliable as voluntary transgressions will
be concealed by the patients and any non-voluntary actions will not be identified (2).

Several markers have been suggested as potential indicators of dietary transgressions
such as permeability tests, fecal calprotectin, REG |, plasma total alkylresorcinols (3-6)
intestinal-fatty acid binding protein (I-FABP] or citrulline. However, these tests are
unspecific (7-8) markers that reflect enterocyte damage (9) and are not specific for CD.
Furthermore, positive results of these tests will only be obtained when associated with
intestinal histological damage. Thus, available tools are unable to detect occasional
gluten exposure that may hamper total gut mucosa recovery in the celiac patient (10-
16). In this respect, a diet with zero gluten intake is impossible to achieve due to that
fact that gluten is a common component in the food industry. Therefore, there is a
need for accurate, non-invasive tools to detect minimal gluten intake as a preliminary
step to further investigate the potential harmful long-term effects of cumulative

minimal quantities of gluten consumption that are unavoidable in real life.
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A new promising approach has been recently reported showing that gluten ingestion
can be revealed by the detection of gluten immunogenic peptides (GIP) in human feces
and urine. GIP were detected using a competitive ELISA with an antigliadin 33-mer
monoclonal antibody (17-19). The hypothesis of this study is that both ELISA and a new
rapid test are highly efficient methods for GIP detection in feces and therefore would
be useful tools for diet monitoring in CD patients. The aim of the present study was to
assess the true sensitivity and specificity of this ELISA method by testing it in infants
that received exclusively breast milk or formula feeding as compared to infants with a
controlled gluten intake. Furthermore, the association between this method and a new
rapid immunochromatographic visual test (iVYCheck®GIP) was evaluated for use at the

patients “bedside”.

MATERIAL

Subjects

Healthy children aged 0 to 2 years, pertaining to families of the hospital staff or
relatives of patients at the Pediatric Department of La Fe Hospital were prospectively
recruited to the study, between February 2015 and June 2016. Children were classified
in 2 different groups. Group 1 included infants aged 6 to 24 months, who consumed
unrestricted gluten containing cereals, the daily gluten intake was calculated from a
dietary questionnaire. Group 2 (negative controls) was comprised of infants aged 0 to
6 months, who were fed exclusively with breast milk (BM) and/or infant formula (IF)
and had never ingested gluten. In breastfed infants, the mothers’ diet was considered,
paying special attention to dietary restrictions and gluten consumption.

All recruited children met the following inclusion criteria: age 0 to 2 years, gestational
age > 37 weeks, appropriate birth weight and with no known underlying chronic
inflammatory disease. The exclusion criteria were the following: vaccination in the
month prior to enrollment, hospital admissions 2 months prior to enrollment, any
intake of steroidal or non-steroidal anti-inflammatory drugs, antibiotics or any other
drug during the 2 weeks prior to recruitment or a history of signs or symptoms of

infection or gastrointestinal disease (diarrhea, vomiting, hematochezia and fever).
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The study was approved by the Ethical Committee of Universitary and Politécnic La Fe
Hospital. Written, informed consent was obtained from the parents of all the children

who participated in the study prior to their enroliment.

Fecal sampling

Parents were provided with a specific plastic screw-capped container and were
instructed to collect a small amount of feces within 4 hours after defecation. Samples
were kept in the fridge at home and brought to the laboratory no later than 7 days
after collection and were then stored at 20 °C until analysis. For group 1, feces were

collected on the 3" day of the dietary survey.

Dietary questionnaire

Parents were asked to complete a specifically developed food record (FR) covering the
three days prior to the stool sample collection. They documented all gluten-containing
food, as well as brands and portion sizes that were consumed by the infants.
Moreover, in order to ensure that the subjects ate gluten at least one week prior to
stool collection and not only during the three previous days, the parents had to fill in a
general questionnaire about gluten consumption during the previous week. The FRs
and the gluten content of the consumed products were assessed by a specialist
dietitian.

The amount of gluten was calculated by multiplying the grams of gluten containing
vegetable proteins of each reported product by 0.8, according to a generally accepted
method (20). First, the dietitian identified all the brands of different types of gluten-
containing products available. Thereafter, the information of the exact amount of
gluten-containing proteins from each foodstuff was obtained from different sources
such as food labels, specific food composition tables, WHO-FAO website, company

official websites or information provided directly by the company.

METHODS
Samples were defrosted and homogenized before analysis by two different methods as

follows:
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Sandwich ELISA for GIP analysis

A commercial sandwich enzyme-linked immunosorbent (ELISA) assay kit (iVYLISA ®GIP-
S, Biomedal SL, Spain) based on the G12 monoclonal antibody was used to analyze GIP
in feces. Before analysis, a strict protocol was followed for peptide extraction (2). The
measuring range for this method is 0.156-5.000 pg GIP/g feces. Fecal samples were
analyzed according to the manufacturer’s instructions. Each sample was analyzed in

duplicate and at least two different aliquots of each sample were tested.

IC test for detection of GIP

Fecal samples were also analyzed using a rapid IC test (iVYCheck ®GIP Stool, Biomedal,
Spain) based on the G12 monoclonal antibody, according to the manufacturers’
instructions. The limit of detection is 0.3 ug GIP/g feces. Each sample was analyzed in
duplicate and at least two different aliquots of each sample were tested. The
appearance of a red band corresponds to a positive result, the intensity was graded as
follows: strong intensity of the signal (+++); low intensity of the signal (+/++) and
negative result (-). The appearance of a blue line indicated that the test was valid. Any

opposing results of the same sample between both methods were reanalyzed.

Statistics

Variables were summarized by the mean (SD) and median (1%, 3™ quartile) in the case
of quantitative variables and by absolute (N) and relative (%) frequencies in the case of
categorical variables. The Kappa Fleiss concordance index was calculated between
both methods. The Pearson’s correlation was also calculated to test the association
between the mean daily gluten intake and the concentration of GIP in feces. Analysis
was performed using the R software (version 3.3.2) and irr package (version 0.84). A p-

value lower than 0.05 was considered as statistically significant.

RESULTS
A total of 54 healthy infants (27 female) were recruited to the study. Group 1 included

20 infants aged 6 to 24 months, who consumed gluten containing cereals. The negative
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control group comprised 34 infants aged 0 to 6 months, who had never ingested
gluten. Of these, 11 received IF, 8 had mixed feeding and 15 were exclusively breastfed
(BF). All lactating mothers were on a normal gluten containing diet, except for one CD
mother who was on a GFD.

In group 1, the daily gluten intake calculated from the dietary questionnaire ranged
from 0.5g to 10.5g/day. According to the ELISA analysis, all infants had GIP values of >
0.156pg/g feces, the mean was 13.13 ugGlIP/g feces (range 0.56-46.79). In addition, a
significant correlation (r = 0.59, p = 0.006) was found in this group between the mean
daily gluten intake and the concentration of GIP in feces (Fig. 1).

5 of 20 samples were negative according to the IC test (Table 1). These pertain to
infants with different levels of gluten consumption and do not correspond to the 5
children with the lowest gluten intake (Table 1). However, GIPs were detected by IC
strips in all infants who consumed more than 5.6 g gluten/day. Moreover, there was a
statistically significant association between GIP in feces that quantified by ELISA and
the intensity of the results observed via the IC Strips, IC95% [1.04, 1.22] p-value =
0.005. Thus, higher ELISA values corresponded to a greater intensity in the IC strip
response (Fig. 2).

In group 2 (controls), all infants had values of < 0.156ugGIP/g feces according to the
ELISA analysis. The IC test results were also negative, independently of the feeding
pattern such as exclusively BF, mixed feeding or exclusively IF feeding.

There was a 100% sensitivity and specificity for the sandwich ELISA and a sensitivity
and specificity of 75% and 100%, respectively for the IC strips. The Kappa Fleiss
concordance index (Kappa = 0.79 1C95% [0.616, 0.965]) indicated a moderate

concordance between both methods (p < 0.001).

DISCUSSION

A rapid IC test to detect GIP in feces compared to the sandwich ELISA method was
assessed in this study. For that purpose, children with different types of feeding and
gluten consumption were recruited. To our knowledge, this is the first study to assess
infants with exclusive BF, mixed feeding and exclusive IF feeding as negative controls

by both GIP testing methods. All samples from these infants had negative values by
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ELISA and the IC test. Our results showed that both methods are highly specific (100%),
although the ELISA test had a higher sensitivity than IC strips (100% and 75%,
respectively). Previous studies (2) have shown a diagnostic sensitivity and specificity of
98.5% and 100%, respectively for the G12 sandwich ELISA method.

Overall, there was a significant correlation between the amount of gluten consumed
and GIP recovery in feces by ELISA. However, a wide inter-individual variation was
observed. The study by Comino et al. used different methods for GIP detection in
feces, competitive ELISA, immunochromatographic test and western blot. This study
also found a positive correlation between the amount of gluten consumed and the
amount detected, even though a large variation between individuals was also
observed. The results from both studies support the idea that absorption of gliadin
peptides along the gastrointestinal tract may vary among individuals (18), this is
probably related to different individual gastrointestinal conditions such as the
microbiome or the gastrointestinal transit time impact on the final GIP concentration
in feces. A potential benefit of the correlation between the amount of gluten
consumed and the recovery of GIP in feces would be the detection of dietary
deviations and the possibility of a quantitative estimation of transgressions.

We detected GIP by a sandwich ELISA in all 20 samples of the children in group 1, these
had a minimum daily gluten consumption of 500 mg. This is in line with the study by
Comino et al (18), which showed that a competitive ELISA could detect the ingestion
of 50 mg to 30g of gluten from processed bread in feces.

According to our results, 5 of these 20 samples were negative by IC strips, although
they do not correspond to the 5 children who consumed less gluten, nor to the
samples in which a lower amount of GIP was detected by ELISA. However, all samples
with results above 4.66 pg GIP/g feces by ELISA were GIP-positive by IC strips. This
disagreement could be due to a lower sensitivity of the chromatographic method as
compared to the ELISA. Likewise, a heterogeneous distribution of GIP in feces, despite
a careful sample homogenization, could also contribute to some of the observed
discrepancies. A limitation of our study is that although parents were given very
precise instructions about feces collection, storage and transport, we cannot

completely rule out some deviations from the recommended protocol.
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In group 2 (negative controls), all infants had negative values by ELISA and the IC test,
independently of exclusive BF, mixed feeding or exclusive IF feeding. These babies do
not consume gluten, although small traces of gluten excreted through breast milk
could reach the digestive tract. However, previous studies from our group (21) as well
as from other authors (22-23) have shown that the gluten concentration in breast milk
is negligible and peptides in breast milk may also be degraded via the enteromammary
circulation. In addition, the 100% specificity observed confirms that there was no cross
reactivity with other dietary / intraluminal antigens.

Dietary questionnaires and serological CD markers are commonly used for the control
of the adherence to the GFD of CD patients. However, these tools are not able to
detect small involuntary and/or occasional dietary transgressions (2). The detection of
GIP in feces via ELISA or IC strips, would be useful as a non-invasive method for the
control of GFD. Although, each method should have a different use. The ELISA test is
able to quantify the amount of GIP detected in feces, although it requires an
infrastructure and qualified technician and should be performed in a laboratory. The IC
strip is a simple visual qualitative method, although not as sensitive as the ELISA,
would be aimed at self-control by the patient for suspected involuntary transgressions.
Self-management of dietary compliance could be achieved by this rapid easy to use
test. The improvement of dietary control means that complications related to dietary
transgressions, could be avoided. This would result in a positive impact on quality of
life of CD patients. Moreover, it could be a decisive tool to empower a patients” self-
management of the disease. However, the method should be optimized to improve
the low negative predictive value of IC.

In conclusion, both methods are highly specific according to our results. However, the
ELISA test has a higher sensitivity. Although we found a significant correlation between
the amount of gluten consumed and GIP recovery in feces, further studies are needed

to clarify the impact of individual confounding factors in GIP recovery.
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Table 1. Characteristics of infants in group 1 and the GIP analysis results

Age Gluten ingested ELISA .
(months) Sex | BF per day (grams) (ng GIP/g | IC strips
feces)
1 6 m n 0.5 0.56 -
2 7 f y 1.32 1.02 +
3 6 f n 1.32 1.63 ++
4 13 f n 5.6 2.13 -
5 18 f n 1.14 2.31
6 13 m n 3.24 2.78
7 6 m y 1.32 2.96 ++
8 7 m y 1.9 2.81 -
9 6 f n 1.26 3.38 +
10 12 f n 4225 4.45 -
11 20 f y 3.7 4.48 ++
12 22 f y 2.98 4.66 -
13 13 m y 6.5 20.00 +++
14 14 f n 6.365 20.5 +
15 7 f y 1 21.50 ++
16 14 m n 2.2 21.5 +++
17 13 f n 4.27 22.21 +
18 7 f n 5.5 37.50 +++
19 7 m y 2.28 46.79 +++
20 16 m n 10.05 39.50 ++

m: male; f: female; BF: breast feeding.
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Results of GIP analysis by ELISA are expressed as ug GIP/g feces. The results of the IC
strips were graded according to the intensity of the response: strong intensity of the

signal (+++); low intensity of the signal (+/++) and negative result (-).
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Fig. 1. Scatterplot of the mean daily gluten intake and the concentration of GIP in

feces by ELISA in group 1. White dots represent infants with no response detected by

the IC strips.
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