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Abstract

BACKGROUND

Gluten is a complex mixture of proteins with immunogenic peptide sequences
triggering the autoimmune activity in patients with celiac disease (CeD). Gluten
immunogenic peptides (GIP) are resistant to gastrointestinal digestion and are
then excreted via the stool and urine. Most common detection methods applied in
the follow-up visits for CeD patients such as serology tests, dietetic interviews,
questionnaires, and duodenal biopsy have been proved to be inefficient, invasive,
or inaccurate for evaluating gluten-free diet (GFD) compliance. Determination of
excreted GIP in stool and urine has been developed as a non-invasive, direct, and
specific test for GFD monitoring.

AIM
To summarize published literature about the clinical utility of GIP determination
in comparison to the tools employed for GFD monitoring.

METHODS
PubMed and Web of Science searches were performed using the keywords
“gluten immunogenic peptides” or “gluten immunogenic peptide” and a
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combination of the previous terms with “feces”, “stools”, “urine”, “celiac
disease”, “gluten-free diet”, and “adherence” to identify relevant clinical studies
published in English and Spanish between 2012 to January 2021. Reference lists
from the articles were reviewed to identify additional pertinent articles. Published
articles and abstracts reporting the clinical use of GIP determination in stool
and/or urine for the follow-up of patients with CeD in comparison with other
tools in use were included. Case reports, commentaries, reviews, conference
papers, letters, and publications that did not focus on the aims of this review were
excluded.

RESULTS

Total of 15 publications were found that involved the use of GIP determination in
stool and/or urine to monitor the adherence to the GFD in comparison to other
tools. Studies included both children and adults diagnosed with CeD and healthy
volunteers. Overall, these preliminary studies indicated that this novel technique
was highly sensitive for the detection of GFD transgressions and therefore could
facilitate the follow-up of patients with CeD. Tools identified in this work
included the CeD-specific serology, dietetic questionnaires, symptomatology, and
the duodenal biopsy. Review of the literature revealed that the rates of GFD
adherence may vary between 30%-93% using either stool or urine GIP determ-
ination, 49%-96% by the serology, 59%-94% using the dietetic questionnaires, 56 %-
95% by the reported symptoms and 44%-76% with the duodenal biopsy. In
addition, the association between the different methods and histological
abnormalities (Marsh II-IIT) was found to be 33%-100% for GIP determination
(stool and urine), 25%-39% for CeD-specific serology, 3%-50% for dietetic
questionnaires, and 22%-28% for the symptomatology.

CONCLUSION

Excreted GIP detection is the precise approach for determining voluntary or
involuntary gluten consumption in CeD patients preventing future complications
arising from gluten exposure.

Key Words: Celiac disease; Gluten-free diet; Gluten immunogenic peptides; Immuno-
assays; Stool; Urine

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A strict gluten-free diet (GFD) is the only available treatment for celiac
disease. However, treatment adherence is difficult due to the ubiquitous nature of
gluten, hurting patients’ quality of life. Despite several tests to evaluate GFD
compliance, it has been proven to be invasive or inefficient. The determination of
gluten immunogenic peptides (GIP) in stool and urine has been developed as a non-
invasive, direct, and specific test for GFD monitoring. We herein summarized the
current available literature meeting the clinical utility of GIP determination compared
to the available tools in use.

Citation: Coto L, Mendia I, Sousa C, Bai JC, Cebolla A. Determination of gluten immunogenic
peptides for the management of the treatment adherence of celiac disease: A systematic review.
World J Gastroenterol 2021; 27(37): 6306-6321

URL: https://www.wjgnet.com/1007-9327/full/v27/i37/6306.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i37.6306

INTRODUCTION

Gluten is a heterologous polymorphic mixture of proteins called prolamins. Wheat
prolamins are termed gliadins and glutenins. Prolamins provide food products with
special functional properties such as elasticity as well as extensibility and are charac-
terized by high proline and glutamine content, allowing for the more efficiently
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packing of proteins but also complicating the enzyme-mediated hydrolysis of their
tight structures[1]. Consequently, many of these proteins are insufficiently degraded
by gastric and pancreatic enzymes in the gastrointestinal tract. Therefore, after the
ingestion of gluten-containing foods, some gluten peptides can enter the intestinal
epithelium and trigger an immune response in genetically predisposed individuals
suffering from celiac disease (CeD)[2-4].

Evidence suggests that gluten can cross the intestinal barrier via the transcellular
pathway perpetuating intestinal inflammation in the context of gluten intolerance[5,
6]. The a-gliadin 33-mer peptide has been described as one of the most immuno-
dominant gluten peptides, harboring several T cell epitopes[2]. Another three gluten
peptides have been shown to trigger high immunogenicity observed in most CeD
patients[7]. Thus, most of the immune response against gluten may be accounted for
by a limited group of gluten epitopes[7]. The anti- a-gliadin 33-mer antibodies Al and
G12 could specifically and sensitively detect excreted gluten immunogenic peptides
(GIP) in stool and urine[8,9], confirming the resistance of GIP to human gastro-
intestinal digestion as well as their absorption into the bloodstream.

CeD is a systemic disease, involving well-known key immune factors, including the
human leukocyte antigen (HLA-DQ2 and HLA-DQS8), the anti-tissue trans-
glutaminase (anti-tTG) antibodies, and gluten[10]. As a systemic disease, there are
intestinal and extraintestinal symptoms that can be presented individually or in
combination. In addition, patients may also be completely asymptomatic[11]. Intestinal
presentation of CeD is common in both the pediatric and adult patient population and
is characterized by diarrhea, loss of appetite, abdominal distention, bloating, pain,
constipation, or weight loss[12,13]. The most common extraintestinal symptoms are
iron deficiency anemia, osteopenia or osteoporosis, hypertransaminasemia, neuro-
logical afflictions, or changes in reproductive function[10]. Nevertheless, a relevant
proportion of patients present atypical symptoms or remain asymptomatic despite
damage to the intestinal mucosa and elevated CeD-specific serum antibodies, which
may delay diagnosis or even be undiagnosed[14].

Following CeD diagnosis, patients must follow a strict, life-long gluten-free diet
(GFD), the only treatment currently available, which not only reduces disease
symptoms but also allows for the healing of the intestinal epithelia and prevents long-
term complications[15-17]. However, following a strict GFD is challenging and
requires substantial daily effort, hurting the quality of life in addition to psychological
problems and fear of involuntary gluten intake, even in patients considering
themselves to be strictly adherent[15,18-20]. Gluten-free food availability, inadequate
food labeling regulations, cost, and safety are the main barriers related to GFD[18,21,
22]. Therefore, the frequency of voluntary and involuntary transgressions is high. It
was reported that at least 50% of adult patients are not fully adherent to the GFD in a
daily or weekly period of observation[8,9,23,24]. In addition, 36%-55% of patients who
expressed their complete adherence to a GFD did not achieve histological remission,
potentially from inadvertent lapses in their daily gluten intake[24-27]. Inadvertent
gluten ingestion was suggested to be more frequent than intentional intake, not only
when eating out, but also at home[28-30]. A systematic review recently reported
adherence rates ranging from 23% to 98% in the pediatric population, determined by
using all available methods for evaluating adherence[31].

Although continuous patient monitoring is expected to improve GFD adherence,
there is no consensus on how frequent and which tools to use in the patient follow-up
[32-35]. All available guidelines recommended clinical and dietary evaluation as well
as serology tests at least once a year or every two years to confirm the GFD adherence
in addition to detecting possible complications[14]. However, monitoring approaches
have not been comprehensively assessed with a clear lack of a gold standard for
comparisons[36-38]. Thus, various questions often arise among caregivers and patients
regarding the best approach for detecting gluten exposure. GFD follow-up through the
detection of excreted GIP has the benefits of being non-invasive, objective, and
specific, highlighting its potential as a complementary technique for monitoring CeD
treatment[8,9].

Despite the increasing number of studies on the use of GIP excretion determination
for the assessment of GFD compliance, there are limited reference guidelines on the
detection of GIP in stool and urine for monitoring the treatment in patients diagnosed
with CeD. The purpose of this systematic review is to compile insights from studies
that tackled the practical issues related to the clinical utility of the available methods
for GIP determination compared to current GFD adherence monitoring methods.
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MATERIALS AND METHODS

Literature search strategy

PubMed and Web of Science searches were performed using the search terms “gluten
immunogenic peptides” or “gluten immunogenic peptide” and a combination of the
previous terms with “feces”, “stools”, “urine”, “celiac disease”, “gluten-free diet”, and
“adherence” using the Boolean AND operator, which allows the establishments of
logical relations among concepts. References of included full-text articles were

scrutinized for additional studies.

Inclusion and exclusion criteria

The eligibility criteria were based on the PICOS (Participants, Intervention,
Comparison, Outcomes, Study design) acronym. Articles eligible to be included in this
review were required to meet the following criteria: (1) The study reported both
children and adult patients diagnosed with CeD, since it would be more useful for
readers as the evidence available about the use of this tool is limited; (2) The inter-
vention was the use of GIP determination in stool and/or urine as a tool for
monitoring the rate of adherence to the GFD in comparison with the current tools in
use, like the serology, dietetic questionnaires, symptomatology, and duodenal biopsy;
(3) It was a prospective cohort/cross-sectional/case-control study; (4) The article was
written in English or Spanish language; and (5) The article was published between
2012 and January 2021.

We excluded publications that did not focus on the aim of this review. If a full-text
paper could not be obtained, but the abstract presented sufficient data, the publication
was included. Case reports, commentaries, reviews, conference papers, and letters
were excluded.

Retrieved manuscripts were reviewed by the authors, and the data were extracted
and described.

RESULTS

Through the literature review, our searches yielded 67 results after the removal of
duplicates. In total, 52 entries were excluded for different reasons: 23 did not respond
to the aim of this publication, 28 were reviews, case reports, or conference papers, and
one had not abstract or full-text available. After screening, 15 publications were
eligible for further study. Of these, 14 had a full text in English and one had an English
abstract. Two publications reported complementary data about the same study
Figure 1).

( %he 15)pub1icati0ns included both children and adults diagnosed with CeD. Healthy
adult and pediatric volunteers were also included in many of the studies. The articles
were published between 2016 and 2021. The characteristics of included studies are
summarized in Table 1[8,9,22-24,29,30,39-46].

DISCUSSION

Methods for the determination of excreted GIP
Analytical methods require a standard analyte for quantitative determination. The
main issue is the selection of a standard gluten peptide in the huge heterogeneity of
the gluten proteins and the countless number of gluten hydrolyzed fragments. The a-
gliadin 33-mer peptide (LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF) is resistant
to hydrolysis via gastric, pancreatic, and intestinal brush-border membrane proteases,
which allows for its detection in human excretions. This peptide is considered one of
the most immunodominant gluten peptides for CeD patients, as it contains three
overlapping T cell epitopes, repetitions of p57-68[2,47,48]. Monoclonal antibodies Al
and G12 were generated against the a-2-gliadin 33-mer peptide specifically and
sensitively detecting significant amounts of excreted GIP in stool and urine[8,9]. The
reactive epitope profile may thus play an important role in the detection of excreted
GIP. Even though there are a variety of antibodies on the market that allow for gluten
detection in food, such as R5, 401.21, 20, 14G11, and 13F6, only G12 and/or Al are
useful for gluten peptide sensitive detection in stool and urine[8,9,49-52].

Urine samples are highly heterogeneous matrices with low protein content, making
complicating the development of immunoassays for biomarkers detection. Urine
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Table 1 Studies that have used gluten immunogenic peptides determination in stool and/or urine for gluten-free diet monitoring

Ref. Design Study population  Intervention Main results
Comino etal  Prospective, 184 adult and Fecal GIP ELISA, serology, GIP-positive results were found in 12%-28% of children <
[8] multicenter, pediatric CeD questionnaires, and symptoms to 12 years-old, 30% in > 13 years-old females and 60% in >
observational patients evaluate adherence to the GFD 13 years-old males. Low correlation of anti-tTG and anti-
study DGP markers and poor adherence to the GFD
Moreno etal ~ Randomized 58 adult and Urine GIP LFIA test, serology,and ~ About 50% CeD patients were GIP-positive. High
[9] controlled study  pediatric CeD duodenal biopsy to evaluate correlation of GIP quantifiable concentration in urine
patients and 76 adherence to the GFD with persistent villus atrophy in treated CeD patients (n =
healthy controls 25). No correlation between serology and mucosal
damage
Gerasimidis ~ Cross-sectional 63 pediatric CeD Fecal ELISA GIP test, serology, and  GIP-positive results in 95% of de novo patients with CeD
et al[39] study cohort for  patients questionnaires to evaluate gluten during diagnosis. GIP-positive results were found in 17%
a subgroup intake during diagnosis and and 27% of patients after 6 and 12 months of the
adherence to the GFD after beginning of the GFD, respectively. GIP-positive results
diagnosis were found in 16%, 16%, and 14% of patients considered
compliant according to the Biagi score, tTG, and clinical
assessment, respectively
Comino etal  Prospective, 64 pediatric CeD Fecal GIP ELISA, serology, Most children (97%) were GIP-positive at diagnosis. A
[40] multicenter, patients questionnaires, and symptoms to decrease of GIP detection was observed on a GFD, but
observational evaluate adherence to the GFD after the rate of GIP-positive results increased from 13% at 6
study diagnosis months to 25% at 24 months. Anti-tTG antibody levels
showed low sensitivity to identify patients with GIP-
positive results. Dietitian assessment was only
moderately correlated with GIP detection
Costa et al[41] Cross-sectional 44 adult CeD Fecal GIP ELISA, stool and urine 25% of patients had at least one GIP-positive test, 32% in
study and patients LFIA GIP tests, serology, asymptomatic patients and 15.8% in symptomatic
prospective questionnaires, and symptoms to patients. Dietary assessment estimated gluten intake in
cohort evaluate adherence to the GFD only 50% of GIP-positive samples. Anti-tTG and anti-
DGP positive results in 3/12 and 6/12 of GIP-positive
cases, respectively
Silvester et al  Prospective 18 adult CeD Monitoring GFD adherence by GIP were detected in 66,7% patients. No significant
[29,30] longitudinal patients collection of daily food, stool, and correlation was found between gluten ingestion and non-
study urine samples for the analysis of GIP invasive measures of GFD adherence. Most patients with
content, and relationship with normal anti-tTG had > 1 GIP-positive sample (64%), 2/3
duodenal biopsy, serology, of these had persistent villous atrophy (Marsh 3a) and
questionnaires, and symptoms 2/3 of those with all GIP-negative samples had normal
villous architecture (Marsh 0-1) but 4/6 with Marsh 0 had
detectable gluten in > 1 sample
Ruiz- Prospective 22 newly diagnosed  Urine LFIA GIP test to evaluate Mucosal damage (Marsh II-III) was found in 24% of CeD
Carnicer et al  observational CeD patients, 77 adherence to the GFD and patients, 94%of these had > 1 GIP urine sample. 60-80% of
[23] study CeD patients comparison with serology, clinical ~ these were asymptomatic, had negative serologic results
following a GFD and manifestations, dietary and were compliant with treatment regarding the dietary
13 healthy questionnaire, and histological questionnaire. GIP-negative results were found in 97% of
volunteers results the patients without mucosal damage
Fernandez- Cross-sectional 80 pediatric CeD Relationship of fecal LFIA GIP for Acceptable agreement was found between GIP detection
Miaja et al[22] study patients GFD monitoring GFD with CDAT,  and CDAT questionnaire (92.5% and 86.3% adherence

Porcellietal ~ Cross-sectional

[42] study

Roca et al[43]  Prospective,
cross-sectional
study

Cross-sectional
study

Porcelli et al
[44]

Jaishideng®

25 CeD patients

43 pediatric CeD
patients at follow-up
(Group 1) and 18 at
diagnosis (Group 2)

55 CeD patients: 27
adults and 28
children
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serology and sociodemographic and
clinical data

Assessment of compliance with the
GFD using Fecal GIP ELISA testing,
the Biagi questionnaire, evaluation

of symptoms and serology

Fecal GIP ELISA and LFIA analysis
to monitor in real life the adherence
to GFD Comparison to food record

questionnaire and serology

Assessment of compliance with the
GFD using Fecal GIP ELISA, the
Biagi questionnaire, evaluation of
symptoms and serology

6310

rate, respectively). Most patients (83.3%) with GIP-
positive results had negative anti-tTG antibodies

GIP-positive results were found in 4 patients, 2 of these
complied with the GFD according to the Biagi
questionnaire. All GIP-negative patients were
asymptomatic. Levels of anti-tTG antibodies were
significantly higher in GIP-positive patients than in GIP-
negative patients

Group 1: GIP-positive results were found in of 34.9%
patients by ELISA (46,7% also by LFIA). 48.8% of patients
had positive anti-tTG antibodies (4 reported symptoms)
and 10 of these had GIP-positive results by ELISA (70%
also by LFIA) (2 reported symptoms). All the
transgressions detected by food record were also detected
with GIP

GIP-positive results were found in 8 patients, 71.4% of
these were asymptomatic and 37.5% had raised anti-tTG
antibodies. A significant association was found between
the Biagi score and GIP-positive results but according to
the Biagi score, 57.1% of GIP-positive patients followed
the diet strictly and 5.4% of GIP-negative subjects did not
comply with the diet
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Laserna- Prospective 97 adolescent and Evaluation of the sensitivity and Compared to the duodenal histology, GIP LFIA test

Mendieta et al observational adult CeD patients specificity of fecal GIP LFIA testto ~ showed similar sensitivity (33%) and specificity (81%) to

[45] study detect duodenal lesions in CeD anti-tTG antibodies. No relationship was found between
patients on a GFD and comparison ~ GIP and questionnaires but an association between GIP
to serology and questionnaires and patients’ self-reported gluten consumption was seen

Stefanolo et al Prospective 53 adult CeD Fecal GIP ELISA and urine LFIA At least one GIP-positive result in 88.7% of patients for

[24] observational patients GIP test, anti-tTG, anti-DGP, and the 4 wk period. Patients who had symptoms had

study questionnaires to evaluate elevated GIP levels for more weeks than patients who did

adherence to the GFD in not have these symptoms (P < 0.05). Correlation was
symptomatic and asymptomatic found between GIP and anti-DGP antibodies but not with
patients levels of anti-tTG antibodies

Ferna Multicenter 76 adult CeD Fecal GIP ELISA, anti-tTG, Persistent villous atrophy was present in 53% of patients

ndez-Bafi  prospective patients questionnaires and symptomatology at follow-up, 72% of these were asymptomatic and 75%

aresetal  observational study to evaluate villous atrophy had negative anti-tTG antibodies. Most patients were

[46] adherent to the GFD according to the dietary evaluation.
In contrast, GIP-positive results were found in > 1 fecal
sample of 77% of patients with villous atrophy and in

60% of patients with mucosal recovery

persistence after 2 years on a GFD

GIP: Gluten immunogenic peptides; LFIA: Lateral flow immunoassay; GFD: Gluten-free diet; CeD: Celiac disease; anti-tTG: Anti-tissue transglutaminase;
anti-DGP: Anti-deamidated gluten peptide; CDAT: Celiac disease adherence test.

Records identified
Records

Total publications

through databases

screened || included in the review

(n=15)

(PubMed and WOS)
(n=67)

(n=15)

Records excluded
(n=52)

Reviews, case reports and conference papers, n = 28
Not pertinent, n = 23
No abstract or full-text available, n =1

Figure 1 Flow-chart of the publications search and selection.

contains organic molecules such as urea, creatinine, and uric acid, inorganic ions such
as K*, Na*, CI,, and Ca?, cells, as well as peptides of more than 1500 proteins[53]. The
concentration of these compounds and the pH usually exhibit considerable variability
not only among individuals but also between different urine samples taken from the
same individual[54]. The complex composition of these samples and its variability, in
addition to the high frequency of matrix interferences, complicate the reproducibility
and robustness of urine immunoassays. Chatziharalambous et al[53] evaluated 11
commercial ELISA assays for the detection of urine biomarkers, reporting that only
three of them met the requirements of FDA validation guidelines[55].

The currently available tests for GIP detection in stool and/or urine (Table 2) are
immunoassays adapted from those used for gluten detection in foods to maximize
sensitivity. Lateral flow immunoassay (LFIA) tests can detect GIP from concentrations
of 0.15 pg GIP/g in stool and 2.2 ng GIP/mL in urine after less than 30 minutes,
showing both tests a high sensitivity (98.5% and 97%, respectively) and specificity of
100%[9,56]. While these tests provide qualitative data, semiquantitative results could
also be obtained in urine samples using the LFIA coupled with a lateral flow reader
[9]. A quantitative G12-based sandwich ELISA test for stools was developed to
increase the sensitivity and quantitative determinations. The analytical sensitivity of
the assay was 0.16 ug GIP/g stool (limit of quantification), and it was validated in a
multicenter clinical study, showing a diagnostic sensitivity and specificity of 98.5%
and 100%, respectively[8].

Estimation of the time and amount of ingested gluten

Although a significant correlation between gluten intake and excreted GIP concen-
tration was reported, high variability is usually observed among subjects[9,29,30,43].
Interindividual diversity (weight, sex, age, gut microbiota, etc.), the type of gluten-
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Table 2 Available immunomethods to detect gluten immunogenic peptides in stool and urine

Technique Antibodies Sample Analytical sensitivity Diagnostic sensitivity Diagnostic specificity Ref.
ELISA G12/G12 Stool 016 pg/g 0.98 1 [8]
LFIA G12/A1 Stool 0.15 pg/g 0.97 1 [56]
LFIA G12/A1 Urine 2.2 ng/mL (LOD), 6.25 ng/mL (LOQ) 091 0.9 [9]

ELISA: Enzyme-like immunosorbent assay; LFIA: Lateral flow immunoassay; LOD: Limit of detection; LOQ: Limit of quantification.

Jaishideng®
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containing food (beer, pasta, bread, cookies, etc.), the amount of daily liquid intake,
and the accompanying diet may have a considerable impact on the resulting GIP
concentration as well as the excretion time in urine and stool samples, especially when
the gluten exposure is not regular[9,29,30,43].

It appears difficult to predict the specific time and amount of gluten intake with
high accuracy based on excreted GIP concentration and even considering the time of
sample collection. However, some constraints regarding the expected time for GIP
detection and the limits of detection could have been determined in different studies
(Table 3).

It was observed that after consuming normal gluten containing diet, a negative
result in both urine and stool samples was rarely observed in the following 6-12 h and
3-5 days, respectively, after the last gluten-containing meal[9,43]. Moreover, in
individuals with multiple regular transgressions, the interval between gluten ingestion
and urine sample collection for maximal sensitivity of detection was generally
consistent between 4 and 24 h[29,30].

Despite the variability of GIP concentrations found among individuals in most
studies, a significantly low GIP content was typically observed in patients with CeD
compared to healthy individuals with no diet restrictions[8,9].

Clinical utility of GIP determination in urine or stools

Fecal immunoassays were first suggested as a novel method for the detection of gluten
intake during diagnosis and GFD monitoring[57]. Two different methods could be
used to estimate the amount of ingested gluten depending on the situation: LFIA test
for either clinical laboratories or point-of-care settings due to its simplicity, while
ELISA would be more suitable when a quantitative analysis and/or high throughput
are convenient[58,59]. In a prospective, nonrandomized, partially-blinded, multicenter
study GFD compliance of CeD children and adults was examined by measuring fecal
GIP (determined by ELISA), a dietary questionnaire, celiac serology, and clinical
response, as markers of diet adherence[8]. Their results revealed detectable amounts of
GIP in the stools of about 30% of the analyzed patients on a GFD for at least one year
in comparison to the 18% found when assessing by dietary questionnaire or by
determination of anti-tTG antibodies in the serum alone. Indeed, less GIP-positive
results were found in those declared non-compliant by the food questionnaire, while
70% of patients who did not declare any gluten intake had positive levels of GIP in
stools[8].

Then, Moreno et al[9] demonstrated that urine samples could be used to monitor
GFD compliance via an LFIA test. These tests revealed a high level of GFD
infringement in patients on long-term treatment (48% and 45% in adults and children,
respectively)[9]. Thus, several studies have compared GIP detection results in stool
and urine for GFD monitoring, with information obtained via CeD-specific serology,
dietary questionnaires, symptomatology, and duodenal biopsies, revealing the
limitations of all these methods used to evaluate GFD transgressions and the
concordance between them (Table 4).

A branch of the first study with newly diagnosed pediatric CeD patients (n = 64)
showed that the percentage of diet adherence decreased on follow-up at 6, 12, and 24
mo, as the rate of GIP-positive stools increased from 13% to 25%[40]. Meanwhile, anti-
deamidated gliadin peptide (anti-DGP) antibodies normalized by 24 mo, and anti-tTG
antibodies were elevated in 20% of the patients. Some children, particularly the older
ones, were reported to have a propensity for GFD non-compliance, and 46% of non-
adherent participants had at least two GIP-positive stools during follow-up[40].
Similar data were reported by other groups[22,44]. Patients with higher levels of
gluten exposure exhibited prolonged ascension of anti-tTG antibodies (P < 0.05) than
those with GIP-negative results.
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Table 3 Parametrical features of the gluten immunogenic peptides excretion using lateral flow immunoassay and enzyme-like

immunosorbent assay methods

Specifications for the determination of GIP excretion . Gluten source
after gluten intake Sample Time ranges (h) (amount) Method
Shortest time to detect GIP Urine 3-9 GCD (>2¢g) LFIA [9,29,30]

Stool— <24 GCD (>2g) LFIA; ELISA[43]
Longest time to detect GIP Urine 36 GCD (>2¢g) LFIA[9,29,30]

Stool >72 GCD (>2g) LFIA; ELISA[29,30,43]
Minimal gluten intake to detect excreted GIP Urine > 40-500 mg/d; LFIA; SPE + LFIA[9,41]

25-50 mg
Stool > 40 mg/d ELISA, LFIA[41,43]

GIP: Gluten immunogenic peptides; GCD: Gluten containing diet including different food types; LFIA: Lateral flow immunoassay; ELISA: Enzyme-like
immunosorbent assay; SPE: Solid phase extraction.

Table 4 Determination of gluten-free diet non-adherence using different tools, n (%)

Duodenal biopsy (Marsh

Ref. Stool GIP+ Urine GIP+ anti-tTG+ anti-DGP+ Questionnaires’ Symptoms )
Comino ef al[8] 56 (30) - 32 (18) 11 (6) 25 (18) 9(5) -
Moreno et al[9] - 12 (48) 4 (16) - - 7 (28)
Gerasimidis et al[39] 11 (19) - 12 (20) - 4(6) - -
Comino et al[40] 6 (25) - 7 (20) 0 (0) - - -
Costa et al[41] 11 (25) 3(7) 9 (21) 18 (45) 18 (41) 19 (43) -
Silvester et al[29,30] 5 (28) 8 (44) 7 (39) - 4(22) 8 (44) 10 (56)
Ruiz-Carnicer et al[23] - 44 (58) 9 (12) = 14 (23) 18 (23) 18 (24)
Fernéndez-Miaja et al[22] 6 (8) - 3(4) - 10 (13) - -

Roca et al[43] 15 (35) - 22 (51) = 4(9) 4(9) -
Porcelli et al[44] 8 (15) = 3(6) = 5(11) 16 (34) =
Laserna-Mendieta ef al[45] 22 (23) - 11 (12) - 17 (18) - 6 (28)
Stefanolo ef al[24] 33 (62) 37 (70) 22 (42) 25 (47) - 18 (34) -
Fernéndez-Bafiares et al[46] 53 (70) - 17 (22) - 6(8) 15 (20) 40 (53)

IQuestionnaires used were Celiac Disease Adherence Test (CDAT), Biagi Score and standard food records evaluated by dietitians.
GFD: Gluten-free diet; GIP: Gluten immunogenic peptides; anti-tTG: Anti-tissue transglutaminase; anti-DGP: Anti-deamidated gluten peptide; -: Not
available.

In agreement with these data, Gerasimidis ef al[39] found that most patients
following a GFD had GIP-negative results, while 18% exhibited recent gluten
exposure, which was not detected by using anti-tTG antibodies and the Biagi score.
These findings confirmed the limitations of dietary evaluation and serology in adult
patients with CeD on a GFD. A quarter of patients considered adherent by those
methods had detectable GIP, using both LFIA and ELISA tests, in at least one of two
independent tests during the 2 wk of the study. A 65,9% of concordance was observed
between dietary reports and GIP results. Only four patients had high serum antibody
values and two of them confirmed dietary non-compliance, in agreement with GIP
results[41].

Recent research demonstrated that both ELISA and LFIA methods confirmed
suspected and unsuspected dietary exposure in stool samples of CeD children and
adolescent patients on a long-term GFD. However, no significant association was
found between longer GFD duration, and the amount of GIP recovered in stool[43].
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GIP-positive results were obtained from 35% of patients by ELISA (47% of these were
also confirmed by LFIA). However, based on the dietary questionnaire, 90.7% of
patients were compliant with the treatment. All the patients revealed as non-adherent
by the questionnaire had GIP-positive stools. Furthermore, anti-tTG antibodies were
detected in five patients, three of whom were also GIP-positive. However, the authors
suggested that these elevated levels may be related to the short length of treatment (<
12 mo) and a lack of GFD adherence, as a patient with negative serology and GIP-
negative stools was identified.

Differences in diet compliance rates based on a GIP LIFA test in stools and a
validated adherence questionnaire (CDAT) (92.5% vs 86.3%, respectively) were
observed among 80 CeD children and adolescent patients[22]. Nevertheless, the
methods exhibited acceptable concordance (Kappa: 0.31, P = 0.004). Of those patients
with good adherence using CDAT (n = 66), three had GIP-positive results. Porcelli et al
[44] also found a significant association between strict diet adherence estimated by the
Biagi score and fecal GIP detection. According to the Biagi score, 94.6% of GIP-
negative patients exhibited good adherence. However, the questionnaire failed in the
identification of 57.1% of GIP-positive patients, while GIP detection did not recognize
5.4% of gluten exposures declared via the questionnaire. In this study, 62.5% of GIP-
positive patients exhibited negative anti-tTG antibodies levels.

The results from the DOGGIE BAG study[29,30] also confirmed that diet
transgressions in patients with CeD were frequent despite efforts made to strictly
follow the GFD. In this prospective longitudinal study, the food consumed by patients,
in addition to their urine and stool samples, were analyzed for gluten intake and GIP
excretion, respectively, throughout 10 days before a biopsy at 24 mo after the
diagnosis. Gluten was found in the food of 9/18 participants at concentrations as high
as 200 ppm, and GIP-positive results were obtained in 12/18 participants reporting
good adherence to the GFD (8 of these had positive urine samples, and five had
positive stool samples). No correlation was observed between gluten exposure and
commonly used non-invasive measures of GFD adherence. Most of the participants
(73%) who suspected a gluten exposure had at least one positive food, stool, or urine
sample. Among the remaining participants who did not suspect any gluten intake,
four of them resulted positive for GIP[29,30]. Other authors also found a significant
association between patient self-reported gluten consumption and GIP detection. GIP
was detected in 52.9% of patients who suspected gluten intake in the last month in
comparison to 16.3% for those who were not aware of any gluten exposure[45].

On the other hand, several studies examined the association between the available
tools for GFD monitoring and the duodenal biopsy, currently considered the gold
standard (Table 5). Moreno et al[9] assessed the correlation between duodenal biopsies
and GIP concentration in urine samples. Analysis of duodenal biopsies revealed that
all the adult patients with small intestine damage (Marsh II/III) had GIP-positive urine
samples (n = 7). In addition, there was a significant correlation between the absence of
GIP in urine and the absence of villus atrophy in the gut intestinal epithelium. In
agreement with other publications[60-62], this study confirmed the poor correlation of
serological tests with mucosal healing as well as the limitations of dietary history
questionnaires in the assessment of GFD adherence.

In addition, a comprehensive study with a cohort of 77 participants under treatment
with a GFD for 2 24 mo revealed that 58% had detectable GIP in their urine in at least
one sample of three collected during the week[23]. Among the patients with GIP-
negative results, 97% of them did not present histological abnormalities (Marsh 0-I),
while among patients with GIP-positive results, 17 of 44 (39%) had histological
damage in the intestinal epithelial (Marsh II-III), with only 16% presenting positive
serological results. Significant differences were found in GIP concentrations between
participants with Marsh II-III and Marsh 0-I. The highest sensitivity was observed
when at least one of three urine samples tested GIP-positive (94.4%). However, this
combination exhibited low specificity (53.4%). In contrast, the optimal specificity was
obtained when a single urine sample was collected on the visit day (84.2%). Then, it
was expected that one GIP-positive urine sample on the day of the visit would reveal a
regular habit of GFD non-compliance not-restrained by the medical supervision. The
authors did not observe concordance between gluten exposure measured by GIP and
serology, or through a CDAT questionnaire and symptomatology, all of which
exhibited low sensitivity for mucosal damage (38.9%, 22.2%, and 42.9%, respectively).

About the association of duodenal biopsy and GIP in fecal samples, Fernandez-Bail
ares et al[46] found that most of CeD patients (77%) with persistent villous atrophy
obtained a GIP-positive result in at least 1 stool sample after 2 years under GFD. In
contrast, dietary evaluation failed to detect most of these gluten exposures, con-
sidering these cases as excellent or good adherent to the diet. In addition, 72.5% of
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Table 5 Rate of transgressions in the gluten-free diet using different tools in presence/absence of mucosal atrophy by duodenal

biopsy, n (%)

Ref. GIP+ (Stool and/or urine) Serology+ Questionnaires' Symptoms
Duodenal biopsy (Marsh II/III)

Moreno et al[9] 7 (100) 2(29) - -
Silvester et al[29,30] 8 (80) - - -
Ruiz-Carnicer et al[23] 17 (94) 7 (39) 6 (43) 4(22)
Laserna-Mendieta ef al[45] 2(33) 2(33) 3 (50) -
Fernandez-Baiiares et al[46] 31 (78) 10 (25) 1(3) 11 (28)
Duodenal biopsy (Marsh 0/I)

Moreno et al[9] 5(28) 2 (11) - -
Silvester et al[29,30] 4 (50) - - -
Ruiz-Carnicer ef al[23] 27 (47) 2(3) 8 (17) 14 (24)
Laserna-Mendieta et al[45] 20 (22) 9 (10) 77 