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SUMMARY

Background
Coeliac disease is increasingly diagnosed in adult patients who present
with atypical symptoms or who are asymptomatic and detected by case
screening. Its treatment, a gluten-free diet, can have a considerable
impact on daily living. Understanding the factors associated with
non-adherence is important in terms of supporting patients with their
condition.

Aim
To investigate factors associated with adherence to a gluten-free diet in
adults with coeliac disease.

Methods
A literature search of multiple electronic databases using a pre-deter-
mined search string for literature between 1980 and November 2007
identified a possible 611 hits. After checking for relevance, 38 studies
were included in this review.

Results
Rates for strict adherence range from 42% to 91% depending on defini-
tion and method of assessment and are the lowest among ethnic minor-
ities and those diagnosed in childhood. Adherence is most strongly
associated with cognitive, emotional and socio-cultural influences,
membership of an advocacy group and regular dietetic follow-up.
Screen and symptom-detected coeliac patients do not differ in their
adherence to a gluten-free diet.

Conclusions
The existing evidence for factors associated with non-adherence to a
gluten-free diet is of variable quality. Further and more rigorous
research is needed to characterize those individuals most likely to be
non-adherent to assist them better with their treatment.
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Practical insights into gluten-free diets
Jacalyn A. See, Katri Kaukinen, Govind K. Makharia, Peter R. Gibson and Joseph A. Murray

Abstract | Coeliac disease is a global disease, and the only currently available treatment is a gluten-
free diet (GFD). Although conceptually simple, the diet changes are substantial and have a profound 
effect on a patient’s life. Untreated coeliac disease is associated with complications, including 
excess mortality, most of which can be avoided with a strict GFD. However, there are many barriers, 
including availability, cost and safety of gluten-free foods, and gluten cross-contamination. The GFD 
can be restrictive in social situations, leading to poor quality of life and, ultimately, nonadherence. As 
the number of patients with coeliac disease increases worldwide, clinicians need to be aware of the 
challenges patients face. Heightened awareness by physicians, dietitians and other providers can help 
maximize successful treatment, improve outcomes, and reduce health-care costs and disease burden. 
Routine follow-up is necessary to reinforce the need for a GFD, provide social and emotional support, 
and achieve mucosal healing, leading to reduced risk of complications. Unfortunately, there is wide 
variation in follow-up practices. The objective of this Review is to increase awareness of the challenges, 
management and follow-up of patients with coeliac disease to help them achieve GFD adherence and 
prevent complications whilst preserving their quality of life.

See, J. A. et al. Nat. Rev. Gastroenterol. Hepatol. 12, 580–591 (2015); published online 22 September 2015; doi:10.1038/nrgastro.2015.156

Introduction
Coeliac disease is an immune-mediated enteropathy 
triggered by gluten found in wheat, barley and rye that 
affects 1% of the population worldwide. The treatment 
of coeliac disease is a strict gluten-free diet (GFD), the 
goal of which is to relieve symptoms, achieve mucosal 
healing and prevent complications1,2 (Box 1). Follow-up 
is needed to monitor adherence and histological 
r ecovery, and to assess quality of life (QoL).

The goals of treatment are best achieved when patients 
are managed by a team approach, including expert 
physicians and dietitians and community support3–8 
(Box 2). To support the patients, team members need to 
be aware of the ongoing challenges they face living with 
a GFD, and this support can have a direct bearing on the 
patient’s level of adherence.

This article will review the challenges patients face 
adhering to a GFD and discuss management strategies 
to help patients achieve their goals.1–8

Roles of personnel
Role of physician
Because it can affect the patient’s acceptance of the 
diagnosis, the physician should present the diagnosis 
of coeliac disease in a sensitive and positive light.9 The 
physician’s ability to counsel the patient, handle any grief 
reaction and encourage, motivate and support the nec-
essary lifestyle changes enhances patient satisfaction. 
Successful adherence to a GFD is predicted, in part, by 

the initial physician–patient interaction.2,10 The physi-
cian should follow up coeliac disease just like they would 
any chronic gastrointestinal disease.

Role of registered dietitian
The registered dietitian is key to helping patients 
achieve the GFD (Figure 1).4–8,11 Insufficient education 
about the GFD can result in poor adherence, frustration 
and increased health-care costs due to patients seeking 
medical care for ongoing symptoms and/or complications.

Role of the family or community
Coeliac disease touches all family members (especially 
when the patient is a child) who are affected by and 
important to the adherence to a GFD.12–14 Moreover, all 
patients should seek out community support because 
support groups can have varied roles: social and emo-
tional support or empathy; adjustment; awareness of 
local and national sources of gluten-free foods; product 
sampling; practical advice for gluten-free food prepara-
tion; advocacy or representation; dissemination of up-to-
date information; travel information and/or experi ence. 
Membership in coeliac disease support groups has 
been associated with improved dietary adherence.15 
Furthermore, social media enables support groups to 
form that are no longer limited to physical meetings. 
Nowadays, more people seek information from the 
internet. Many web-based resources are well-trusted and 
reliable—such as government sites (National Insti tute of 
Diabetes and Digestive and Kidney Diseases) or trusted 
curated institutional sites (coeliac centres) and national 
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Adherence to a zero gluten diet is almost impossible 

v Voluntary transgression (adolescents)

v GF food by origin contaminated along the production chain (in the field, 
harvest, stockage transport, milling)

v Commercial food (salami, soy sauce, ice-creams, hamburger, sauces, 
french fries, beers, etc)

v Dining out (pizzeria, restaurant, etc)
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Abstract: Background: A strict and lifelong gluten-free diet is the only treatment of celiac disease.
Gluten contamination has been frequently reported in nominally gluten-free products. The aim of
this study was to test the level of gluten contamination in gluten-free products currently available in
the Italian market. Method: A total of 200 commercially available gluten-free products (including
both naturally and certified gluten-free products) were randomly collected from different Italian
supermarkets. The gluten content was determined by the R5 ELISA Kit approved by EU regulations.
Results: Gluten level was lower than 10 part per million (ppm) in 173 products (86.5%), between 10
and 20 ppm in 9 (4.5%), and higher than 20 ppm in 18 (9%), respectively. In contaminated foodstuff
(gluten > 20 ppm) the amount of gluten was almost exclusively in the range of a very low gluten
content. Contaminated products most commonly belonged to oats-, buckwheat-, and lentils-based
items. Certified and higher cost gluten-free products were less commonly contaminated by gluten.
Conclusion: Gluten contamination in either naturally or labeled gluten-free products marketed in
Italy is nowadays uncommon and usually mild on a quantitative basis. A program of systematic
sampling of gluten-free food is needed to promptly disclose at-risk products.

Keywords: celiac disease; gluten-free products; naturally gluten-free; R5 ELISA; oats; buckwheat;
lentils

1. Introduction

Celiac disease (CD) is an autoimmune condition characterized by permanent intolerance to
dietary gluten, a protein complex found in wheat, rye and barley, occurring in genetically predisposed
individuals [1]. The hallmarks of active CD are the presence of serum autoantibodies (e.g., IgA
antitransglutaminase and antiendomysial antibodies) and a small intestinal enteropathy characterized,
in typical cases, by villous atrophy, crypt hypertrophy and increased number of intraepithelial
lymphocytes (IELs). Treatment of CD is based on the lifelong exclusion of gluten-containing food from
the diet. The gluten-free diet (GFD) determines the gradual disappearance of symptoms and serum
autoantibodies, and the normalization of the intestinal histological architecture [2].

Unfortunately, CD patients are highly sensitive to the toxic effect of gluten. It has been shown that
the protracted ingestion of traces of gluten (10–50 mg on a daily basis) may damage the integrity of the
small intestinal mucosa, an increased number of IELs being the first marker of mucosal deterioration [3].
By combining these toxicity data with the observed food intake, it has been calculated that gluten-free

Nutrients 2017, 9, 115; doi:10.3390/nu9020115 www.mdpi.com/journal/nutrients
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Abstract: A strict gluten-free diet is extremely difficult to maintain. Protracted ingestion of gluten
traces (>10 mg/day) is sufficient to cause significant damage in the architecture of the small intestinal
mucosa in patients on treatment for celiac disease. The aim of this study was to directly measure
the level of contaminating gluten in the daily diet of celiac children following a gluten-free diet.
From April 2019 to December 2019, celiac disease children (2–18 years old) on a gluten-free diet for
�6 months were offered to participate in this prospective-observational study. Patients and their
caregivers were invited to provide a representative portion (about 10 g) of all meals consumed during
a 24-h period. Participants were requested to weigh all ingested food and report items in a 24-h food
diary. The gluten content was quantified by the R5 sandwich enzyme-linked immunosorbent assay
method. Sixty-nine children completed the protocol. Overall, 12/448 (2.7%) food samples contained
detectable amounts of gluten; of them, 11 contained 5–20 ppm and 1 >20 ppm. The 12 contaminated
food samples belonged to 5/69 enrolled patients. In these 5 children, the daily gluten intake was well
below the safety threshold of 10 mg/day. The present findings suggest that in a country characterized
by high celiac disease awareness, the daily unintended exposure to gluten of treated celiac children
on regular follow-up is very low; reassuringly, the presence of gluten traces did not lead to exceed
the tolerable threshold of 10 mg/day of gluten intake in the gluten-free diet.

Keywords: celiac disease; gluten traces; gluten exposure; diet therapy; treatment compliance;
R5 ELISA

1. Introduction
Celiac disease (CD) is a chronic immune-mediated enteropathy triggered by the

ingestion of gluten in genetically predisposed individuals. A strict and permanent gluten-
free diet (GFD) is the only effective treatment for CD. The GFD determines disappearance
of celiac-related symptoms and serum autoantibodies, recovery of intestinal mucosa, and
prevention of long-term complications [1].

Both children and adults with CD are highly sensitive to the toxic effects of gluten
exposure. It has been shown that the protracted ingestion of gluten traces (>10 mg/day)
is sufficient to cause significant damage in the architecture of the small intestinal mucosa
in patients on treatment for CD. Based on this threshold, a maximum tolerable amount of
gluten of <20 parts per million (ppm) in gluten-free food has been calculated [2], a limit
that has been endorsed by the major international regulatory agencies, e.g., the Codex
Alimentarius, the US Food and Drug Administration (FDA), and the European Food
Safety Authority (EFSA) [3–5]. Deviation from the GFD is unfortunately easy, due to both
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1 had 6 contaminated meals (total level of gluten contamination/day was 3.61 mg). Two of
these 5 patients showed IgA anti-tTG antibodies positivity: one had 7-fold and the other
1-fold higher levels than the upper normal value (cutoff: 7 U/mL). No significant difference
was found in the percentage of anti-tTG antibody positivity according to the presence of
gluten contamination in the diet (p = 0.664). Three of the 12 contaminated items were from
children aged 2–5 years while 9 were from children aged 6–10 years. No contaminated
items were found in subjects aged 11–18 years. The only food sample contaminated with
more than 20 ppm of gluten was from a 2-year-old female patient, and was prepared
and consumed at the grandmother’s home (total level of gluten contamination/day was
1.86 mg). In the 5 children ingesting contaminated foodstuff, the daily gluten intake was
always well below the safety threshold of 10 mg/day (3.61, 1.86, 0.58, 0.39, and 0.18 mg/day,
respectively).

Table 2. Gluten contamination level according to food samples features.

Gluten Contamination
<5 ppm

n = 436 (97%)
5–20 ppm

n = 11 (2.8%)
>20 ppm

n = 1 (0.2%)

Place of sampling
⌅ Home 336 (97%) 9 (3%) 0 (0%)
⌅ Relatives 73 (96%) 2 (3%) 1 (1%)
⌅ School 15 (100%) 0 (0%) 0 (0%)
⌅ Restaurant 12 (100%) 0 (0%) 0 (0%)

Time of sampling
⌅ Weekdays 308 (97%) 7 (2%) 1 (0.3%)
⌅ Weekend 128 (97%) 4 (3%) 0 (0%)

“Home” included all the meals prepared and consumed at home. “Relatives” included meals prepared and con-
sumed at grandparents’ and uncles’ home. “School” included meals prepared at the school canteen. “Restaurant”
included meals consumed in restaurants, pizzerias, sandwich shops, and ice-cream parlors.
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4. Discussion
To our knowledge, this is the first study to quantify the amount of inadvertent gluten

exposure in treated CD patients. In our sample of 69 Italian CD children on GFD regularly
followed-up, we found that gluten contamination of the GFD was extremely rare (only one
food sample showing >20 ppm of gluten out of 448 analyzed) and almost negligible on a
quantitative basis. Only 5 out of 69 celiac children (7%) ingested gluten traces during the
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1 had 6 contaminated meals (total level of gluten contamination/day was 3.61 mg). Two of
these 5 patients showed IgA anti-tTG antibodies positivity: one had 7-fold and the other
1-fold higher levels than the upper normal value (cutoff: 7 U/mL). No significant difference
was found in the percentage of anti-tTG antibody positivity according to the presence of
gluten contamination in the diet (p = 0.664). Three of the 12 contaminated items were from
children aged 2–5 years while 9 were from children aged 6–10 years. No contaminated
items were found in subjects aged 11–18 years. The only food sample contaminated with
more than 20 ppm of gluten was from a 2-year-old female patient, and was prepared
and consumed at the grandmother’s home (total level of gluten contamination/day was
1.86 mg). In the 5 children ingesting contaminated foodstuff, the daily gluten intake was
always well below the safety threshold of 10 mg/day (3.61, 1.86, 0.58, 0.39, and 0.18 mg/day,
respectively).

Table 2. Gluten contamination level according to food samples features.

Gluten Contamination
<5 ppm

n = 436 (97%)
5–20 ppm

n = 11 (2.8%)
>20 ppm

n = 1 (0.2%)

Place of sampling
⌅ Home 336 (97%) 9 (3%) 0 (0%)
⌅ Relatives 73 (96%) 2 (3%) 1 (1%)
⌅ School 15 (100%) 0 (0%) 0 (0%)
⌅ Restaurant 12 (100%) 0 (0%) 0 (0%)

Time of sampling
⌅ Weekdays 308 (97%) 7 (2%) 1 (0.3%)
⌅ Weekend 128 (97%) 4 (3%) 0 (0%)

“Home” included all the meals prepared and consumed at home. “Relatives” included meals prepared and con-
sumed at grandparents’ and uncles’ home. “School” included meals prepared at the school canteen. “Restaurant”
included meals consumed in restaurants, pizzerias, sandwich shops, and ice-cream parlors.
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4. Discussion
To our knowledge, this is the first study to quantify the amount of inadvertent gluten

exposure in treated CD patients. In our sample of 69 Italian CD children on GFD regularly
followed-up, we found that gluten contamination of the GFD was extremely rare (only one
food sample showing >20 ppm of gluten out of 448 analyzed) and almost negligible on a
quantitative basis. Only 5 out of 69 celiac children (7%) ingested gluten traces during the
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method were associated with different time to atTG normalization.
Of note, older age at diagnosis and female sex predicted longer time
to atTG normalization (P¼ 0.049, P¼ 0.008) in both groups
(Table 2). Higher baseline level was a significant predictor of
longer time to normalization of atTG (P¼ 0.001) when included
in the model, but in this case method was not significant anymore,
suggesting that the difference between the 2 methods is mainly due
to higher baseline levels detected. Conversely, Marsh score at
diagnosis did not play a significant role in normalization time in
both groups (P¼ 0.177) (Table 2).

Median time of follow-up on GFD was not significantly
different between children who normalized atTG and those who did
not (P¼ 0.200), in both groups. Median atTG abnormal value at last
follow-up available was 1.88 times of upper normal limit in ELISA
group and 2.11 times of upper normal limit in CLIA group with no
statistical difference (P¼ 0.439).

DISCUSSION

Clinicians may not always be aware of the TTG-based assay
adopted in their centre, but that is important to interpret the results
adequately. For that reason in our article we compared the methods
currently used to follow patients with CD on GFD. We described
here a different trend in atTG normalization in children with CD
started on GFD tested by 2 different serum assays. In this setting
CLIA showed a lower rate and a longer median time of atTG
normalization compared to the older ELISA.

Regular atTG measurement in children after GFD introduc-
tion is recommended to demonstrate a decrease in antibody titre as
an indirect indicator of dietary adherence and disease control (6).

Some authors recommend that further investigations be
carried out if serology remains abnormal after 1 year of GFD (15).

In the past, the majority of atTG were ELISA-based assays,
whereas in the last years CLIA-based methods have become
commercially available and widely used in tertiary referral centres
(8,11). One of the reasons is that CLIA is easily performed and
warrants a faster sample processing work up, making it a convenient
tool for monitoring CD. Minimal evidence-based information,
however, exists on normalization of celiac serology in the fol-
low-up of children with CD on GFD. In addition, very few
paediatric studies have been carried out on atTG normalization
(16,17) with limited data regarding the comparison of the 2 assays
in monitoring children on GFD.

We found that the median normalization time was 351 days
for 81% of patients that had a normal atTG in ELISA group within
24 months. Our data are in keeping with previous paediatric studies
that demonstrated the median time to normalization was 407 days
for the 80.5% of seronegative children within 2 years using ELISA
(16). Interestingly in this cohort of patients females normalized
atTG more slowly. Whether this was due to nonadherence or to
other nonmodifiable factors, with the available data, cannot be
reliably determined.

In more detail, in our study, atTG normalization rate was
36%, 45%, and 81%, at 6, 12, and 24 months, respectively in ELISA

P = 0.000
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FIGURE 1. Kaplan-Meier analysis demonstrating rate and time of antitissue transglutaminase (atTG) normalization over time after starting gluten-
free diet. CI ¼ confidence interval; CLIA ¼ chemiluminescence immunoassay; ELISA ¼ enzyme-linked immunosorbent assay.

TABLE 2. Predictors of antitissue transglutaminase normalization

t

Beta P 95% CI

Age 0.97 0.049 0.931,1.00
Sex

F Ref.
M 1.49 0.008 1.11,2.00

Method
CLIA Ref.
ELISA 1.86 <0.001 1.39,2.49

Marsh
2 Ref.
3 0.75 0.177 0.49,1.14

Observations 256

Exponentiated coefficients.
CI ¼ confidence interval; CLIA ¼ chemiluminescence immunoassay;

ELISA ¼ enzyme-linked immunosorbent assay.
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Two Years Postdiagnosis

At 2 years following diagnosis, the cumulative percentage of
patients with an elevated TTG in group A was 41.7! 5.6% com-
pared with 16.7! 4.9% in group B (Fig. 2). The mean TTG in group
A was 46.9! 6.1 kU/L compared with 29.6! 5.4 kU/L in group B
(P< 0.05; Supplemental Digital Content 1, Table 1, http://
links.lww.com/MPG/A703). The EMA also remained elevated in
28.9! 5.2% of children in group A compared with only 5.9! 3.1%
in group B (Fig. 2). In contrast, all patients in group C had
normalized their TTG and EMA by 2 years (mean TTG
8.1! 1.2 kU/L, A or B vs C, P< 0.01; Supplemental Digital
Content 1, Table 1, http://links.lww.com/MPG/A703).

Three Years Postdiagnosis

The cumulative proportion of children with a positive TTG at
3 years postdiagnosis was 14.2! 4.4% and 2.2! 2.1%, in group A
and B (Fig. 2). The mean TTG was still mildly elevated in children
in group A (31.3! 4.7 kU/L), whereas those in group B and C were
in the normal range (19.2! 4.2 kU/L and 19.7! 4.1 kU/L; Supple-
mental Digital Content 1, Table 1, http://links.lww.com/MPG/
A703). Similar to the TTG findings, a small proportion of patients
still had an elevated EMA after 3 years (group A 5.2! 2.9% vs
group B 2.0! 1.9%, Fig. 2).

Transglutaminase and Antiendomysial
Recovery Compared With Severity of Histology
at Diagnosis

In children with total villus atrophy at diagnosis (Marsh 3C),
recovery of both TTG and EMA were significantly delayed com-
pared with children with milder intestinal injury (Marsh 3A–3B;

overall comparison P< 0.05, Fig. 3). Of the children with a Marsh
3C lesion at diagnosis, the mean TTG remained elevated in
74.2! 5.1% and 33.2! 5.8% at 1 and 2 years postdiagnosis
compared with 54.0! 4.3% and 19.7! 3.6% of children with a
Marsh 3A or 3B lesions at diagnosis. Similarly, recovery of EMA
was delayed at 1 and 2 years in those with Marsh 3C histology at
diagnosis compared with those with milder intestinal injury
(P< 0.01, Fig. 3).

DISCUSSION
Our study is the largest thus far to examine the normalization

of the celiac serology in children with CD after starting a GFD
(9,10,15). Excellent guidelines have been developed to assist
physicians to diagnose children with CD. These guidelines also
recommend that caregivers obtain serial TTG measurements to
follow response to the GFD (4,5,7). Some recommend that further
investigations be carried out if serology remains abnormal after 1
year on a GFD (7). Minimal evidence-based information, however,
exists on longitudinal follow-up about the rate of normalization of
celiac serology in children with CD.

The present study addressed the important question of how
quickly the TTG and EMA fall after starting a GFD. Intuitively
one may expect those with higher titers at diagnosis to take
longer to normalize, with some support for this in the literature
(15). In the present study, children with the most abnormal
serology or total villus atrophy at diagnosis took up to 3 years
to normalize TTG and EMA values while strictly adhering to a
GFD. Furthermore, this information is especially relevant for
clinicians caring for children diagnosed by the new ESPGHAN
‘‘non-biopsy’’ algorithm for CD (4), as children who qualify for
a ‘‘non-biopsy’’ diagnosis would fall into the study groups A
(TTG"10#ULN and EMA" 1:80) or B (TTG"10#ULN and
EMA$ 1:40).

1.0 Grp A (TTG ≥ 10 x ULN and EMA ≥ 1:80)
Grp B (TTG ≥ 10 x ULN and EMA £ 1:40)
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TTG

EMA

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0
6 12 18 24 30 36

1.0

C
um

ul
at

iv
e 

pa
tie

nt
s

w
ith

 p
os

iti
ve

 E
M

A
C

um
ul

at
iv

e 
pa

tie
nt

s
w

ith
 p

os
iti

ve
 T

TG

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
6 12 18 24

P < 0.001

P < 0.001

Time to normalization (months)

30 36

FIGURE 2. Kaplan-Meier survival curves by group of children with CD
demonstrating normalization of TTG and EMA over time after starting
a GFD. P value refers to the comparison of the time to normalization of
for groups A, B, and C using the log-rank test. CD¼ celiac disease;
EMA¼ antiendomysial; GFD¼gluten-free diet; Grp¼group;
TTG¼ transglutaminase; ULN¼upper limit of normal.
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Normalization Time of Celiac Serology in Children
on a Gluten-free Diet

!Dominica Gidrewicz, !yCynthia L. Trevenen, zMartha Lyon, and !J. Decker Butzner

ABSTRACT

Objectives: Response to a gluten-free diet (GFD) in children with celiac
disease is determined by symptom resolution and normalization of serology.
We evaluated the rate of normalization of the transglutaminase (TTG) and
antiendomysial (EMA) for children on a GFD after diagnosis.
Methods: Celiac serologies were obtained over 3.5 years after starting a
GFD in 228 newly diagnosed children with biopsy-proven celiac disease.
Patients were classified into categories based on serology (group A,
TTG"10# upper limit of normal [ULN] and EMA" 1:80; group B,
TTG"10#ULN and EMA $ 1:40; and group C, TTG <10#ULN) and
by severity of histologic injury at diagnosis.
Results: In children with the highest serology at diagnosis (group A), 79.7%
had an abnormal TTG at 12 months after diagnosis (mean TTG 12 months,
68.8% 7.3, normal <20 kU/L). At 2 years, an abnormal TTG persisted in
41.7%. In contrast, only 35% of children with the lowest serology at
diagnosis (group C) displayed an abnormal TTG at 12 months (mean
TTG 14.3% 1.9 kU/L). In those with the most severe mucosal injury,
Marsh 3C, 74.2% and 33.2% had an abnormal TTG at 1 and 2 years.
Conclusions: Normalization of celiac serology took >1 year in
approximately 75% of GFD-compliant children with the highest celiac
serology or most severe mucosal injury at diagnosis. Clinicians must
consider serology and histology at diagnosis to properly evaluate
response to GFD.

Key Words: celiac disease, gluten-free diet, normalization of serology

(JPGN 2017;64: 362–367)

C eliac disease (CD) is an autoimmune enteropathy that affects
approximately 1% of the population (1–3). The IgA anti-

bodies, tissue transglutaminase (TTG), and antiendomysial (EMA)
serve as excellent screening tests essential to the diagnostic algor-
ithms for CD diagnosis (4–6). A strict life-long gluten-free diet
(GFD) diet is the only accepted treatment for CD.

Present guidelines recommend serial TTG measurements to
monitor successful treatment and advise that serology normaliza-
tion should be achieved after 12 months on a GFD (4,7). Positive
serology at 1 year after starting a GFD could suggest gluten
contamination (7). Furthermore, these guidelines presume that
normalization of antibody tests after starting a GFD reflects muco-
sal healing. The published pediatric literature confirms that mucosal
healing in children often precedes the normalization of TTG and
EMA (8–10). These studies, however, have not evaluated serial
postdiagnosis antibody levels or correlated rate of decline with
prediagnosis antibody levels or severity of intestinal injury. This
lack of information on when antibodies should normalize may
create confusion for clinicians, who must determine if the response
to the GFD is adequate or if further investigations are necessary.

In adults who adhere to a GFD, histological remission occurs
in approximately 65% by 2 years (11–13). The recovery in children
on a GFD progresses faster than in adults (13), ranging between
88% and 96% histologic recovery within 2 years (8,13) and 100%
by 5 years (13). Serologic normalization lags behind histologic
recovery in some children (8,9). Present pediatric celiac guidelines
advise against performing repeat duodenal biopsies after the diag-
nosis unless there is an incomplete response to a well-managed
GFD or persistent elevation of celiac serology (4,5,9).

We have previously shown that the positive predictive value
(PPV) of the TTG and EMA as predictors of CD varies with the
degree of TTG and EMA elevation (6). Symptomatic children with
a TTG >10 times the upper limit of normal (ULN), and an
EMA" 1:80, had a 100% PPV for biopsy confirmed CD. In those

What Is Known

& Within 2 years on a strict gluten-free diet, 95% of
children display histologic recovery.

& Celiac disease guidelines suggest that serology nor-
malizes by 12 months and recommend no repeat
biopsies for children who demonstrate a clinical
response to a gluten-free diet.

What Is New

& More than 75% of children with the highest serology
at diagnosis display an elevated transglutaminase at
12 months.

& More than 35% of those with a transglutaminase
<10 times the upper limit of normal at diagnosis
display a minimally elevated transglutaminase at
12 months.

& One third of children with total villus atrophy take
more than 2 years to normalize celiac serology.
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Tests for Serum Transglutaminase and Endomysial Antibodies 
Do Not Detect Most Patients With Celiac Disease and Persistent 
Villous Atrophy on Gluten-free Diets: a Meta-analysis

Jocelyn A Silvester1,2,3,4, Satya Kurada2,4, Andrea Szwajcer5, Ciarán P Kelly2,4, Daniel A 
Leffler2,4, and Donald R Duerksen1

1Max Rady College of Medicine, University of Manitoba, Winnipeg, MB R3E 3P5
2Celiac Research Program, Harvard Medical School
3Boston Children’s Hospital, 300 Longwood Avenue, Boston, MA 02115
4Beth Israel Deaconess Medical Center, 330 Brookline Avenue, Boston, MA 02215
5University of Manitoba Health Sciences Libraries, Winnipeg, MB, Canada

Abstract
Background & Aims—Tests to measure serum endomysial antibodies (EMA) and antibodies to 
tissue transglutaminase (tTG) were developed to screen for celiac disease in patients consuming 
gluten. However, they are commonly used to monitor patients on a gluten-free diet (GFD). We 
conducted a meta-analysis to assess the sensitivity and specificity of tTG IgA and EMA IgA 
assays in identifying patients with celiac disease who have persistent villous atrophy despite a 
GFD.

Methods—We searched PUBMED, EMBASE, BIOSIS, SCOPUS, clinicaltrials.gov, Science 
Citation Index, and Cochrane Library databases through November 2016. Inclusion criteria were 
studies of subjects with biopsy-confirmed celiac disease, follow-up biopsies and measurement of 
serum antibodies on a GFD, biopsy performed on subjects regardless of symptoms or antibody test 
results. Our analysis excluded subjects with refractory celiac disease, undergoing gluten challenge, 
or consuming a prescribed oats-containing GFD. Tests were considered to have positive or 
negative findings based on manufacturer cut-off values. Villous atrophy was defined as a Marsh 3 
lesion or villous height:crypt depth ratio below 3.0. We constructed forest plots to determine the 
sensitivity and specificity of detection for individual studies. For the meta-analysis, a bivariate 
random effects model was used to jointly model sensitivity and specificity.

Results—Our search identified 5408 unique citations. Following review of abstracts, 442 articles 
were reviewed in detail. Only 26 studies (6 of tTG assays, 15 of EMA assays, and 5 of tTG and 
EMA assays) met our inclusion criteria. The most common reason studies were excluded from our 
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Figure 1. 
Performance of tTG IgA for detection of persistent villous atrophy in patients with biopsy 
confirmed celiac disease on a gluten-free diet.
A. Forest plot of sensitivity and specificity of tTG IgA for persistent villous atrophy on a 
gluten-free diet.
B. Summary receiver operating characteristic curve of tTG IgA for persistent villous 
atrophy. In addition to individual and summary points, the 95% confidence region (solid 
circle) denotes the precision of the pooled estimate of the available studies and the 95% 
prediction region (dashed circle) shows the area where the next study is likely to lie, which 
reflects variability among studies.
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Detection of gluten immunogenic peptides in the
urine of patients with coeliac disease reveals
transgressions in the gluten-free diet and
incomplete mucosal healing
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ABSTRACT
Objective Gluten-free diet (GFD) is the only
management for coeliac disease (CD). Available methods
to assess GFD compliance are insufficiently sensitive to
detect occasional dietary transgressions that may cause
gut mucosal damage. We aimed to develop a method to
determine gluten intake and monitor GFD compliance in
patients with CD and to evaluate its correlation with
mucosal damage.
Design Urine samples of 76 healthy subjects and 58
patients with CD subjected to different gluten dietary
conditions were collected. A lateral flow test (LFT) with
the highly sensitive and specific G12 monoclonal
antibody for the most dominant gluten immunogenic
peptides (GIP) and a LFT reader were used to quantify
GIP in solid-phase extracted urines.
Results GIP were detectable in concentrated urines
from healthy individuals previously subjected to GFD as
early as 4–6 h after single gluten intake, and remained
detectable for 1–2 days. The urine assay revealed
infringement of the GFD in about 50% of the patients.
Analysis of duodenal biopsies revealed that most of
patients with CD (89%) with no villous atrophy had no
detectable GIP in urine, while all patients with
quantifiable GIP in urine showed incomplete intestinal
mucosa recovery.
Conclusion GIP are detected in urine after gluten
consumption, enabling a new and non-invasive method
to monitor GFD compliance and transgressions. The
method was sensitive, specific and simple enough to be
convenient for clinical monitoring of patients with CD as
well as for basic and clinical research applications
including drug development.
Trial registration number NCT02344758.

INTRODUCTION
The mainstay of the management of coeliac disease
(CD) is a strict life-long compliance with gluten-
free diet (GFD).1 2 However, full compliance with
the GFD is very difficult to achieve given the ubi-
quity of gluten as a common food additive, as well
as due to dietary habits, high costs of the GFD and
the social restrictions it imposed on patients.3 At
least one-third of patients with CD do not fully

Significance of this study

What is already known on this subject?
▸ Ensuring the compliance of gluten-free diet

(GFD) by patients with coeliac disease (CD)
is a crucial step in the management of CD.
According to several reports, dietary
transgressions are relatively frequent
(36% to 55%).

▸ Available methods to assess GFD compliance
are insufficiently sensitive to detect occasional
dietary transgressions that may cause gut
mucosal damage. In addition, these tests only
measure the consequences of dietary
transgressions. There is a need for accurate,
reliable and non-invasive tools to help avoid
the harmful consequences of dietary
indiscretions in CD.

▸ Certain gluten immunogenic peptides (GIP) are
resistant to gastrointestinal digestion and can
interact with the immune system of patients
with CD to trigger an autoimmune response
against transglutaminase and other antigens.
A proportional fraction of the GIP absorbed in
the gastrointestinal tract makes it to the
circulation and is excreted in urine.

What are the new findings?
▸ In this study, we describe for the first time a

non-invasive, novel, specific and reliable
approach to detect and monitor the presence
of GIP in urine. We have been able to
distinguish gluten consumers from
non-consumers by a quantitative lateral flow
test using anti-α-gliadin monoclonal
antibodies.

▸ GIP were sensitively detected in human urine
samples in positive correlation with the
amount of gluten intake. Our results indicate
that the ingestion of amount as little as
>25 mg of gluten in processed bread (lower
limit of the amount that appears detrimental
for most patients with CD) can be detected in
urine.
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ü On a standard GFD the frequent 
GIP positivity at baseline may be 

due to the presence of gluten 
traces in gluten-free products

ü The ingestion of fixed amounts 
of gluten was frequently 

associated with GIP negativity.

Monachesi et al. Clin Trans Gastroenterol. August 2021. [doi:10.14309/ctg.0000000000000411]
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