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Abstract: Objective: Diagnostic criteria for coeliac disease (CD) from ESPGHAN were published in
1990.
Since then the main autoantigen in CD, tissue transglutaminase, has been identified, the perception
of
CD has changed from a rather uncommon enteropathy to a common multiorgan disease strongly
depending on the haplotypes HLA-DQ2 and DQ8, and CD specific antibody tests have improved.
Methods: A panel of 17 experts defined CD and developed new diagnostic criteria based on the
Delphi
process. Two groups of patients were defined with different diagnostic approaches to diagnose CD:
1)
children with symptoms suggestive of CD and 2) asymptomatic children at increased risk for CD. A
systematic literature search on antibody tests for CD in paediatric patients covering the years 2004 2009 was the basis for the evidence based recommendations on CD specific antibody testing.
Results: In group 1 the diagnosis is based on symptoms, positive serology and histology consistent
with CD. If anti-TG2-IgA antibody titers are very high (>10 times the upper limit of normal) the
option
is given to diagnose CD without duodenal biopsies by applying a strict protocol with further
laboratory
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tests. In group 2 the diagnosis of CD is based on positive serology and histology. HLA-DQ2 and
DQ8
testing is valuable as CD is very unlikely if both haplotypes are negative.
Conclusions: The aim of the new guidelines is to achieve a high diagnostic accuracy and to reduce
the
burden for the patients and their families. The performance of the new guidelines in clinical practice
should be prospectively evaluated.
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Synopsis

Guidelines from the European Society for Paediatric Gastroenterology Hepatology and Nutrition
(ESPGHAN) for the diagnosis and treatment of coeliac disease (CD) have not been renewed for
twenty years. During this time the perception of CD has changed from a rather uncommon
enteropathy to a common multiorgan disease with a strong genetic predisposition mainly associated
with HLA-DQ2 and DQ8. The diagnosis of CD has also changed due to the availability of specific
CD antibody tests, mainly based on tissue transglutaminase (TG2) antibodies.
Within ESPGHAN a working group was established in order to formulate new guidelines for the
diagnosis of CD based on scientific and technical developments in an evidence-based approach. The
working group additionally developed a new definition of CD. A detailed evidence report on
antibody testing in CD forms the basis of the guidelines and will be published separately. Guideline
statements and recommendations based on a voting procedure have been provided. The goal of this
synopsis is to summarize some of the statements and recommendations of the guidelines for use in
clinical practice.
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Definitions
CD is an immune-mediated systemic disorder elicited by gluten and related prolamines in
genetically susceptible individuals and characterised by the presence of a variable combination of
gluten dependent clinical manifestations, CD-specific antibodies, HLA-DQ2 or DQ8 haplotypes
and enteropathy.
CD-specific antibodies comprise autoantibodies against transglutaminase type-2 (TG2, ‘tissue’
transglutaminase) including endomysial antibodies (EMA), and antibodies against deamidated
forms of gliadin peptides (DGP).

Who should be tested for CD?
CD may present with a large variety of non-specific signs and symptoms. It is important to diagnose
CD not only in children with obvious gastrointestinal symptoms but also in children with a less
clear clinical picture since the disease may have negative health consequences. The availability of
serological tests with a high accuracy as well as other diagnostic tests allows a firm diagnosis to be
made. The interpretation and consequences of the test results differ between the symptomatic
patient and the asymptomatic subject in at risk groups.
Testing for CD should be offered to the following two groups:
Group 1: Children and adolescents with the otherwise unexplained symptoms and signs of:
chronic or intermittent diarrhoea, failure to thrive, weight loss, stunted growth, delayed puberty,
amenorrhoea, iron-deficiency anaemia, nausea or vomiting, chronic abdominal pain, cramping or
distension, chronic constipation, chronic fatigue, recurrent aphthous stomatitis (mouth ulcers),
dermatitis herpetiformis-like rash, fracture with inadequate traumas/osteopenia/osteoporosis,
abnormal liver biochemistry
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Group 2: Asymptomatic children and adolescents with increased risk for CD:
type 1 diabetes mellitus, Down’s syndrome, autoimmune thyroid disease, Turner syndrome,
Williams’ syndrome, selective IgA deficiency, autoimmune liver disease, and 1st degree relatives
with CD.

Diagnostic tools
CD specific antibody tests
CD specific antibody tests measure anti-TG2 or EMA in blood. Also tests measuring anti-DGP
could be reasonably specific. Laboratories providing CD specific antibody test results for diagnostic
use should continuously participate in quality control programmes at a national or an international
level. Every antibody test used for the diagnosis of childhood CD should be validated against the
reference standard of EMA or histology in a paediatric population ranging from infancy to
adolescence.
A test is considered as reliable if it shows >95% agreement with the reference standard The optimal
threshold values for antibody positivity (cut-off value or upper limit of normal, ULN) of a test
should be established. Anti-TG2 and anti-DGP laboratory test results should be communicated as
numeric values together with specification of the immunoglobulin class measured, the
manufacturer, the cut-off value defined for the specific test kit, and, (if available) the level of ’high’
antibody values. It is not sufficient to state only positivity or negativity. Reports on EMA results
should contain the specification of the investigated immunoglobulin class, the cut-off dilution,
interpretation (positive or negative), the highest dilution still positive and the specification of the
substrate tissue.
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For the interpretation of antibody results total IgA levels in serum, age of the patient, pattern of
gluten consumption and intake of immunosuppressive drugs should be taken into account. If gluten
exposure was short or gluten had been withdrawn for a longer period of time (several weeks to
years) the negative result is not reliable. For IgA competent subjects, the conclusions should be
drawn primarily from the results of IgA class antibody tests. For subjects with low serum IgA levels
(total serum IgA lower than 0.2 g/l) the conclusions should be drawn from the results of the IgG
class CD specific antibody tests.

HLA testing for HLA-DQ2 and HLA-DQ8
Typing for HLA-DQ2 and HLA-DQ8 is a useful tool to exclude CD or to make it very unlikely in
case of a negative test result for both markers. HLA testing should be performed in cases with an
uncertain diagnosis of CD, for example in cases with negative CD-specific antibodies and mild
infiltrative changes in proximal small intestinal biopsy specimens. If CD is considered in children
where there is a strong clinical suspicion of CD, high specific CD antibodies are present, and small
bowel biopsies are not going to be performed, the working group recommends performing HLADQ2/DQ8 typing to add strength to the diagnosis. Prospective studies will make clear if HLAtyping is indeed an efficient and effective diagnostic tool in these cases. HLA testing may be
offered to asymptomatic persons with CD associated conditions (group 2, see above) to select them
for further CD specific antibody testing.

Histological analysis of duodenal biopsies
The histological features of the small intestinal enteropathy in CD have a variable severity, they
may be patchy and in a small proportion of CD patients only appear in the duodenal bulb. The
alterations are not specific for CD and they may be found in enteropathies other than CD. Biopsies
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should be taken preferably during upper endoscopy from the bulb (at least one biopsy) and from the
second or third portion of duodenum (at least four biopsies). The pathology report should include
description of the orientation, the presence or not of normal villi or degree of atrophy and crypt
elongation, villous-crypt ratio, number of intraepithelial lymphocytes and a grading according to
Marsh-Oberhuber.

Diagnostic approach to a child or adolescent with symptoms or signs suggestive of CD
A test for CD specific antibodies is the first tool used to identify individuals for further
investigation to diagnose or to rule out CD. Patients should be tested for CD specific antibodies
when on a gluten containing diet. It is recommended that the initial test should be to test IgA class
anti-TG2 from a blood sample. If total serum IgA is not known, this should also be measured. In
subjects with either primary or secondary humoral IgA deficiency, at least one additional test
measuring IgG class CD specific antibodies should be done (IgG anti-TG2, IgG anti-DGP or IgG
EMA, or blended kits for both IgA and IgG antibodies). In symptomatic patients where the initial
testing was performed with a rapid CD antibody detection kit (point-of–care tests, POC) the result
should be confirmed by a laboratory based quantitative test. Although published data indicate POC
tests may achieve a high accuracy for CD diagnosis future studies will have to show if they work
equally well when applied in less selected populations and/or when handled by lay people or
untrained medical staff.

Tests measuring antibodies against DGP may be used as additional tests in patients who are
negative for other CD specific antibodies, but in whom clinical symptoms raise a strong suspicion
of CD, especially if they are younger than two years of age. Tests for the detection of IgG or IgA
antibodies against native gliadin peptides (conventional gliadin antibody test) should not be used for
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CD diagnosis. Tests for the detection of antibodies of any type (IgG, IgA, secretory IgA) in faecal
samples should not be used.

If IgA class CD antibodies are negative in an IgA-competent symptomatic subject, it is unlikely that
CD is causing the symptom at the given time point. Further testing for CD is not recommended
unless special medical circumstances (age below 2 years, restricted gluten consumption, severe
symptoms, family predisposition or other predisposing disease, immunosuppressive medication) are
present.

In seronegative cases for anti-TG2, EMA and anti-DGP, but with severe symptoms and a strong
clinical suspicion of CD small intestinal biopsies and HLA-DQ testing are recommended. If
histology shows lesions compatible with CD and DQ2/DQ8 heterodimers are negative, CD is not
likely and an enteropathy caused by a diagnosis other than CD should be considered. In these cases
the diagnosis of CD can only be made after a positive challenge procedure with repeated biopsies.

When duodenal biopsies, taken during routine diagnostic work-up for gastrointestinal symptoms,
disclose a histological pattern indicative of CD (Marsh 1- Marsh 3 lesions), antibody determinations
(anti-TG2 and in addition, in children below 2 years of age, anti-DGP) and HLA-typing should be
performed. In the absence of CD specific antibodies and/or HLA-DQ2 or -DQ8 heterodimers, other
causes of enteropathy (e.g. food allergy, autoimmune enteropathy) should be considered.
.
What to do in case of positive results of CD specific antibody tests
Children found positive for CD specific antibodies should be evaluated by a paediatric
gastroenterologist or by apaediatrician with a similar knowledge and experience of CDo confirm or
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to exclude CD. A gluten-free diet (GFD) should be introduced only after the completion of the
diagnostic process when a conclusive diagnosis has been made. Health care professionals should be
advised that starting patients on a GFD, when CD has not been excluded or confirmed, may be
detrimental. A CD specific antibody test should also be performed in children and adolescents
before the start of a GFD because of suspected or proven wheat allergy.

The clinical relevance of a positive anti-TG2 or anti-DGP result should be confirmed by histology,
unless certain conditions are fulfilled which allow the option to omit the confirmatory biopsies. If
histology shows lesions consistent with CD (Marsh 2 – 3), the diagnosis of CD is confirmed. If
histology is normal (Marsh 0) or shows only increased IEL counts (>25 lymphocytes/100 epithelial
cells, Marsh 1), further testing should be performed before establishing the diagnosis of CD.

In which patients may the diagnosis of CD be made without duodenal biopsies?
In children and adolescents with signs or symptoms suggestive of CD and very high anti-TG2 (or
anti-DGP) titers with levels exceeding 10 times upper limit of normal (>10xULN) the likelihood for
villous atrophy (Marsh 3) is high. In this situation the paediatric gastroenterologist may discuss with
the parents and patient (as appropriate for age) the option of performing further laboratory testing
(EMA, HLA) in order to make the diagnosis of CD without biopsies. Antibody positivity should be
verified by EMA from a blood sample drawn at a separate occasion to the initial test in order to
avoid false positive serology results due to mislabeling of blood samples or other technical
mistakes. If EMA testing confirms specific CD antibody positivity in this second blood sample the
diagnosis of CD can be made and the child started on a GFD. It is advisable to check for HLA types
in patients diagnosed without small intestinal biopsy to reinforce the diagnosis of CD.
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Diagnostic approach to an asymptomatic child or adolescent with CD associated conditions.

If available offer HLA testing as the first line test. Absence of DQ2 and DQ8 render CD highly
unlikely and no further follow up with serological tests is needed. If the patient is DQ8, and/or DQ2
positive, homozygous for only the β-chains of the HLA-DQ2 complex (DQB1*022), or HLA
testing is not done, an anti-TG2 IgA test and total IgA determination should be performed, but
preferably not before the age of 2 years. If antibodies are negative repeated testing for CD specific
antibodies is recommended.

Persons with increased genetic risk for CD may have fluctuating (or transient) positive serum levels
of CD specific antibodies, particularly anti-TG2 and anti-DGP. Therefore, in this group of
individuals (group2) without clinical signs and symptoms duodenal biopsies with the demonstration
of an enteropathy should always be part of the CD diagnosis. If initial testing was performed with a
rapid CD antibody detection kit, a positive test result should always be confirmed by a laboratory
based quantitative test. Negative rapid test results in asymptomatic individuals should also be
confirmed by a quantitative test whenever the test has been carried out by lay people or untrained
medical staff and /or reliability of the test or circumstances of testing (i.e. sufficient gluten intake,
concomitant medication, IgA-status) is unknown or questionable.

To avoid unnecessary biopsies in individuals with low CD specific antibody levels i.e. less than 3
times upper limit of normal (<3xULN) it is recommended to perform the more specific test for
EMA. If the EMA test is positive the child should be referred for duodenal biopsies. If EMA test is
negative repeated serological testing on a normal gluten-containing diet in 3 – 6 monthly intervals
are recommended.
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Follow up and challenge procedures
If the diagnosis of CD was made according to the diagnostic criteria mentioned above, the family
should receive professional dietary counseling for a GFD. The patients should be followed up on a
regular basis for symptomatic improvement as well as normalization of CD specific antibody tests.
The time until the antibody titers fall below the cut-off for normal depends on the initial level, but
in general this should be achieved within 12 months after starting the GFD.

In patients fulfilling the diagnostic criteria for CD it is unnecessary to perform small bowel biopsies
on a GFD. However, in these unclear symptomatic cases in whom there is no clinical response to
the GFD further investigations are required after a careful dietary assessment to exclude lack of
adherence to a GFD. They may include further biopsies.

Gluten challenge is not considered necessary except under unusual circumstances. These include
situations when there is doubt about the initial diagnosis. Gluten challenge should be preceded by
HLA typing and assessment of mucosal histology and should always be performed under medical
supervision preferably by a paediatric gastroenterologist. Gluten challenge should be discouraged
before the age of 5 years and during the pubertal growth spurt, unless the child is HLA-DQ2 and
DQ8 negative or has been placed on a GFD without proper testing. The daily gluten intake during
gluten challenge should contain at least the normal amount of gluten intake for children (around
15g/day). IgA anti-TG2 antibody (IgG in the case of low levels of serum IgA) should be measured
during the challenge period. A patient should be considered relapsed (and hence the diagnosis of
CD confirmed) if CD specific antibodies become positive and a clinical and/or histological relapse
is observed. In the absence of positive antibodies or symptoms the challenge should be considered
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over after two years. However, further biopsies on a normal diet. are recommended as delayed
relapse may occur later in life.

2. Introduction and structure
ESPGHAN guidelines for the diagnosis of CD were last published in 1990 (1) and at that time
represented a significant improvement in both the diagnosis, as well as the management of CD.
Since then the understanding of the pathological processes of CD has increased enormously leading
to a change in the clinical paradigm of CD from a chronic, gluten-dependent enteropathy of
childhood to a systemic disease with chronic immune features affecting different organ systems, CD
may occur at any age (2) but in this context we shall focus on childhood and adolescence.

The disease etiology is multifactorial with very strong genetic influence as documented in twin
studies (3) and in studies showing a strong dependence on HLA-DQ2 and –DQ8 haplotypes (4). A
major step forward in the understanding of the pathogenesis of CD was the demonstration in CD
patients of gluten-reactive small bowel T cells that specifically recognize gliadin peptides in the
context of HLA-DQ2 and –DQ8(5). Furthermore, the discovery of tissue transglutaminase (TG2) as
the major autoantigen in CD led to recognition of the autoimmune nature of the disease (6). TG2
occurs abundantly in the gut and functions as to deamidate proteins and peptides including gliadin
or gliadin fragments leading to increased T cell reactivity in CD patients (7). This increased
knowledge of CD pathogenesis has led to the further development of diagnostic serological tests
based on antibody determination against gliadin and TG2-rich endomysium and later TG2.
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Tests using deamidated gliadin peptides (DGP) as substrate may be of significant value in CD
diagnostic testing (8). Antibodies against TG2, endomysium (EMA) and DGP are hence referred to
as CD specific antibodies whereas antibodies against native (non-deamidated) gliadin are largely
non-specific. Small bowel biopsies have so far been considered as the reference standard for the
diagnosis of CD. However, during the last decades evidence has accumulated on the diagnostic
value of specific CD antibodies, and HLA typing has increasingly been used for diagnostic
purposes. At the same time, the leading role of histology for the diagnosis of CD has been
questioned for several reasons: histological findings are not specific for CD, lesions may be patchy
and can occur in the duodenal bulb only, interpretation depends on preparation of the tissue and is
prone to a high interobserver variability(9). The diagnosis of CD may then depend not only on the
results of small bowel biopsies, but also on information from clinical and family data, and on
results from specific CD antibody testing and HLA typing.

The USA National Institute of Health (NIH) and the Agency for Healthcare Research and Quality
(AHRQ) published in 2004 a comprehensive evidence-based analysis of the diagnosis and
management of CD (10) which was followed by specific clinical guidelines for children by the
North American Association for Paediatric Gastroenterology Hepatology and Nutrition
(NASPGHAN) (11) Recently the National Institute for Health and Clinical Evidence UK ( NICE)
published guidelines for the diagnosis and management of CD in general practice (2008). However,
these guidelines did not challenge the central and exclusive position of the result of small bowel
biopsies as the reference standard for the diagnosis of CD. A working group within ESPGHAN was
established with the aim to formulate new evidence-based guidelines for the diagnosis of CD in
children and adolescents. During the work it became apparent that a new definition of CD was
necessary, and such a definition is presented in this report. A major goal in the guidelines has been
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to answer the question whether duodenal biopsies with presumed characteristic histological changes
compatible with CD could be omitted in some clinical circumstances to diagnose CD. In addition
these guidelines present diagnostic algorithms for the clinical diagnosis of childhood CD.

3. Methods
Working group
An ESPGHAN working group was established in 2007 with the purpose to establish evidence based
guidelines for the diagnosis of CD in children and adolescents. The members of the group were
ESPGHAN members with a scientific and clinical interest in CD, including pathology and
laboratory antibody determinations, and with a broad representation from European countries. A
representative of the Association of European Coeliac patients Societies (AOECS) was a member of
the working group. Two epidemiologists also participated in the working group.

Systematic searches
It was decided to use an evidence-based approach to select diagnostic questions, followed by search
and evaluation of the scientific literature to answer these questions. The guidelines were based on
the available evidence analyses including the AHRQ report from 2004 (10). The search profile of
the AHRQ report with regard to specific CD antibodies was used as a template for a new literature
search. At first a literature search was made from January 2004 up to August 2008 supplemented by
a second search from September 2008 up to September 2009. The papers found were assessed by
epidemiologists and evidence medicine experts from the Centre for Health Technology Assessment
at the University of Bremen, Germany (www.hta.uni-bremen.de).

Evidence report
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A key question was whether determination of specific CD antibodies had sufficient accuracy to
permit avoidance of small bowel biopsies to diagnose CD in all or in selected cases. The scientific
evidence for this question was specifically sought and antibody analysis was the subject of a full
evidence report (see Giersiepen et al. 2010).

Grades of evidence
Grading of evidence was sought with levels of evidence (LOE) based on the GRADE system
(GRADE 2004) as a simplified version (12).

Strength of recommendation
Evidence reviews/draft statements were formulated by the members of the working group and
formed the basis for statements and recommendations with a grading of the evidence. The
recommendations were based on the degree of evidence and when there was not evidence available
on the consensus of experts from the working group. The strength of recommendation was chosen
to be given with arrows as strong (↑↑) or moderate (↑) as explained in Schünemann et al (13).

Voting
To achieve agreement in a range of clinical and diagnostic statements and in recommendations
within the areas “who to test”, “specific CD antibodies”, “HLA” and “small bowel biopsies”, a
modified Delphi process was used (Lomaz 1991; GRADE 2004). A voting discussion and repeated
anonymous voting on the statements and recommendations was done based on an online platform
portal (Leitlinienentwicklung, Charité Hospital, Berlin, Germany) at www. leitlinienentwicklung.de
in order to obtain consensus. Four working group members did not participate in the final voting
including the member from the patient organisation and the two epidemiologists.
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Funding sources
The production of the guidelines was funded by ESPGHAN with contributions from the Coeliac
Patients Associations within the AOECS from Germany, Great Britain, Italy, Denmark and the
national paediatric gastroenterology societies in Germany and Spain.

4. Definition and classification of CD
The working group decided to define CD as follows: CD is an immune-mediated systemic disorder
elicited by gluten and related prolamines in genetically susceptible individuals, characterised by the
presence of a variable combination of gluten dependent clinical manifestations, CD specific
antibodies, HLA-DQ2 and DQ8 haplotypes and enteropathy.
Several classifications of CD have been used in the past, most importantly with the distinction
between classical, atypical, asymptomatic, latent and potential CD. As atypical symptoms may be
considerably more common than classic symptoms the ESPGHAN working group decided to use
the following nomenclature:
Gastrointestinal symptoms and signs e.g. chronic diarrhea,
Extra-intestinal symptoms and signs e.g. anaemia, neuropathy, decreased bone density and
increased risk of fractures.
An extensive list of symptoms and signs of CD in children and adolescents is shown (Table 1).
Silent CD is defined as the presence of positive CD specific antibodies, HLA and small bowel
biopsy findings compatible with CD, but without sufficient symptoms and signs to warrant clinical
suspicion of CD.
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Latent CD is defined by the presence of compatible HLA, but without enteropathy in a patient who
has had a gluten-dependent enteropathy at some other time of her/his life. The patient may or may
not have symptoms and may or may not have CD specific antibodies
Potential CD is defined by the presence of specific CD antibodies and compatible HLA, but without
histological abnormalities in duodenal biopsies. The patient may or may not have symptoms and
signs and may or may not develop a gluten-dependent enteropathy at a later time.

5

Who to test

5.1 Evidence background
CD may be difficult to recognize because of the variation in presentation and intensity of symptoms
and signs, and many cases may actually occur without symptoms. It has been estimated that only
1:3 to 1:7 adult CD patients are symptomatic (14). The object of this section is to list the symptoms
and the concurrent conditions, which raise sufficient suspicion of CD to warrant further
investigations, the so called CD case-finding.

CD develops only after the introduction of gluten-containing foods into the child’s diet. The clinical
symptoms of CD may appear in infancy, childhood, adolescence or adulthood. A gluten free diet
(GFD) in CD patients improves or eliminates symptoms, and normalizes the specific CD antibodies
and histological findings. Therefore, a normal gluten containing diet with normal quantities of
bread, pasta and other gluten-containing foods should be consumed until the end of the diagnostic
process. This should be particularly emphasised to families consuming a low gluten containing diet
because of family members diagnosed with CD. When the diagnosis of CD is suspected in subjects
who are already on a GFD, it is essential that they are put on a gluten containing diet before
initiating the diagnostic process. The length of time of gluten exposure depends on the duration of
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the GFD. There is no evidence in the literature to suggest the precise amount of gluten that needs to
be ingested in order to elicit a measurable serological and/or intestinal mucosal response (15).
Patients without a conclusive diagnosis of CD, who are already on a GFD and do not want to reintroduce gluten into the diet, have to be informed of the consequences of their decision.

Finally, a GFD is currently the only lasting treatment for CD. Adherence to a GFD in children
results in remission of the intestinal lesions and promotes better growth and bone mineral density
(16). It is the task of health care professionals to monitor and advise patients about adhering to a
GFD since compliance with a GFD is variable and may be as low as 40% (17).

5.2

Evidence review

Evaluation of the evidence for clinical symptoms of CD has been performed in the AHRQ report
from 2004 for two selected signs, anemia and low bone mineral density (10) and included in the
NASPGHAN guidelines (11). In the NICE guidelines of 2009 data were compiled for a series of
symptoms and signs. This section is based on these analyses, and supplemented with recent
literature.

Symptoms and signs
Gastrointestinal symptoms are frequent in clinically diagnosed childhood CD, including diarrhoea
in about 50 % of patients , (15, 16, 18) as well as chronic constipation (17). It is unclear if chronic
abdominal pain may be indicative of CD, as recurrent abdominal pain is so common in childhood.
However, abdominal pain has been reported as a presenting symptom in 90 % of Canadian children
with CD (17). A shift from gastrointestinal symptoms to extra-intestinal symptoms seems to have
occurred in children with CD (15, 16, 19) It is unclear whether this finding reflects a true clinical

20

Copyright © ESPGHAN and NASPGHAN. All rights reserved.

variation or improved recognition of non-gastrointestinal forms of CD because of increased
awareness of the disease. There is good evidence that failure-to-thrive and stunted growth may be
caused by CD. The risk of CD in isolated stunted growth or short stature has been calculated as 1040 % (20). In some populations CD is diagnosed in approximately 15 % of children with iron
deficiency anaemia (21).

Associated conditions
There is good evidence of an increased prevalence of CD in first-degree relatives of patients with
CD, patients with autoimmune diseases such as type 1 diabetes mellitus (T1DM) and autoimmune
thyroid disease (22), in some chromosomal aberration disorders and in selective IgA deficiency
(Table 2). The prevalence of CD in T1DM has been extensively investigated and is 3-12 %. The
AHRQ report and the corresponding paper included 21 studies on T1DM with biopsy-proven CD,
each with 50 or more participants (10). Two additional papers have appeared on children with
T1DM: one reported 12% with CD (23) and one longitudinal study that reported 7% (24). Also CD
occurs more frequently than expected by chance in children with Turner (25) or Down’s syndrome.
A 10-20 fold increase of CD prevalence has been reported in subjects with selective IgA deficiency
(26). A number of conditions, e.g. epilepsy, have been suspected to be associated with CD, but the
prevalences of 0.5-1 % do not seem to differ significantly from the respective background
populations. Such conditions have been omitted from Table 2, which is modified from the NICE
guideline.

5.3

Evidence statements

5.3.1.
Patients with CD may present with a wide range of symptoms and signs or be
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asymptomatic. Symptoms in CD are adapted from the NICE guidelines, *denotes added to the list
from the NICE guidelines, + denotes a particularly common symptom.
a) Gastrointestinal: Chronic diarrhea+ , chronic constipation, abdominal pain+, nausea
vomiting, distended abdomen+*
b) Extra-intestinal: Failure-to-thrive+*, stunted growth+, delayed puberty, chronic anaemia+,
decreased bone mineralisation (osteopenia/osteoporosis)+,dental enamel defects, irritability, chronic
fatigue, neuropathy, arthritis/arthralgia,amenorrhea, increased levels of liver enzymes+
LOE: 2.
References: (15, 16, 19, 26, 27)
Total number of votes: 13; Agree: 13, Disagree: 0, Abstensions: 0

5.3.2
The following signs or diagnoses may be present when CD is diagnosed (*data from adults):
short stature, amenorrhoea, recurrent aphthous stomatitis (mouth ulcers) *, dental enamel defects,
dermatitis herpetiformis, osteopenia/osteoporosis, abnormal liver biochemistry. LOE: 2
References: (16, 28)
Total number of votes: 13; Agree: 13, Disagree: 0, Abstensions: 0

5.3.3.
CD has an increased prevalence in children and adolescents with: first degree relatives with CD
(10-20%), T1DM (2–12%), Down’s syndrome (5–12%), autoimmune thyroid disease (up to 7%),
Turner syndrome (2–5%),Williams’ syndrome (up to 9 %), IgA deficiency (2–8%) and
autoimmune liver disease (12–13%).
LOE: 1.
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References: see Table 1
Total number of votes: 13, Agree 13, Disagree: 0, Abstentions: 0

5.4

Recommendations

5.4.1. (↑↑) Offer testing for CD to children and adolescents with the following otherwise
unexplained symptoms and signs:
Chronic abdominal pain, cramping or distension, chronic or intermittent diarrhoea,growth
failure,iron-deficiency anaemia, nausea or vomiting, chronic constipation not responding to usual
treatment,weight loss and chronic fatigue. Short stature,delayed puberty, ameorrhoea, recurrent
aphthous stomatitis (mouth ulcers),dermatitis herpetiformis-type rash, repetitive
fractures/osteopenia/osteoporosis, unexplained abnormal liver biochemistry.

Total number of votes: 13, Agree: 12, Disagree: 1, Abstentions: 0

5.4.2. (↑↑) Offer testing for CD in children and adolescents with the following conditions:
T1DM, Down’s syndrome, autoimmune thyroid disease,Turner syndrome, Williams’ syndrome,
IgA deficiency, autoimmune liver disease and 1st degree relatives with CD.
Total number of votes: 13, Agree: 11, Disagree: 2, Abstentions: 0

5.4.3. (↑↑) To avoid false-negative results, infants, children and adolescents should be tested for CD
only when they are consuming a gluten containing diet. Paediatricians and gastroenterologists
should always ask before testing if the patients are consuming gluten or not..
Total number of votes: 13, Agree: 13, Disagree: 0, Abstention: 0
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5.4.4.(↑↑) In infants, CD antibodies should only be measured after the introduction of glutencontaining foods as complementary to the infant’s diet .
Total number of votes: 13, Agree: 13, Disagree: 0, Abstention: 0

5.4.5. A GFD should be introduced only after the completion of the diagnostic process when a
diagnosis of CD has been conclusively made. Health care professionals should be advised that
putting patients on a GFD, when CD has not been excluded or confirmed, may be detrimental: GFD
is a life-long treatment, and consuming gluten later can result in significant illness.
Total number of votes: 13, Agree: 13, Disagree: 0, Abstention: 0

6

HLA aspects
6.2

Evidence Background

The principal determinants of genetic susceptibility for CD are the major histocompatibility class II
human leukocyte antigen (HLA) class II DQA and DQB genes coded by the major
histocompatibility region in the short arm of chromosome 6. More than 95% of CD patients share
the HLA-DQ2 heterodimer, either in the cis (encoded by HLA-DR3-DQA1*0501-DQB1*0201) or
in the trans configuration (encoded by HLA-DR11-DQA1*0505 DQB1 0301 / DR7- DQA1*0201
DQB1 0202) and most of the remainder have the HLA-DQ8 (encoded by DQA1*0301DQB1*0302). However, CD is a multigenetic disorder, which means that the expression of these
HLA-DQ2 or HLA-DQ8 molecules is necessary but not sufficient to cause disease, since
approximately 30% to 40% of the Caucasian population holds the HLA-DQ2 haplotype and only
1% develops CD. Outside the HLA region there are several genomic areas related to CD,
controlling immune responses, among others the genes encoding for CTLA4, IL2 , IL21, CCR3,
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IL12A, IL18RAP, RGS1, SH2B3 and TAGAP (29-31) . However, their contribution to the genetics
of CD is relatively small in comparison to HLA-DQ2 and –DQ8. The strong relationship between
HLA genetic factors and CD is illustrated by the impact of the HLA-DQ2 gene dose on the chance
of disease development: HLA-DQ2 homozygous individuals have an at least five times higher risk
of disease development compared to HLA-DQ2 heterozygous individuals (32).

Table 3 presents the sensitivity of HLA-DQ2 and –DQ8 for CD as assessed by the Dutch EB
guidelines for CD and dermatitis herpetiformis. Most of the studies included control groups without
results of small bowel biopsies and were not primary designed to assess the use of HLA typing in
the diagnosis of CD. However, these studies reflect clearly the frequency of HLA-DQ2 and -DQ8 in
patients with CD. Table 4 presents the results of the studies included in the AHRQ report for the
diagnosis of CD from 2004 (10) and a number of studies published after October 2003. All the
studies included more than 10 CD patients. The results of the more recent studies did not change the
conclusions over the sensitivity of HLA-DQ2 and DQ8 as stated by the AHRQ report. The
sensitivity of HLA-DQ2 is quite high (median 91%; p. 25-p75 86.3-94.0%), and if combined with
HLA-DQ8 (at least one of them positive) it is even higher (96.2%; p25-p75 94.6 -99.8%), making
the chance of an individual negative for DQ2 and DQ8 to have CD extremely small. However, the
small percentage of HLA-DQ2/8-negative patients is well documented (33-35).

The specificity of HLA-DQ2 and-DQ8 for CD was assessed by the EB Dutch Guideline in 31
studies, most of them including controls without small bowel biopsy. The specificity of HLA-DQ2
is quite low (median 74 %; p25-p75: 65-80%). The specificity of HLA-DQ8, evaluated in 9 studies
had a median of 80%; (p25-p75: 75–87.5%). The specificity of the combination HLA-DQ2/8 varies
widely in different study populations, from 12% to 68% with a median of 54%. In a recent
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prospective study 43% of the non-CD controls were positive for DQ2 and/or DQ8 (specificity 57%)
(36). In addition to the above mentioned positivity for HLA-DQ2 and/or HLA-DQ8, the
combination of the DQ-complex can provide information on the risk for CD. Individuals, both
HLA-DQ2 heterodimer positive and negative, who are homozygous for only the β-chains of the
HLA-DQ2 complex (DQB1*02), have an increased risk for CD (35, 37). For this reason HLA-DQ
typing should be done by DNA testing for the 4 alleles in the HLA-DQ2 and -DQ8 molecules.
Traditionally HLA typing has been relative expensive, but new techniques e.g. using single tag
nucleotide polymorphisms (SNP) will very probably make HLA typing a relatively cheap test (30).

There is only one prospective study on the implementation of HLA-DQ typing in the diagnosis of
CD (36). The diagnostic value of HLA-typing, CD specific antibodies and small bowel biopsies
were prospectively assessed in 463 adult patients with clinical suspected CD. The study was
included in the present report as MHC antigens are expressed for life. All 16 CD patients (with
villous atrophy and clinical response after GFD) were HLADQ2 or DQ8 positive, but there were no
cases of CD among the 255 HLA-DQ2- and -DQ8-negative patients. Because the chance of an
individual negative for HLA- DQ2 or -DQ8 to have CD is extremely small, the main role of HLADQ typing in the diagnosis of CD is to exclude the disease or to make it very unlikely.

There is some evidence that HLADQ2/DQ8 typing has a role in the case-finding strategy in
individuals who belong to groups at risk for CD. These include a.o. first degree relatives of a
confirmed case (3), and patients with immune-mediated aswell as non-immune conditions known to
be associated with CD (Table 2). A negative result for HLA DQ2/DQ8 renders CD highly unlikely
in these children, and there is no need for subsequent CD antibodies testing of such individuals.
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6.3

Evidence statements

6.2.1
There is a strong genetic predisposition to CD, with the major risk attributed to
the specific genetic markers known as HLA-DQ2 and HLA-DQ8.
(LOE 1)
References (10, 38)
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

6.2.2
The vast majority of CD patients are HLA-DQ2 (full or incomplete heterodimer)
and/or –DQ8 positive.
(LOE 2)
References:
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

6.2.3
Individuals having neither DQ2 nor DQ8 are very unlikely to have CD, since the
sensitivity of HLA-DQ2 is quite high (median 91%), and if combined with HLA-DQ8
(at least one of them positive) it is even higher (96%). The main role of
HLA-DQ typing in the diagnosis of CD is to exclude the disease.
(LOE 2)
References: (33, 39-42)
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0
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6.2.4
HLA-DQ2 and/or DQ8 have a poor specificity for CD (median 54%), indicating
a low positive predictive value for CD.
(LOE 2)
References: (36, 39)
Total number of votes: 13, Agree: 13, Disagree: 0, Abstension: 0

6.2.5
HLA-DQ typing should not be done by serology, but by DNA testing for the 4
alleles in the HLA-DQ2 and -DQ8 molecules. New techniques, e.g. using tag single nucleotide
polymorphisms (SNP), will make HLA typing available at a relatively low cost.
(LOE 2)
References (35, 37, 43)
Total number of votes: 13, Agree: 13, Disagree: 0, Abstension: 0

6.2.6
HLADQ2/DQ8 typing has a role in the case-finding strategy in individuals who
belong to groups at risk for CD. A negative result for HLA DQ2/DQ8 renders CD highly
unlikely in these children, and hence there is no need for subsequent CD
antibodies testing in such individuals.
(LOE 2)
References: (3, 44, 45)
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0
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6.4

Recommendations

6.3.1
(↑↑) It is recommended to offer
HLA-DQ2 and –DQ8 typing in cases with uncertain diagnosis of CD, for example in cases with
negative CD-specific antibodies and mild infiltrative changes in small bowel specimens. Negative
results render CD highly unlikely in these children.
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

6.3..2
(↑↑) In patients with a clinical suspicion of CD, who are HLA-DQ2 and -DQ8 negative,
it is recommended to offer investigations for other causes of the symptoms, i.e. different from CD. .
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

6.3.3
(↑↑) It is recommended to start the screening for CD in groups at risk by HLA-DQ2 and –DQ8
typing if the test is available. These groups include first degree relatives of a confirmed case and
patients with autoimmune and non-autoimmune conditions known to be associated with CD, such
as type 1 diabetes mellitus, Downs’ syndrome and Turner’s syndrome.
Total number of votes: 13, Agree: 12, Disagree: 0, Abstentions: 1

6.3.4
(↑) If CD may be diagnosed without performing small bowel biopsies in children with
strong clinical suspicion of CD and with high specific CD antibodies, it is
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recommended to consider performing HLA-DQ2/DQ8 typing in these children to add
strength to the diagnosis.
Total number of votes: 13, Agree: 12, Disagree: 0, Abstentions: 1

7
7.1

Antibodies
Evidence background

CD is characterised by highly specific autoantibodies directed against the common CD autoantigen
TG2(10, 46) and DGP-antibodies. EMA are directed against extracellular TG2 (47). Except for
DGP antibodies these antibodies are typically of the IgA class. In IgA deficient CD patients the
same type of antibodies in IgG class can be detected (48).

Antibodies against TG2 bind in vivo to the patient’s own TG2 expressed in the small bowel or in
other tissues (e.g. liver, muscles, central nervous system) at sites accessible for the antibodies (47,
49). Dermatitis herpetiformis is defined by the presence of granular IgA deposition in the dermal
papillae of the skin containing antibodies against tissue transglutaminase type 3 (TG3). The
appearance of CD-specific antibodies in the blood or in tissues may precede the development of
structural abnormalities in the small bowel (50, 51).

CD antibodies are not detectable in the blood of all CD patients (10, 52), however, TG2-specific
antibodies may be present in small intestinal or other tissues of seronegative patients (49, 53).
Negative antibody results in blood can also be obtained in subjects with dermatitis herpetifomis,
after reduction of gluten consumption or during and after the use of immunosuppressive drugs (5456).
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7.2

Evidence review

Antibody detection
IgA and IgG class anti-TG2 antibodies can be detected in blood samples of patients by various
immunoassays (Enzyme Linked ImmunoSorbent Assay (ELISA), Radio Immuno Assay (RIA) or
others) using purified or recombinant TG2 antigens or tissue sections/fluids containing TG2. Most
often serum is used, but plasma or whole blood can also be suitable sources (57).
Immunofluorescent tests such as EMA require microscopic evaluation and may be subject to
interobserver variability. Despite these limitations, the specificity of EMA test results is 98-100% in
expert laboratories (10, 10, 52) and this test is currently considered as the reference standard of CDspecific antibody detection. CD antibodies can also be detected by the use of synthetic peptides
corresponding to deamidated gliadin sequences (46, 58).

Antibody values and assay performance
The values for serum anti-TG2 or anti-DGP levels obtained in a particular test depend on the source
(human or animal), quality and exposure of the antigen, calibrators, buffers, measuring methods,
cut-off values and calculation mode of the results, so numerical values obtained with different kits
may substantially differ. Currently, no universally accepted international standards are available
that would allow the expression of antibody amount in absolute immunoglobulin concentrations.
However, the majority of commercial kits use a calibration curve with antibody dilutions that
provide numerical values proportional to antibody concentration in relative (arbitrary) units. This is
the preferred method for clinical evaluation. The antibody tests calculating the results from the %
of absorbance values supply numerical values that correlate with the logarithmic values of antibody
concentrations. Despite of these differences, many commercial anti-TG2 antibody tests have
equally high sensitivity and specificity on the same blood samples (59) . Inter-laboratory variability
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also exists (60). In addition, there may be considerable batch to batch variability within commercial
anti-TG2 assays which needs to be monitored by the use of independent quality control material.

The performance of a particular antibody test in a clinical setting depends on patient characteristics
(age, genetic predisposition, IgA deficiency), pre-test probability, stage of the disease and ingested
amounts of gluten. These factors should be taken into account when interpreting positive and
negative antibody results and establishing the optimal cut-off limits (55, 59, 61). This can be done
by receiver operated characteristics (ROC) curve plotting sensitivity against 1-specificity. Anti-TG2
antibodies can also be detected in saliva. However, sufficient sensitivity and specificity was not
achieved with conventional commercially available immunoassays (62, 63), although the use of
radiobinding assays appeared more favourable in one report (64). There is no reliable method to
detect specific CD antibodies from faecal samples (65).

Anti-TG2 antibody detection can also be done from the blood at the point of contact using rapid test
kits (POC-test) (57, 66, 67), however, only as a semi-quantitative test for circulating antibodies.
Anti-TG2 antibodies detection by POC-test may achieve a high accuracy for CD diagnosis, and the
ESPGHAN evidence report on CD serology (Giersiepen 2010) reported a pooled sensitivity of
96.4% and a pooled specificity of 97.7% . However, IgA-antiTG2 or EMA performed better.
Published studies have so far been based on populations with a very high prevalence of CD, as
60.3% of all patients had biopsy-confirmed CD. Assuming a prevalence of CD in 5% of all
symptomatic children, the positive predictive value would be 68.6 % and the negative predictive
value 99.8% (Giersiepen 2010) . The expertise of the laboratory or of the observers has high impact
on the accuracy of the results in EMA and rapid tests (67).
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Disease prediction
The positivity for anti-TG2 and/or EMA is associated with a high probability for CD in children
and adolescents (10, 52). However, low levels of anti-TG2 have been described in a number of
conditions unrelated to CD, such as other autoimmune diseases, infections, tumours, myocardial
damage, liver disorders and psoriasis (68-70). These antibodies are not associated with the EMA
reaction which explains why EMA has higher reliability for the diagnosis of CD. The ESPGHAN
evidence report on CD serology (Giersiepen 2010) estimates the pooled positive and negative
likelihood ratios of EMA results in the studies performed between 2004 and 2009 as 31.8 (95%
confidence limits 18.6-54.0) and 0.067 (95% confidence limits 0.038-0.12), respectively. Further,
EMA results were more homogeneous than results obtained with other CD antibody tests and had a
very high diagnostic odds ratio of 553.6. Taken together, this data means that the presence of CD is
very likely if the EMA test result is positive (Giersiepen 2010). Remarkably, EMA positivity is also
associated with the later development of villous atrophy in the few reported cases of both adults
with CD (71, 72) and children (50, 73) who initially do not fulfill the histological criteria of CD
because of normal small intestinal architecture.

In the ESPGHAN report on CD antibodies (Giersiepen 2010) the specificity of anti-TG2 antibodies
measured by ELISA was lower than those of EMA testing and varied according to the test kit used
(Giersiepen 2010). It was not possible to obtain pooled performance estimates on sensitivity and
specificity due to the heterogeneity in the evaluated studies, but for 11 out of 15 study populations
the sensitivity reached ≥90% and for 13 out of 15 study populations specificity reached ≥ 90%.
Several studies confirmed that high concentrations of anti-TG2 antibodies in serum predict villous
atrophy better than low or borderline values (55, 74, 75) . These studies suggested that high antiTG2 antibody levels can be defined as those exceeding 10 times the upper limit of normal in
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concentration-dependent antibody tests based on calibration curves. Testing for anti-TG2 antibodies
in serum is the preferred initial approach to find CD. The cut-off for such high values in a number
of different commercial tests is discussed in Appendix II.

Although tests for anti-DGP antibodies performed favourably and much better than antibodies
against native gliadin their performance was inferior compared to anti-TG2 or EMA assays (55, 76)
(Giersiepen 2010). However, their performance in patients not preselected by anti-TG2 or EMA
testing needs to be resolved in prospective studies. In addition their role in the diagnosis in young
children below 2-3 years needs to be further assessed in large prospective studies, especially in a
head-to-head comparison with anti-TG2 or EMA detection (58, 77, 78). Conventional or native
gliadin antibody tests have, in general, low specificity and sensitivity (10)(Giersiepen 2010).
However, there is some evidence that their sensitivity may be higher in children below 2 years of
age in comparison to EMA and anti-TG2 tests (79). Unfortunately the specificity is very low in this
age group and makes anti-gliadin antibody tests not helpful for clinical practice. It is thus advisable
to obtain a small intestinal biopsy sample in young children with severe symptoms suggestive of
CD even when their serology is negative (73, 80). If villous atrophy is found in children negative
for CD specific antibodies a later gluten challenge procedure should always be performed to
confirm CD as a cause of the enteropathy.

IgA deficiency needs to be taken into consideration in a subgroup of children in terms of the choice
of diagnostic tests and the interpretation of the results. It is important to exclude IgA deficiency by
measuring serum total IgA levels. IgA deficient children can be evaluated on the basis of IgG class
tests (26).
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7.3

Statements

7. 3.1
CD is characterised by highly specific autoantibodies directed against the common CD
autoantigen transglutaminase type-2 (TG2, ‘tissue’ transglutaminase) including EMA and
antibodies against deamidated forms of gliadin peptides (DGP).
LOE: 1,
References: (10), Giersiepen 2010
Total number of votes: 13, Agree: 13, disagree: 0, Abstentions: 0

7.3.2
In subjects with normal serum IgA values for age, a positive IgA class EMA
result or a positive IgA class anti-TG2 antibody result is considered to be a
CD relevant antibody positivity. In the case of IgA deficiency, a positive IgG
class EMA result,a positive IgG class anti-TG2 antibody or a positive
IgG class anti-DGP antibody is diagnostically relevant.
LOE: 1,
References: (10), NICE 2009, Giersiepen 2010, (26, 48, 70)

Total number of votes: 13, Agree: 13, disagree: 0, Abstentions: 0

7.3.3
It is not required that IgA competent CD patients are positive in both
IgA and IgG class CD antibody tests. Isolated positivity for IgG class CD
antibodies in a person with normal serum IgA levels does not have the same
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specificity and clinical relevance as the positivity of IgA class antibodies.

LOE: 2,
References: (10), Giersiepen 2010

Total number of votes: 13, Agree: 13, disagree: 0 of 13, Abstentions: 0

7.3.4
The numeric values obtained with different test kits in anti-TG2 or anti-DGP
antibody measurements cannot be directly compared as they may differ in
their measurement principles, calibrators and calculation mode of results.

LOE: 2,
References: (10, 59), Giersiepen 2010
Total number of votes: 13, Agree: 13, disagree: 0, Abstentions: 0

7.3.5
For blood anti-TG2 antibody tests that use calibration curves to express antibody
concentration, values exceeding 10 times the upper limit of the cut-off for normal (ULN) may be
denoted as high antibody positivity. For other tests, values to be considered as high antibody
positivity should be established by comparison with a panel of tests listed in Appendix II.

LOE: 3,
References: (55, 74, 75)
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Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.3.6
EMA testing in experienced hands has the highest specificity and positive likelihood ratio for CD
among currently available serology tools. It is more likely that CD is present if the EMA result is
positive than if another CD antibody result is positive.
LOE: 1,
References: Giersiepen 2010

Total number of votes: 12, Agree: 12, disagree: 0, Abstentions: 1

7.3.7
The specificity and positive predictive value of serum anti-TG2 antibody
measured by other immunoassays than EMA is lower than
those of positive EMA results. Isolated positivity for anti-TG2, especially in the
low positivity range, can occur in conditions unrelated to CD, such
as other autoimmune conditions, infections, tumours, or tissue damage.
LOE: 1,
References: Giersiepen 2010 (62, 68-70, 81, 82)

Total number of votes: 12, Agree: 12, Disagree: 0 of 13, Abstentions: 1

7.3.8
High concentrations of anti-TG2 antibodies in blood (as defined in statement 7.3.5
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predict villous atrophy better than low positive or borderline values.
LOE: 2,
References: (55, 74, 75)

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.3.9:
Rapid anti-TG2 antibody detection at the point of contact can perform with similarly high accuracy
as anti-TG2 antibody detection by laboratory measurements. The evaluation of rapid tests is less
reliable if done by untrained persons or lay people. Quantification as in serum immunoassays is
currently not possible.
LOE: 1,
References: Giersiepen 2010, (67)

Total number of votes: 12, Agree: 12, Disagree: 0, Abstentions: 1

7.3.10
Anti-TG2 antibody or EMA testing from a blood sample has a higher accuracy than antibody
testing against DGP unless special patient characteristics are present (IgA deficiency, age below 2
years).
LOE: 1
References: Giersiepen 2010, (76)

Total number of votes: 13, Agree: 13, disagree: 0, Abstentions: 0
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7.3.11:
Anti-TG2 antibodies are detectable in saliva samples from CD patients, but accuracy of available
diagnostic tests is lower compared to serological tests.
LOE: 3
References:(64)

Total number of votes: 12, Distribution of answers: agree: 12, disagree: 0 of 12, Abstentions: 1

7.3.12
Tests for the detection of IgG or IgA antibodies against native gliadin (conventional gliadin
antibody test) are neither sufficiently sensitive nor sufficiently specific for the detection of CD.
LOE: 1
References: (10), Giersiepen 2010

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.3.13
Tests for the detection of CD antibodies of any isotype (IgG, IgA, secretory IgA) in
fecal samples are unreliable.
LOE: 3
References: Giersiepen 2010, (65)

Total number of votes: 13, Distribution of answers: Agree: 13, Disagree: 0, Abstentions: 0
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7.3.14
The expertise of the laboratory and the selection of the test kit influence the accuracy of CD
antibody tests.
LOE: 2
References: (59, 60)

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.3.15
Demonstration of in vivo-bound anti-TG2 antibodies on the cell surface in
the small bowel or in other tissues supports the diagnosis of CD.
LOE: 2
References: (49, 50, 50, 67, 73)

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4

Recommendations

7.4.1
(↑↑) Every antibody test used for the diagnosis of childhood CD needs to be validated in a
paediatric population of at least 50 children with active CD and 100 control children of different
ages against the reference of EMA positivity detected under standard conditions in an expert
laboratory.
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(↑) Alternatively, a CD test can be validated in children against reference results of histology or
against another anti-TG2 antibody test with similar performance as EMA A test is considered as
reliable if it shows >95% agreement with the reference test.
In both situations it is recommended to seek statistical advice.

Total number of votes: 13, Agree: 12, Disagree: 1, Abstentions: 0

7.4..2
(↑↑) The optimal threshold values for antibody positivity (cut-off value or upper limit
of normal, ULN) of a test should be established. This is done by receiver
operated characteristics (ROC) curves plotting sensitivity against specificity at
different cut-off levels. (↑) In the case of new anti-TG2 antibody measuring tests,
it is also advisable to establish the range of high positivity (in relation to ULN).

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.3:
(↑↑) Laboratories providing CD antibody test results for diagnostic use should
continuously participate in quality control programme at national or European
level.

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.4:
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(↑↑) Anti-TG2 and anti-DGP laboratory test results should be reported as
numeric values together with specification of the immunoglobulin class
measured, the manufacturer, the cut-off value defined for the specific test kit,
and, (if available) the level of ’high’ antibody values. It is not sufficient to state
only positivity or negativity. Information on the source of the antigen (natural,
recombinant, human, non-human) should be provided for in-house methods.

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.5:
(↑↑) Reports on EMA results should contain the specification of the investigated
immunoglobulin class, the interpretation of the result (positive or negative),
the cut-off dilution and the specification of the substrate tissue. It is also useful to
have the information on the highest dilution still positive.

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.6:
(↑) If a rapid or point-of-contact CD antibody test is used by a health care
professional, the type of the device and the class of the investigated antibodies,
as well as testing for IgA deficiency should be recorded.

Total number of votes: 12, Agree: 12, Disagree: 0, Abstentions: 1
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7.4.7.
(↑↑) It is recommended that a diagnostic test for CD specific antibody detection is the first tool to
identify cases with symptoms and signs suggestive of CD for further diagnostic work up (refined
serological testing, HLA typing, small intestinal biopsies and others), or to rule out CD. Patients
should be tested for CD specific antibodies when on a gluten containing diet.

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.8.
(↑↑) For initial testing in symptomatic cases, a quantitative test detecting IgA class anti-TG2 or
EMA from a blood sample is recommended. If total serum IgA is not known, measurement is
recommended.
(↑↑) In subjects with either primary or secondary humoral IgA deficiency, at least one additional
test measuring IgG class CD antibodies (IgG anti-TG2,IgG anti-DGP or IgG EMA, or blended kits
for both IgA and IgG antibodies) is recommended.

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.9
(↑) Rapid CD antibody detection kits meeting the requirements set forth above for CD antibody
testing can be applied for initial testing.
(↑↑) Rapid testing is not meant to replace laboratory testing or to provide a final diagnosis.
Total number of votes: 12, Agree: 10, Disagree: 2, Abstentions: 1
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7.4.10
(↑↑) Tests for the detection of IgG or IgA antibodies against native gliadin (gliadin antibody or
AGA test) should not be used for finding CD.

Total number of votes: 13, Agree: 12, Disagree: 1 of 13, Abstentions: 0

7.4.11
(↑) Tests measuring IgG and/or IgA antibodies against deamidated gliadin peptides may be used as
additional tests in children who are negative for other CD specific antibodies but in whom clinical
symptoms raise a strong suspicion of CD, especially if they are younger than two years of age.

Total number of votes: 13, Agree: 12, Disagree: 1, Abstentions: 0

7.4.12
(↑) The use of tests for the detection of antibodies of any type (IgG, IgA, secretory IgA) in
fecal samples are not recommended for clinical evaluation.

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.13
(↑) It is recommended that measurements of anti-TG2 or anti-DGP antibodies with the purpose of
demonstrating a decrease of antibody levels after dietary restriction are done with the same testing
method as before treatment.
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Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.14
(↑↑) For the interpretation of antibody results, serum total IgA levels, the age of
the patient and the pattern of gluten consumption should be taken into
account.
(↑↑) If gluten exposure was short or gluten had been withdrawn for a
longer period of time (several weeks to years) the negative result is not
reliable.

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.15.
(↑↑) For IgA competent subjects, the conclusions should be drawn primarily from
the results of IgA class antibody tests.
(↑↑) For IgA deficient subjects, the conclusions should be drawn from the results of the IgG class
CD antibody tests.

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.16.
(↑↑) If IgA class CD antibodies are negative in an IgA-competent symptomatic
subject, it is unlikely that CD is causing the symptom . Further testing for CD is not recommended
unless special medical circumstances (age below 2 years, restricted gluten consumption, severe
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symptoms, family predisposition or other predisposing disease, immunosuppressive medications)
are present
.
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.17.
(↑) Children found positive for CD specific antibodies should be evaluated by a
paediatric gastroenterologist to prove or to exclude the presence of CD

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.18.
(↑↑) Skin immunofluorescent study-proven dermatitis herpetiformis can also be regarded
as confirmation of gluten sensitivity.

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

7.4.19.
(↑) If an IgA-competent subject is negative for all IgA class CD antibodies but
has IgG class anti-TG2 or EMA or anti-DGP positivity, decision on further
testing should be made after considering all laboratory and clinical parameters
(including the clarification of a previous reduction of gluten intake.

Total number of votes: 13, Agree: 13, disagree: 0, Abstentions: 0
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8
8.1

Biopsy
Evidence review

Histology
A distinct pattern of histological abnormalities has been observed in CD (83). The features include
partial to total villous atrophy, elongated crypts, decreased villus/crypt ratio, increased mitotic index
in the crypts, increased intraepithelial lymphocyte (IEL) density, increased IEL mitotic index,
infiltration of plasma cells, lymphocytes, mast cells, eosinophils and basophils into the lamina
propria. In addition, absence of an identifiable brush border may be seen as well as abnormalities in
the epithelial cells, which become flattened, cuboidal and pseudostratified. It has become clear that
a whole spectrum of histological signs may be present, ranging from a normal villous architecture to
severe villous atrophy (83). According to the Marsh classification, lesions include infiltrative,
hyperplastic and atrophic patterns. This classification has been modified by Oberhuber (84), and
later by Corazza (85). The pathology report should always include a description of the orientation,
evaluation of villi (normal or degree of atrophy), crypts, villous/crypt ratio, number of IELs. IELs in
numbers more than 25/100 epithelial cells suggest an infiltrative lesion (86). However, these
changes are not pathognomonic of CD and most of them may be seen in other entities, such as
cow’s milk or soy protein hypersensitivity, intractable diarrhea of infancy, heavy infestation with
Giardia lamblia, immunodeficiencies, tropical sprue and bacterial overgrowth. Hence, the changes,
even the most severe, should always be interpreted in the context of the clinical and serological
setting, and considering the gluten content of the diet. Finally, there are subjects, often belonging to
at-risk groups, with infiltrative lesions or even completely normal mucosa, and yet positive CD
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specific antibodies (72, 87, 88). Little information is available on their natural history and on the
need of a GFD in these subjects.

Low-grade enteropathy
In the case of mild histological lesions (no villous atrophy, Marsh 1) the histology has a low
specificity for the diagnosis of CD. In fact, only 10% of subjects presenting infiltrative changes
have CD (83, 89, 90) . Positive antibody levels increase the likelihood of CD. However, sensitivity
of serology is much less under these circumstances (55, 91). Immunohistochemical analysis of
biopsies may improve specificity: high count of γδ cells (or γδ/CD3 ratio) in intestinal mucosae
showing Marsh 1-2 changes increases the chance of CD, but requires frozen, non-fixed biopsies. In
paraffin-embedded biopsies counting villous tip IELs also increases the specificity for CD(92, 93).
The presence of IgA anti-TG2 deposits in the mucosa seems to be specific for CD and to predict the
evolution to more severe histological patterns (53).

How to perform a biopsy
Biopsies can be retrieved by upper endoscopy or by suction capsule (94-98). Although duodenal
biopsies obtained by suction capsule are usually of a better quality, upper endoscopy has several
advantages (shorter procedure time, absence of radiation, multiple biopsies obtained to overcome
the possibility of focal lesions). Furthermore, endoscopy allows other differential diagnoses to be
considered as well as endoscopic patterns suggestive of CD (absence of folds, scalloped folds,
mosaic pattern of the mucosa between the folds), although the reliability of those observations is
limited to cases with total or subtotal villous atrophy (85, 99).
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Analysis of multiple biopsies is important. Patchiness of the lesion has been reported (99-102) , and
in fact recent work suggests that different degrees of severity may be present even in the same
fragment (103). The site where to take a biopsy is still a matter of discussion. In a few patients
lesions may be limited to the duodenal bulb (100, 101)), although this has not been confirmed by
others (103). In conclusion, biopsies should be taken from the second/third portion of the duodenum
(at least four), and at least one from the duodenal bulb.

When should a biopsy be taken after diagnosis
Patients diagnosed with CD do not need a histological re-evaluation on a GFD. Disappearance of
symptoms when present and/or normalisation of CD-associated antibodies are sufficient to support
the diagnosis. If there is no response to GFD a careful dietary assessment should be taken to
exclude lack of compliance and inadvertent exposure to a gluten containing diet. Then further
investigations are required which could include new biopsies.

When and how to perform a gluten challenge
Gluten challenge is not necessary for most cases to diagnose CD but it may be performed in special
circumstances, including situations where there is doubt about the initial diagnosis. Age at diagnosis
of less than two years does not represent a reason for challenge, unless the diagnosis was made in
the absence of positive CD specific antibodies (anti-TG2 antibody and EMA)(104). Gluten
challenge should be discouraged before the age of 5 years and during the pubertal growth spurt.
Once decided, gluten challenge should always be performed under strict medical supervision,
preferably by a paediatric gastroenterologist. It should be preceded by HLA testing if this was not
done before, and an assessment of duodenal histology. Furthermore, the challenge should be
performed assuring that a normal amount of gluten in the diet is ingested. IgA anti-TG2 antibody
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(IgG anti-TG2 in IgA deficiency) should be measured during the challenge period. A patient will be
considered to have relapsed (and hence the diagnosis of CD confirmed) if CD antibodies become
positive, and a clinical and/or histological relapse is observed. In the absence of positive
serology/symptoms the challenge for practical purposes will be considered complete after two
years, although follow up should be continued since relapse may occur at a later timepoint.

8.2 Evidence statements

8.2.1
The histological features of the small intestinal enteropathy in CD have a variable severity. The
spectrum of histological findings ranges from lymphocytic infiltration of the epithelium to villous
atrophy.
LOE: 1
References: (83,84)

Total number of votes: 13, Agree: 13, disagree: 0, Abstentions: 0

8.2.2
Patchiness of the lesions may be present.
LOE: 1
References: (99, 101, 102)

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0
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Statement 8.2.3
Lesions may be present only at the level of the duodenal bulb.
LOE: 2
References: (101, 102)
Total number of votes: 12, Agree: 12, disagree: 0, Abstentions: 1

8.2.4
High IgA anti-TG2 antibody levels are correlated with more severe histological lesions .
LOE: 1
References: (11, 55, 75)
Total number of votes: 13, Agree: 12, Disagree: 0, Abstentions: 1

8.2.5
Milder lesions (Marsh 1) are non-specific as only 10% of subjects presenting
this pattern have proven CD.
LOE: 1
References: (89, 90)
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

8.2.6
In the presence of mild histological lesions a high γδ cell count increases the likelihood for
the diagnosis of CD.
LOE: 2
References: (89, 90)

51

Copyright © ESPGHAN and NASPGHAN. All rights reserved.

Total number of votes: 13, Agree: 12, Disagree: 0, Abstentions: 1

8.2.7
In the presence of mild histological lesions the presence of IgA anti-TG2 deposits in the mucosa
increases the likelihood for the diagnosis of CD.
LOE: 2
References: (74,81)
Total number of votes: 13, Agree: 12, Disagree: 0, Abstentions: 1

8.2

Recommendations

8.3.1
(↑) Histological assessment may be omitted in symptomatic cases (see list in the
section “Who to test”), who have high IgA anti-TG2 levels (10 x above upper
normal limit), verified by EMA positivity, and are HLA DQ2 and/or DQ8
heterodimer positive.

Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

8.3.2
(↑) If all criteria in 8.3.1 were fulfilled and histological assessment was omitted prior to the
start of GFD, follow up should include significant symptomatic improvement as well as
normalization of CD specific antibody tests.
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Total number of votes: 13, Agree: 12, Disagree: 1, Abstentions: 0

8.3.3.
(↑) If anti-TG2 antibodies are positive only in low concentrations and EMA testing is negative, the
diagnosis of CD is less likely. A small intestinal biopsy should be performed so as to clarify
whether CD is present or not.
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

8.3.4.
(↑↑) In seronegative cases with strong clinical suspicion of CD small intestinal biopsies are
recommended.
(↑) If histology shows lesions compatible with CD, HLA-DQ testing should also be performed.
However, an enteropathy other than CD should be considered. In these cases CD needs to be
confirmed by a challenge procedure with repeated biopsies.
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

8.3.5
(↑) In the absence of anti-TG2 /EMA the diagnosis of CD is unlikely. In case of mild lesions (e.g.
Marsh 1) additional supportive evidence (extended serology, HLA, IgA anti-TG2 intestinal
deposits, high IEL γδ count) should be looked for, before establishing the diagnosis of CD.
Total number of votes: 13, Agree: 13, disagree: 0, Abstentions: 0

8.3.6
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(↑) When duodenal biopsies, taken during diagnostic work-up or by chance, disclose a histological
pattern with Marsh 1- Marsh 3 lesions, antibody determinations (anti-TG2 and in children below 2 y
old anti-DGP) and HLA-typing should be performed. In the absence of positive CD antibodies or
compatible HLA-typing other causes of enteropathy (e.g. food allergy, autoimmune enteropathy)
should be considered.
Total number of votes: 13, Agree: 12, Disagree: 1, Abstentions: 0

8.3.7
(↑↑) It is recommended that it is preferable to take biopsies during upper endoscopy.
Total number of votes: 12, Agree: 12, Disagree: 0, Abstentions: 1

8.3.8
(↑) It is recommended that biopsies should be taken from the bulb (at least one) and from the second
or third portion of the duodenum (at least four).
Total number of votes: 12, Agree: 12, Disagree: 0, Abstentions: 1

8.3.9
(↑) It is recommended that the pathology report includes description of the orientation, evaluation of
villi (normal or degree of atrophy), crypts, villous/crypt ratio and number of IELs.
Grading according to Marsh-Oberhuber is recommended.
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

8.3.10
(↑) Patients fulfilling the diagnostic criteria of CD do not need biopsies on a gluten-free
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diet (GFD).
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

8.3.11
(↑) If there is no clinical response to a GFD in symptomatic patients, after a
careful dietary assessment to exclude lack of compliance, further investigations
are recommended. They may include further biopsies.
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

8.3.12
(↑) Gluten challenge is not considered mandatory, except under unusual
circumstances. These include situations where there is doubt about the initial
diagnosis. including patients with no CD specific antibodies before starting a GFD.
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

8.3.13
(↑) If gluten challenge is indicated it should not be recommended before the age of 5-6 years and
during the pubertal growth spurt.
Total number of votes: 13, Agree: 13, disagree: 0, Abstentions: 0

8.3.14
(↑↑) It is recommended that gluten challenge is performed under medical supervision preferably by
a pediatric gastroenterologist.
Total number of votes: 13, Agree: 13, disagree: 0, Abstentions: 0
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8.3.15
(↑) It is recommended to consider HLA typing and assessment of duodenal histology before
gluten challenge is instituted.
Total number of votes: 12. Agree: 12, Disagree: 0, Abstentions: 1

8.3.16
(↑↑) The daily dietary intake during gluten challenge is recommended to contain a normal amount
of gluten (around 15g/day).
Total number of votes: 13, Agree: 13, Disagree: 0, Abstentions: 0

8.3.17
(↑↑) It is recommended that during the challenge period IgA anti-TG2 antibody (IgG in the case of
IgA deficiency) is measured. A patient should be considered relapsed (and hence the diagnosis of
CD confirmed) if CD serology becomes positive and a clinical and/or histological relapse observed.
In the absence of positive antibodies/symptoms the challenge should be considered over after two
years and biopsies performed. Follow up should be continued since relapse may occur after more
than two years.
Total number of votes: 13, Agree: 11, Disagree: 2, Abstentions: 0
Algorithms

Two algorithms have been developed based on the evidence based statements and
recommendations. The first algorithm can be applied to children and adolescents with otherwise
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unexplained signs and symptoms suggestive of CD. In this patient group the algorithm gives the
option to omit duodenal biopsies and histology, but only if certain conditions are fulfilled.
The second algorithm should be applied to children and adolescents with no signs or symptoms
suggestive of CD, who are investigated due to their increased risk for the disease (1st degree
relatives of CD patients or other chronic, immune-mediated or chromosomal diseases listed in Table
2). In such persons the clinical workup should look for previously undetected disease signs, like
iron-deficiency anaemia or elevated liver enzymes, and when these are present, the symptomatic
algorithm applies.
It needs to be emphasized that algorithms may not fit 100% of cases and may always allow
exceptions. However, the two algorithms should fit at least 95 % of children and adolescents under
consideration.
These guidelines were not aiming to prepare algorithms for mass screening or for other non-clinical
situations resulting from accidentally detected CD antibody positivity.
Algorithm 1: Child or adolescent with otherwise unexplained symptoms and signs suggestive
of CD (Fig. 1)
The initial approach to symptomatic patients is to test for anti-TG2 IgA antibodies and in addition
for total IgA in serum to exclude IgA deficiency. As an alternative for total IgA in serum direct
testing for IgG anti-DGP antibodies can be performed. The decision to start with IgA anti-TG2 in
this population is based on the high sensitivity and specificity of the test, the widespread availability
and low costs compared to anti-EMA IgA antibodies. It is not cost effective to add additional CD
specific tests to the initial diagnostic work up in symptomatic patients.
If IgA anti-TG2 antibodies are negative and serum total IgA is normal for age (or IgG anti-DGP antibodies are negative) CD is very unlikely to be the cause of the symptoms. However, certain
conditions which are known to give false negative anti-TG2 results need to be considered. These
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include a diet low in gluten, protein-losing enteropathy, intake of immunosuppressive drugs and
young patients below 2 years of age. In the young children, extended tests for both IgA and IgG CD
specific antibodies should be performed after consideration of cow’s milk protein allergy with a
trial of cow’s milk free diet. If symptoms are severe duodenal biopsies may be warranted.
If anti-TG2 antibody testing is positive the patients should be referred to a paediatric
gastroenterologist for further diagnostic work up, which depends on the serum antibody levels.
Patients with positive anti-TG2 antibody levels lower than 10 times the ULN given by the
manufacturer of this particular test should undergo upper endoscopy with multiple biopsies.
In patients with positive anti-TG2 antibody levels at or higher than 10 times the ULN the paediatric
gastroenterologist should discuss with the parents and the patient (as appropriate for age) the option
of omitting the biopsies and the implications. If the parents (patient) accept this option blood should
be drawn for HLA and EMA testing. It is important that EMA testing is performed from a different
blood sample than anti-TG2 testing to exclude false positive results due to mislabelling of the
previous sample or other mistakes in processing and reporting. Since EMA testing depends on the
quality and experience of the laboratory the clinician needs to collaborate with a laboratory with
documented experience and high standards in immunohistochemistry. If the patient is positive for
EMA antibodies and positive for DQ2 or DQ8 HLA testing the diagnosis of CD is confirmed. A
gluten free diet is started and the patient is followed for improvement of symptoms and decline of
antibodies. A later gluten challenge in these children is not required.
In the rare case of negative results for HLA and/or anti-EMA in a child with TG2 antibody titres
≥10x ULN the different possibilities for false positive and false negative test results need to be
considered. In these circumstances the diagnostic work up should be extended including repeated
testing and duodenal biopsies.
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A small number of cases remain unclear even after extended evaluation of antibodies and histology
specimens. They may need a longer follow up and demonstration of gluten-dependency of the
symptoms/ other findings on a case by case basis.
There may be some deviation from this stepwise procedure in anti-TG2 positive children with
classical symptoms (failure to thrive, diarrhoea, distended abdomen, and anaemia), who are in such
a poor clinical condition that postponing a GFD and awaiting the results of HLA and EMA testing
may put the child at further risk. Under these circumstances the paediatric gastroenterologist at
his/her discretion may start the child on a GFD while awaiting the test results of anti-EMA and
HLA testing. This exception is justified considering the risk to benefit ratio: general anaesthesia
bears a higher risk in these children and the likelihood for CD is very high in a child with anti TG2
titers ≥10 time ULN. However, in the unexpected case of negative results for HLA or anti-EMA the
diagnostic work up should be extended to include duodenal biopsies and a later gluten challenge.

Algorithm 2: Child or adolescent without symptoms suggestive of CD who belongs to a high
risk group (Fig. 2)
In totally asymptomatic persons belonging to groups with a high risk for CD (defined by their own
or the family history, see Table 2) CD should always be diagnosed using duodenal biopsies. A
different algorithm than above is recommended as persons belonging to this population more often
have false positive anti-TG2 results (61). Considering that CD is a lifelong disorder with the need
for adherence to a restrictive and demanding diet, the working group had the opinion that in
asymptomatic persons histological proof is needed to accept the diagnosis.
In this group HLA testing as the first is probably cost effective because a significant proportion of
the patients can be excluded from further follow up studies because they not harbour DQ2 or DQ8
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(44). However, if HLA testing is not feasible the screening procedure may start with CD specific
antibody testing.
In persons with DQ2 or DQ8 positivity or without HLA testing IgA anti-TG2and serum total IgA
determination should be performed. If IgA anti-TG2 is negative and IgA deficiency is excluded CD
is very unlikely. However the disease may still develop later in life. Therefore serological testing
should be repeated at regular intervals. There are not data to support any firm recommendations, but
it was the opinion of the working group members that a child should be investigated by serology
every 2 – 3 years in order to avoid detrimental effects of unrecognized CD on growth and bone
health.
If anti-TG2 antibodies are positive, signs related to CD should be searched for (anaemia, elevated
liver enzymes) and it should be decided whether the patient qualifies for the symptomatic algorithm
1. If such signs are absent, and anti-TG2 concentration is >3 times ULN the patient should be
referred to a paediatric gastroenterologist for endoscopy with multiple duodenal biopsies (at least 4
from the descending part of the duodenum and at least on from the duodenal bulb).
If anti-TG2 levels are positive but low, that is less than 3 times ULN a false positive result is
possible. In the absence of any signs or symptoms the person may be followed on a normal gluten
containing diet and serological testing should be repeated. In these cases anti-EMA testing may help
to distinguish between false and correct positive low anti-TG2 titers. If EMA is positive the
likelihood for CD increases due to the high specificity of EMA. In this situation the patient should
be referred for endoscopy in spite of low anti-TG2 titres. If EMA are negative the child should be
followed on a normal diet and anti-TG2 testing should be repeated every 3 – 6 months until the
antibody levels either turn negative or the levels increase to levels where endoscopy is indicated.
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If a seropositive asymptomatic at risk person does not have a conclusive evidence for CD after the
extended evaluation of biopsies it is advised to follow such a person on a normal gluten containing
diet and re-evaluate them at regular intervals.
Conclusions and future directions
The main conclusions of these guidelines are that the diagnosis of CD depends on gluten-dependent
symptoms, CD specific antibody levels, the presence of HLA DQ2 and/or DQ8 and characteristic
histological changes (villous atrophy and crypt hyperplasia) in the duodenal biopsy. High TG2antibody levels (≥ULN x 10 for a standard curve-based calculation) as measured by a qualified
laboratory show high diagnostic accuracies. In the presence of high antibody levels the diagnosis of
CD may be based on a combination of symptoms, antibodies and HLA thus omitting the duodenal
biopsy. The diagnosis is confirmed by an antibody decline and preferably a clinical response to a
GFD. Gluten challenge and repetitive biopsies will only be necessary in selected cases where
diagnostic uncertainty remains.
These guidelines will replace the existing ESPGHAN guideline, but need a period of
implementation and testing. It will be important in the future to be precise in the clinical evaluation
of patients and to perform prospective research studies. Likewise, it will be important for
laboratories performing analysis of CD antibodies and HLA determinations to develop
methodologies and continuously participate in quality control programs. In the future new
diagnostic tools, e.g. a new serological test, may be evaluated in CD symptomatic patients and
controls that are defined and classified by all four diagnostic criteria (symptoms/signs, antibodies,
HLA and histology). In particular the POC-tests have at present not been sufficiently validated to
include in a diagnostic algorithm.
Based on the current evidence symptoms, CD-specific antibodies, HLA and biopsy findings all
contribute to the CD diagnosis. However, a wide spectrum of findings is present within each item
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from very suggestive to contradictory. For example a malabsorption syndrome is more convincing
than alopecia or being a person belonging to a risk group. Likewise, histological lesions with severe
villous atrophy (Marsh 3b and 3c) are more convincing than Marsh1 lesions. In the hierarchy of
antibodies EMA has the highest impact, whereas negativity for all antibodies on an unrestricted diet
or absence of both HLA-DQ2 and DQ8 strongly contradict the presence of CD. Nonetheless, a nonconventional HLA-DQ type cannot totally exclude CD and typical gluten-responsive lesions can be
present even in the absence of CD antibodies in serum. A scoring system (Appendix I) may be
applied so a stronger finding in one item may compensate for a missing abnormality in the other
and the sum could be taken into account. The main functions of a scoring approach are to help
interpret the spectrum of diagnostic findings and to protect against over-diagnosis in insufficiently
documented or borderline cases. In addition, the scoring system may provide further diagnostic
reassurance in typical cases where genetic testing or immunohistochemistry are not available. Such
scoring systems need to be formally evaluated in prospective clinical studies before they can be
recommended in regular clinical use. They do not alter the current recommendations.
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Figure legends

Fig. 1
Symptomatic patient

Fig. 2 Asymptomatic patient

Appendix II. Figure
A plot of kit-specific values against the values obtained by Phadia’s Varelisa assay. *Dotted line
denotes logarithmic assays not using calibrator curves (in 2009).

Appendix I
A simple scoring system for the diagnosis of coeliac disease (CD)
Aims:
1. to positively diagnose coeliac disease at the initial assessment and be able to accept a
diagnosis made in the past with biopsy
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2. to simplify the diagnosis of CD in cases with very obvious findings
3. to protect against overdiagnosis when only nonspecific findings are present

The scoring takes into account 4 items: symptoms, antibodies, HLA and biopsy findings, each
contributing once. To make the diagnosis a sum of 4 points is required.
A/ Symptoms
points


Malabsorption syndrome



Other CD-relevant symptom OR having type-1 diabetes mellitus



2

OR being a first degree family member

1

Asymptomatic

0

B/ Serum antibodies*


EMA positivity and/or high positivity (>10 ULN) for anti-TG2



Low positivity for anti-TG2 antibodies or isolated anti-DGP positivity

1



Serology was not performed

0



Serology performed but all* coeliac-specific antibodies negative

-1

2

*Refers in IgA deficiency to IgG class EMA, TG2 and DGP antibodies
C/ HLA


Full HLA-DQ2 (in cis or trans) or DQ8 heterodimers present

1



No HLA performed OR half DQ2 (only HLA-DQB1*0202) present

0



HLA neither DQ2 nor DQ8

-1

D/ Histology


Marsh IIIb or IIIc (subtotal villous atrophy, flat lesion)



Marsh II or IIIa (moderately decreased villus height/crypt depth ratio)

2
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OR Marsh 0-I plus intestinal TG2 antibodies


1

Marsh 0-I OR no biopsy performed

0

Comments and explanations for use:
Biopsy items were graded by taking into account Villanacci’s scoring (85) and the clinical utility of
the results. We assumed that Marsh 0 or Marsh I results without any further information could be
non-specific. In contrast, demonstration of antibodies bound to tissue TG2 in the small bowel adds
information to the diagnosis (when available). It is possible to diagnose CD as previously even
WITHOUT this possibility.It is not necessary to have EMA testing facility, but it is a clear
advantage. Some findings which make CD very inprobable are resulting in negative scoring points.
The sum of 4 points may be collected from findings registered at different time points during follow
up if they can be assumed as gluten-dependent. E.g. an infant with villous atrophy before the
introduction of gluten and normal biopsy at the age of 6 years while on a normal diet eating gluten
will obtain 0 for biopsy.
Appendix II

Comparison of high serum anti-TG2 levels obtained by different commercial tests.
Data kindly provided by the United Kingdom National External Quality Assessment Service
for Immunology and Immunochemistry (UKNEQAS, Sheffield, UK)
Several research studies have shown that presence of small intestinal villous atrophy can be
predicted if the levels of circulating anti-TG2 antibodies are high (55, 74, 75, 105). Currently, TG2specific antibodies only can be measured in relative units, so numerical values for such ’high’
values are kit-specific and show considerable variations. In addition, the calculation of results
(number and value of calibrators) also differs.
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There are two main ways to calculate serum antibody results: the majority of currently available
commercial anti-TG2 tests calculates test results by comparison to a dilution curve prepared from
the serial dilutions of a positive sample which correspond to fixed concentrations (standard curve).
Such values are proportional to the serum concentration of antibodies. A few tests use a more
simple calculation, that is dividing the specific test signal (absorbance after subtracting the
background) by the signal obtained with an internal, kit-specific positive sample. These values are
logarithmic; in consequence, numeric values are higher than those by standard curve calculations
for samples with values below the positive control but lower for samples exceeding the positive
calibrator. In other words, the dynamic range of a logarithmic test is more narrow than that of a
standard curve-based immunoassay. It is therefore essential to make comparisons between different
coeliac antibody test results using the same positive samples. This issue has not yet been
sufficiently investigated in academic studies. UKNEQAS provides an external quality control
service across Europe and distributes 6 serum samples each year which are then measured by a
large number of clinical laboratories, each using his own kit or method. In this way, large pools of
results are continuously generated by t anti-TG2 kits which represent current clinical testing
practices and can steadily be updated. With the help of UKNEQAS, we analysed the returns for
three positive samples with different antibody positivity levels distributed in 2009. Assays were
included if they had been applied by at least 5 different laboratories (on average 22, range 5-108).
The table shows values for three representative samples (I-III) that yielded 13.6, 18 and 30.1 U/l
median values with Phadia’s Varelisa [Celikey] assay which had been used in thepapers of Hill
(75) and Dahlbom (55). These authors found that serum antibody results exceeding 10 times the
upper limit of normal (ULN) of this test (30 U/l) were invariably associated with villous atrophy.
The gray column indicates the kit-specific values obtained with the 30.1 U/l (high positive) sample,
99.1% of the laboratories measured this sample as positive. The last column shows these values
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divided by the respective ULN of those tests. It is concluded that antibody test results above x times
the ULN values represent ’high’ values in the respective tests. The figure (Appendix II. Fig) shows
that most tests can distinguish slightly (4xULN), moderately (6xULN) and highly (10xULN)
positive anti-TG2 levels resulting in almost parallel albeit numerically different curves. These
results may be regarded as an example of the performance of different tests in a high number of
clinical laboratories. Final conclusions should be drawn from more systematic studies or from a
longer survey.
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Table. Median values obtained in 2009 for the same UKNEQAS positive test samples in 306
European clinical laboratories by the 14 most frequently applied serum anti-TG2 IgA
antibody assays.
Test kits

Sample I

Sample II

Sample III

(13.6 U)

(18 U)

(30.1 U)

the high

High positive

sample

Cut-off

(x) ULN for

Aesku

48

63

135

15

9.0

Binding Site

18

24.1

33.3

4

8.3

BMD Luminex

32.5

27

43

15

2.9

Diasorin

28.6

37.5

57

8

7.1

Euroimmun

171.9

186

200

20

10.0

Eurospitala

70

80.1

95

7

13.6

Generic Assays

39.9

44.3

89

20

4.5

Genesis

36.9

48.8

69

7

9.9

Immco

25.9

29.8

48.3

20

2.4

Inovaa

56

69

95.5

20

4.8

Orgentec

25.8

33.2

65.5

10

6.6

Phadia ELIA

35

45

69

7

9.9

34.9

43.5

71

7

10.1

13.6

18

30.1

3b

10.0

Phadia Immuno
CAP
Phadia Varelisa
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a: these test calculate results in logarithmically, b: optimal cut-off in research studies
The Aesku test is measuring the combination of anti-TG2 and anti-gliadin antibodies and thus may
have different characteritics.
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Appendix II. Fig.
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40
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Table 1 Presenting features of children and adolescents with coeliac disease (CD)
(adapted from NICE*, only with studies including children)
Feature

% of total number

Study population

Studies

adults and children

(19, 27)

of CD
Iron-deficiency

39 – 12

anaemia

adults and children

Other or
unspecified

16 3 -19

adults and children

23

adults and children

8

adults and children

(28, 105)

anaemia
Anorexia

Weight loss

Abdominal

26- 35

children

44-60

children and adults

6

children and adults

28-36

distension/bloating

10
20-39

Abdominal pain

children

(15, 19)

(15, 28)

(15, 16, 27)

adults and children
children

12

adults and children

8.

adults and children

(16, 16, 17, 27, 28)

11 - 21

children

90

children

Vomiting

26-33

children

(15)

Flatulence

5

adults and children

(27)

Diarrhoea

70- 75

Children

(15, 16, 16, 27, 28,

adults and children

28, 28, 28)

51
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Feature

% of total number

Study population

Studies

of CD
13
12 -60

Short

19

stature/growth

adults and children
children

adults and children

(19, 28)

20-31

children

10- 14

children

(15)

5

adults and children

(28)

Chronic fatigue

7

adults and children

(28)

Failure to thrive

48 – 89

children

(16)

Constipation

4 – 12

children

(16)

Irregular bowel

4 -12

children

(16)

failure
Irritability
Increased level of
liver enzymes

habits
*Additional information was provided by a single paper
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Table 2 Conditions associated with CD apart from Type-1 diabetes (adapted from NICE, only
studies including children, except for IgA nephropathy where only data on adults were available )
Condition

%Coeliac disease

Study population

Study author and year

Juvenile Chronic

1.5

children

(106)

2.5

children

(107)

0.3

children and adults

(108)

5.5

children

6

Children and adults

(25, 25, 108, 109)

Arthritis

Down’s syndrome

Turner’s syndrome

5
Williams’ syndrome

9.5

children

(110)

IgA nephropathy

4

adults

(111)

IgA deficiency

3

children

(19, 48)

Autoimmune Thyroid
disease

3

(22)

Autoimmune liver

13.5

(112)

disease
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Table 3. Sensitivity of HLA-DQ2, HLA-DQ8 and HLA-DQ2 or DQ8 for CD.
Type
Author, Year

CD population

Sensitivity (%)

study
Tested CD
Origin

DQ2o
N

DQ2

DQ8

group

r8

Arnason, 1994 (113)

NIH; c-c Iceland

known CD

25

84

Arranz, 1997 (114)

NIH; c-c Spain

known CD

50

92

Balas, 1997(39)

NIH; c-c Spain

known CD

212

95

4,3

99,1

1st-degree
NIH; mBook, 2003(115)

USA

family member

34

97,1

d
CD
NIH; mBouguerra, 1996(116)

Tunis

known CD

94

84

known CD

50

96

Saharawi Arabs

79

91

d
Italy
Boy, 1994 (117)

NIH; c-c
(Sardinia)
NIH; m-

Catassi, 2001 (118)

Algeria

95,6

d
Colonna, 1990 (119)

NIH; c-c Italy

known CD

148

95

Congia 1994(120)

NIH; c-c Turkey

known CD

65

91

Congia, 1992(121)

NIH; c-c Italy

known CD

25

96

NIH; m-

The

Down
10

100

d

Netherlands

Syndrome
80

89

Csizmadia, 2000(44)

20

100

Dijilali-Saiah,
NIH; c-c France

known CD

1994(122)

88

Copyright © ESPGHAN and NASPGHAN. All rights reserved.

Dijilali-Saiah,
NIH; c-c France

known CD

101

83

NIH; c-c Turkey

known CD

30

40

60

93,3

98

83,7

1998(123)
Erkan, 1999(124)

1st- degree
NIH; mFarre, 1999(125)

Spain

family member

d
CD
NIH; mFasano 2003(40)

Population
USA

22,5

100

d

screening

NIH; c-c Spain

known CD

100

92

Ferrante, 1992(127)

NIH; c-c Italy

known CD

50

88

Fine, 2000(128)

NIH; c-c USA

known CD

25

88

Howell, 1995(129)

NIH; c-c England

known CD

91

91

NIH; c-c Finland

known CD

21

90

known CD

44

86

41

known CD

66

93

21

France

known CD

92

87

6,5

93,5

Italy

known CD

302

93,7

5,6

89,4

Finland

known CD

100

91

5

96

Fernandez-Arquero,
1995(126)

Iltanen, 1999(130,
131)
USA, New
Johnson, 2004(132)

c-c
York
France,

Johnson, 2004(132)

c-c
Paris
NIH; m-

Karell, 2003(33)
d
NIH; mKarell, 2003(33)
d
Karell, 2003(33)

NIH; m-

89

Copyright © ESPGHAN and NASPGHAN. All rights reserved.

d
NIH; mKarell, 2003(33)

Norway

known CD

326

91,4

5,2

96,6

England

known CD

188

87,8

8

95,7

India

known CD

35

97,1

USA

family van CD

101

90

NIH; c-c Italy

known CD

18

100

NIH; m-

family member
260

96,9

2,7

99,6

56

85,7

d
NIH; mKarell, 2003(33)
d
NIH; mKaur, 2003(133)
d
NIH; mLewis, 2000(134)
d
Lio, 1998(135)
Liu, 2002(41)

Finland
d

CD

NIH; mMaki, 2003 (45)

Screening
Finland

d

school children

Margaritte-Jeannin,
m-d

Italy

known CD

128

86

m-d

France

known CD

117

87

m-d

Scandinavia

known CD

225

92

2004(35)
Margaritte-Jeannin,
2004(35)
Margaritte-Jeannin,
2004(35)
Mazzilli, 1992 (136)

NIH; c-c Italy

known CD

50

92

Michalski, 1995(137)

NIH; c-c Ireland

known CD

90

97

NIH; m-

family member
29

100

Mustalahti, 2002(14)

Finland
d

of CD of DH

90

Copyright © ESPGHAN and NASPGHAN. All rights reserved.

NIH; mNeuhausen, 2002(138)

Israel

Bedouin Arabs

23

82,6

56,5

100

known CD

118

92,4

0

92,4

known CD

62

11,3

25,8

37,1

4,4

96,3

d
Peña-Quintana,

Spain, Gran
c-c

2003(139)

Canaria

Perez-Bravo 1999

NIH; mChile

(140)

d

Pettersson, 1993 52

NIH; c-c Sweden

known CD

65

92

Ploski, 1993(141)

NIH; c-c Sweden

known CD

94

95

Sweden

known CD

135

92

Finland

known CD

45

100

Sweden

known CD

62

93,6

NIH; c-c Spain

known CD

38

95

NIH; c-c Italy

known CD

122

87

diabetes

15

80

known CD

43

91

34

71

33

52

NIH; mPloski, 1996(142)
d
NIH; mPolvi, 1996(34)

100

d
NIH; mPopat, 2002(143)
d
Ruiz Del Prado, 2001
(144)
Sachetti, 1998(145)

NIH; mSumnik, 2000(146)

Czech

66,7

100

d
Tighe, 1992(147)

NIH; c-c Italy

Ashkenazi
Tighe, 1993(148)

NIH; c-c Israel

Jews, known
CD

Tumer, 2000(149)

NIH; c-c Turkey

known CD

91
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NIH; mTuysuz, 2001(150)

known CD,
Turkey

55

84

16,4

90,9

136

94,1

2,1

95,6

135

92,6

3,7

96

Number of researches

n=55

n=19

n=20

median

91

6,5

96,2

82,6-

2,3-

90,2-

97,0

50,3

100

86,3-

4,3-

94,6-

94,0

22,1

99,8

d

children
known CD,

Vidales, 2004(42)

m-d

Spain
children

NIH; mZubilaga, 2002(151)

Spain

known CD

d
Sensitivity

p10-p90

p25-p75

Data taken from the NIH review are marked with NIH, m-d: mixed design study; cc: case control
study
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Table 4. Sensitivity and specificity of HLA-DQ2 and /or -DQ8 for CD.
Author, Year

Type of

N

study
Origin

CD

Sensitivity

N

Specificity

(%)

(%)

DQ2

control DQ2 and/or

and/or

DQ8

DQ8
known CD vs.
Balas, 1997 (39)

NIH; c-c

212

99

742

54

79

96

136

58

98

100

92

40

16

100

447

57

260

100

237

32

23

100

52

13

62

37

124

85

15

100

186

12

controls, Spain
Catassi,

Saharawi Arabs,
NIH; m-d

2001(118)

Algeria

Fasano, 2003

EMApos vs.,
NIH; m-d

(40)

EMAneg USA
Patients

Hadithi,
m-d

prospective, the

2007(36)
Netherlands
Family members
Liu. 2002(41)

NIH; m-d
of CD, Finland

Neuhausen, 2002

Family of CD
NIH; m-d

(138)

Israel (Bedouins)

Perez-Bravo,

Known CD vs.
NIH; m-d

1999(140)

controls, Chile

Sumnik,

IDDM screen
NIH; m-d

2000(146)

Czech
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Tuysuz,

Known CD vs.
NIH; m-d

2001(150)

55

91

50

68

controls, Turkey

Data taken from the NIH review are marked with NIH, m-d: mixed design study; cc: case control
study
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Fig. 1 Symptomatic patient:

Child / Adolescent with Symptoms suggestive of CD
Anti-TG2 IgA & total IgA*
Anti-TG2
positive

Anti-TG2
negative

Consider further diagnostic testing if:
IgA deficiency
Age: < 2 years
History: - low gluten intake
- drug pretreatment
- severe symptoms
- associated diseases

Transfer to Paediatric GI
Paed. GI discusses with family the 2 diagnostic pathways and
consequences considering patient’s history & anti-TG2 titers

Pos. Anti-TG2 > 10 x normal

Pos. Anti-TG2 < 10 x normal

EMA & HLA DQ8/DQ2

EMA pos.
HLA pos.

CD+

GFD
& F/u

EMA pos.
HLA neg.

Consider false
neg. HLA test.
Consider biopsies

Not CD

EMA neg.
HLA neg.

Consider false
pos. anti-TG2

Not available

EMA neg.
HLA pos.

OEGD & biopsies

Marsh 0-1

Unclear case
Consider:
false pos. serology
false neg. biopsy or
potential CD
Extended evaluation of
HLA/serology/biopsies

Marsh 2 or 3

CD+

GFD
& F/u
*Or

specific IgG based tests
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Fig. 2 Asymptomatic patient:
Asymptomatic person at genetic risk for CD
Explain implication of positive test result(s) and get consent for testning

HLA DQ2 / DQ8 (+/- TG2)
HLA positive
DQ2 and/or DQ8

Consider retesting in intervals or if
symptomatic

TG2 & total IgA*

Pos. Anti-TG2 > 3 x normal

OEGD & biopsies
From bulbus & 4 pars
descendens, proper
histological work up
Marsh 2 or 3

CD+

GFD
& F/u

No CD,
no risk for CD

HLA negative
DQ2 and DQ8

Pos.Anti-TG2 < 3 x normal

TG2 negative

Not CD

EMA
EMA positive

EMA negative

Consider:
False neg. Results, exclude
IgA deficiency and history of
low gluten intake or drugs

Marsh 0-1

Unclear case
F/u on normal diet. Consider:
False pos. serology, false
neg. biopsy or potential CD

Consider:
Transient/false pos. anti-TG2
F/u on normal diet with further
serological testing
*Or

specific IgG based tests
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