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Abstract | Coeliac disease is increasingly recognized as a global problem in both
children and adults. Traditionally, the findings of characteristic changes of villous
atrophy and increased intraepithelial lymphocytosis identified in duodenal biopsy
samples taken during upper gastrointestinal endoscopy have been required for
diagnosis. Although biopsies remain advised as necessary for the diagnosis of
coeliac disease in adults, European guidelines for children provide a biopsy-sparing
diagnostic pathway. This approach has been enabled by the high specificity and
sensitivity of serological testing. However, these guidelines are not universally
accepted. In this Perspective, we discuss the pros and cons of a biopsy-avoiding
pathway for the diagnosis of coeliac disease, especially in this current era of the
call for more biopsies, even from the duodenal bulb, in the diagnosis of coeliac
disease. In addition, a contrast between paediatric and adult guidelines
is presented.

Coeliac disease is common, occurring in
~1% of the general population worldwide".
The disease affects both children and
adults; however, the bulk of those with the
disease remain undiagnosed. Although

the clinical manifestations of the condition
are tremendously varied, involving both
intestinal and extraintestinal symptoms,

all patients have a characteristic pathology
in the small intestine'. These changes
include villous atrophy, crypt hypertrophy
and intraepithelial lymphocytosis. These
pathological changes have been regarded
as the gold standard for diagnosing

coeliac disease. Originally, the diagnosis
was made after the analysis of biopsy
samples obtained with the use of peroral
suction biopsy capsules or tubes*’. With
the advent of modern-day endoscopic
techniques, initial studies in the late

1970s demonstrated the adequacy of
endoscopic biopsies of the second part of
the duodenum® and, in 2010, the duodenal
bulb’. Coeliac serological testing, especially
for immunoglobulin A (IgA) antibodies to
tissue transglutaminase 2 (anti-TG2) and
the endomysial IgA antibody (EMA), has
facilitated the identification of patients who
then undergo endoscopic biopsy'. In 2012,
the need for duodenal biopsy was challenged

with the publication of the most recent
European Society for the Study of Paediatric
Gastroenterology, Hepatology and Nutrition
(ESPGHAN) guidelines for the diagnosis of
coeliac disease®. In these guidelines, for the
first time, a subset of children was identified
as candidates for the diagnosis of coeliac
disease without confirmation of villous
atrophy by duodenal biopsies.

Previous ESPGHAN guidelines have
been readily adopted worldwide by both
paediatric and adult gastroenterologists.
However, these current guidelines have not
been accepted as readily by, for example,
paediatric gastroenterologists in the USA
or Australia (personal communication,

D. Cameron, The Royal Children’s
Hospital Melbourne, Australia). Adult
gastroenterology guidelines all dictate
the need for biopsies””. Interestingly, the
ESPGHAN guideline release coincides
with quality-of-care studies that have
incriminated failure to biopsy the
duodenum' and an inadequate number
of duodenal biopsies'*'? as reasons for
the underdiagnosis of coeliac disease.
Follow-up biopsies can also be important
in documenting healing in children,

as suggested in a retrospective study
published in 2017 (REF. 13). Follow-up

biopsies are of greatest value when there is
an initial, diagnostic biopsy sample that can
be used for comparison.

In this Perspective, we present the
currently accepted methods of diagnosing
coeliac disease in adults and the pros and
cons that reflect the adoption of the new
paediatric guidelines. The insights given
are from paediatric gastroenterologists
(N.R.R. and S.H.) and adult-care
gastroenterologists (D.S.S. and PH.R.G.)
from both Europe (D.S.S. and S.H.) and
the USA (N.R.R. and PH.R.G.). Once the
diagnosis of coeliac disease is established,
patients are advised to adopt a gluten-free
diet (GFD) and to maintain it for life. This
point needs to be emphasized because the
adoption of a GFD can be a major disruption
to the habits and lifestyles of individual
paediatric or adult patients and their entire
families, and adopting this diet seems to
be a major determinant of the quality of
life of those with coeliac disease'. Thus,
incorrectly or overdiagnosing coeliac disease
needs to be avoided.

Coeliac disease in adults

Diagnosis. A combination of coeliac
serology and duodenal biopsies is required
for the diagnosis of coeliac disease in
adults. The current American College

of Gastroenterology”, British Society of
Gastroenterology® and UK National
Institute for Health and Care Excellence
(NICE)® guidelines recommend coeliac
serological testing of high-risk adults as a
guide to who should undergo duodenal
biopsies. An anti-TG2 assessment should
be performed as a first-line test because of
its high sensitivity and negative predictive
value, as well as being less expensive than
testing for EMA. A study of 2,000 patients
with a prevalence of coeliac disease of 3.9%
compared the sensitivities of testing for
anti-TG2 alone and a two-step approach
using tests for anti-TG2 and EMA. Anti-TG2
alone was found to be a more sensitive
marker for coeliac disease than anti-TG2
plus EMA (sensitivities of 90.9% versus
85.7% and negative predictive values of
99.6% versus 99.7%)'*. However, if the
anti-TG2 level is just above the upper limit
of normal (ULN), EMA should be tested
for®, which has a high specificity of 95%'>'.
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It should be noted that EMA testing utilizes
immunofluorescence techniques that use
monkey oesophageal or human umbilical
tissues as the substrate and they have limited
availability. EMA testing is also expensive
and labour intensive, and the interpretation
of the results is subjective.

A meta-analysis published in 2012
found that the anti-deamidated gliadin
peptide antibody (anti-DGP) had a pooled
sensitivity ranging from 80.1-98.6%,
whereas that of anti-TG2 was >90%"".
Patients with an IgA deficiency do not
produce anti-TG2 or EMA and, therefore,
could give a false-negative result. An IgA
deficiency is ten times more prevalent
in patients with coeliac disease than in
the general population (2.6% versus
0.14-0.2%)'®. Thus, it is common to test for
total IgA levels in conjunction with coeliac
disease serology. For those with an IgA
deficiency, the IgG forms of anti-TG2, EMA
and anti-DGP can be tested for instead.
Most studies of IgA deficiency in the context
of coeliac disease have examined selective
IgA deficiency (IgA absent or present at
values below the level of detection); however,
one study examined patients with coeliac
disease and subnormal IgA values (partial
deficiency)". Most patients with coeliac
disease and a partial IgA deficiency do
mount an IgA antibody response to TG2 and
do not require IgG-based serological testing.

In the past decade, several point-of-
care tests for anti-TG2 have become
commercially available for purchase by
patients in pharmacies and online***..
However, the literature contains fairly
limited data on their performance compared
with that of conventional serology.
Thus, results should be confirmed with
anti-TG2 and EMA testing. Moreover, in
our experience, it is important to counsel
the patient to eat a gluten-containing
diet (10 g of gluten a day, equivalent to
four slices of bread, is typically advised)
for 6 weeks before testing to ensure that
serological and histological results are not
affected. However, a study published in 2013
suggested that 75% of patients will meet the
diagnostic criteria for coeliac disease after
a 2-week challenge of only 3 g of gluten®.

Although determining the presence of
an HLA-DQ2 or HLA-DQS8 status is part
of the biopsy-sparing algorithm for children,
it has little role in the diagnosis of coeliac
disease in adults because it is unnecessary
when serological and biopsy results confirm
the diagnosis. Patients who are difficult to
diagnose, such as those with seronegative
coeliac disease, are exceptions. In addition,

knowledge of HLA status can be useful in
excluding individuals from further testing
who are at risk of developing coeliac disease
if they lack these requisite genetic markers,
such as family members. HLA testing is also
valuable in the assessment of those who have
adopted a GFD and want to find out if they
could have coeliac disease. In this setting,
serological test results and biopsy findings
might be normal; the absence of HLA-DQ2
or HLA-DQ8 precludes a diagnosis of
coeliac disease.

Guidelines for adults: how should the
diagnosis of coeliac disease be confirmed?
Duodenal biopsy samples showing increased
intraepithelial lymphocyte levels, crypt
hyperplasia and villous atrophy or shortening
along with positive coeliac serological results
confirm the diagnosis of coeliac disease in
both asymptomatic and symptomatic adults.
Although the villous structures appear
shortened and atrophic when examined
using light microscopy, it must be highlighted
that the mucosa is hyperplastic, as evidenced
by prominent crypt hyperplasia®. Coeliac
disease can be diagnosed in some centres in
the presence of normal villous architecture
through the demonstration of anti-TG2
deposits in the submucosa®. Patients with
positive serological tests and normal biopsies
would be classified as having potential
coeliac disease®. Not all patients with
potential coeliac disease develop mucosal
flattening during follow-up®, and some
might lose their seropositivity”. How many
patients with potential coeliac disease who
will benefit from a GFD is unclear, although
symptomatic adults in a prospective study
showed improvement?®, and children with
potential coeliac disease, anaemia and iron
deficiency® improved on a GFD. A more
widespread ability to detect antibodies to
anti-TG2 in biopsy samples would probably
clarify this uncertainty. The recognition of
these very early stages of coeliac disease®,
and of seronegative coeliac disease, reflects
the complexity and changing nature of the
diagnosis of this condition®.

Although anti-TG2 and EMA tests
have been demonstrated to have excellent
sensitivities, these sensitivities often
drop when the tests are performed in the
‘real world;, with a low (1%) prevalence
in the general population®. This decrease in
sensitivity suggests that serological results
are insufficient for the diagnosis of coeliac
disease. Thus, adult-practice guidelines™®
still recommend confirmatory duodenal
biopsies as mandatory to ensure that patients
are correctly diagnosed with coeliac disease
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before being subjected to a lifelong GFD.
Biopsies should incorporate a minimum
of four samples from the second part of
the duodenum and at least one sample
from the duodenal bulb®. The diagnostic
yield is further improved by using a
‘single-bite’ technique®.

However, many investigators have
suggested that a ‘no-biopsy’ approach can
be undertaken for adults, with a positive
predictive value (PPV) of 100%**".

The investigators achieved this result by
adjusting the cut-off level for anti-TG2.
For example, in the study by Hill et al.*,
an anti-TG2 cut-off value of ten times the
ULN range resulted in a 100% PPV. At face
value, this approach would seem an entirely
reasonable change in clinical practice as
patients could be spared an endoscopic
procedure. These studies included patients
with a confirmed diagnosis of coeliac
disease, but when assessments of PPV for
anti-TG2 are undertaken in populations
with a low prevalence of coeliac disease,
the PPV is considerably less'**2. Numerous
anti-TG2 kits are available; notably, not

all test kits perform to the same high
standards, rendering divergent results*.
This inconsistency could lead to clinical
uncertainty unless individual laboratories
locally validate the test they decide to use;
this perspective is supported by studies
that have demonstrated a wide variability
of the ULNs when comparing different
commercially available anti-TG2 assays*.

There are a number of other reasons
to consider duodenal biopsies for adults
when a clinician suspects coeliac disease
(BOX 1). One reason is that up to 30% of the
adults with coeliac disease seen in specialty
centres have persistent symptoms following
treatment®. In that setting, knowledge of
the results of biopsies taken at diagnosis is
important to ensure that coeliac disease
is actually present and that an alternative
condition, such as a lymphoma, is not
already present. In addition, an elevated
anti-TG2 level could represent a false
positive because not all the tests have a 100%
PPV. Moreover, it has also been documented
that both adults and children can have a
temporary coeliac or gluten autoimmunity
characterized by positive serological test
results that eventually normalizes despite
the continuance of a regular diet*. In this
setting, biopsy results can be normal.

Childhood coeliac disease

Diagnosis. The first guidelines for the
diagnosis of coeliac disease were published
by ESPGHAN in 1979 (REF. 47), which
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Box 1| Pros and cons of a biopsy-based diagnosis of coeliac disease

Reasons for proceeding with a biopsy
* Potential for erroneous coeliac disease diagnosis (false-positive or potential coeliac disease) (A, C)
* Patients might take reassurance in having a histological diagnosis (A, C)

e Patients with either IBS or Crohn’s disease of the small bowel can report symptom relief by
adopting a gluten-free diet (GFD)® (A)

¢ Baseline histological tests can enable the assessment of severity (degree of villous atrophy) and
give the patient confidence about histological improvement if future biopsy samples are taken (A)

* Some centres will not prescribe a GFD unless the diagnosis of coeliac disease is proven (A, C)

* Many patients need an upper gastrointestinal endoscopy if they have anaemia or relevant
symptoms, such as abdominal pain, to exclude coincidental pathologies such as ulcers or cancer
(A, C)

e Patients might have a temporary coeliac or gluten autoimmunity along with a negative biopsy (A, C)

e Comparison of the initial biopsy sample with subsequent biopsies is valuable when patients
present with persistent or new symptoms (A, C)

* A gastroscopy is more easily tolerated by adults and does not require a general anaesthetic (A)

* Necessary for the diagnosis of refractory coeliac disease (A)

* To prevent the misuse of no-biopsy diagnostic algorithms (that is, use in asymptomatic patients
or the failure to repeat serological tests)

Reasons for avoiding biopsy

* General anaesthesia is often required for children and adolescents undergoing endoscopy (C)

 Cost of a no-biopsy diagnosis is generally less given the elimination of procedural and pathology
costs (A, C)

¢ In childhood, gastrointestinal cancers are exceedingly rare and usually would be obvious on the
basis of clinical evidence (C)

* Avoidance of procedural risks, such as rare anaesthesia reactions or aspiration pneumonia (A, C)

e Excellent specificity for the diagnosis of coeliac disease when serological, genetic and symptom
criteria from guidelines are met (C)

A, pertains to adult populations; C, pertains to children.

recommended that the diagnosis of coeliac
disease be based on duodenal biopsies at
three occasions: one at symptom onset,
one after 1-2 years on a GFD and one after a
subsequent gluten challenge. This approach
served to clarify the diagnosis in a clinical
situation dominated by more aggressive
gastrointestinal infections than we see today.
These criteria were modified in 1989 and
published in 1990 (REF. 48) with the so-called
revised ESPGHAN criteria, which restricted
the number of biopsies to one at symptom
onset, except in infants and children
<2 years of age, in whom the three-biopsy
series mentioned earlier was still regarded
as necessary owing to differential diagnostic
concerns, and it included an assessment
of the clinical response at follow-up.
As mentioned, these guidelines were
readily accepted by gastroenterologists in
adult care.

Small intestinal biopsies continued to
be recommended as the gold standard
for diagnosis in children from 2000 to
2010, with other organizations, such
as the North American Society for
Pediatric Gastroenterology, Hepatology

and Nutrition®, the American
Gastroenterological Association® and the
Federation of International Societies of
Pediatric Gastroenterology, Hepatology
and Nutrition®!, continuing to recommend
a biopsy for confirmation of a coeliac
disease diagnosis.

During the past few decades, the quality
of serological testing for coeliac disease
has increased, and this development has
led to the suggestion that a diagnosis
of coeliac disease can be made on the
basis of sequential serological tests.
Serological testing is commonly referred
to as ‘screening for coeliac disease, and
a prerequisite for omitting a histological
analysis of duodenal biopsies was suggested
with antibody levels or titres above a certain
cut-off point®. In this study published
in 2008 (REF. 33), the authors suggested,
on the basis of a rather small number
of adult patients (n = 146), that such a
cut-off level was, conveniently, ten times
the ULN of the assay. The observation
that positive serological results accurately
reflect the enteropathy of the duodenal
mucosa and, therefore, might enable the

substitution of a histological analysis of
biopsy samples with serological testing has
been confirmed in several reports®2 These
reports were taken into account in the 2012
ESPGHAN guidelines for the diagnosis

of coeliac disease®. The ESPGHAN
guidelines gave recommendations as to

the interpretation of tests, including the
histological analysis of duodenal biopsies,
and were accompanied by an evidence
report evaluating the evidence base for
serological diagnostic tools'®. A similar
algorithm for children as in the ESPGHAN
guidelines was later published by the British
Society of Paediatric Gastroenterology,
Hepatology and Nutrition (BSPGHAN)

and Coeliac UK*.

The 2012 ESPGHAN guidelines
recommend that the first step in the
diagnosis of coeliac disease in children
be based on patient history and signs and
on the determination of anti-TG2 levels,
with a positive result leading to referral
to a paediatric gastroenterologist (FIC. 1).

If the anti-TG2 test is positive, but the

level is <10 times the ULN, an upper
endoscopy with multiple duodenal
biopsies, including of the duodenal bulb,

is recommended. If the patient is distinctly
symptomatic, particularly with symptoms
of malabsorption, and the anti-TG2 level is
>10 times above the ULN of the particular
assay, the option will be discussed with the
patient and family to make an eventual
diagnosis of coeliac disease on the basis

of further testing, without duodenal
biopsies and histological analysis. This
approach includes a second blood sample
to re-measure anti-TG2 levels, along with
testing of EMA and of HLA-DQ2 and
HLA-DQ8 status. If the patient has a low
IgA level or an IgA deficiency, IgG-based
tests can be used. If the anti-TG2 test is still
positive and >10 times the ULN, the EMA
test is positive and HLA-DQ2 or HLA-DQ8
is present, a diagnosis of coeliac disease can
be made. If the patient and family prefer

an endoscopy with histological analysis of
duodenal biopsies, this approach could also
lead to a diagnosis of coeliac disease.

Advantages of a no-biopsy coeliac disease
diagnosis for children. There are pitfalls

in the interpretation of duodenal biopsies.
Although the histological analysis of
duodenal biopsy samples in coeliac

disease has been used as a gold standard

in practically all studies, it might not
always qualify as a reference standard
because histological analyses have been
reported to lack diagnostic accuracy owing
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to high variability between observers®*>,
differences between routine and more
specialized pathology labs™, low rates of
the correct orientation of biopsy samples™
and possible inadequacies in histological
analysis®”*®. In a large multicentre European
study of 271 patients that compared
serological tests with histological tests,
10% of biopsy samples were unacceptable
for interpretation, mainly owing to
poor orientation®. The variability in the
pathological interpretation of biopsies can
result in not only the underdiagnosis of
coeliac disease but also the overdiagnosis of
the condition®*®!, a subject that has received
little attention.

An interpretation by the pathologist
requires not only the correct orientation
of the biopsy samples but also an adequate
sampling of the duodenum by the
endoscopist. It is recommended that four
or more biopsy samples be taken from the
descending duodenum®, mainly because
of the patchy nature of villous atrophy'!
and the variability in the orientation of the
individual samples. However, a review of
>100,000 duodenal biopsy reports from a
large US pathology service revealed that
>4 biopsy samples were taken from only
35% of patients and that the majority of
the patients had only one or two biopsy
samples taken. In addition, there was a
linear relationship between the number
of biopsy samples and reports of villous
atrophy'’. This finding again illustrates the
importance of adherence to guidelines.
Studies have indicated that biopsies of the
duodenal bulb are necessary to confirm
the pathological diagnosis of coeliac disease
in some patients™'. However, because of the
quality of bulb specimens, caution should be
taken in the interpretation of duodenal bulb
biopsies in children®.

The 2012 ESPGHAN guidelines included
a score for the diagnosis of coeliac disease,
and such composite scoring systems
should be tested as a useful and novel
way of thinking about coeliac disease
diagnoses. The ESPGHAN working group
advocated taking a second blood sample
because of the possibility that anti-TG2
levels might be transiently elevated, in
particular in young children, and that
assay variability can be decreased, avoiding
a false-positive test result. To increase
accuracy, EMA testing is recommended
as it has the highest specificity®. Lastly,
histocompatibility antigen determination
was included because either HLA-DQ2
(DQA1*0501, DQA1*0505) or HLA-DQS8
(DQB1*0201, *0202) is positive in >99.6%
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( Symptomatic group ) ( Asymptomatic or at-risk group )

!
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Yes

(Anti-TGZ level >10x ULN)
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HLA positive (Biopsy or histology positive)
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Figure 1| Suggested biopsy-avoiding diagnostic pathway for coeliac disease. Non-biopsy
diagnosis of coeliac disease based on the European Society for the Study of Paediatric
Gastroenterology, Hepatology and Nutrition criteria in a symptomatic child with strongly positive
tissue transglutaminase 2 antibody (anti-TG2) values, >10 times the upper limit of normal (ULN),
a positive endomysial IgA antibody (EMA) on another blood sample and the presence of the
appropriate HLA type. On the right is the process for an asymptomatic or at-risk child. A positive

anti-TG2 result should lead to biopsies and histological analysis for diagnosis.

of patients with coeliac disease®’. However,
this HLA positivity also occurs in 30-40%
of the general population, leading to a high
sensitivity but low specificity® for ruling out
coeliac disease if the results are negative.

Further studies have questioned the
additional usefulness of HLA determination
in routine testing®. The HLA haplotype
can be closely related to the anti-TG2
response. The cut-off of ten times the
ULN of anti-TG2 was chosen based on the
work of Hill et al.** as described earlier, and
a number of studies have since supported
this view***”. However, further studies of
more precise cut-offs would be worthwhile
to perform. The ESPGHAN guidelines
recommended the use of two algorithms,
one for symptomatic children and one
for asymptomatic children, in line with
the observation that pre-test probabilities
determine serological test performance
with satisfactory results in most assays
from a pre-test probability of 0.10 (REF. 68).
Symptoms and signs of coeliac disease or
the patient belonging to a group with high
risk of coeliac disease will increase the
pre-test probability to at or above this level
in most cases®. Importantly, the diagnostic
process includes a follow-up of the patient
to ascertain that a satisfactory clinical
and serological response occurs after the
adoption of a GFD.

The major advantage of the non-biopsy
approach is to avoid upper endoscopy,
which usually requires general anaesthesia
or deep sedation in children and
adolescents, along with their inherent
risks”®”'. However, the procedural risks are
low in experienced hands™. Costs must

be taken into account as well — whether
imposed upon the individual patient or
the health insurance or health care system
— given the typically high endoscopy,
pathology, anaesthesia and hospital fees
incurred for a single procedure, as seen

at least in the USA. After diagnosis,

an observational period while the patient
is on a GFD constitutes an important part
of the diagnostic process, given that in
children and adolescents the differential
diagnoses of coeliac disease include
infection with Helicobacter pylori or

other pathogens, as well as eosinophilic
oesophagitis, the latter being weakly
associated with coeliac disease”. In contrast
with adults, missing more worrisome
diagnoses is unlikely in children. Cancer,
including rare enteropathy-associated

T cell lymphoma™, is not a differential
diagnosis in practice, as gastrointestinal
cancers are extremely rare in childhood
and adolescence™.

If the patient is asymptomatic and is
tested because of a concurrent disease such as
autoimmune conditions (type 1 diabetes
mellitus or autoimmune thyroid disease)”®”7,
chromosomal aberrations (for example,
Down syndrome or Turner syndrome)”
or coeliac disease in a first-degree relative,
the ESPGHAN 2012 guidelines recommend
another approach. In these instances, the
ESPGHAN 2012 guidelines recommend
performing a biopsy in all cases. As the
occurrence of transient anti-TG2 positivity
in children with an autoimmune disease can
be common*, the guidelines recommend
repeating anti-TG2 testing if the level of
positivity is <3 times the ULN.

NATURE REVIEWS | GASTROENTEROLOGY & HEPATOLOGY

VOLUME 15 | JANUARY 2018 | 63

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.



PERSPECTIVES

Advantages of diagnosing childhood coeliac
disease by biopsies. Several important
considerations exist regarding when and
whether to consider a coeliac disease
diagnosis without a biopsy in children.
Extrapolating the cut-off levels proposed in
the ESPGHAN® or BSPGHAN® guidelines
to populations outside of Europe and the UK
could be problematic. Proposed anti-TG2
cut-off levels were examined in a network
of European laboratories for which test
norms were well-described®*’; however,
the same might not be true for other
regions, including the USA. Furthermore,
anti-TG2 assays have been validated in
mainly white populations and might not suit
populations in other geographical areas”.
Anti-TG2 levels are typically measured by
enzyme-linked immunosorbent assay, with
inherent possibilities for quality control
measures. For coeliac disease diagnosis
to rely on serology, laboratories should
preferentially participate in control measures
on a regular basis, such as the National
External Quality Assessment Service
initiative in Europe, even though the use of
this quality-control instrument should not
be over-rated*?. No such body exists in the
USA. A risk factor for the misdiagnosis of
coeliac disease is the use of non-standardized
tests, perhaps even those performed in
suboptimal surroundings that do not
meet the preconditions of the published
guidelines mentioned previously. This
issue is a particular threat for point-of-care
tests, which are of documented value for
screening?' but are not quantitative and do
not qualify as final diagnostic tests. Studies of
the variety of anti-TG2 assays used in the UK
pointed to pitfalls in attempting to generalize
cut-off values and suggested the local
validation of test kits**”. When the latest
ESPGHAN guidelines were implemented in
a small study of North American children,
98.2% were diagnosed with coeliac disease;
however, the remaining 1.8% (four patients)
in the study were biopsy-negative and would
have erroneously been prescribed a GFD at
that point®, although it is not clear whether
this is attributable to test performance or
population selection.

Missed diagnoses of upper
gastrointestinal pathologies are a
concern for the no-biopsy protocol.
In a retrospective analysis, additional
unanticipated diagnoses were found in 10%
of symptomatic children who would have
been eligible for a no-biopsy coeliac disease
diagnostic procedure®'. An increased
association has been described between
eosinophilic oesophagitis and coeliac

disease®>®, and although eosinophilic
oesophagitis can cause symptoms that
overlap with coeliac disease, it will not
respond to a GFD. There might also be
a benefit to having a baseline sample of a
patient’s mucosal lesion obtained during
biopsy, which can be useful for comparison
in cases in which improvement might not be
as rapid or complete as expected. If an upper
endoscopy and biopsies have not been
undertaken, persistent symptoms would
prompt the performance of an endoscopy
in a child who did not have an initial biopsy.
Potential psychological ramifications,
such as anxiety and ambivalence to adhering
to the GFD, of lacking a biopsy-proven
diagnosis are also worthy of consideration,
particularly for older children and
adolescents. Future studies are warranted to
determine whether forgoing a biopsy might
interfere with long-term dietary adherence.
Finally, we consider that the major
concern for the no-biopsy diagnostic
approach is that it might not be
implemented fully or correctly. Coeliac
disease awareness among physicians in,
for example, the USA is low, with only 17%
of those with coeliac disease diagnosed,
according to a study published in 2015 of
data collected by the National Health and
Nutrition Examination Survey®. There are
many steps in the ESPGHAN algorithm that
need to be followed and that might not be
adhered to for a symptomatic child: referral
to a paediatric gastroenterologist; anti-TG2
level >10 times the ULN; repeat blood tests
at another time; and genetic testing. In our
experience, asymptomatic children with
type 1 diabetes mellitus and children with
a relative with coeliac disease have been
advised to start a GFD after one positive
anti-TG2 test. Similarly, a symptomatic
child with one positive anti-TG2 test might
be advised to start a GFD. Clearly, both
of these clinical scenarios do not comply
with the biopsy-avoiding algorithm. If the
complete standards of the guidelines are
not met, a diagnosis of coeliac disease is
uncertain, with an increased number of
both false-positive (overdiagnosis) and
false-negative cases (underdiagnosis).
Although a no-biopsy diagnosis might be
appropriate for children with coeliac disease
who fulfil stringent criteria, advocating for
such a protocol in regions where there is less
awareness of coeliac disease than of a GFD
might open a door to overdiagnosis and
undertreatment for those not referred to
experienced providers. It is recognized that
the guidelines could appear complicated
and will probably be revised in the future.

Conclusions

The diagnosis of coeliac disease has
traditionally rested on the finding

of abnormal duodenal biopsies

showing characteristic changes.

The new biopsy-avoiding approach

in the ESPGHAN guidelines followed

the demonstration that high titres

of anti-TG2 levels enable a diagnosis of
coeliac disease in a well-described group
of children without the use of endoscopy
and biopsies. This approach has not been
advocated for adults, for whom biopsies
for diagnosis are always recommended.

If a no-biopsy policy is to be adopted for
children, the diagnostic steps outlined in
the published ESPGHAN guidelines need
to be closely followed to prevent both

the overdiagnosis and underdiagnosis

of coeliac disease. A proper diagnosis is
particularly important when children
reach adolescence and transition their
care into adulthood, a time when both

the patient and the new medical caregiver
might question the veracity of the original
coeliac disease diagnosis®. However,

if the diagnosis in childhood has been
made according to the strict ESPGHAN
guidelines, there should be no question
about the validity of the diagnosis.
Nevertheless, concerns about these new
guidelines have prevented their universal
application. These concerns include the
potential for a missed coincident pathology
that would be detected at endoscopy,
although this pathology would be picked up
in subsequent encounters with the patient.
In addition, there is concern regarding
whether the appropriate cut-off values of
the different anti-TG2 kits are applicable in
different populations and, most importantly,
whether the algorithm is followed strictly.
The potential for both the underdiagnosis
and the overdiagnosis of coeliac disease

is great, and both of these situations have
far-reaching consequences.

Norelle R. Reilly and Peter H. R. Green are at the Celiac
Disease Center at Columbia University, 180 Fort
Washington Avenue, New York 10032, USA.

Steffen Husby is at the Hans Christian Andersen
Children’s Hospital, Odense University Hospital and
University of Southern Denmark, 29 Sondre Boulevard,
DK-5000 Odense C, Denmark.

David S. Sanders is at the Academic Unit of
Gastroenterology, Royal Hallamshire Hospital,
Glossop Road, Sheffield, South Yorkshire

S10 2JF, UK.

Correspondence to PH.R.G.
pgll@cumc.columbia.edu

doi:10.1038/nrgastro.2017.121
Published online 11 Oct 2017

64| JANUARY 2018 | VOLUME 15

www.nature.com/nrgastro

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.


mailto:pg11@cumc.columbia.edu
http://dx.doi.org/10.1038/nrgastro.2017.121

22.

23.

24.

Green, P. H. & Cellier, C. Celiac disease. N. Engl.

J. Med. 357, 1731-1743 (2007).

Smith, R. B., Sprinz, H., Crosby, W. H.

& Sullivan, B. H. Jr. Peroral small bowel mucosal
biopsy. Am. J. Med. 25, 391-394 (1958).
Brandborg, L. L., Rubin, G. E. & Quinton, W. E.

A multipurpose instrument for suction biopsy of

the esophagus, stomach, small bowel, and colon.
Gastroenterology 37, 1-16 (1959).

Gillberg, R. & Ahren, C. Coeliac disease diagnosed
by means of duodenoscopy and endoscopic duodenal
biopsy. Scand. J. Gastroenterol. 12,911-916
(1977).

Gonzalez, S. et al. Prospective study of the role of
duodenal bulb biopsies in the diagnosis of celiac
disease. Gastrointest. Endosc. 712, 758-765 (2010).
Husby, S. et al. European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition
guidelines for the diagnosis of coeliac disease.

J. Pediatr. Gastroenterol. Nutr. 54, 136—160
(2012).

Rubio-Tapia, A. et al. ACG clinical guidelines:
diagnosis and management of celiac disease.

Am. J. Gastroenterol. 108, 656-676 (2013).
Ludvigsson, J. F. et al. Diagnosis and management
of adult coeliac disease: guidelines from the British
Society of Gastroenterology. Gut 63, 1210-1228
(2014).

Downey, L., Houten, R., Murch, S. & Longson, D.
Recognition, assessment, and management of coeliac
disease: summary of updated NICE guidance. BMJ
351, h4513 (2015).

Lebwohl, B. et al. Sex and racial disparities in
duodenal biopsy to evaluate for celiac disease.
Gastrointest. Endosc. 716, 779-785 (2012).
Lebwohl, B., Kapel, R. C., Neugut, A. I., Green, P. H.
& Genta, R. M. Adherence to biopsy guidelines
increases celiac disease diagnosis. Gastrointest.
Endosc. T4, 103-109 (2011).

Hopper, A. D., Cross, S. S. & Sanders, D. S. Patchy
villous atrophy in adult patients with suspected gluten-
sensitive enteropathy: is a multiple duodenal biopsy
strategy appropriate? Endoscopy 40, 219-224
(2008).

Leonard, M. M. et al. Value of IgA tTG in predicting
mucosal recovery in children with celiac disease on
a gluten-free diet. J. Pediatr. Gastroenterol. Nutr. 64,
286-291 (2017).

Hopper, A. D. et al. What is the role of serologic
testing in celiac disease? A prospective, biopsy-
confirmed study with economic analysis.

Clin. Gastroenterol. Hepatol. 6, 314-320 (2008).
Leffler, D. A. & Schuppan, D. Update on serologic
testing in celiac disease. Am. J. Gastroenterol. 105,
2520-2524 (2010).

Lewis, N. R. & Scott, B. B. Systematic review:

the use of serology to exclude or diagnose coeliac
disease (a comparison of the endomysial and tissue
transglutaminase antibody tests). Aliment. Pharmacol.
Ther. 24, 47-54 (2006).

Giersiepen, K. et al. Accuracy of diagnostic antibody
tests for coeliac disease in children: summary of an
evidence report. J. Pediatr. Gastroenterol. Nutr. 54,
229-241 (2012).

Cataldo, F., Marino, V., Ventura, A., Bottaro, G.

& Corazza, G. R. Prevalence and clinical features

of selective immunoglobulin A deficiency in coeliac
disease: an Italian multicentre study. Italian Society
of Paediatric Gastroenterology and Hepatology
(SIGEP) and “Club del Tenue” Working Groups on
Coeliac Disease. Gut 42, 362-365 (1998).

Chow, M. A., Lebwohl, B., Reilly, N. R. & Green, P. H.
Immunoglobulin A deficiency in celiac disease. J. Clin.
Gastroenterol. 46, 850—-854 (2012).

Mooney, P. D., Kurien, M. & Sanders, D. S.
Simtomax, a novel point of care test for coeliac
disease. Expert Opin. Med. Diagn. (2013).
Korponay-Szabo, I. R. et al. Population screening for
coeliac disease in primary care by district nurses using
a rapid antibody test: diagnostic accuracy and
feasibility study. BMJ 335, 1244-1247 (2007).
Leffler, D. et al. Kinetics of the histological, serological
and symptomatic responses to gluten challenge

in adults with coeliac disease. Gut 62, 996—1004
(2013).

Marsh, M. N. & Crowe, P. T. Morphology of the
mucosal lesion in gluten sensitivity. Bailleres Clin.
Gastroenterol. 9, 273-293 (1995).

Kaukinen, K. et al. Small-bowel mucosal
transglutaminase 2-specific IgA deposits in coeliac
disease without villous atrophy: a prospective and

25.

26.

217.

28.

29.

30.

32.

33.

34,

35.

36.

37.

38.

39.

40.

42.

43,

44,

45.

46.

47.

randomized clinical study. Scand. J. Gastroenterol. 40,
564-572 (2005).

Ludvigsson, J. F. et al. The Oslo definitions for coeliac
disease and related terms. Gut 62, 43—-52 (2013).
Volta, U. et al. Features and progression of potential
celiac disease in adults. Clin. Gastroenterol. Hepatol.
14,e1.686-e1.693 (2016).

Kondala, R., Puri, A. S., Banka, A. K., Sachdeva, S.

& Sakhuja, P. Short-term prognosis of potential celiac
disease in Indian patients. United European
Gastroenterol. J. 4, 275-280 (2016).

Repo, M. et al. Anemia and iron deficiency in children
with potential celiac disease. J. Pediatr. Gastroenterol.
Nutr. 64, 56-62 (2017).

Marsh, M. N. & Rostami, K. What is a normal
intestinal mucosa? Gastroenterology 151, 784—788
(2016).

Abrams, J. A, Brar, P., Diamond, B., Rotterdam, H.
& Green, P. H. Utility in clinical practice of
immunoglobulin a anti-tissue transglutaminase
antibody for the diagnosis of celiac disease.

Clin. Gastroenterol. Hepatol. &, 726—730 (2006).
Mooney, P. D. et al. Clinical and immunologic features
of ultra-short celiac disease. Gastroenterology 150,
11251134 (2016).

Latorre, M. et al. Endoscopic biopsy technique

in the diagnosis of celiac disease: one bite or two?
Gastrointest. Endosc. 81, 1228-1233 (2015).

Hill, P. G. & Holmes, G. K. Coeliac disease:

a biopsy is not always necessary for diagnosis.
Aliment. Pharmacol. Ther. 27,572-577 (2008).
Vivas, S. et al. Duodenal biopsy may be avoided when
high transglutaminase antibody titers are present.
World J. Gastroenterol. 15, 47754780 (2009).
Dahlbom, 1. et al. Prediction of clinical and mucosal
severity of coeliac disease and dermatitis
herpetiformis by quantification of IgA/IgG serum
antibodies to tissue transglutaminase. J. Pediatr.
Gastroenterol. Nutr. 50, 140-146 (2010).

Zanini, B. et al. High tissue-transglutaminase antibody
level predicts small intestinal villous atrophy in adult
patients at high risk of celiac disease. Dig. Liver Dis.
44,280-285 (2012).

Burgin-Wolff, A., Mauro, B. & Faruk, H. Intestinal
biopsy is not always required to diagnose celiac
disease: a retrospective analysis of combined antibody
tests. BMC Gastroenterol. 13, 19 (2013).
Wakim-Fleming, J. et al. Diagnosis of celiac disease

in adults based on serology test results, without
small-bowel biopsy. Clin. Gastroenterol. Hepatol.
11,511-516 (2013).

Tortora, R. et al. The presence of anti-endomysial
antibodies and the level of anti-tissue
transglutaminases can be used to diagnose

adult coeliac disease without duodenal biopsy.
Aliment. Pharmacol. Ther. 40, 1223—1229 (2014).
Singh, P. et al. Titers of anti-tissue transglutaminase
antibody correlate well with severity of villous
abnormalities in celiac disease. J. Clin. Gastroenterol.
49,212-217 (2015).

Sugai, E. et al. Should ESPGHAN guidelines for
serologic diagnosis of celiac disease be used in adults?
A prospective analysis in an adult patient cohort with
high pretest probability. Am. J. Gastroenterol. 110,
1504-1505 (2015).

Mooney, P. D. et al. Increased detection of celiac
disease with measurement of deamidated

gliadin peptide antibody before endoscopy.

Clin. Gastroenterol. Hepatol. 13,e1.1278-e1.1284
(2015).

Wong, R. C., Wilson, R. J., Steele, R. H.,
Radford-Smith, G. & Adelstein, S. A comparison of 13
guinea pig and human anti-tissue transglutaminase
antibody ELISA kits. J. Clin. Pathol. 55, 488—494
(2002).

Egner, W,, Shrimpton, A., Sargur, R., Patel, D.

& Swallow, K. ESPGHAN guidance on coeliac

disease 2012: multiples of ULN for decision making
do not harmonise assay performance across centres.
J. Pediatr. Gastroenterol. Nutr. 55, 733-735 (2012).
O’Mahony, S., Howdle, P. D. & Losowsky, M. S.
Review article: management of patients with non-
responsive coeliac disease. Aliment. Pharmacol. Ther.
10, 671-680 (1996).

Liu, E. et al. High incidence of celiac disease in

a long-term study of adolescents with susceptibility
genotypes. Gastroenterology 152, 1329-1336
(2017).

McNeish, A. S. et al. The diagnosis of coeliac disease.
A commentary on the current practices of members of
the European Society for Paediatric Gastroenterology

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

PERSPECTIVES

and Nutrition (ESPGAN). Arch. Dis. Child 54,
783-786 (1979).

[No authors listed.] Revised criteria for diagnosis of
coeliac disease. Report of Working Group of European
Society of Paediatric Gastroenterology and Nutrition.
Arch. Dis. Child 65, 909-911 (1990).

Hill, I. D. et al. Guideline for the diagnosis and
treatment of celiac disease in children:
recommendations of the North American Society for
Pediatric Gastroenterology, Hepatology and Nutrition.
J. Pediatr. Gastroenterol. Nutr. 40, 1-19 (2005).
AGA Institute. AGA Institute Medical Position
Statement on the Diagnosis and Management of Celiac
Disease. Gastroenterology 131, 1977—-1980 (2006).
Fasano, A. et al. Federation of International Societies
of Pediatric Gastroenterology, Hepatology, and
Nutrition consensus report on celiac disease.

J. Pediatr. Gastroenterol. Nutr. 47, 214-219 (2008).
Walker, M. M. et al. Detection of celiac disease

and lymphocytic enteropathy by parallel serology
and histopathology in a population-based study.
Gastroenterology 139, 112—119 (2010).

Murch, S. et al. Joint BSPGHAN and Coeliac UK
guidelines for the diagnosis and management of
coeliac disease in children. Arch. Dis. Child 98,
806-811 (2013).

Weile, B., Hansen, B. F., Hagerstrand, ., Hansen, J. P.
& Krasilnikoff, P. A. Interobserver variation in
diagnosing coeliac disease. A joint study by Danish and
Swedish pathologists. APMIS 108, 380—384 (2000).
Corazza, G. R. et al. Comparison of the interobserver
reproducibility with different histologic criteria used
in celiac disease. Clin. Gastroenterol. Hepatol. 5,
838-843 (2007).

Arguelles-Grande, C., Tennyson, C. A., Lewis, S. K.,
Green, P. H. & Bhagat, G. Variability in small bowel
histopathology reporting between different pathology
practice settings: impact on the diagnosis of coeliac
disease. J. Clin. Pathol. 65, 242-247 (2012).
Taavela, J. et al. Validation of morphometric analyses
of small-intestinal biopsy readouts in celiac disease.
PLoS ONE 8,e76163 (2013).

Marsh, N. M., Johnson, W. M. & Rostami, K. Mucosal
histopathology in celiac disease: a rebuttal of
Oberhuber’s sub-division of Marsh Il Gastroenterol.
Hepatol. Bed Bench 8, 99-109 (2015).

Collin, P. et al. Antiendomysial and antihuman
recombinant tissue transglutaminase antibodies in the
diagnosis of coeliac disease: a biopsy-proven European
multicentre study. Eur. J. Gastroenterol. Hepatol. 17,
85-91 (2005).

Shidrawi, R. G., Przemioslo, R., Davies, D. R.,

Tighe, M. R. & Ciclitira, P. J. Pitfalls in diagnosing
coeliac disease. J. Clin. Pathol. 47, 693-694 (1994).
Pinto Sanchez, M. I. et al. Very high rate of
misdiagnosis of celiac disease in clinical practice.
Acta Gastroenterol. Latinoam. 39, 250-253 (2009).
Rostom, A., Murray, J. A. & Kagnoff, M. F. American
Gastroenterological Association (AGA) Institute
technical review on the diagnosis and management
of celiac disease. Gastroenterology 131, 1981-2002
(2006).

Taavela, J. et al. A prospective study on the usefulness
of duodenal bulb biopsies in celiac disease diagnosis
in children: urging caution. Am. J. Gastroenterol. 111,
124-133(2016).

Wolters, V. M. & Wijmenga, C. Genetic background
of celiac disease and its clinical implications.

Am. J. Gastroenterol. 103, 190—-195 (2008).
Hadithi, M. et al. Accuracy of serologic tests and
HLA-DQ typing for diagnosing celiac disease.

Ann. Intern. Med. 147, 294-302 (2007).

Mitchell, R. T. et al. Coeliac screening in a Scottish
cohort of children with type 1 diabetes mellitus:

is DQ typing the way forward? Arch. Dis. Child 101,
230-233(2016).

Beltran, L. et al. High-titre circulating tissue
transglutaminase-2 antibodies predict small bowel
villous atrophy, but decision cut-off limits must be
locally validated. Clin. Exp. Immunol. 176, 190—-198
(2014).

Vermeersch, P. et al. Defining thresholds of antibody
levels improves diagnosis of celiac disease.

Clin. Gastroenterol. Hepatol. 11, 398-403 (2013).
Hill, I. et al. The prevalence of celiac disease in at-risk
groups of children in the United States. J. Pediatr.
136, 86-90 (2000).

Tiret, L., Nivoche, Y., Hatton, F., Desmonts, J. M.

& Vourc’h, G. Complications related to anaesthesia in
infants and children. A prospective survey of 40240
anaesthetics. Br. J. Anaesth. 61, 263-269 (1988).

NATURE REVIEWS | GASTROENTEROLOGY & HEPATOLOGY

VOLUME 15 | JANUARY 2018 | 65

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.



PERSPECTIVES

72.

73.

T4.

75.

76.

Wilder, R. T. et al. Early exposure to anesthesia

and learning disabilities in a population-based birth
cohort. Anesthesiology 110, 796—804 (2009).
Thakkar, K., El-Serag, H. B., Mattek, N. & Gilger, M. A.
Complications of pediatric EGD: a 4-year experience
in PEDS-CORI. Gastrointest. Endosc. 65, 213-221
(2007).

Jensen, E. T,, Eluri, S., Lebwohl, B., Genta, R. M.

& Dellon, E. S. Increased risk of esophageal
eosinophilia and eosinophilic esophagitis in patients
with active celiac disease on biopsy.

Clin. Gastroenterol. Hepatol. 13, 1426—1431 (2015).
Lebwohl, B. et al. Mucosal healing and risk for
lymphoproliferative malignancy in celiac disease:

a population-based cohort study. Ann. Intern. Med.
159, 169-175 (2013).

Schweizer, J. J. et al. Cancer in children with celiac
disease: a survey of the European Society of
Paediatric Gastroenterology, Hepatology and
Nutrition. J. Pediatr. Gastroenterol. Nutr. 33,
97-100 (2001).

Hansen, D. et al. Clinical benefit of a gluten-free diet in
type 1 diabetic children with screening-detected celiac
disease: a population-based screening study with

2 years' follow-up. Diabetes Care 29, 2452-2456
(2006).

7.

78.

79.

80.

82.

83.

Valentino, R. et al. Prevalence of coeliac disease in
patients with thyroid autoimmunity. Horm. Res. 51,
124-127 (1999).

Bonamico, M. et al. Prevalence and clinical picture of
celiac disease in Turner syndrome. J. Clin. Endocrinol.
Metab. 87, 5495-5498 (2002).

Barada, K., Bitar, A., Mokadem, M. A,

Hashash, J. G. & Green, P. Celiac disease in

Middle Eastern and North African countries: a new
burden? World J. Gastroenterol. 16, 1449-1457
(2010).

Gidrewicz, D., Potter, K., Trevenen, C. L., Lyon, M.

& Butzner, J. D. Evaluation of the ESPGHAN

celiac guidelines in a North American pediatric
population. Am. J. Gastroenterol. 110, 760-767
(2015).

Guandalini, S. & Newland, C. Can we really skip the
biopsy in diagnosing symptomatic children with celiac
disease. J. Pediatr. Gastroenterol. Nutr. 57, e24
(2013).

Stewart, M. J., Shaffer, E., Urbanski, S. J., Beck, P. L.
& Storr, M. A. The association between celiac disease
and eosinophilic esophagitis in children and adults.
BMC Gastroenterol. 13, 96 (2013).

Thompson, J. S. et al. Increased incidence of
eosinophilic esophagitis in children and adults with

84.

85.

86.

celiac disease. J. Clin. Gastroenterol. 46, e6—e11
(2012).

Choung, R. S. et al. Trends and racial/ethnic disparities
in gluten-sensitive problems in the United States:
findings from the National Health and Nutrition
Examination Surveys from 1988 to 2012.

Am. J. Gastroenterol. 110, 455-461 (2015).
Ludvigsson, J. F. et al. Transition from childhood to
adulthood in coeliac disease: the Prague consensus
report. Gut 65, 1242-1251 (2016).

Parker, T. J., Naylor, S. J., Riordan, A. M.

& Hunter, J. O. Management of patients with food
intolerance in irritable bowel syndrome: the
development and use of an exclusion diet. J. Hum.
Nutr. Dietet. 8, 159-166 (1995).

Author contributions
All authors contributed equally to all aspects of this
manuscript.

Competing interests statement
The authors declare no competing interests.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

66 | JANUARY 2018 | VOLUME 15

www.nature.com/nrgastro

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.



	Abstract | Coeliac disease is increasingly recognized as a global problem in both children and adults. Traditionally, the findings of characteristic changes of villous atrophy and increased intraepithelial lymphocytosis identified in duodenal biopsy sampl
	Coeliac disease in adults
	Childhood coeliac disease
	Box 1 | Pros and cons of a biopsy-based diagnosis of coeliac disease
	Figure 1 | Suggested biopsy-avoiding diagnostic pathway for coeliac disease. Non-biopsy diagnosis of coeliac disease based on the European Society for the Study of Paediatric Gastroenterology, Hepatology and Nutrition criteria in a symptomatic child with 
	Conclusions



