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Background
Coeliac disease is a common autoimmune condition affecting the small intestine of genetically
predisposed individuals. It results from an abnormal immune reaction to the dietary gluten found in wheat,
barley and rye, leading to small bowel villous atrophy and impaired small bowel function. Coeliac disease
was previously thought to be a rare disease predominantly presenting in childhood, with symptoms of
malabsorption and failure to thrive.1 However, more recent experience, particularly with the advent of
widely available serological testing, has shown that coeliac disease is a common condition mainly of adult
patients. Many of these patients have minor gastrointestinal symptoms or present with the complications
of coeliac disease, such as osteoporosis or iron deficiency anaemia. Contemporary serology studies have
shown that adult coeliac disease affects up to one per cent of the Western population.2, 3 However, many of
these patients don’t come to diagnosis, with only one in eight patients ever being diagnosed4 – see Figure 1.
The mainstays of investigation and treatment of adult coeliac disease remain serology, small bowel biopsy
and a lifelong adherence to a strict gluten-free diet. In this article, we will discuss the current approach to
the investigation and management of coeliac disease, and highlight some of the areas of research into
improving our diagnostic yield and improving treatment for coeliac sufferers.

Diagnosis
Currently the vast majority of coeliac patients are diagnosed on the
basis of positive coeliac serology and a confirmatory duodenal
biopsy, taken via endoscopic means, showing the presence of villous
atrophy.  There is, however, pressure from some quarters to consider
removing small bowel biopsy from the diagnostic pathway. Indeed,
the 2012 European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) guidelines include an
algorithm for avoiding biopsy in a small proportion of paediatric
patients with significant symptoms, very high antibody titres
(tTG>10x level of normal and positive EMA) and an appropriate
genetic phenotype.5 Below we will discuss the current serological
tests and histology for the diagnosis of coeliac disease.

Serological tests
Serological testing has been one of the major reasons for the
increased awareness and diagnosis of coeliac disease. Serological
tests have excellent sensitivity and specificity in appropriate patient
groups.  Blood tests are inevitably much less invasive than a small
bowel biopsy and, as such, have increased the uptake of testing for
coeliac disease, greatly improving our selection of appropriate
patients for duodenal biopsy.6, 7

Endomysial antibody (EMA) testing is highly accurate with a
sensitivity and specificity of 95 per cent or more in patients with overt
villous atrophy.8-11 However, it is subjective, labour intensive, and the
substrates (monkey oesophagus, umbilicus) are limited.12 Tissue
transglutaminase (tTG) assays are generally cheaper than EMA and
more reliable.8,13 One weakness of the tTG test is that the accuracy of
the assay varies between manufacturers.14 The best assays have a

higher sensitivity than EMA and a comparable specificity, both
around 98 per cent.13-18 The cohort studies that comprise the majority
of the evidence for the performance of each test are of high quality
but too heterogeneous to provide pooled data.9

Although EMA and tTG appear to be sensitive and specific, these
observations are based on carefully selected high coeliac disease
prevalence populations. In the general population, where the
prevalence is estimated to be one per cent, the positive predictive
value (PPV) of   the test falls. When coeliac disease  prevalence falls
below approximately 35 per cent, the PPV of tTG and EMA falls
from 90-100 per cent to 80 per cent or less.13 In a low prevalence
population as seen in screening, the specificity of the test has to be
near perfect for the PPV to remain above 90 per cent.13

Our group performed serological testing and concurrent
duodenal biopsies on 2000 consecutive adults attending for
gastroscopy.19 We identified 77 new cases of coeliac disease
(7 antibody negative). In this referral population, tTG had a sensitivity
and specificity of 91 per cent, an NPV of 99 per cent but a PPV of just
28 per cent. EMA had a PPV of 71 per cent, and an NPV of 99 per cent.
This study highlights the poorer performance of the tests in this
heterogeneous group which, perhaps, more accurately reflects
typical clinical practice. The sensitivity of the serological tests also
falls when histological grades without villous atrophy are
considered. In these circumstances the sensitivity falls well below 90
per cent.16, 19 This is a clinical problem which is difficult to evaluate as
most studies have excluded patients without villous atrophy.12

As the main EMA and tTG tests are IgA based, they are prone to
error in conditions associated with abnormal levels of IgA. For
example, IgA deficiency is associated with coeliac disease and is a
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cause of false negative serological results.19

Conversely, false positive tTG may also occur and
is associated with conditions of raised IgA such
as chronic liver disease and monoclonal
gammopathy.21 One option in the presence of IgA
deficiency is to use IgG EMA or IgG tTG antibody
tests.22

Although gliadin antibodies have largely been
superseded by tTG and EMA there has been recent
interest in deamidated gliadin peptide antibodies,
which are known to play a crucial role in the
immunopathogenesis of coeliac disease. A recent
meta-analysis, however, has shown that although
current assays perform well, tTG is still currently
more sensitive and specific and as such remains
the screening test of choice.23

Point of care testing (finger prick testing) has
an apparent advantage as these tests can be
applied in the out-patient or endoscopy settings
and, potentially, provides clinicians with an
immediate result. Results are promising but the
reported sensitivities and specificities are still less
than conventional serology.24-26 Public interest in
coeliac disease has greatly increased in recent
years. As a result many believe a widely available
point of care test may increase the numbers of
patients tested for coeliac disease and increase
our diagnostic rates further. There are, however,
legitimate concerns around the potential for public
availability of these tests particularly as further work
is required in the testing of low risk populations.
Furthermore, there is a concern that individuals
will place themselves (or be advised to place
themselves) on a gluten-free diet without having a
biopsy to provide histological confirmation.

Duodenal biopsy and histology
As discussed above, serological tests have excellent
rates of sensitivity and specificity when used
in appropriate populations. However, as more
patients undergo the test for increasingly diverse
indications the positive predictive value of serology
reduces. Although a gluten-free diet is a non-toxic
and increasingly available treatment for coeliac
disease it can be poorly tolerated and is
considerably more expensive than a normal diet. It
is imperative, therefore, to be certain of a diagnosis
of coeliac disease prior to institution of a strict
gluten-free diet.  Serological tests alone at present
are not able to completely negate the need for
duodenal biopsy and, as such, in adult populations
this is still mandatory. Histological proof provides
a baseline for future assessments of severity or
remission. There are also implications for first
degree relatives (considering screening) thus a
‘cast iron’ diagnosis for the index case is imperative.
Finally, some primary care practitioners may refuse
to provide a gluten-free diet on prescription unless
there is histological evidence of coeliac disease.

The histological diagnosis of coeliac disease
requires demonstration of villous atrophy, i.e.
Marsh 3 changes. Lesser histological lesions, such
as Marsh 1 (raised intraepithelial lymphocytes) and
Marsh 2 (raised IELs and crypt hyperplasia), are
non-specific and only a minority develop overt
coeliac disease even after long-term follow up. This
was demonstrated by Lahdeaho et al who studied
adults who had undergone small bowel biopsy due
to coeliac suspicion in childhood.27 Seventy-six
subjects with non-diagnostic mucosal changes
(Marsh 1 or 2), and 68 with normal mucosa, were

screened for coeliac disease 10 to 30 years later. In
the intervening years, four patients in the slight
mucosal changes group had been diagnosed with
coeliac disease on clinical grounds. Of the
remaining patients only one new coeliac case was
detected in both groups. Our group recently
prospectively investigated 100 patients with Type 1
Marsh changes (IEL’s only). Usine HLA typing
and gluten challenge we were only able to
demonstrate coeliac disease in 16 per cent of these
adults.28 As awareness of coeliac disease improves
and more people are screened at lower symptom
thresholds, then we will inevitably recognise
individuals with the borderline position of latent
or potential coeliac disease. This was highlighted
by a recent study which identified 26/1868 adults
with positive coeliac serology.29 Six of the 26 had
villous atrophy on biopsy and were diagnosed
with coeliac disease. Of the remaining 20, five
refused biopsy and the rest had lesser degrees of
enteropathy  or normal small bowel. They are now
in the unenviable position of having a ‘not quite’
diagnosis. Should they have repeat biopsy? When
should they be retested? Are they at risk of
complications and should they follow a gluten-free
diet? Do those without overt symptoms follow a
more indolent course? We do not have the answers
to these questions.

One answer may be to improve our
biopsy strategy. Changes of coeliac disease
are well recognised to be patchy in some
individuals.30 As a result a multiple biopsy strategy
has been advocated for some time. Current
recommendations are for four quadrantic biopsies
to be taken from the second part of the
duodenum.31 However, a recent review of biopsy
practices in the USA has shown that clinicians
frequently submit fewer samples than advised,
with clinicians taking four or more biopsies in only
35 per cent of cases.32 When the recommended
number of biopsies were received, this more than
doubled the rate of diagnosis from 0.7 per cent of
cases to 1.8 per cent.  

Traditionally, biopsies have been taken distal  to the
first part of the duodenum as there were concerns
regarding difficulties in analysing histology
samples from the duodenal bulb due to the
presence of Brunner’s glands.33 There is, however,
mounting evidence that changes of coeliac disease
can be identified in the first part of the duodenum.
As previously mentioned changes of coeliac
disease can be patchy, and in 2.4-12.5 per cent of
cases the first part of the duodenum may be the
only site of positive histology.34 As a result many
centres now recommend a duodenal bulb biopsy
in conjunction with biopsies from the second part
of the duodenum to improve detection of coeliac
disease. See Figure 2.

Existing services, novel
therapies and the future
A gluten-free diet is a non-toxic dietary measure
that should be a cure for patients with coeliac
disease. Although gluten-free foods have greatly
improved in recent times, patients still find the diet
challenging to completely adhere to. Reported
adherence rates vary from 42-91 per cent.35 The
cornerstone of management for patients with
coeliac disease is dietetic support. Patients require
regular dietetic support with the opportunity or
access to a gastroenterologist should further
problems arise.36, 37 Follow-up may be in primary or
secondary care as long as the support is adequate.
This is what the patients want and may have a
positive effect on adherence rates.35-37 However,
there is a significant shortfall in dietetic services
throughout the UK. Coeliac UK (National Patient
Charity) have estimated that there is only one hour
of a dietitians’ time per month of 100,000
population in 25 per cent of units currently
available to provide this service. There is an urgent
need to provide increased funding to dietetic
services nationwide in order to ensure that patients
with coeliac disease are optimally managed. This
approach could also potentially be cost-effective if
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the dietetic service were to replace current
consultant capacity for the provision of this service. 

Up to 30 per cent of patients have persistent
symptoms despite apparent adherence to a
gluten-free diet, and a significant proportion of
these symptoms are related to inadvertent gluten
exposure.39 Some patients are exquisitely sensitive
to very small amounts of gluten in their diet
and, despite improved labelling and availability of
gluten-free foods, it still remains almost impossible
to completely avoid some gluten in our modern
diet.40 This has led some researchers to seek out
alternative therapies. Gluten is integral to the taste
and texture of bread and other gluten containing
products. Palatability is one of the main reasons
patients struggle to adhere to a gluten-free diet
and as such research into genetically modified
gluten that doesn’t cause the immune reaction in
the small bowel is a promising area. Other potential
targets aim to ameliorate the immune reaction to
gluten, either by direct effects on the mucosa or
affecting toxicity of the ingested gluten. The main
areas of research are summarised in Table One.

Conclusions
The diagnosis of coeliac disease has greatly
improved over recent years as it has become
increasingly recognised as a prevalent condition.
However, there is still work to be done to identify
patients with this eminently treatable condition.
Improvements in serological testing and biopsy
strategies will reduce errors in diagnosis, permit
earlier diagnosis, and potentially save money.49

Many patients find a gluten-free diet difficult
to fully adhere to and some patients are very
sensitive to small amounts of gluten. This has the
potential to cause long-term complications in
these individuals. As a result, research into novel
therapies as an adjunct or alternative to a
gluten-free diet is required. Although research
into these areas is at a very early stage, there are
several promising avenues for development to
improve the lives of coeliac sufferers worldwide.
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Figure 2: Duodenum Demonstrating Scalloping of the Duodenal Folds
and Fissuring of the Mucosa Before and After Dye Spraying Consistent
with Villous Atrophy in Coeliac Disease

Table One: Areas of Novel Research in Coeliac Disease

Adapted from Bakshi A, et al48

Novel Therapy Mode of action

Genetically modified gluten41, 42 Create gluten that doesn’t activate abnormal immune reaction

Zonulin inhibitors (Larazotide acetate
currently in phase IIb trials)43

Inhibit intestinal permeability reducing gluten uptake 

Therapeutic vaccine (Nexvax2 awaiting
entry to phase IIa trials)44

Induce immune tolerance to gluten

Transglutaminase (TG2) inhibitors Block transamidation of gluten to glutamic acids that increase the
immune response

Probiotics with enzymes45, 46 Detoxify gliadin and promote intestinal healing

Hookworms47 Helminth infection to suppress immunopathology induced by gluten – 
no benefit on histology from single study 
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