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aan: dokter Mubarak

ik voel niet veel versgeel

alleen: toen ik gluten at had ik meer hoofpijn
en: elke morgen wel minder gezur

en: als ik poepte deet het pijn

en: buikpijn heb ik minder

en: toen moest ik meer poepen

en: ik ben meer mezelf

en: en ik eet meer

en: ik ben minder moe

Een brief van Sarah, een 7-jarig meisje met coeliakie, 6 weken nadat zij was begonnen met een glutenvrij dieet

to: doctor Mubarak

I don't feel a lot of difference

however: when I ate gluten I had more headaches
and: every morning there is less trouble

and: pooping did really hurt

and: I have less stomachache

and: at that time I had to poop more often

and: I'm more myself

and: and I eat more

and: I'm less tired

A letter from Sarah, a 7-year-old girl with celiac disease, 6 weeks after she started a gluten free diet
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PREFACE

Celiac disease (CD) is characterized by an inadequate immune response to gluten, a
storage protein in wheat and the related grain species barley and rye. This immune re-
action, giving intestinal inflammation and malabsorption, will only occur in genetically
susceptible individuals carrying specific human leukocyte antigen (HLA) heterodimers,
and consists primarily of a gluten specific T-cell response, although a specific antibody
response is also present. The latter includes anti-gliadin antibodies (AGA) and the auto-
antibodies anti-tissue-transglutaminase (tTGA) and anti-endomysium (EMA). In most
cases the inflammation is completely reversible upon withdrawal of gluten, which is,
until now, the only method to treat the disease. In Chapter 1 we give a comprehensive
overview of CD, from pathophysiology to treatment, and including diagnostic methods,
which is the topic of this thesis.

Currently the worldwide prevalence of CD is estimated to be around 1% although only 1
out of & patients truly gets diagnosed. This is because CD can present with a wide range
of symptoms that frequently remain unrecognized. Classically, the disease manifests
with a malabsorption syndrome characterized by diarrhea, steatorrhea, abdominal dis-
tention, and weight loss or failure to thrive. However, many more patients suffer from
mild or unspecific abdominal symptoms without clear signs of malabsorption. In ad-
dition, CD may be diagnosed in patients with extra-intestinal manifestations such as
fatigue, growth failure, anemia, osteoporosis, liver disease or reproductive problems in
women. Moreover, a great number of patients do not have any symptoms and are only
diagnosed because they belong to a group at risk for CD. With the increasing insight in
these different faces of the disease, diagnosing CD has become a challenge.

Diagnostic methods in CD consist of measuring disease specific antibodies, which per-
mits the selection of people at risk for the disease and who therefore require a small
intestinal biopsy for histological confirmation. Additionally, HLA-typing can be used to
support the diagnosis or make it highly unlikely. However, on each level several diagnos-
tic problems are present.

The aim of this thesis was therefore to investigate invasive as well as non-invasive methods for
the diagnosis of CD, and thereby to contribute to the development of diagnostic algorithms that
are as accurate as possible but at the same time using the least invasive methods.

In the first part of the thesis we focused on the histological diagnosis of CD. Intestinal
damage is the main feature of CD and is characterized by inflammation of the epithe-
lium of the small intestine (intra-epithelial lymphocytosis), increased proliferation of the
basal layer of the epithelium (crypt hyperplasia) and in most cases destruction of the villi
(villous atrophy). Finding these features upon a small intestinal biopsy has been conside-
red to be the gold standard for the diagnosis of CD for decades. However, besides being
invasive, expensive and time-consuming, a small intestinal biopsy may not be as accurate
as has always been thought. For example the biopsy specimen may be of poor quality or
suboptimal orientation, potentially making evaluation less accurate. In addition, diag-
nostic difficulties may arise due to patchy lesions or early stage disease.
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In Chapter 2 we studied whether these problems result in a high inter-observer variability
between pathologists. Subsequently, in Chapter 3 we investigated whether performing
CD3 stains, to detect the intra-epithelial inflammation, contributes to a more accurate
diagnosis.

Nevertheless, even if a perfect histological evaluation can be reached, the ultimate goal is,
of course, to reach a correct diagnosis by using less invasive methods. This was the topic
of the second part of this thesis.

The best way to exclude CD is by performing HLA-typing, as virtually all patients with
CD carry either HLA-DQ2.5 or HLA-DQ8&. However other studies reported that CD pa-
tients can also carry the HLA-DQ2.2 heterodimer, but its frequency in CD remained
unclear. Therefore, we tried to answer this question in Chapter 4, where the HLA dis-
tribution in pediatric patients with CD was investigated. Subsequently, in the following
chapters, we studied the diagnostic value of the CD specific antibodies in the diagnosis
of CD and evaluated whether a small intestinal biopsy can be avoided in specific cases.

Historically, AGA were the first antibodies to be used in CD diagnostics, but were disap-
pointing in clinical practice as sensitivity and specificity were only in the order of 80%.
By contrast, EMA and tTGA —both directed against the auto-antigen tissue-transgluta-
minase— performed much better, although they did not reach 100% accuracy, so a small
intestinal biopsy was still considered obligatory to make a lifelong diagnosis of CD. In
addition, in very young children these antibodies have been reported to be less sensitive.
For the latter group it was even suggested that it would be more appropriate to use the
generally poorly performing AGA, as they could have a better diagnostic performance.
Therefore, in Chapter 5, we investigated the sensitivity and specificity of the newly deve-
loped antibodies against deamidated gliadin peptides, and specifically addressed their
performance in the subgroup of very young children. In Chapter 6 we studied whether a
high cut off value (=10 times the upper limit) for tTGA gives a better disease prediction
and helps in avoiding a biopsy. In Chapter 7 we repeated the study in a prospective setting
in order to minimize the chance of selection bias and to strengthen the scientific evi-
dence. Subsequently, to better understand the difference between CD patients with low
and high tTGA levels, in Chapter 8 we studied the difference in genotype and phenotype
between these two groups. Finally, the thesis ends with a discussion (Chapter 9), where
the results of the abovementioned chapters are discussed and future directions are given.
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CHAPTER1

Celiac disease: an overview from pathophysiology to treatment
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V.M. Wolters

Minerva Pediatr. 2012; 64: 271-87
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Wilhemina Children’s Hospital

University Medical Center Utrecht
Utrecht, The Netherlands
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RHJ Houwen
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Abstract

Celiac disease (CD) is one of the most common immune-media-
ted diseases with a worldwide prevalence of around 1%, although
a couple of decades ago the disease was thought to be very rare.
(D is characterized by an inadequate inflammatory response to
gluten in genetically susceptible individuals. In this inflammatory
response both the adaptive and innate immunity are involved.
The clinical picture of CD is variable ranging from severe malab-
sorption syndrome to silent cases. Disease specific antibodies
can aid in selecting patients for a small intestinal biopsy, which
is thought to be the gold standard investigation to diagnose CD.
However, in selected patients, serology can be sufficient to con-
firm the diagnosis and a biopsy is not needed. Hitherto, the only
treatment for CD is adherence to a lifelong strict gluten free diet.
The purpose of this review was to summarize current literature on
the epidemiology and pathophysiology of CD and to discuss diag-
nostic and therapeutic approaches.



CHAPTER1 | Celiacdisease: an overview from pathophysiology to treatment

Introduction

The new definition of celiac disease (CD) as proposed by most recent ESPGHAN gui-
delines states that CD is an immune-mediated systemic disorder elicited by gluten in
genetically susceptible individuals and characterized by the presence of a variable combi-
nation of gluten dependent clinical manifestations, CD-specific antibodies, HLA-DQ2.5
or HLA-DQS8 haplotypes and enteropathy.’ This definition illustrates the complex inter-
action between immunological, genetic and environmental factors in the development
of the disease, although the interplay between these factors has only been (partially)
unraveled in recent decades.

However, the first signs of the possible existence of CD date back somewhere between
the first and second century when Aretaeus described a disorder in adults with chro-
nic diarrhea and several signs of starvation and called it the celiac (celiac from Greek
kothakog koiliakos, “abdominal”) state.> He believed the disease to be caused by partial
indigestion of food, which should initially be treated by relieving the bowel of stress
by rest and fasting. The first modern definition of CD was given by the British doctor
Samuel Gee in the end of the nine-teenth century, who used the term celiac affection
to describe a disease with classical symptoms of malabsorption syndrome.? He literary
defined the disease as “a kind of chronic indigestion which is met within persons of all
ages, yet especially occurs in children between one and five years old”3 He also declared
that regulation of the food is very important and suggested that if the disease could be
cured at all, it must be by means of diet.3 In the beginning of the twentieth century, just
before the death of Gee, the American doctor Herter described a fat malabsorption in
such patients and he noticed that they tolerated fatty foods more than carbohydrate rich
products.+ A decade later Still noticed that these patients have an intolerance to bread and
in 1921 Howland confirmed an intolerance to carbohydrates.>¢

The real breakthrough in CD occurred in the end of the thirties of the last century when
the Dutch pediatrician Willem Karel Dicke discovered that wheat and barley protein
(gluten) but not wheat starch elicited fat malabsorption, which could be reversed after
following a gluten free diet (GFD).”® He, along with his colleagues Van der Kramer and
Weyers, also discovered that it is the alcohol soluble fraction or the gliadin component of
the water insoluble protein of wheat (gluten) that was responsible for the malabsorption
in CD.9 Later on, it was demonstrated that the malabsorption comes along with intestinal
abnormalities that were also responsive to the diet.”>" Since then, research on CD has
dramatically expanded, increasing our knowledge on the disease yet rising interesting
controversies.

In this review, present epidemiological and pathophysiological views as well as current
diagnostics and therapeutic approaches in CD will be discussed.
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Epidemiology

Epidemiology

General population

At the time of Dicke’s discovery, CD was thought to be a rare disorder with one of the
earliest reports showing incidence rates as low as ~1/6000 in Great Britain, although at
that time disease detection was based mainly on the presence of typical symptoms.” Ho-
wever, after biopsy techniques became available and disease awareness increased, signi-
ficantly higher prevalence rates (up to 1/450-500) in European countries have been des-
cribed in the 1970s, 1980s and early 1990s.3"® In these studies however, a great selection
bias existed, since only patients with classical symptoms underwent a small intestinal
biopsy. Outside Europe, where disease awareness and diagnostic possibilities were way
less than in Europe, CD was thought to be extremely rare.'92°

It was not until last two decades when case finding became more feasible with the intro-
duction of CD-associated antibodies as routine screening tools: initially the anti-gliadin
antibodies (AGA) and later on the anti-endomysium antibodies (EMA) and anti-tissue
transglutaminase antibodies (tTGA). With these tests, the frequency of CD increased and
a prevalence of ~1% was reported in the majority of European countries.?24 In addition,
large studies also demonstrated that the prevalence in North and South America, the
Middle East and North-Africa was equal to that of Europe and that CD was even com-
mon in East Asia.>#3* An exception to this ~1% prevalence, is the Saharawi population in
Algeria where the prevalence of CD is much higher than in any other population, rea-
ching 5.6%.3 Whether this overall rise in the worldwide prevalence of CD is only due to
improved case finding or that CD incidence is actually increasing is still under debate.>+

High-risk groups

Numerous diseases show an increased prevalence of CD in affected patients as compared
to the general population. First of all, the disease frequently co-occurs with other autoim-
mune diseases of which diabetes mellitus type 1 (3-12%), autoimmune thyroiditis (up to
7%), autoimmune liver disease (12-13%) but also IgA nephropathy and juvenile chronic
arthritis are the most important.’ Additionally, patients with selective IgA-deficiency have
a significantly increased risk to develop autoimmune diseases among whom CD (2-8%)
is one of the most important.”3 Moreover, CD is related to a number of genetic syndro-
mes, i.e., Down syndrome (5-12%), Turner syndrome (2-5%), and Williams syndrome (up
to 9%)." Finally, first and second degree relatives of CD patients, are at an increased risk
of developing the disease with a prevalence of 10-20% in first degree relatives."?

For other diseases, the association with CD is less obvious. Early studies show contra-
dictory results with regard to the co-occurrence of CD and psoriasis. However, a recent
large study conducted in almost 30,000 biopsy verified CD patients and almost 150,000
healthy controls showed the relationship between the two diseases to be unequivocally
present’® Other autoimmune disorders such as alopecia areata, pernicious anemia, my-
asthenia gravis, and multiple sclerosis, and so on, may also hold an increased risk of
CD but have not been studied extensively. Since these diseases are rare (in children) the
pediatrician will rarely encounter them. The relationship between inflammatory bowel
disease and CD is still unclear with studies being contradictory.”3® The co-occurrence
of cystic fibrosis and CD has been reported, but with weak evidence due to methodical
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CHAPTER1 | Celiacdisease: an overview from pathophysiology to treatment

weaknesses. However, a recent study demonstrated an increase in CD incidence in a non
selected group of patients with cystic fibrosis as compared to controls.»

Associations between CD and epilepsy (with occipital calcifications) and autism are even
less well defined, and probably very small if present at all.4 The same was thought to
be true for schizophrenia, yet a recent study in over 10,000 patients with schizophrenia,
showed that these patients are at an increased risk for CD (OR 2.3, CI 1.12-5.27) but also
for other autoimmune diseases.*

Pathophysiology

Environmental factors

The necessary triggering factor in the development of CD is gluten (from Latin for glue),
a storage protein in wheat, barley and rye. Due to its unique absorption capacity, cohesivi-
sity and visco-elasticity, gluten is essential for dough formation and contributes to bread’s
structure and taste.+* These properties make gluten also usable as enhancers in different
kinds of non-dough related products (hidden gluten), making it one of the most com-
mon ingredients in human nutrition. On average, the gluten intake in a Western country
is 15 gram per day in children.!

Gluten consists of the alcohol soluble fraction gliadin in wheat, or related prolamines in
barely (secalins) and rye (hordeins), and glutenins. It is high in glutamine and proline
content, the latter making it resistant to degradation by gastro-intestinal enzymes.+*

In CD, the amount and timing of gluten introduction in infants is thought to influence
disease development. This was based on observations in England in the end of the 1970s
showing that the incidence of CD decreased after recommendations to avoid gluten in-
troduction before the age of four months.# Further studies confirmed this, but additio-
nally showed that late introduction (=7 months) also carries along an increased risk of
developing the disease.4+

It has been well established that breastfeeding protects against the development of
CD.#4 However, the timing of weaning in relation to the timing of first gluten exposure
and the amount of gluten intake also appear to influence CD development. Clues for this
were first gained from the Swedish epidemic experience in which the annual incidence
rate for CD increased fourfold between 1985 and 1987 and declined sharply to previous
rates in 1995.4° This change in incidence seemed to correspond well to the dietetic guide-
lines in 1982, which lead to a later introduction of gluten with consequently more child-
ren being weaned from the breast at the time of gluten introduction. In addition, larger
amounts of gluten were given to infants at that time.#° The decline in incidence was
related to an increased proportion of infants still being breastfed at the age of six months
and a decreased gluten intake in infants. Interestingly, at 12 years of age, children born
during the epidemic, still carried a higher prevalence of the disease.#” However, the pre-
valence of undiagnosed CD now detected by means of serological screening appeared
to be no different in children born before and after the dietetic recommendations were
changed again in the mid-1990s, suggesting that breastfeeding and amount of gluten
perhaps mainly affect the development of symptomatic CD, but that it does not protect
against subclinical forms of the disease.#® In addition, it remains to be unclear whether
the possible protective effects are long-lasting throughout life or that there is simply a
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Pathophysiology

delay in onset of the disease.

However, until prospective and long term follow-up studies are available, ESPGHAN
guidelines recommend to avoid both early (<4 months) and late (=7 months) introduc-
tion of gluten, and to introduce gluten gradually while the infant is still being breastfed.++
Another important environmental factor suspected in the etiology of CD is the occurren-
ce of (recurrent) abdominal infections in early childhood. Illustratively, it has been well
demonstrated that a high frequency of Rotavirus infections increases the risk of CD.#
It is even suggested that a great part of the protective effect of breast milk may be attri-
butable to the associated protection against gastroenteritis.>> Hypothetically, intestinal
infection and inflammation may damage the small intestinal barrier thereby increasing
the intestinal permeability to the toxic gluten components. In that way, exposure of the
immune system to gluten is increased, making it more likely for an immune reaction
to occur.’ In addition, inflammation may cause up-regulation of inflammatory cytoki-
nes favouring antigen penetration and presentation, but also causes up-regulation of
tissue-transglutaminase (tTG), an enzyme that is essential in the pathogenesis of CD.5°5>
Finally, molecular mimicry may explain the relationship between Rotavirus and CD.5
Alternatively, disturbances in the intestinal microbiotal environment could switch from
gluten tolerance to an inflammatory response.’+s As intestinal microbiota play an im-
portant role in the establishment and maintenance of mucosal immune homeostasis,
a shift in microbiota has been suggested to result in inadequate immune reactions, as
is observed in inflammatory bowel disease.>® Likewise, in CD an imbalanced intestinal
microbiota has been reported in affected patients compared to healthy individuals.5+5°
Interestingly, a recent longitudinal study has shown that infants with genetic susceptibi-
lity to CD have a different development of microbiota composition compared to infants
with a non-selected genetic background, in the period during and after gluten intro-
duction.”” Finally, the protective effect of breastmilk could also be partially attributed to
intestinal microbiota differences between breastfed and formula-fed newborns.>°

Genetics

In CD a strong genetic component exists, as illustrated by a 83-86% concordance of
the disease in monozygotic twins, as compared to 17-20% in dizygotic twins, the lat-
ter being similar to the prevalence in other first-degree relatives (10-20%)."%5 By far
the most important contribution to this genetic predisposition to CD originates from
the HLA class IT genes, which are estimated to account for approximately 40% of the
genetic risk.®® Indeed, up to 90% of the CD patients carry the HLA-DQ2.5 heterodi-
mer, traditionally called HLA-DQ2, which most commonly occurs in the cis form, en-
coded by the alleles DQA1*05:01 and DQBr1*02:01. Alternatively, HLA-DQ2.5 can be
expressed in the trans configuration (DQA1*05:05-DQB1*02:02), which occurs in in-
dividuals heterozygous for HLA-DQ7.5 (DQA1*05:05-DQB1*03:01) and HLA-DQ2.2
(DQA1*02:01-DQB1%02:02).5% Almost all remaining patients have HLA-DQS, formed
by the DQA1*03:01-DQB1*03:02 alleles.>%¢

However, since these HLA-types are also widely present in the general population (~30%)
and only around 1% of the population develops CD, other factors must contribute to the
development of the disease.®®7 Many non-HLA loci have been identified in genome-wi-
de association studies, although the effect size of each locus is very small. Interestingly,
most non-HLA loci found to be associated with CD are linked to genes related to pro-
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CHAPTER1 | Celiacdisease: an overview from pathophysiology to treatment

teins with an immunological function and genes possibly important in intestinal barrier
function.” In addition, there is a great overlap in susceptibly loci between CD and other
immune-mediated disorders, suggesting a common aetiology.®”

Immunological factors

The immunological basis of CD lies in its association with HLA-class IT molecules. Func-
tionally, these molecules, present on antigen presenting cells such as dendritic cells, are
heterodimers consisting of 2 a- and 2 B-chains. They present epitopes in their binding
groove to CD4+ T-helper cells and thereby activate the immune system against the pre-
sented epitopes.

In CD the inappropriate immune reaction to gluten results in a characteristic entero-
pathy with intra-epithelial lymphocytosis, hyperplasia of the crypts and villous destruc-
tion.®® In 1975 it was established that gluten peptides lead to a cell-mediated immune
response in the small intestine.® Later on, it was discovered that gluten specific CD4+ T-
cells can be isolated from the small intestine of CD patients but not in controls.”” These
T-cells are restricted to the CD-associated HLA-types, suggesting their important role in
CD pathogenesis, although at that time the mechanism behind the HLA association was
a mystery; HLA-DQ2.5 and HLA-DQS& preferentially bind negatively charged peptides
while native gluten virtually lack such properties.+

Along with this cellular response to gluten, a strong B-cell response is present in the
form of anti-food antibodies and auto-antibodies. Initially the auto-antibody response
was defined as anti-reticulin and then anti-endomysium to indicate a poorly defined re-
action to an extra-cellular matrix component of the intestine.”>” However, in the end of
the 1990s the auto-antigen triggering these antibodies was discovered to be the enzyme
tTG.# This finding brought the cellular and serological responses in CD together and
made us understand the HLA-mechanism behind the disease. Indeed, tTG appeared to
be responsible for the deami-dation of gliadin.’s7® In this reaction the glutamine in glia-
din is transformed into glutamic acid by this means shaping negatively charged peptides
that fit perfectly in the binding groove of HLA-DQ2.5 and HLA-DQ8& molecules thereby
optimizing presentation to CD4+ T-cells which results in a stronger B- and T-cell res-
ponse.778

The importance of deamidation and presentation is also illustrated by the strong HLA-
DQ2.5 gene-dose effect. First of all, homozygosity for HLA-DQ2.5 is associated with su-
perior antigen presentation compared to heterozygosity resulting in an increased mag-
nitude of the T-cell response.?’ Indeed, individuals with homozygosity have a five-fold
increased risk to develop CD and if they do, to develop severe complications.®®%

So tTG can generate a large repertoire of highly immunogenic gliadin epitopes that trig-
ger the immune system. However, before this occurs, two things must happen. First tTG
and antigen presenting cells must encounter gluten. Because the gluten content in our
diet is high and since gluten peptides are highly resistant to degradation by intestinal
enzymes, as a result of their high proline content, it is guaranteed that they are highly
abundant in the small intestine. However, the peptides must cross the intestinal barrier
to get in contact with tTG and dendritic cells. This was thought to mainly happen para-
cellulary via leaky tight junctions, as observed in patient with CD but not in controls.®
Nevertheless, recent studies showed that transcellular transport contributes significantly
in the crossover of gliadin.?+% Interestingly, the transcytosis occurs without degradation
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of the gliadin peptides, by contrast to control peptides that do get degradated during
transcytosis, suggesting a defective degradation mechanism in gliadin peptides.® In ad-
dition, a transport mechanism involving the retrotranscytosis of secretory IgA-gliadin
peptide immune complexes via the transferrin receptor CD71, also known as an IgAr re-
ceptor, has also been suggested because of its ectopic expression at the apical membrane
of enterocytes in active CD.% Future studies are needed to explore whether these changes
in gliadin transport are already present in at risk individuals before the onset of CD, or
that they occur secondary to CD.

Secondly, for the important deamidation to take place, tTG must be released from the in-
tracellular compartment and become activated, which occurs in case of tissue damage.®®
This damage could be initiated by small reactions to un-deamidated gluten; reactions to
native gliadin, and also to glutenins.¥” Alternatively, the earlier described infections or
disturbances in microbiota balance could potentially cause tissue damage and release of
tTG.

Finally, although the CD4+ T cell response is essential for the development of CD, it
does not elucidate the total phenotype of the enteropathy. For instance T-helper activation
does not completely explain the presence of intra-epithelial lymphocytes, which produce
interferon-Y and induce apoptosis and cytolysis, so eventually lead to tissue damage (vil-
lous atrophy).3889 From this perspective, it is thought that the innate immunity may play
a role. In fact, some studies have suggested that a native gliadin peptide, can induce
direct toxicity without the adaptive immune system being involved.>° In such a case, the
damage would help in up-regulating tTG and destroying the intestinal barrier leading to
the same scenario, as described above.

However, innate immunity could also help in sustaining the adaptive response.8$9°9' In
this scenario, (native) gliadin peptides can induce IL-15 production by epithelial cells and
dendritic cells.%" On its turn, IL-15 acts on migration and expansion of intra-epithelial
lymphocytes and promotes interferon-y production by these cells.9>9 Moreover, IL-15
was found to have apoptotic effect on enterocytes (villous atrophy), but an anti-apoptotic
effect on T-cells.?? In addition, IL-18, another cytokine of the innate immunity produced
in the epithelium of the crypts, is thought to be involved in maintaining the interferon-y
production and consequently the inflammatory response.?# Further studies are awaited
to elucidate the exact mechanism between innate and adaptive immunity in CD.

Clinical presentation

Originally, it was thought that a CD patient ought to suffer from classical symptoms of
malabsorption syndrome characterized by diarrhea, steatorrhoea, frequently also accom-
panied by abdominal distention, and weight loss or failure to thrive. However, it is now
clear that these classical patients are only the tip of the iceberg and that the majority of
patients suffer from (mild) intestinal symptoms without clear signs of malabsorption
or even non-classical extra-intestinal symptoms.» Moreover, a great number of CD af-
fected people are asymptomatic (silent CD) and have only been detected in population
screening studies or upon screening of at-risk groups.>=24 In fact, the majority of CD
patients remain undiagnosed because they are unrecognized by physicians due to this
diversity of symptoms.
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CHAPTER1 | Celiacdisease: an overview from pathophysiology to treatment

Intestinal symptoms without clear signs of malabsorption include abdominal pain or
discomfort, bloating, flatulence, diarrhea, constipation or irregular bowel habits.” In ad-
dition, upper gastrointestinal-tract symptoms such as vomiting and dyspepsia are also
common as many patients also suffer from a decreased motility of the upper gastro-
intestinal system."9¢ Extra-intestinal atypical signs can be the only symptoms and include
chronic fatigue, irritability, (iron deficient) anemia, vitamin deficiencies (mainly vitamin
B12 and folate), unexplained elevation of transaminases, short stature, ammenorhoea,
delayed puberty, infertility and recurrent abortion in women, neurological symptoms,
dental enamel hypoplasia, stomatitis and dermatitis herpatiformis."977°° The latter, is a
skin manifestation of CD presenting with blistering and characterized by IgA deposits in
the skin.*™°° Just like many other immune-mediated diseases, CD occurs 2-3 times more
common in females.’+

Another change in disease presentation that has been unraveled in past decades is the
age of onset of CD. Traditionally, CD was considered a disease of early childhood, but
it is now widely accepted that this disorder is a disease of all ages, with even a trend to-
wards older age at diagnosis over the past years.’* Whether these patients have had CD
since childhood but have only become symptomatic later on in life or whether they have
actually developed CD in adulthood is still under debate. In favor of the first hypothesis,
are studies showing that patients diagnosed at older age, are more at risk of developing
complications such as refractory CD, a condition in which the intestinal inflammation
becomes unresponsive to the diet which might lead to lymphoma.” This suggests that
CD must have been active for a long time, as it is thought that a long period of uncon-
trolled inflammation must precede before refractory CD and lymphoma develop. On the
other hand, it has also been shown that patients negative for CD-associated antibodies
can develop these antibodies and the associated enteropathy later in life, suggesting that
CD can also develop in adulthood.’* Probably, both scenarios exist.

Finally, an important issue in the clinical picture of CD is our current understanding of
the existence of potential CD, which is defined as the presence of CD-associated antibo-
dies in the absence of the classical histological lesion.’ Such patients may be symptoma-
tic but may also lack any symptoms and may develop CD-associated enteropathy later in
life. However, in some patients antibody levels decline over time and active CD does not
develop while in others antibody levels remain fluctuating over years.™*® Interestingly,
this seems to occur especially in children with an increased risk for CD, suggesting that
there might be a way back to a beginning gluten intolerance. Unfortunately, predictors
for the natural history of potential CD are still unknown.

Pathophysiological reasons for the described heterogeneous clinical presentation of CD
are until now unclear. Some studies have investigated the HLA dose effect and the cli-
nical presentation, but results seem contradictory.™"° A recent study compared genetic
and expression markers and found slight differences between potential CD and CD.'*®
Studies investigating this processes are highly awaited as this could lead to therapeutical
interventions.
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Diagnostics

Histology

The gold standard investigation to diagnose CD is considered to be a small intestinal
biopsy and has been used to make the diagnosis of CD ever since the histological lesions
of the disease were discovered in 1954.°° The histological variability in CD, was first
described by Marsh.®® He classified the enteropathy to be gradual, starting from solely
an increased number of intraepithelial lymphocytes (Marsh I), with later on also crypt
hyperplasia (Marsh II) and eventually also accompanied by various degrees of villous
atrophy (Marsh IITA-C).

The first diagnostic criteria for CD, were established in 1969 and were based primarily
on histology. To make the diagnosis of CD three criteria were required: histologically
confirmed villous atrophy on a gluten containing diet, histological improvement on a
GFD and deterioration of the mucosa after a gluten challenge.5"7

In 1990, these EPSGHAN criteria were revised making a gluten challenge unnecessary
except for children under 2 years of age.” At that time, the diagnosis was still based on
histology. However, the reliance on small intestinal biopsies for the definitive diagnosis
of CD carries along a couple of disadvantages. To begin with, a small intestinal biopsy
is invasive, time consuming, and also causes substantial distress to the child and its
parents. In addition, it is now well recognized that even with this gold standard investi-
gation several diagnostic difficulties may arise. First of all, the biopsy specimen may be of
such poor quality that a diagnosis cannot be made.” Secondly, the classical histological
lesion may not be abundant as CD often begins with minor intestinal changes that can
easily be overlooked.”°'» Finally, CD can be missed because the expression of the CD
lesion may be very patchy.”® Consequently, a high inter-observer disagreement among
pathologists exists.’s Therefore, in recent years, research attention was focused on fin-
ding non-invasive markers to diagnose CD as an alternative for a small intestinal biopsy.
The most dramatic change in diagnostic criteria was made this year. First of all, accor-
ding to the 2012 guidelines, a gluten challenge is not required anymore in children <2
years of age, but only needed under unusual circumstances, i.e., in case of doubt about
the diagnosis.

In addition, until recently, villous atrophy (Marsh III) was required to set the diagnosis
of CD. However, the new ESPGHAN guidelines have concluded that Marsh II is also
sufficient to establish the diagnoses of CD, as it has been proven that these patients actu-
ally suffer from CD." By contrast, a Marsh I lesion is still considered insufficient for the
diagnosis of CD, as this nonspecific lesion can also be associated with other diseases, i.e.
food protein hypersensitivities, giardiasis and other infections.’ Some patients however,
eventually develop CD making follow-up necessary. If severe symptoms are present, it is
advisable to try a GFD, but the diagnosis should always be confirmed by a gluten chal-
lenge and a second biopsy, after symptoms have stabilized.!

The most important change in the new guidelines, is that the diagnosis of CD can be
made without histological confirmation in a selected group of patients, which will be
discussed below. However, in case a biopsy is needed, at least five samples should be col-
lected, including one from the bulb, as this can be the only affected site.!

29




CHAPTER1 | Celiacdisease: an overview from pathophysiology to treatment

Human leukocyte antigen typing

The exclusivity of HLA-DQ2.5 and HLA-DQ8 in CD patients and the rarity of patients lac-
king them, makes HLA-typing also helpful in the diagnostic workup of CD. Indeed, most
studies have shown that the sensitivity of HLA-DQ2.5 and HLA-DQ8 exceeds 96%." Ho-
wever, because HLA-DQ2.5 and HLA-DQQ are also commonly prevalent in the general
population, the specificity is quite low. Therefore, in general, HLA-typing is only useful
to exclude CD or to make it highly unlikely. This could be especially useful in patients
with an increased risk for CD, such as first-degree relatives of CD patients and patients
with autoimmune diseases or syndromes associated with CD, as they require repetitive
testing for CD. Indeed, according to the new guidelines in asymptomatic patients in a
high risk group, this is now the first-line test to be used.” In addition, HLA-typing could
also be helpful in cases with doubtful histology, or in patients with serological evidence
of CD but who lack histological confirmation. In such cases if a patient is negative for
HLA-DQz2.5 and HLA-DQS, CD can be lifelong excluded and no further investigations
and follow-up are needed.

Occasionally, HLA-DQ2.5 and HLA-DQS8 negative patients are reported, although in
some studies this is higher than expected. Mostly these negative patients are homo-
zygous for the p-chain of HLA-DQ2 (DQ*Br1:02) or carry the HLA-DQ2 variant HLA-
DQ2.2.7¢ Such findings are often not reported by laboratories, and even if reported, the
significance of such results is still unknown. Therefore, studies investigating these rare
HLA-types are still needed.

Serological markers

Over the last 50 years, the availability of CD specific serological tests has dramatically im-
proved the diagnosis of CD. The first CD-associated antibodies were discovered in 1964
by Berger.”” These anti-food antibodies against gliadin (AGA) initially seemed very pro-
mising, but turned out to be really disappointing in clinical practice, mainly because of a
high false positive rate.”*® In the next decade anti-reticulin antibodies were discovered as
the first auto-antibodies but also seemed to lack specificity in clinical practice.
However, it was in the early 1980s when the highly specific EMA were discovered.83°
These antibodies are typically measured in IgA class, but can also be measured in IgG
class in case of an IgA-deficient patient. Despite the high specificity of the EMA test, the
search for new antibodies was not ceased, as EMA is measured by means of indirect im-
munofluorescence, which is a subjective semiquantative method that is despite rigorous
quality control not easy to standardize. For that reason, in less trained hands, that is in
routine clinical settings, the specificities might be not as high as reported in research
laboratories.”"

In the late 1990s, when tTG was discovered, new ELISAs were developed which initi-
ally used guinea-pig tTG and later on human recombinant tTG as an antigen substrate
to measure antibodies against tTG (tTGA).3* Just like EMA, tTGA can be measured in
either IgA or IgG class, of which the latter is important in IgA-deficient patients. The
user friendly tTGA test is highly sensitive and specific and is therefore widely used a first
screening tool for CD, although sensitivity nor specificity reach a 100%, making histolo-
gical confirmation still required for the diagnosis in most cases.’?® Nevertheless, it seems
that a high level of these antibodies is extremely predictive for CD. Illustratively, Barker
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etal and Donaldson et al showed that 48 of 49 and 38 of 38 pediatric patients with a tTGA
level =100 U/mL (=10 x upper limit) had histological evidence of CD.?+35 A subsequent
study conducted in a mixed adult/pediatric population, showed that tTGA =100 U/mL
almost exclusively occurs in the setting of CD (73/76 patients) and that the three cases
without villous atrophy did have minimal histological changes suggestive of early CD.3°
Finally, a recent study showed (N=128) that all symptomatic patients with a tTGA=100 U/
moL who also responded to the GFD had CD (N=111).%” Thus, symptomatic patients with
high tTGA levels, who also carry the disease associated HLA-types, and who respond to
the diet, do not need a confirmatory small bowel biopsy, which is now also stated by cur-
rent ESPGHAN guidelines."

At last, special attention should be paid to the diagnostic accuracy of serology in children
<2 years of age, where EMA and tTGA seem to be less sensitive.3¥+° Fortunately, in this
age group newly developed ELISA tests, using deamidated gliadin peptides as an antigen
substrate instead of the conventional gliadin peptides, seem to be useful. These anti-
bodies against deamidated gliadin peptides (a-DGP) generally do not outperform EMA
and tTGA, but in very young children the IgG subtype of a-DGP seems to be extremely
accurate.’#"4 So in very small children, adding IgG a-DGP to the diagnostic work-up will
improve the de-tection rate of CD.

Now, two issues remain to be discussed when considering non-invasive diagnosis in
CD. First. the new ESPGHAN guidelines do not give a clear statement about IgA defi-
cient children, where IgG tTGA might not perform as well as IgA tTGA.'4¢ Potentially,
IgG a-DGP is a better marker in IgA-deficient children, although in IgA-deficient adults
this was not the case.’”” Secondly, in all asymptomatic children and children with posi-
tive tTGA <100 U/mL histological confirmation is still needed. Therefore, new markers
for this patient group need to be found. Potential candidates are plasma citrulline and
plasma intestinal fatty acid binding protein, both markers for intestinal damage, and
could have an added value when combined with current serology.3™49 Likewise, measu-
ring gluten specific T-cells in the blood of patients after a short gluten challenge, could
improve diagnosis and should be further studied.”°

Treatment and follow-up

Currently, adherence to a strict lifelong GFD is the only available treatment for CD. In
the majority of cases symptoms quickly improve and the inflammation resolves as ob-
served by serological and histological normalization.” Numerous therapeutic approaches
are currently under development by targeting several pathological pathways, but it is not
expected that such therapies will be clinically available on short term.

The individual sensitivity to maximum gluten intake in patients with CD is variable, but
the threshold of 20 p.p.m by the Codex alimentatrius, is thought to be safe in the majori-
ty of patients.5"> However, a GFD is not easy to follow and many products are potentially
contaminated with hidden gluten. In addition, patients should get clear guidance from
a dietician, because patients on a GFD are more likely to suffer from nutrient and fiber
deficiencies.’ Also, patients must be aware that gluten free food tends to have a high fat
and caloric content as an alternative to improve taste.
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Measuring dietary adherence is very difficult in CD. In this respect measuring tTGA is
the best available indicator but remains suboptimal since it can be negative despite mi-
nor (inadvertent) gluten intake.”® In addition, it is unidentified how quickly antibodies
should decline in case of very strict adherence to the diet. In a recent study, it was shown
that tTGA levels declined for almost 75% 3 months after the diet and that 1.5 years after
the diet the level of tTGA is expected to be below cut-off for negativity.’* However, 20%
of the children are still positive for tTGA two years after the diet, although the dietary
compliance was not reported in this study. Moreover, in IgA-deficient there is an additio-
nal problem, as IgG tTGA positivity can even persist despite normalization of histology.’ss
According to ESPGHAN guidelines tTGA should have normalized approximately one
year after diet." However, studies are still focusing on finding better markers to measure
compliance. Detecting gluten peptides in the human feces correlates with the amount
of gluten intake and seems to be a promising test to measure dietary compliance.’® In
addition, markers for intestinal damage could also be helpful 4% 149

Adherence to a GFD is determined by the relief of symptoms and the patient’s knowledge
about long term benefits of the diet.’” In symptomatic patients, the benefit of a GFD on
the health status and quality of life is clear.5®® In asymptomatic individuals however, it
is unclear whether they would benefit from treatment, and thus whether they should be
screened in the first place. Adherence to a GFD might load them with the burden of the
diet and negatively affect their quality of life. On the other hand, screen detected patients
might feel better on a diet and might become aware that they actually had symptoms
before the diet. In such patients the quality of life could be improved. Unfortunately,
studies investigating the quality of life are limited and contradictory.’*>™ In addition,
randomized studies have not been performed. Finally, many studies that show a positive
effect have been performed in countries, such as Finland, where the availability of gluten
free products is excellent. Of course, this may be different in other countries where the
GFD is more difficult to follow.

On the long term, the effect of a GFD is also debatable. First, it is believed that patients
with untreated CD have an increased mortality risk, even patients with positive serology
but normal small intestinal histology.”>72 However, increased mortality has also been
described in treated CD patients, so the true effect of the diet on mortality is uncer-
tain.”? In addition, early studies showed an increased risk of malignancy in untreated
CD patients compared to the general population, while this was smaller in treated CD
patients.”7#'7s However later studies showed the risk to be much more modest, especially
when looking at the absolute risk.”7

Secondly, a protective effect of the GFD on the development of concomitant auto-immu-
ne diseases has been described, but again studies are inconsistent: two studies found
that in non-compliant patients the risk of autoimmunity is increased, although statistical
significance is only reported in one study.”7® Additionally, only three of the five studies
that have used the age of diagnosis as a determinant demonstrated an increased risk of
autoimmune diseases with increasing age. 782
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In conclusion, the benefit of screening for asymptomatic persons is still a subject of de-
bate, because it is not clear if the increase in health status will outweigh the burden of the
adherence to the GFD. When considering all these studies, it must be stressed that even
when a positive effect was found, the risk was not stratified between symptomatic and
asymptomatic individuals. In addition, the selection of truly asymptomatic patients is
hard. Many apparently asymptomatic patients have underlying anemia or osteoporosis,
on which a GFD has a positive effect. So, should all patients be screened for such from
the outside invisible symptoms? These issues make the question of whether to screen or
not screen asymptomatic individuals very hard.

In the future, this is one of the most important questions in the CD field that needs to
be answered. Especially, because many asymptomatic individuals in the high risk groups
are now being screened, as suggested by guidelines, but this is only on the basis of their
increased risk for the development of CD. Therefore, long term follow-up and randomi-
zed trials are highly needed.

Conclusions

CD is an immune-mediated disorder with a worldwide prevalence of around 1%. The
disease occurs in genetically susceptible individuals upon the ingestion of gluten and
related prolamins in barley and rye. Gliadin, the alcohol-soluble fraction of gluten is the
toxic agent leading to the classical combination of increased intra-epithelial lymphocytes,
crypt hyperplasia, and in most cases villous atrophy in the small intestinal-mucosa of un-
treated CD patients. The pathophysiology of CD is complex, with environmental, genetic
and immunological factors contributing to disease development. Historically, the disease
was only diagnosed in children with gastrointestinal malabsorption syndrome, although
nowadays in most cases CD is presenting with a wide variety of nonspecific signs and
symptoms or no symptoms at all. Until now, the only available treatment for CD is a
strict GFD, after which symptoms quickly disappear and the small intestinal lesions dis-
solve. Additionally, it has been suggested that the diet might be even protective against
long term complications of CD such as intestinal malignancies and other autoimmune
diseases. The best way to exclude the diagnosis of CD is by performing HLA-DQ2.5 and
HLA-DQS typing, as CD patients lacking these types are thought to be extremely rare.
Serologically, CD is characterized by several antibodies that are very accurate in disease
prediction of whom EMA and tTGA should be used as first line screening tests for CD.
However, the diagnostic accuracy is still not a 100% making a small intestinal biopsy
still necessary to confirm the diagnosis in most cases. However, an exception to this rule
can be made in symptomatic genetically predisposed (HLA-DQ2.5 or HLA-DQS positive)
patients with a tTGA =100 U/mL who respond well to the diet.
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Abstract

Objective A small intestinal biopsy is considered to be the gold
standard for the diagnosis of celiac disease (CD). However, the as-
sessment of small intestinal histology may vary between patho-
logists. Our aim was, therefore, to determine the interobserver
variability in the histological diagnosis of CD.

Material and methods Biopsy specimens of 297 pediatric pa-
tients suspected of having CD were revised by a single experienced
pathologist and compared to the original reports. Mucosal chan-
ges were scored using the Marsh classification. In patients with a
discrepancy in diagnosis, clinical and serological data were used to
determine the most probable diagnosis.

Results Although the interobserver variability for the Marsh
classification was found to be moderate with a Kappa value of
0.486, the Kappa value for the diagnosis reached an almost per-
fect agreement (0.850). Nevertheless, in 22 patients a different
diagnosis was made by the second observer. Interestingly, in this
subgroup relatively more biopsies were classified to be of subop-
timal quality. Based on clinical presentation, serology and follow-
up, 19 of those patients truly had CD. In 14 of them the diagnosis
was originally missed by the first observer while five cases were
under-diagnosed by the second pathologist.

Conclusions  CD can be missed histologically due to assessment
variation between pathologists. A final diagnosis of CD should be
based on histology, serology as well as response to the diet.
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Introduction

Celiac disease (CD) is a common auto-immune disease characterized by a permanent
intolerance to gluten in genetically predisposed individuals.”? The disease usually beco-
mes manifest in the small intestine where it classically leads to mucosal inflammation,
destruction of the villi as well as crypt hyperplasia.? Although CD was originally known
for the classical symptoms of a malaborption syndrome, that is, diarrhea, steatorrhea,
and weight loss, nowadays the diagnosis is increasingly being made in asymptomatic in-
dividuals and in patients with atypical symptoms such as anemia, osteoporosis, or abdo-
minal discomfort.#” The diagnosis of CD is generally made using a two-step approach.®+°

Endomysium antibodies (EMA) and tissue-transglutaminase antibodies (tTGA) are the
first diagnostic modality to be utilized when CD is suspected. These serological markers
are highly sensitive and specific, but patients with false positive and negative test results
are still reported. Therefore, until now, a small intestinal biopsy is still required to con-
firm the diagnosis.” However, even with this gold standard investigation several diagnos-
tic difficulties may arise. First of all, the biopsy specimen may be of such poor quality
that an accurate diagnosis is not possible.” Second, the classical histological lesions may
not always be abundant as the development of CD is a dynamic process that often begins
with minor changes that can easily be overlooked.5™ Also, the variability in expression
of the histological lesions in CD may make diagnostic interpretation more difficult.””® Fi-
nally, it should be kept in mind that, especially in children, small bowel mucosal atrophy
can also be associated with other diseases that are sometimes difficult to differentiate
from CD." Taking all these difficulties into account, it can be anticipated that the rather
subjective evaluation of biopsies may lead to variability in interpretation among different
pathologists, which can hinder a correct diagnosis. This may be especially problematic
in patients with a positive serology and a high clinical suspicion of the disease, but ap-
parently normal small bowel histology.

Unfortunately, studies investigating the variability in histological diagnosis are rare and
limited to small study populations. Therefore, we sought to determine the variability in
almost 300 patients biopsied for CD based on more than 10 years of experience in our
center.

Methods

Subjects

All patients referred between 1998 and 2009 to the Wilhelmina Children’s Hospital,
Utrecht, The Netherlands, with the suspicion of having CD were included in the study.
Patients were referred due to CD associated symptoms or because they carried a risk
factor for CD. Patients in whom serological tests were not performed were excluded
from the study. A total of 297 patients (Figure 1) between 0.7 and 17.8 years (mean age
5.9 years) were eventually included in the study. In all, 131 (44.1%) were male and 166
(55.9%) were female.
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Methods

Serology

Serum immunoglobulin A (IgA) EMA was measured by means of indirect immunoflu-
orescence using sections of distal monkey esophagus mounted on glass slides (IMMCO
Diagnostics Inc., Buffalo, NY, USA). Serum IgA tTGA was detected by means of ELISA
using human recombinant tTG (ELiA Celikey IgA, Phadia AB, Uppsala, Sweden). As
recommended by the manufacturer, the serum samples containing an antibody titer of
more than 10 U/ml were considered positive. All samples were tested in accordance with
the manufacturer’s specifications.

Histology

In all patients, biopsies were taken from the distal duodenum by upper gastrointestinal
endoscopy. First, the original histology reports of all patients were read by one of the
authors (A Mubarak) and the severity of the lesion and diagnosis according to the initial
pathologist were recorded. Second, all histological slides were revised by a single experi-
enced gastro-intestinal pathologist (FJW Ten Kate) who was blinded to the original evalu-
ation, clinical, and laboratory data. The original hematoxylin and eosin and, if available,
the CD3 stained sections (n = 33) were used for the reevaluation (Figure 1).

Biopsies of 297 patients re-evaluated

33 patients with initial CD3 stains 264 patients with solely HE stains

22 patients with discrepancy in diagnosis

28 patients with additional CD3 stains

10 patients with a different conclusion regarding IELs

Figure1 Overview of included patients and performed stains.
HE = hematoxylin and eosin; IELs = intraepithelial lymphocytes.
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Before the revision, the quality of the biopsy specimen was classified as good, moderate,
or poor. The degree of quality was based on the orientation of the slides and the presence
of sufficient undamaged material, including mucosal as well as submucosal tissue. A
biopsy was considered to be of poor quality in case of insufficient or damaged material
and/or lack of submucosal tissue (Figure 2A). If only the orientation was affected, that
is, in case of tangentially cut biopsies, the quality was classified as moderate (Figure 2B).
Finally, a biopsy was considered to be of good quality when it was deep, undamaged, and
well orientated, that is, when the crypts were perpendicularly positioned under the villi
(Figure 2C). The overall quality in a patient was based on the best available biopsy in
that patient. Subsequently, mucosal changes in each slide were scored using the Marsh
criteria as modified by Oberhuber (o0 = normal, I = increased intra-epithelial lymphocytes
(by visual estimation); II=increased intra-epithelial lymphocytes and crypt hyperplasia;
IIT = increased intraepithelial lymphocytes, crypt hyperplasia and partial (I11a), subtotal
(I1Ib), or total (IIIc) villous atrophy).2° If multiple changes were present within a single
fragment or series of fragments in one patient, the most severe lesion was recorded. The
overall grade assigned to each case was based on the highest Marsh lesion identified. A
Marsh III lesion was considered to be diagnostic for CD. When the Marsh criteria could
not be fulfilled in a patient, for example in case of solely villous atrophy or crypt hyper-
plasia, but no increased number of intraepithelial lymphocytes, biopsies were termed
unclassifiable. Biopsies with such bad orientation that it was not possible to establish the
Marsh classification were termed as undeterminable.

A

Figure2 Examples of each quality classification of the
biopsy specimens. A. Poor quality; B. Moderate quality;
C. Good quality.




Results

In addition, during the second evaluation the biopsy specimens were also evaluated for
the presence of neutrophillic, eosinophilic and lymphoplasmocellular cell infiltration as
well as the presence of gastric metaplasia. The infiltration was graded as normal or incre-
ased. Gastric metaplasia was defined as the presence of gastric epithelial cells containing
periodic acid Schiff-positive neutral mucin together with the absence of a brush border.
Subsequently, additional CDj3 stains (n = 28) were performed whenever there was doubt
about the number of intra-epithelial lymphocytes on the hematoxylin and eosin stained
sections (visual estimation) (Figure 1). On the CD3 stains, a minimum of 30 intra-epi-
thelial lymphocytes per 100 enterocytes was considered to be diagnostic for lymphocytic
enteritis.> After evaluation of the CD3 stains, it was determined whether this led to a
different conclusion regarding the number of intra-epithelial lymphocytes.

Finally, in patients with discrepancy in the diagnosis between the first and second ob-
servers, we aimed at making a final diagnosis which was based on symptoms, (clinical)
response to the gluten free diet, serological results, and subsequent biopsies (during a
gluten challenge). In patients with a positive serology and subsequent clinical and/or
serological response to the diet, CD was considered as the final diagnosis. In case of ne-
gative serology and clinically no response to a strict diet, CD was considered to be highly
unlikely. When the clinical and serological response could not be determined because a
patient was asymptomatic, did not (strictly) adhere to the diet, or because no follow-up
was available, the most probable diagnosis was considered to be the diagnosis correlating
with the serology.

Statistical analysis

Descriptive analyses were performed using SPSS version 15.0 for Windows (SPSS Inc.).
An interobserver variability analysis using the Kappa statistics was performed to deter-
mine consistency among the two assessments. Logically, the diagnosis made by the first
pathologist was compared to the diagnosis made by the second observer before perfor-
ming additional CD3 stains. According to Landis and Koch, the strength of agreement
for the Kappa coefficient can be classified as poor when kappa values were <o, slight for
values between o.o1 and 0.20, fair when they ranged from o.21 to 0.40, moderate when
values were between 0.41 and 0.60, substantial in the interval from 0.61 to 0.80, and
Kappa values between 0.81 and 1.0 were termed as almost perfect agreement [22]. Final-
ly, the Pearson Chi-Square test was used for statistical comparison of data (histological
features and biopsy quality). A p-value of <o0.05 was considered statistically significant.

Results

Between one (in four patients) and eight (in one patient) biopsies were obtained per
person with a mean of 3.32 biopsies (standard deviation 1.12). The quality of the biopsy
specimens was good in 210 (70.7%) patients, moderate in 78 (26.3%) patients, and poor
in nine (3.0%) patients. Initial CD3 stains were performed in 33 (11.1%) patients.

In the first assessment, the biopsy slides of 123 (41.4%) patients were classified as Marsh
o while only 106 (35.7%) patients had this classification in the second assessment (Table
1). In the first evaluation, 158 (53.2%) patients had a Marsh III lesion which is diagnostic
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for CD while 14 (57.9%) more patients were classified with this lesion by the second
observer. For the Marsh classification, the interobserver variability was found to be mo-
derate with a Kappa value of 0.486.

A total of 160 (53.9%) patients were originally diagnosed with CD while 172 (57.9%) pa-
tients matched the diagnostic criteria for CD according to the second pathologist (Table
1). The Kappa value for the diagnosis was 0.850. Neutrophillic, eosinophilic, and lymp-
hoplasmocellular cell infiltration in the lamina propria as well as gastric metaplasia were
significantly (p < 0.001) more present in patients with CD (Table 2).

Classification / diagnosis  First assessment N (%) Second assessment N (%)
Marsh 0 123 (41.4%) 106 (35.7%)
Marsh | 3(1.0%) 2 (0.7%)
Marsh II 1(0.3%) 2 (0.7%)
Marsh llla 42 (14.1%) 15 (5.1%)
Marsh Ilib 58 (19.5%) 66 (22.2%)
Marsh llic 58 (19.5%) 91 (30.6%)
Unclassifiable 10 (3.4%) 14 (4.7%)
Undeterminable * 2 (0.7%) 1(0.3%)
Celiac disease 160 (53.9%) 172 (57.9%)
No celiac disease 137 (46.1%) 125 (42.1%)

Table1 Frequencies of Marsh classification and diagnosis in the first and second assessment.
“ Although the Marsh classification was undeterminable, those patients were diagnosed with CD

Histological features Celiac disease, N=172 Non-celiac disease, N=125 P-value
Increased lymphoplasmocellular infiltrate 162 (94.2%) 87 (69.6%) <0.001
Increased eosinophilic infiltrate 90 (52.3%) 16 (12.8%) <0.001
Increased neutrophilic infiltrate 84 (48.8%) 6 (4.8%) <0.001
Gastric metaplasia 47 (27.3%) 9 (7.2%) <0.001

Table2 Frequencies and statistical significance of several histological features in celiac disease versus non-celiac
disease patients.

We also reviewed the results of serological testing in these patients. Of the patients origi-
nally diagnosed with CD (n = 160), two were solely negative for EMA, four patients were
only negative for tTGA, and in one patient both EMA and tTGA were undetectable in the
serum. On the other hand, of the patients in whom CD was originally excluded (n = 137),
30 patients had dual positivity for EMA and tTGA and 22 patients had solely increased
EMA levels in the serum. After revision, 13 (43.3%) of those patients with apparently fal-
sely increased EMA and tTGA turned out to have CD according to the second pathologist
while only one (4.5%) patient with solely falsely increased EMA turned out to have CD.
Additional CD3 stains were performed in 28 (9.4%) patients (Figure 1).

50



Results

(o]

s91£00ydwi| [e1py1ida-ei1u] Jo JaquINU paseadul ue PIMoys
sure1s €02 [BUOIHPPY oo ‘S23K00YdWA| [erjayiida-eiiu] Jo Jaguunu [eLuiou e PaMoYs sulels £Q) [BUOIHPPY.eo “PauLIoRd Ajjeriur aiam sutels £ o “J9pIosIp [ewolpuks e 0} painguiie
A|[ENUBAD UOIIBPIRIAI LIMOID~ "IDIP B JO UOIIRIIUI 191 pasijewiou AB0|0Ias ., *K103sIY A|iLue) 9A1ISOd ,, "aseasip deljad ‘q) ‘Aydouie snojjia [ered “Yad ‘@ainebau ‘bau aanisod ‘sod
‘3WOIPUAS [9MO( 3|gRILII ‘S| ‘D|qeulLLIIBPUN ‘PN ‘SN1Tj[BW SIaCRIP ‘N D[y ‘4 ‘Djew ‘Y ‘sa1pogiiue wnisKWopu “yIA] ‘sa1pogiue aseuiweln|bsuel] anssiy 'y |1 '9ALIYL 03 n|iey
J1o/pue uonediisuod Jo/pue eaoyelp Jo/pue uted [euilopge :[BdISSe|) “JUBLLSSISSE PUOIIS PU ISIY dY1 U2aMIq sisoubelp ul KHouedansip yum syusined jo soisuaidereyy  €ajqog

a  Elysiew Bl ystew VAd SOd €t #xPO0D [ed1sse]) W'9T ad
a  Ejysiew Bl ystew 0 Ystew SOd Sy »% POOD [ed1sse|) W ZST TC
adoN - oodlll Ysrep oysew  baN 0 ueIs 10U pig [ed1sse|d W'9T (074
a - oqlll ysrew VAd SOod 66 Helsjoupig pasadwal-peg ER A0 «6T
a - ysiey VAd SOd €€T< Hejsjou piq |edisse|) ER 4 3T
a>ON - qliysiew 0 Yysiew BEIN} 60 Hejsjou pig [ed1sse|d WYL A
Adeiayy 03 JuelsIsal
a 0 ysrew qiirysew 0 ysiew SOd €€I< £xPO0D 1 2df3 W@ ‘[ed1sse 17y 91
dd)ON 0 ysiey ysiep llysteyy  ban 0 asuodsal oN [ed1sse|) W'TT ST
pasouberp osje sem

@ - e|[] ysrep 0 ystep sod 00T<  Sdl Inq ‘asuodsal oN [ed155€8) 116 T
a - qiirysew VA SOd /[T Hejsjoupig |edisse)y 41'89 A
a  elysiew 000Bl] YSIB\ 0 Ysiepw sod 00T< dn-mojjoy oN [ed1sse|) 19 T

a - ooodlll YSIB oysiew  sod 00T< Heisjouplg  umoq ‘swoldwAs o W98 T

siwioyadiay

a - oB||| Ysiey VAd SOd 00T< PoOS  shijewaq g [edisse)y W62 0T

a ejysenw oqlilysiew VAd SOd 9¢ #xPO09 [ed1sse]) W'6€ 6

a elysiew oBlll Ysiew | ysiew Sod 9 *xPN swoydwAs oN 4'C6 *8
@ - gl Ystew 0 Yysiepy sod 89 PN swoldwiAs oN WYY WA
a  qiysiew qiirysrew 0 Ystew SOd 001< +xPO0D bureolg 4€8 x9
a - 0000 Ysie ||| ysiey Sod 8¢ ~,,dsuodsal oN |edisse;) 41'8Y q

@ - eisejdiadAy-1dA1y e||| ysiep sod €eT +xPOOD) [ea1sse|) 1TV W7

+xUIBYpE

a - ysiew Bl ystew SOd TET pLIsou ‘pn [ed1sse|d 4641 €
@ - opnysiey ‘ad ou Auesy qlll ysrew sod 6T dn-mojjoy oN [ed1sseD) W 0T 4
(<) - oelse|diadAy-1dKin e[|] ysiepy sod 00T< PN swoldwiAs oN W09 +T
sisoubelq  abuajeyd JUSWISSISSE pUoddS  judwissassedsily  YWI  (Jw/n) vola asuodsai L1e331q swoydwAs  1opuab ‘aby  udnied

51



CHAPTER2 | Reproducibility of the histological diagnosis of celiac disease

Five of the 12 patients who were concluded to have normal intra-epithelial lymphocyte
counts on the hematoxylin and eosin stained slides had an elevated number of intraepi-
thelial lymphocytes on the CD3 stained biopsies. Five of the 16 patients who appeared to
have an elevated number of intra-epithelial lymphocytes on the hematoxylin and eosin
stained slides had a normal count on the CD3 stain. Thus, in 10 (35.7%) of the 28 pa-
tients, performing CD3 stains led to a different assessment with regard to the number
of intra-epithelial lymphocytes than was originally made based on the hematoxylin and
eosin stained slides.

In 22 (7.4%) patients, a different diagnosis was made by the second observer (Table 3).
Interestingly, in this subgroup relatively more biopsies were classified to be of moderate
(n=9, 40.9%) and poor (n = 2, 9.1%) quality while only 11 (50.0%) biopsies were consi-
dered to be of good quality. The difference in the quality of the biopsy specimen between
the patients with discrepancy in diagnosis and the patients without discrepant diagnosis
was statistically significant (p-value 0.027) when comparing the biopsies with good qua-
lity versus the biopsies with suboptimal quality.

A mean of 3.00 biopsies was taken (range 2—0, standard deviation 0.970) in these pa-
tients which did not differ significantly from the number of biopsies taken in the total
study population. Most patients (n = 16) had the classical symptoms of CD, eight had a
family history for CD, one patient had Down syndrome, and one patient had diabetes
mellitus type 1.

Interestingly, in five patients who were originally diagnosed with CD, the diagnosis was
excluded by the second pathologist (Table 3). However, taking into account the clinical
presentation, response to the diet, and serology (all positive for tTGA and EMA), these
five patients are likely to have CD.

Likewise, 17 patients in whom the diagnosis of CD was originally excluded were diag-
nosed with CD during the second evaluation. Based on the clinical and serological data,
14 patients are considered to truly have CD. The remaining three patients, who did not
start the diet, had negative serology which makes CD unlikely. In some patients, a gluten
challenge (patient numbers 6, 8, 9, 12, 15, 16, 21, and 22) had been performed as serology
and histological reports were discrepant. Interestingly, in five (patient numbers 6, §, 12,
21, and 22) of the eight patients who had undergone subsequent biopsies during a gluten
challenge, the Marsh classification of these subsequent biopsies, which were evaluated
only by the original pathologist, were exactly the same as observed by the second patholo-
gist. In patient number 9, a Marsh IIIb lesion was demonstrated by the second patholo-
gist while a Marsh IIIa lesion was found during gluten challenge. In patient number 15,
a Marsh o was found during the challenge while the first pathologist diagnosed a Marsh
II lesion and the second pathologist a Marsh I1Ia lesion. Based on the negative serology
and lack of response to the diet, CD is highly unlikely in this patient. Surprisingly, patient
number 16 was diagnosed with a Marsh o lesion during gluten challenge, in accordance
with the first pathologist, while the second observer has classified the biopsy of this pa-
tient as Marsh IIIb. Nevertheless, this patient most likely has CD due to the excellent
clinical and serological response to the diet.
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Discussion

In the 22 patients, initial CD3 stains had been performed in eight patients. Additional
CD3 stains were performed in four patients due to a doubtful number of intra-epithelial
lymphocytes on the hematoxylin and eosin stained sections. Interestingly, in two patients
(patient numbers 5 and 20), the conclusion regarding intra-epithelial lymphocytes made
by the second observer on the basis of the hematoxylin an eosin stains was contradicted,
and was thus in accordance with the conclusion made by the first observer. In patient
numbers 11 and 12, the intra-epithelial lymphocyte counts were not different from the
counts on the hematoxylin and eosin stained slides by the second observer.

Discussion

Serological tests such as EMA and tTGA are reliable screening methods for CD and are
widely used to select patients for small intestinal biopsy, the internationally accepted
gold standard investigation for CD. However, it is now widely recognized that even a
small intestinal biopsy may not always be 100% accurate. Indeed, this study, which is
the first study in such a large pediatric cohort, showed discrepancy in the diagnosis of
CD between two independent evaluations in 22 (7.4%) of the 297 patients. Although the
Kappa value (0.850) indicated an almost perfect agreement, 14 of these patients were
initially misdiagnosed as non-celiac. Therefore, some of these patients did not start the
gluten-free diet which can lead to both short- and long-term complications.* Addition-
ally, eight of those 14 patients unnecessarily underwent a subsequent biopsy after being
challenged with gluten which also has several disadvantages: it can cause considerable
symptoms and possibly has a negative effect on the child’s growing potential.>+ Moreover,
undergoing a small bowel biopsy is associated with substantial distress to the child and
the parents and also carries along the potential risk of complications of general anesthe-
sia or sedation.

Our study thus suggests that CD can be missed due to a difference in assessment between
pathologists, which is in accordance with previous reports in which CD was only diag-
nosed after revision of initially normal biopsies or performing additional biopsies.?¢
This disagreement most commonly occurs due to suboptimal quality of the biopsy spe-
cimen, as was demonstrated by the present study, but also due to patchiness of CD and
the possible absence of the classical histology. Interestingly, and by contrast to the abo-
vementioned studies, disagreement in our study did not only occur in case of atypical
lesions, but also in patients with classical CD histology. This emphasizes the fact that
biopsy interpretation is a subjective skill dependent on the pathologist. Interestingly, in
the current study, no patients were originally misdiagnosed as celiacs. This is by contrast
to a previous Hungarian study which showed that in a significant amount of patients
the original diagnosis of CD was incorrect while no new CD patients were detected after
revision.” A potential cause for this difference is that the Hungarian study, by contrast to
our study, selected a group of patients in the era that EMA and tTGA were unavailable;
selection of patients for small intestinal biopsy was thus solely based on clinical grounds.
By contrast, our study population has a relatively high proportion of patients with positive
serology, and thus CD, because patients with negative serology are less likely to be refer-
red to our center for a biopsy.
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All 14 patients who were missed during the first assessment had positive EMA while 13
of them had elevated levels of tTGA. Those patients were a large proportion of the 52 pa-
tients who were thought to have false positive serology. Especially in the 30 patients with
combined positivity for EMA and tTGA but apparently normal histology, the initial diag-
nosis was likely to be revised by the second pathologist (43.3%). By contrast, in only one
of the 22 patients with solely elevated EMA and apparently normal histology according
to the initial assessment, the diagnosis was revised. This illustrates that the diagnosis
of CD should not be solely based on histology, but serology, symptoms, and response to
the diet should also be taken into consideration, which is in support of recent experts’
suggestions (Table 3).” These experts also propose adding HLA DQ2.5 or DQ8 positivity
to the diagnostic criteria; unfortunately, this information was unavailable for our study
population due to the retrospective study design. Alternatively, a revision of the biopsy
should be considered in case of discrepancy between serology and histology, especially
when both EMA and tTGA are elevated while histology appears to be normal.

Of course, in case of disagreement between serology and histology, not only assessment
variability, but also other causes of missing the diagnosis of CD should be kept in mind.
For example, in patients using immunosuppressive therapy histological inflammation
may be minimal or absent. In addition, the diagnosis can be missed if a patient is not
consuming a significant amount of gluten, which is not uncommon in children. Ano-
ther important cause for missing CD is sampling error: the patchiness in CD is not only
witnessed within a single biopsy fragment, but extends throughout the whole gastroin-
testinal tract. In fact, it has recently been suggested to take at least 3—5 duodenal biopsies
per patient, including bulb biopsies, as this site may be the only affected site in CD.7:828
In the present study, due to the retrospective design, duodenal bulb biopsies were not
taken routinely and not all patients had a minimum of 3—5 biopsies. Therefore we cannot
exclude that CD has been missed in at least some of the patients in the current study. For
example, this sampling error may have occurred in patient number 16 during the gluten
challenge; although the most probable diagnosis was considered to be CD, this diagnosis
was missed during the gluten challenge. Alternatively, the pathologist may have missed
the diagnosis in this patient due to interpretation difficulties.

The Marsh classification is the most commonly used categorization method among
pathologists for the diagnosis of CD. In this study, we also determined the interobser-
ver reproducibility of this classification which, with a Kappa value of 0.486 (moderate
agreement), was much lower than that of the diagnosis. This value is slightly higher
than reported before by Corazza et al. who found a Kappa value of 0.35 (fair agreement)
in a much smaller study performed in Go patients (adults and children).? By contrast,
another similar study, which used a two-steps semistructured method and not the ori-
ginal Marsh classification for the histological evaluation, showed comparable results in
73 children with Kappa values of 0.53—0.57 (moderate agreement).>° Unfortunately, both
studies did not determine the eventual disagreement for the diagnosis.
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Discussion

Histological features, other than the characteristics of the Marsh classification, were also
evaluated by the second observer (Table 2). We found that CD is also associated with an
increased infiltration of neutrophillic, eosinophilic, and lymphoplasmocellular cells in
the lamina propria as well as the presence of gastric metaplasia. However, these features
did not occur exclusively in CD which makes them aspecific. In fact, according to earlier
reports, inflammation, or hypercellularity, of the lamina propria and gastric metaplasia
are considered to be non-specific markers of mucosal injury that may thus also develop
due to gluten toxicity.33+

In the current study, a CD3 stain was not performed routinely. It was ordered by the
first pathologist in case of doubt about the number of intra-epithelial lymphocytes (n =
33), which were measured by visual estimation. During the revision process, the same
strategy was carried out and in 28 cases an additional CD3 stain was performed. In 10
patients, a different conclusion concerning the number of intra-epithelial lymphocytes
was made. In our experience, most problems in evaluation occurred in patients with
discontinuity in the intraepithelial lymphocytosis within the same biopsy specimen. Es-
pecially in the hematoxylin and eosin stained sections, the lack of contrast between the
immunoreactive cells and the epithelial cell population may complicate exact counting of
the lymphocytes which can lead to an underestimation of the number of intra-epithelial
lymphocytes. We therefore stress for caution when interpreting the intra-epithelial lymp-
hocytes and suggest, similar to other authors, that CD3 staining and counting should
be made whenever intra-epithelial lymphocytosis is suspected on the hematoxylin and
eosin stained slides by visual estimation.*

In conclusion, this study showed that CD can be missed by histological evaluation due to
several causes. Because a missed diagnosis of CD can be potentially harmful, we suggest
the following strategy. The pathologist who initially evaluates the slides should state the
quality of the biopsies in the report. Further, it should be stated whether on the basis of
histology, the diagnosis can be made with confidence. For this, we suggest the following
definitions: (1) the histological diagnosis of CD is probable, (2) CD is histologically possi-
ble, and (3) CD is histologically not probable. We do believe that by applying this method,
a more useful report will be available for the clinician. Finally, in case of a discrepancy
between serology and histology, revision of the biopsy should be made by a (second) pa-
thologist before considering subsequent biopsies.
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Abstract

Objective The aim of this study was to investigate whether per-
forming immunohistochemical CD3 staining, in order to improve
the detection of intra-epithelial lymphocytosis, has an additional
value in the histological diagnosis of celiac disease.

Material and methods Biopsies, stained by hematoxylin and
eosin (HE) of 159 children were evaluated using the Marsh clas-
sification. Subsequently CD3 stains were evaluated separately and
independently.

Results A difference in evaluation between the routine HE sec-
tions and the CD3 stains was present in 20 (12.6%) cases. In 10
(6.3%) patients the diagnosis of celiac disease (Marsh Il and Ilf)
changed upon examination of the CD3 stains: in 9 cases celiac
disease had initially been missed on the HE sections while 1 pa-
tient had been over-diagnosed on the routine sections. In all pa-
tients the final diagnosis based on the CD3 stains was concordant
with serological results, but was not so previously. In the other 10
(12.3%) patients the detection of sole intra-epithelial lymphocy-
tosis (Marsh 1) improved. Nine patients turned out to have Marsh
| on CD3 sections, but this had been missed on routine sections.
Interestingly, the only patient with negative serology had giardi-
asis. Finally, in 1 patient, with negative serology, in whom Marsh |
was suspected on HE sections, this diagnosis was withdrawn after
evaluation of the CD3 sections.

Conclusion  Staining for CD3 has an additional value in the his-
tological detection of celiac disease lesions, with CD3 stains to be
performed whenever there is discrepancy between serology and
the diagnosis made on HE sections.
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Introduction

Celiac disease is a permanent intolerance to gluten, a storage protein in wheat and the
related grain species barley and rye." Ingesting these grain species in genetically suscep-
tible individuals causes inflammation of the small intestine, which is reversible upon
elimination of gluten from the diet.>3 To screen for celiac disease, highly specific and
sensitive antibodies are available, but until now, in many cases a small intestinal biopsy
is required for the diagnosis.+s

Typically, the trias of an increased density of intra-epithelial lymphocytes (IELs), hyper-
plasia of the crypts and villous atrophy are observed in patients with celiac disease.* Ho-
wever, villous atrophy can also be found in various other diseases such as giardiasis,
Whipple’s disease, tropical sprue etc.® On the other hand according to most recent gui-
delines, villous atrophy is not necessary for the diagnosis of celiac disease, provided that
intra-epithelial lymphocytosis and crypthyperplasia are present.s Crypt hyperplasia is a
sign of increased intestinal turnover, and is thought to occur secondary to the villous
destruction and inflammation. The presence of intra-epithelial lymphocytosis, although
not pathognomonic for the disease, is considered to be the most important histological
finding for celiac disease.”® Therefore, in many cases detecting IELs provides the key
to a correct diagnosis. The presence of IELs is usually evaluated on hematoxylin and
eosin (HE) stains, but due to the lack of contrast between the cells, the presence of intra-
epithelial lymphocytosis might not always be clear, especially when the number of IELs
is only moderately increased. Because IELs are CD3 positive cells, performing immuno-
histochemical staining against CD3 might aid in estimating the number of IELs. The
aim of this study was therefore to investigate whether CD3 staining should routinely be
performed on all biopsies, or that it is only necessary in specific cases.

Methods

Patients

Pediatric patients (53 girls; 106 boys) suspected with celiac disease who had undergone
a small intestinal biopsy between March 2009 and October 2012 in the Wilhelmina
Children’s Hospital, Utrecht, The Netherlands, were prospectively included in the study.
Patients were referred to us because of celiac disease associated symptoms or because
they carry a risk factor for celiac disease. Patients were between 0.9 years and 17.8 years
at the time of the biopsy. When a patient had undergone more than one biopsy session,
only biopsies from the first session were included in the study. The serological data of the
patients were collected from the medical records. The study was performed according to
the guidelines of the local medical ethical board.

Histology

Biopsies were obtained by upper endoscopy. Pediatric gastroenterologists were asked to
take at least 4 biopsies from the distal duodenum and as of the end of 2009 at least 1 bi-
opsy from the duodenal bulb. In reality, o (in 33 cases) to 5 biopsies were obtained from
the duodenal bulb with an average of 2.0 biopsies. From the distal duodenum 3.1 (range
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1-7) biopsies were acquired on average. Biopsies were fixed in formalin (10% neutral buf-
fered formalin) and then embedded in paraffin, and 4-um-thick sections were stained
with HE, Periodic acid-Schiff and CD3 (Dako, Glostrup, Denmark; batchnumber 81639;
dilution 1:50; pretreatment with EDTA).

All biopsies were evaluated by an experienced pathologist, specialized in gastro-intestinal
diseases, who was blinded to the clinical data of the patients. The pathologist first eva-
luated the HE stained sections. On a separate occasion the CD3 stains were evaluated
independently from the HE stains.

Biopsy results were reported according to the Marsh classification, as modified by Ober-
huber.>? In case of patchy lesions, the final Marsh score was based on the worst affected
site. Marsh I lesions are defined as an increased number of IELs. On the HE-stains
this was determined by visual estimation. On the CD3 stains, =30 lymphocytes per 100
epithelial cells were considered as intra-epithelial lymphocytosis.'" In Marsh II lesions
crypt hyperplasia along with an increased number of [ELs are found. Finally, Marsh III
lesions include the findings in Marsh II, along with various grades of villous atrophy.
Marsh II and Marsh IIT lesion were considered to be diagnostic for celiac disease but
were reported separately. Marsh I was reported as a separate entity. Celiac disease was
excluded in patients with a normal small intestine (Marsh o) or abnormalities not diag-
nostic for Marsh IT or III (i.e. only crypt hyperplasia and/or villous atrophy without intra-
epithelial lymphocytosis),

Data-analysis
Descriptive statistics using SPSS for Windows version 15.0 were used to compare the
conclusion of the pathologist before and after performing the CD3 stains.

Results

A diagnosis of Marsh III, based on the HE stains, could be made in 87 patients, but
celiac disease was rejected in 1 (1.1%) patient with negative celiac disease serology after
examination of the CD3 stains (Table 1). Only 1 patient had a Marsh II lesion on the HE
sections which was also recognized on the CD3 stains.

Evaluation of CD3 stains

- Positive Negative
E Marsh Il (N=93) Marsh Il (N=3) Marsh I (N=13) No CD (N=50)
I MarshIll (N=87) 86 (98.9%) . = 1(1.1%)
S Marsh Il (N=1) - 1(100%) - -

B Marsh 1 (N=6) 1(16.7%) - 4(66.7%) 1(16.7%)
2 No CD (N=65) 6(9.2%) 2 (3.1%) 9 (13.8%) 48 (73.8%)

Table1 The Marsh classification of duodenal biopsies on HE stains versus CD3 stains.
HE, hematoxylin and eosin; CD, celiac disease. *230 intraepithelial ymphocytes per 100 epithelial cells
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On the HE stains, 6 patients were considered to have a Marsh I lesion, but in 2 patients
the diagnosis of Marsh I changed after assessment of the CD3 stains. In 1 (16,7%) patient
with negative celiac disease serology a Marsh o was seen instead and in the other one
(16.7%) a Marsh III lesion was present. In the latter patient, who had a positive tTGA and
EMA, this could be explained by the fact that on the HE sections a Marsh I lesion was
found in the bulb and crypt hyperplasia and villous atrophy (but without intra-epithelial
lymphocytosis) were found in the distal duodenum. So, on the HE stains the most af-
fected site seemed to be the duodenal bulb. However, on the CD3 stains an increased
number of IELs was seen in both parts of the duodenum while the most affected site on
the CD3 stains turned out to be the distal duodenum (Marsh III).

Celiac disease was excluded in 635 patients on the HE slides. However, celiac disease
could be diagnosed after employing CD3 stains in 6 (9.2%) patients with Marsh III and
2 (3.1%) patients with Marsh II histology. All of them had positive celiac disease serology.
Finally, after evaluation of the CD3 stains Marsh I lesions were identified in another 9
(13.8%) patients. Eight of them had positive celiac disease antibodies whereas 1 patient
was negative for tTGA and EMA. Interestingly, the patient with negative serology and
Marsh I had giardiasis.

In summary, a difference in assessment between the HE slides and the CD3 sections was
found in 20 (12.6%) patients. In 9 (5.7%) patients a Marsh I was found and in 1 (0.6%)
patient a Marsh I was rejected when evaluation the CD3 sections. Most importantly, in 10
(6.3%) patients the diagnosis of celiac disease (Marsh II and Marsh III) changed: on the
CDs3 stains 1 (0.6%) patient turned out to have no celiac disease, 2 (1.3) patients turned
out to have Marsh II lesions and 7 (4.4%) patients Marsh III histology.

Discussion

Even after recent update of the ESPGHAN guidelines, for most patients a histological as-
sessment of duodenal biopsies is still necessary for the diagnosis of celiac disease. In this
respect, apart from grading villous atrophy and crypt hyperplasia, judging intra-epithelial
lymphocytosis is essential.’ We now evaluated whether performing CD3 stains improves
the histological evaluation of celiac disease.

Our results show that compared to HE stains alone CD3 stains did lead to a different
assessment in 12.6% (20/159) of the patients. More importantly, almost 10% (9/90) of
the patients with celiac disease (Marsh II and III) in the current study would have been
missed if a CD3 stain had not been performed. It is highly unlikely that these patients
were over-diagnosed because all of them had positive celiac disease serology. They would
probably not have started a gluten free diet or would unnecessarily have had subsequent
biopsies. On the other hand, when the diagnosis of celiac disease is already made on the
HE slides, the chance that celiac disease will be ruled out on subsequent CD3 stains is
small. Yet, without a CD3 stain 1 of the 48 patients with apparently celiac disease on the
HE stains would have been misdiagnosed with the disease, and would therefore unne-
cessarily have carried the burden of following the gluten free diet. Interestingly, in this
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over-diagnosed patient, celiac disease serology was negative. Therefore, in order to catch
all Marsh II and Marsh III lesions and at the same time not over-diagnose any patient
with celiac disease, CD3 staining should be performed in all cases of villous atrophy and/
or crypt hyperplasia, when the initial conclusion made on the HE stains is discrepant
with the serology results.

In addition, performing CD3 staining, also leads to an improved detection of Marsh I
lesions. In fact, in almost 14% (9/65) of the patients in whom on the HE slides celiac
disease was excluded, a Marsh I lesion was found. Interestingly, only 1 of these g patients
had negative serology, but the Marsh I in this patients could be explained by a giardia-
sis infection. In addition, without CD3 staining another patient, with negative serology,
would have been over-diagnosed with Marsh I. Therefore, in order to catch al Marsh I les-
ions, that are unexplained by other conditions, and at the same time not over-diagnose
any patient with Marsh I, CD3 staining should again be performed whenever there is
discrepancy between serology and histology.

The implication of finding lymphocytic enteritis (Marsh I) is unclear however, because
this lesion does not occur exclusively in celiac disease, as was also seen in our patient
with giardiasis.>’> Nevertheless there is some evidence that a Marsh I lesion is clinically
important and should therefore be detected, especially in patients with positive serology.
First of all, Marsh I abnormalities may be an early stage of celiac disease and may thus
develop in some patients into active celiac disease over time.'+*' In addition, a gluten
challenge seems to cause mucosal deterioration and a diagnosis of celiac disease in some
patients with Marsh I1.2* Finally, various studies have shown that patients with Marsh I
lesions might benefit from the gluten free diet, at least on the short term.”7

In conclusion, immunohistochemical staining for CD3 has an additional role in the his-
tological detection of celiac disease lesions. In order to make an appropriate diagnosis
of the total spectrum of celiac disease associated lesions, CD3 staining should be perfor-
med in all cases of discrepancy between serology and the histological conclusion on the
routine sections.
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Abstract

Patients with celiac disease (CD) lacking both human leuko-
cyte antigen (HLA)-DQ2.5 in cis (DQA1*05:01, -DQB1*02:01) or
trans (DQA1*05:05, -DQB1*02:02) configuration and HLA-DQ8
(DQA1*03:01, -DQB1*03:02) are considered to be rare. There-
fore, absence of these genotypes is commonly used to exclude
the diagnosis of CD. To investigate whether this approach is
justified, the HLA-distribution in 155 children with CD was stu-
died. A total of 139 (89.7%) patients carried HLA-DQ2.5. Of the
remaining patients 7 (4.5%) carried HLA-DQ8. Interestingly, the
9 (5.8%) patients lacking HLA-DQ2.5 and HLA-DQ8, carried HLA-
DQA1*02:01, -DQB1*02:02 (HLA-DQ2.2). Therefore, HLA-DQ2.2
should be included as an important HLA-type related to CD.
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Introduction

Celiac disease (CD) has a strong genetic component mainly related to human leukocyte
antigen (HLA) class II genes.! In fact, earlier studies indicate that CD can only occur in
the context of 2 specific HLA-molecules: HLA-DQ2.5 and HLA-DQ&."5 HLA-DQ is an
ap-heterodimer, of which the a- and B-chains are encoded by the HLA-DQA1 and HLA-
DQB1 genes, respectively. HLA-DQ2.5 is either expressed in cis (encoded by HLA-DR3-
DQATr1*05:01, -DQBr1*02:01) or trans configuration, encoded by HLA-DR11-DQA1*05:05,
-DQBr1*03:01 (HLA-DQ7.5) and HLA-DR7-DQA1*02:01, -DQB1*02:02 (HLA-DQ2.2). In
the latter case the a-chain from the HLA-DQ7.5 (DQAr*05:05) and the B-chain from
the HLA-DQ2.2 (DQB1*02:02) combine together to form DQA1*05:05, -DQB1*02:02,
which is molecularly highly similar to HLA-DQA1*05:01, -DQB1*02:01 and therefore
also called HLA-DQ2.5. HLA-DQ8 is encoded by HLA-DR4-DQA1*03:01, -DQB1*03:02.

The extremely high percentage of CD patients carrying either HLA-DQ2.5 or HLA-DQS&
has led to the common practise of excluding CD in patients without these HLA-types.™
However, other reports describe CD patients who lack both HLA-DQ2.5 and HLA-DQ8,
making the validity of this strong negative predictive value questionable.®® Therefore, we
set out to study the distribution of HLA subtypes in pediatric CD patients in 2 medical
centers in the Netherlands.

Materials and methods

Study population

The study consisted of 2 parts. A retrospective study was carried out in the VU University
Medical Center, Amsterdam, The Netherlands and included all biopsy proven (Marsh
II1) pediatric patients with CD (N=70; 50 females, 20 males) in whom HLA-typing was
performed between 2003 and 2011. In this cohort HLA-typing had been performed wit-
hout any prior selection. To avoid skewing of the study population, all patients were diag-
nosed independent from the HLA-typing. The average age at diagnosis in this group was
5.7 years and the average age at the time that HLA-typing was performed, was 7.6 years.

A prospective study was performed in the Wilhelmina Children’s Hospital, Utrecht, The
Netherlands. In this part of the study, HLA-typing was performed in all consecutive bio-
psy proven (Marsh III) pediatric patients with CD (N=8j5; 60 females, 25 males) in whom
the diagnosis was made between December 2009 and June 2011. The average age at
diagnosis was 6.2 years while HLA-typing was performed at an average of 6.5 years. In
both centers, the study was carried out according to the guidelines of the local Medical
Ethical Board.

HLA -typing

Genomic DNA was isolated from ethylenediaminetetraacetic acid-anticoagulated blood.
In the VU University Medical Center, polymerase chain reaction (PCR)—amplified exon
2 amplicons were generated for low- to medium-resolution HLA-DQA1 and HLA-DQB1
genotyping in a combined, single-stranded conformation polymorphism—heteroduplex
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assay by a semi-automated electrophoresis and gel-staining method on the PhastSystem
(Amersham Pharmacia Biotech, Uppsala, Sweden).® In the samples from the Wilhel-
mina Children’s Hospital, typing the HLA-DQA1 and HLA-DQBT alleles was performed
using the sequence-specific oligonucleotide Primed PCR (PCR-SSO) technique using
the Luminex-based OneLambda LABType SSO Class II DQA1/DQBr typing kit, follo-
wing the recommendations of the manufacturer (One Lambda Inc., Canoga Park, CA).
Descriptive statistics (SPSS for Windows, Version 15.0) were used to calculate the fre-
quencies of the most common HLA-types.

Results

As expected the most prevalent HLA-type turned out to be HLA-DQ2.5. Remarkably,
apart from HLA-DQS8, HLA-DQ2.2 (HLA-DQAT1*02:01, -DQB1*02:02) was also found in
a substantial number of patients.

In the retrospective cohort, the majority of the patients carried HLA-DQ2.5 (n=63, 9o%),
of whom 20 (28.6%) patients also had HLA-DQ2.2 and 6 (8.6%) HLA-DQS8, leaving 37
(52.9%) patients who solely had HLA-DQz2.5 (Table 1). Of these patients, 6 (8.6%) were
homozygous for HLA-DQ2.5. No patient was seen with only HLA-DQ8, as the 2 (2.9%)
patients with this HLA-type also carried HLA-DQ2.2. Finally, a total of 5 (7.1%) patients
lacked the typical HLA-DQ2.5 and HLA-DQ8 genotypes. Interestingly, all of them carried
HLA-DQ2.2, including 3 (4.3%) patients with homozygosity for the encoding genes. The
2 (2.9%) patients with heterozygous HLA-DQ2.2 also carried either HLA-DQG6.4 (HLA-
DQAr*o1:02, -DQB1*06:04) or HLA-DQ2.3 (HLA-DQA1*03:02, -DQB1*02:02).

In the prospective cohort, the distribution of HLA-types amongst the CD patients was
virtually identical to the distribution in the retrospective cohort (Table 1). Most patients
carried the typical HLA-DQ2.5 genes (N=706, 89.4%). A total of 23 (27.1%) also had
HLA-DQ2.2 and 5 (5.9%) HLA-DQS8. Of the 48 (56.5%) patients who carried only the
HLA-DQ2.5 genotype, 15 (17.6%) patients were homozygous. HLA-DQ8 was present in
10 (11.8%) patients, of whom 6 (7.1%) patients also had either HLA-DQ2.5 (n=3, 5.9%)
or HLA-DQz2.2 (n=I, 1.2%). A total of 4 (4.7%) patients only had HLA-DQS, of whom
2 (2.4%) patients were homozygous. In addition, 4 (4.7%) patients were negative for
both HLA-DQ2.5 and -DQ8&. All these patients had HLA-DQ2.2 in the heterozygous
form (Table 1). The other HLA-DQ subtypes in these 4 patients were HLA-DQjs.1 (HLA-
DQAr*or:01, -DQB1*05:01) (twice), HLA-DQ5.3 (HLA-DQA1*01:04, -DQB1*05:03) and
HLA-DQ9.3 (HLA-DQA1*03:02, -DQB1*03:03).

In the combined cohorts the most common HLA-type amongst CD patients was HLA-
DQz2.5 (N= 139, 89.7%), although a significant number of these patients also carried
HLA-DQ2.2 (N=43, 27.7%) and less frequently HLA-DQ8 (N=r11, 7.1%) (Table 1). Twenty-
one patients were homozygous for HLA-DQ2.5. HLA-DQ2.2 was the second most com-
mon HLA-type being present in more than one-third of the patients (N=55, 35.5%), in
most cases however combined with either HLA-DQ2.5 or HLA-DQ8. In 5.8% (N=9)
of the patients no HLA-DQ2.5 or HLA-DQ8 was found. However in all those patients
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HLA-DQ2.2 was present, of whom 3 were homozygous (Table 1). These 9 patients were
all symptomatic, had positive CD serology, and showed a good clinical and serological
response to gluten elimination. One of these patients was of Jewish origins; all others
were of Dutch descent. Finally, HLA-DQG& was the least frequent HLA genotype (N=18,
11.6%) and most commonly present in combination with either HLA-DQ2.5 (N=11, 7.1%)
or HLA-DQ2.2 (N=3, 1.9%). In only 4 (2.6%) patients HLA-DQ8 was present without
HLA-DQ2.5 or HLA-DQ2.2 (2 homozygous and 2 heterozygous patients; Table 1).

HLA type Retrospective cohort  Prospective cohort All patients
(N=70) (N=85) (N=155)
HLA-DQ2.5, -DQX* 31(44.3%) 33(38.8%) 64 (41.3%)
HLA-DQ2.5,-DQ2.5 6 (8.6%) 15 (17.6%) 21(13.5%)
—>89.7%
HLA-DQ2.5,-DQ2.2 20 (28.6%) 23 (27.1%) * 43 (27.7%)
HLA-DQ2.5, -DQ8 6 (8.6%) 5 (5.9%) 11 (71%)
HLA-DQ8, -DQX * 0 (0.0%) 2 (2.4%) 2 (1.3%)
HLA-DQS8, -DQ8 0 (0.0%) 2 (2.4%) 2 (1.3%) —>4.5%
HLA-DQ8, -DQ2.2 2(2.9%) 1(1.2%) 3(1.9%)
HLA-DQ2.2,-DQX" 2 (2.9%) 4(4.7%) 6 (3.9%)
—>5.8%
HLA-DQ2.2,-DQ2.2 3 (4.3%) 0 (0.0%) 3(1.9%)

Table 1 Frequencies of HLA-types in pediatric patients with CD. " any HLA-type other than HLA-DQ2.5, HLA-DQ8 and
HLA-DQ2.2. * Two patients were HLA-DQ2.2 and HLA-DQ7.5 positive and were thus positive in trans configuration.

Discussion

A major proportion of the genetic predisposition to CD is derived from the HLA-com-
plex. Indeed, up to 9o0% of the CD patients carry the HLA-DQ2.5 heterodimer, histori-
cally called HLA-DQ2, while most of the remaining CD patients are reported to express
HLA-DQ&."5 The finding that CD is virtually restricted to these HLA-heterodimers has
led to the practise of considering HLA-DQ2.5 and HLA-DQ8 negative patients as being
not at risk for CD.

However, in the current study, a different distribution of HLA-types was seen. Although
almost 90% of the patients indeed carried the HLA-DQ2.5 genotype, of the 16 (10.3%)
patients lacking this HLA-type only 7 (4.5%) had HLA-DQS8, while 9 (5.8%) patients were
negative for both classical HLA-types and would therefore be missed if relying on current
practise (Table 1). Interestingly, those 9 symptomatic patients, who all had positive CD-
serology and quickly responded to the diet, possessed the HLA-DQ2.2 genotype. Of these
9 patients, 3 patients were homozygous and one patient also carried HLA-DQ2.3 (so ho-
mozygous DQB1*02), which is associated with a 5-fold increased risk of CD.* The remai-
ning 5 patients carried various other HLA-types, so homozygosity for HLA-DQB1*02
cannot explain the development of CD in all patients lacking the typical HLA-types.
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A similar prevalence of HLA-DQ2.2 in CD patients has been described before in a Eu-
ropean study and more recently in a retrospective American study.”® Both demonstrated
a ~4% prevalence of CD patients who had HLA-DQ2.2, but no HLA-DQ2.5 or DQ&. In
addition, a study performed in consecutive Spanish and Finnish CD patients showed
that HLA-DQ2.2 was present in 3.2% of the Spanish patients, but in none of the Finnish
patients.® Finally, Zubillaga et al too found a significantly increased prevalence of HLA-
DQ2.2 in patients with CD."

Many other studies have stated that the development of CD is almost restricted to indi-
viduals with either HLA-DQ2.5 or HLA-DQS8; however in some studies HLA-typing was
limited to these 2 types, potentially missing patients with HLA-DQ2.2."52%¢ n addition,
some typing methods do not distinguish between HLA-DQ2.5 and HLA-DQ2.2.7"® The
fact that HLA-DQ2.2 is only rarely mentioned in previous studies might also be explained
by sampling errors, especially as the HLA-DQ2.2 prevalence in the general population
may vary between different countries and most studies were performed in small cohorts,
which increases the risk of sampling errors. Given this possible selection bias and/or in-
complete typing in previous studies, and with 4 reports, including the current one, now
describing a 3.2%-5.8% prevalence for HLA-DQ2.2 in CD, we propose that HLA-DQ2.2
should also be considered as a CD related genotype. This will have important clinical
implications, as HLA-typing is an essential part of the new ESPGHAN guidelines for the
diagnosis of CD.*

In summary the current study demonstrates that HLA-DQ2.2 is at least as frequent in
patients with CD as HLA-DQ&. Consequently, in order to avoid missing CD patients, the
HLA-DQ2.2 genotype should be considered as one of the HLA-types related to CD.
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Abstract

To investigate the usefulness of deamidated-gliadin-peptides-
antibodies in the diagnosis of celiac disease, serology was tested
in 212 children suspected with celiac disease who had undergone
a small-intestinal-biopsy. For deamidated-gliadin-peptides-an-
tibodies, two kits were tested. Positive and negative predictive
values for IgA deamidated-gliadin-peptides-antibodies using the
Bindazyme-kit were 89% and 74%, while the Quanta-Lite-kit had
values of 89% and 85%, respectively. For the IgG subtype using
the Bindazyme-kit, these values were 85% and 89%, while they
were 85% and 91% for the Quanta-Lite-kit. The positive predic-
tive values for endomysium and tissue-transglutaminase antibo-
dies were disappointing (77% and 87%), although the negative
predictive values were better (97% and 96%). When the analysis
was restricted to the 41 children aged <2 years, no misclassifica-
tions occurred with IgG deamidated-gliadin-peptides-antibodies
giving 100% accuracy in both kits. The positive predictive value
reached 100% for tissue-transglutaminase antibodies and both
kits for IgA deamidated-gliadin-peptides-antibodies, while the
negative predictive value was 94% in these assays. Positive and
negative predictive values for endomysium antibodies were 96%
and 93%, respectively. In conclusion, although deamidated-glia-
din-peptides-antibodies do not outperform anti-endomysium
antibodies in the total study population, the IgG subtype seems to
be the best test in children aged <2 years, reaching 100% accuracy.
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Introduction

Celiac disease (CD) is caused by the ingestion of wheat gluten, or related prolamins
from rye or barley, in genetically susceptible individuals expressing the human leuko-
cyte antigens (HLA) DQ2 or DQ8." 2 Gliadin, the alcohol-soluble fraction of gluten is
the toxic agent leading to the classical triad of villous atrophy, increased intraepithelial
lymphocytes, and crypt hyperplasia in the small-intestinal-mucosa of untreated CD pa-
tients. Serologically, CD is characterized by the presence of several antibodies that can
be used to detect the disease. Immunoglobulin A (IgA) auto-antibodies against endomy-
sium (EMA) and tissue-transglutaminase (tTGA), which both recognize the auto-antigen
tissue-transglutaminase, are now widely used to detect CD and are highly sensitive and
specific.> 4 The use of anti-gliadin antibodies has been abandoned mainly because of
the relatively high false positive rate.#° Interestingly, recent studies have shown that
gliadin antibodies from sera of CD patients exhibit enhanced binding to deamidated-
gliadin-peptides (DGP).” This emphasizes the important role of deamidation, catalyzed
by tissue transglutaminase, in the pathogenesis of CD. These modified gliadin peptides
show a greatly enhanced affinity to HLA DQ 2 or DQ 8 situated on the surface of anti-
gen presenting cells, thereby initiating a stronger T-cell and antibody response.® Newly
developed commercial ELISA tests, using DGP antigens as a substrate, have also been
demonstrated to outperform conventional anti-gliadin antibody assays, and some studies
even suggest that they may be of additional diagnostic value when compared with EMA
or tTGA assays."24 This may be especially true in very young children, where EMA and
tTGA have shown to be diagnostically less accurate.® 228

The aim of the present study was to determine the diagnostic accuracy of a new com-
mercial ELISA kit and thereby determine whether antibodies against DGP (a-DGP) can
be used in clinical practice to screen for CD, especially in young children.

Materials and methods

Study population

The study population included all patients referred to the Wilhelmina Children’s Hos-
pital in Utrecht, The Netherlands, suspected of having CD in whom both a small-in-
testinal-biopsy and serological testing (EMA and/or tTGA) were performed in the pe-
riod 1998-2009. The patients were referred to us based on their symptoms (abdominal
symptoms, growth retardation, fatigue, iron deficient anemia, behavioral changes) or
because they belonged to a group at risk for CD (diabetes mellitus, Down syndrome, first
degree relatives with CD). Any patient with abnormal serology, and also patients with
negative serology and a high suspicion (CD-like symptoms) of the disease were biopsied.
All patients were on a gluten-containing diet, had an IgA level of at least 0.08 g/L, and
did not suffer from giardiasis. The study was performed according to the guidelines of
the medical ethics board of the University Medical Center Utrecht, The Netherlands.
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Serological assessment

All blood samples were stored at -80°C. In these samples, IgA and IgG a-DGP were
determined using the following two methods: Bindazyme Human Anti-Gliadin EIA Kit
IgA and IgG (The Binding Site, Birmingham, UK) and Quanta Lite® Gliadin IgA II and
IgG II (Inova Diagnostics, San Diego, CA, USA). A cut-off value of 10 U/mL was used,
as recommended by the manufacturer for the Bindazyme kit. Levels of at least 20 U/mL
were considered positive as stated by the manufacturer for the Quanta-Lite-kit. This ma-
nufacturer also provides a combined kit for the detection of IgA and IgG a-DGP, as well
as IgA and IgG tTGA in human serum (Quanta Lite® _h-tTG /DGP Screen), which was
also used in all blood-samples. A cut-off value of 20 U/mL was employed, as recommen-
ded by the manufacturer.

In the same samples, IgA EMA was detected by indirect immunofluorescence using
sections of distal monkey esophagus mounted on glass slides (IMMCO Diagnostics Inc.,
Buffalo, NY, USA). Serum IgA tTGA were measured by ELISA using human recombi-
nant tTG (ELiA Celikey IgA, Phadia AB, Uppsala, Sweden). As recommended by the
manufacturer, the serum samples containing an antibody titer of more than 10 U/mL
were considered positive. All samples were tested in accordance with the manufacturer’s
specifications.

Histological evaluation

A mean of 3.2 biopsies per patient were obtained from the distal duodenum by upper
endoscopy. For the purpose of this study, all original biopsies were revised by a single
experienced pathologist who made the histological diagnosis using the Marsh modified
classification. The pathologist had no knowledge of the clinical presentation and serolo-
gical results of the patients. Marsh I (increased intraepithelial lymphocytes) and Marsh
IT (increased intraepithelial lymphocytes as well as crypt hyperplasia) were regarded as
not conclusive for CD, whereas Marsh III, the presence of partial (Marsh IlIa), subtotal
(Marsh IIIb) or total (Marsh IIIc) villous atrophy in addition to the histological findings
in Marsh II, was considered diagnostic for CD.

Data analysis

The sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) of IgA a-DGP, immunoglobulin G (IgG) a-DGP, IgA EMA, and IgA tTGA along
with their 95% confidence intervals (CI) were calculated using the histological evaluation
as the gold standard. Sensitivity, specificity, and the predictive values were also specifi-
cally determined in different age categories (<2 and =2 years).

To determine the strength of agreement between the two kits for a-DGP, the Kappa value
was calculated. Landis and Koch have proposed the following as standards for strength
of agreement for the kappa coefficient: = o = poor, 0.01-0.20 = slight, 0.21-0.40 = fair,
0.41-0.60 = moderate, 0.61-0.80 = substantial, and 0.81-1.0 = almost perfect.?
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Results

Patient characteristics

Two-hundred and twelve patients suspected of having CD were included in the study.
Of these, 98 (46.2%) were male and 114 (53.8%) were female with an age range between
0.7 and 17.8 years and a mean of 6.2 years. One-hundred and nine (51.4%) patients had
a Marsh III lesion and were therefore diagnosed with CD. Of these 109 patients, nine
had a Marsh Illa, 44 a Marsh IIIb, and 56 a Marsh IIlc lesion. In the remaining (n = 103)
patients, there was no histological evidence of CD, although two of them had a Marsh I
lesion, and one patient had a Marsh II lesion. Of the total study population, 140 patients
were positive for IgA EMA and/ or IgA tTGA, while 72 patients were negative for both
antibodies. In this group, only one patient, 7 years of age, who was also negative for all
other antibodies, turned out to have CD (Marsh IIIb).

Overall test performance

Ninety-eight of the 115 patients positive for IgG a-DGP Bindazyme indeed had CD (Table
1), giving a sensitivity of 9o% (Table 2). The specificity, PPV, and NPV were 83%, 85%,
and 89%, respectively. For IgG a-DGP Quanta Lite, these values were very similar with
sensitivity, specificity, PPV, and NPV of 92%, 83%, 85%, and 91%, respectively.

The specificity for IgA a-DGP Bindazyme was higher (91%) than that of IgG a-DGP Bin-
dazyme with only nine patients having false positive test results (Table 1). However, the
sensitivity was as low as 70% (Table 2) with 33 of the CD patients being missed (Table 1).
The PPV and NPV were 89% and 74%, respectively (Table 2). Interestingly, IgA a-DGP
Quanta Lite performed much better than IgA a-DGP Bindazyme with the sensitivity,
specificity, PPV, and NPV of 85%, 88%, 89%, and 85%, respectively. However, sensitivity
remained lower than the IgG a-DGP.

The strength of agreement for IgA a-DGP between the two kits was moderate with a
Kappa value of 0.58. This value was much higher (Kappa 0.82) for the two IgG a-DGP
kits, indicating an almost perfect agreement.

Of all the serological tests, IgA EMA and IgA tTGA had the highest sensitivities, 98%
and 96%, respectively (Table 2). NPVs were also high, reaching 97% for IgA EMA and
96% for IgA tTGA. By contrast, the specificities for IgA EMA and IgA tTGA were disap-
pointing with values of 69% and 84%, respectively. The PPV was 77% for IgA EMA and
87% for IgA tTGA. The combined test for a-DGPATGA did not outperform IgA EMA or
IgA tTGA with an equally high sensitivity of 98%, but with a rather disappointing speci-
ficity of 61%. The PPV and NPV were 73% and 97%, respectively.

For reasons of the high false positive rate for EMA in this cohort, we analyzed the pa-
tients with these false positive results. The clinical characteristics of these patients did
not differ significantly from the total study population (data not shown). In addition, only
one of these patients had a Marsh I duodenal histology, while the remaining patients had
normal duodenal architecture.
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Discussion

Overall test performance in different age categories

To compare the performance of the serological tests in different age categories, subgroup
analyses were performed in children aged <2 years (n = 41) and =2 years (n = 171). Remar-
kably, in children aged <2 years, no misclassifications occurred when using IgG a-DGP
Bindazyme and Quanta Lite (Table 1). In addition, no false positive results were seen
when using tTGA or IgA a-DGP Bindazyme and Quanta Lite. However, in both tests,
patients with false negative results were found (one patient for IgA tTGA, one for IgA
a-DGP Bindazyme, and one for IgA a-DGP Quanta Lite).

In children aged =2 years, none of the serological assays performed perfectly. The test
with the lowest false negative classifications was IgA EMA (n = 1), and the one with the
lowest false positive classifications was IgA a-DGP Bindazyme (n = 9).

Sensitivity, specificity, and the predictive values were also determined in the aforemen-
tioned age categories (Table 2). For all tests, specificities were significantly higher in
children aged < 2 years reaching a 100% in all tests except for IgA EMA (93%) and
a-DGPATGA (93%). Likewise, PPVs reached 100% in all assays except for IgA EMA
(96%) and a-DGPATGA (96%).

Sensitivities for IgA EMA and IgA tTGA did not differ significantly between the two age
groups. By contrast, all a-DGP tests were more sensitive when used in patients aged < 2
years as compared with patients aged = 2 years.

As no test functioned perfectly in patients aged = 2 years, it was determined whether
combining serology could lead to a diagnostic accuracy of 100% in this age group. Unfor-
tunately, no combination reached 100% accuracy as a 7-year-old CD patient was missed
by all tests. Likewise, even with positivity for all antibodies (using the Inova kit for a-
DGP), three patients would be incorrectly diagnosed with CD if no small-intestinal-bio-
psy is taken.

Discussion

The gold standard for diagnosing CD is histology, which typically shows villous atrophy,
increased intra-epithelial lymphocytes, and crypt hyperplasia. Serological tests are gener-
ally used to select patients in whom a small-intestinal-biopsy is required. In this respect,
tTGA and EMA are considered the most accurate, but recent studies have suggested
that newly developed assays detecting antibodies against DGP might be of additional
diagnostic value.™4 This might be especially so in children aged <2 years.» ™ Indeed, we
can now confirm this last suggestion for this age group, as in our study, IgG a-DGP had
100% sensitivity and specificity, albeit with CI of 84-100% and 75-100%, respectively.
In this specific age category, the overall performance of the other tests, IgA a-DGP, IgA
tTGA, and IgA EMA, was lower. However, this difference was not significant, given the
already very good performance of these tests.

Nevertheless, as IgA tTGA and IgA EMA will miss CD in children aged < 2 years, both in
our and in other studies, it seems sensible to include IgG a-DGP when screening for CD
in this age group.®»72* Unfortunately, in the older children, no test was 100% reliable,
and even when combining tests, optimal reliability could not be reached.
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This study also compared two kits for a-DGP, the Bindazyme Human Anti-Gliadin EIA
kit and the Quanta Lite® kit. The IgG a-DGP of both kits performed similarly, which
is also illustrated by a Kappa value of 0.82, indicating an almost perfect agreement. Ho-
wever, the sensitivity of the Bindazyme IgA a-DGP was lower, although statistically not
significant, as compared with the Quanta Lite kit, while specificity was comparable, re-
sulting in a Kappa value of 0.58 (moderate agreement).

Our results confirm and extend earlier pediatric studies using the Quanta Lite® kit, as
overall performance (sensitivity, specificity, PPV, NPV) for a-DGP, both IgG and IgA,
does not outperform IgA tTGA and IgA EMA in reliably detecting patients with CD, if no
subdivision in age groups is made.”>'9-23 In addition, sensitivities of IgG a-DGP and IgA
a-DGP, using the Quanta Lite® kit in our study, were comparable to results described in
previous studies, while specificities were slightly lower.

Finally, even the combined DGPATGA test did not outperform IgA EMA and IgA tTGA
with a sensitivity reaching that of EMA (98%), but a lack of specificity with a value of only
61%. The sensitivity is comparable to values reported before, but the specificity is much
lower." In our study, the specificity of both IgA a-DGP and IgG a-DGP was higher than
that of IgA EMA and IgA tTGA. However, the specificities of IgA tTGA and particularly
IgA EMA in the present study were lower than values reported before for children.
This may have several explanations, the most important being the routine clinical set-
ting in which this study was conducted.®3°3' In this situation, reported specificities vary
between 65% and 87%.3° 3

Also, the present study was performed retrospectively, and patients with a positive serolo-
gy were obviously more likely to be referred to our hospital, which may have affected the
results. In addition, the relatively low specificity of IgA EMA may be partly due to some
interobserver variation. The IgA EMA test is a semi-quantitative immunofluorescence
method which, although subject to rigorous quality control, is yet not as easy to standar-
dize as the IgA tTGA assay. Also, the composition of the team of technicians carrying out
the IgA EMA tests has not been completely constant over the 10-year span of the current
study, which may have caused some variability in interpretation.

Finally, it should be kept in mind that the false positive patients in this study may have
latent CD, which can develop into overt CD at any point in their lives. Unfortunately, our
study did not include follow-up of these patients.

In conclusion, a-DGP are good diagnostic markers for CD, but do generally not out-
perform IgA EMA and IgA tTGA. However, under the age of 2 years, the IgG a-DGP
assay seems to be preferred above IgA tTGA and IgA EMA, as it was 100% accurate. By
contrast, this value could not be reached in the older children, not even with any combi-
nation of tests.
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Abstract

Objectives  Small intestinal histology is the criterion standard
for the diagnosis of celiac disease (CD). However, results of sero-
logical tests such as anti-endomysium antibodies and anti-tissue
transglutaminase antibodies (tTGA) are becoming increasingly
reliable. This raises the question of whether a small intestinal bio-
psy is always necessary. The aim of the present study was, therefo-
re, to investigate whether a small intestinal biopsy can be avoided
in a selected group of patients.

Patients and Methods Serology and histological slides ob-
tained from 283 pediatric patients suspected of having CD were
examined retrospectively. The response to a gluten-free diet
(GFD) in patients with atTGA level 2100 U/mL was investigated.

Results A tTGA level 2100 U/mL was found in 128 of the 283
patients. Upon microscopic examination of the small intestinal
epithelium, villous atrophy was found in 124 of these patients,
confirming the presence of CD. Three patients had crypt hyper-
plasia or an increased number of intraepithelial lymphocytes. In 1
patient no histological abnormalities were found. This patient did
not respond to a GFD.

Conclusions  Pediatric patients with a tTGA level 2100 U/mL in
whom symptoms improve upon consuming a GFD may not need
asmall intestinal biopsy to confirm CD.

97



CHAPTER6 | Abiopsy is not always necessary to diagnose celiac disease

Introduction

Celiac disease (CD) is a gluten-sensitive enteropathy characterized by small intestinal
damage with loss of absorptive villi, classically leading to malabsorption, diarrhea, and
failure to thrive.! The disease occurs in genetically susceptible individuals upon dietary
ingestion of gluten, a storage protein in wheat, barley, and rye, and usually resolves upon
its withdrawal."» Although the prevalence of CD may be as high as 0.5% to 1%, it is fre-
quently not diagnosed because symptoms may be minimal or aspecific.>4

In symptomatic patients serological tests are performed by measuring circulating
disease-associated antibodies, particularly immunoglobulin A (IgA) auto-antibodies
against endomysium, that is, anti-endomysium antibodies (EMA), and tissue transgluta-
minase (tTG), that is, anti-tissue transglutaminase antibodies (tTGA).57 tTG, a calcium-
dependent thiol enzyme, has been identified as the main, if not sole, autoantigen for
both antibodies and is thought to play a major role in the pathogenesis of CD.%™

To date, a small intestinal biopsy, which typically shows villous atrophy, increased intrae-
pithelial lymphocytes, and hyperplastic crypts in patients with CD on a gluten-containing
diet, is the criterion standard for the diagnosis of CD.® Considering the inconvenience
and high costs associated with a biopsy, and because CD is a disease with a high pre-
valence, there is a growing call for less invasive tests to diagnose CD. Because both the
sensitivity and specificity of the serological tests have increased to nearly perfect values,
it is increasingly questioned whether these tests alone may be sufficient to confirm the
diagnosis and thereby avoid the requirement for a biopsy in specific cases.>"® Neverthe-
less, the positive predictive value (PPV) of the serological tests, reflecting the probability
that a patient with a positive test indeed has the disease, is far from ideal, especially in
the general population.'>19-2!

Consequently, if a biopsy is not performed in the workup of CD, a number of patients
with falsely raised serological markers would unnecessarily follow a gluten-free diet
(GFD), hitherto the only treatment available for CD. The aim of the present study was,
therefore, to investigate whether specific factors may optimize the PPV and thus deter-
mine whether a small intestinal biopsy can be avoided in a selected group of patients.

Patients and methods

Study Population

The data of all of the patients who were referred between 1998 and 2009 to the Wil-
helmina Children’s Hospital in Utrecht, the Netherlands, suspected of having CD, were
examined retrospectively according to the guidelines of the medical ethics board of the
University Medical Center Utrecht, the Netherlands. Patients were referred to us because
of symptoms that are associated with CD or because they belonged to a group at risk for
CD.
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Patients and methods

All of the patients who had both a small intestinal biopsy and serological testing, inclu-
ding total serum IgA levels, were included in the study. Serological testing had been
performed between 3 months before and 1 week after the initial small intestinal biopsy,
whereas patients were on a gluten-containing diet; patients in whom the biopsy or sero-
logical testing was obtained during a GFD or a gluten challenge were excluded from the
study. Patients with an IgA deficiency and patients with giardiasis were also excluded.
For the patients with a tTGA level =100 U/mL, we retrospectively collected data regar-
ding clinical presentation and responsiveness to the GFD.

Serological Assessment

IgA EMA were detected by means of indirect immunofluorescence using sections of
distal monkey esophagus mounted on glass slides (IMMCO Diagnostics Inc, Buffalo,
NY). Serum IgA tTGA were measured using the ELiA Celikey IgA kit (Phadia AB, Up-
psala, Sweden). As recommended by the manufacturer, the serum samples containing
an antibody titer of >10 U/mL were considered positive. Total IgA was measured in all of
the patients, and a serum IgA concentration <o.07 g/L was regarded as IgA deficiency.
All of the blood samples that were obtained between 1998 and 2009 had been stored at
=80°C. To maximize experimental consistency, we retested all of the blood samples that
had been investigated using other test versions than the ones described here. Because
serological testing for tTGA was not available in our hospital before 2002, the serum
tTGA of all of the patients who underwent biopsy before 2002 were measured using the
stored blood samples.

Histological Evaluation

A minimum of 2 biopsies were taken from the distal duodenum by upper gastrointesti-
nal endoscopy. Histological diagnosis for all of the patients was made by a single experi-
enced pathologist using the Marsh classification. The pathologist had no knowledge of
the serological results or the clinical presentation of the patients. An increased number
of intraepithelial lymphocytes (Marsh I) and crypt hyperplasia (Marsh II), without villous
atrophy, was considered insufficient for the diagnosis of CD. Only patients who had vil-
lous atrophy in addition to crypt hyperplasia and an increased number of intraepithelial
lymphocytes (Marsh III) upon microscopic examination were diagnosed as having CD.

Data Analysis

The sensitivity, specificity, PPV, and negative predictive value (NPV) of the screening
tests, along with their 95% confidence intervals (CI), were calculated using the histolo-
gical evaluation as the criterion standard. Subsequently we determined whether a tTGA
level =100 U/mL or dual positivity for tTGA and EMA could improve the PPV. Finally, in
patients with a tTGA level =100 U/mL descriptive analysis of presenting symptoms and
responsiveness to the GFD was performed.

99




CHAPTER6 | Abiopsy is not always necessary to diagnose celiac disease

Results

In 301 patients both a small intestinal biopsy and serological testing were performed.
Four patients with giardiasis and 14 patients with an IgA deficiency were excluded,
leaving 283 patients for analysis. Of those, 130 (45.9%) were boys and 153 (54.1%) were
girls with an age range between 0.7 and 17.8 years and a mean age of 6 years.

A total of 163 (57.6%) patients had a biopsy diagnostic for CD (Marsh III), whereas a
normal histology was found in 120 patients (42.4%) (Table 1). False-positive EMA were
found in 41 patients (34.2%) and false-positive tTGA in 21 patients (17.5%). Twenty of
these patients also had positive EMA. The clinical characteristics of these patients did
not differ from the total study population (data not shown). False-negative EMA were
found in 6 patients (3.7%) and false-negative tTGA in 7 patients (4.3%). In 4 patients
with CD, EMA and tTGA were both undetectable. Three of these patients were younger
than 2 years.

Biopsy data
Patients PatientswithCD  Patients with normal histology
N=283 N=163 (57.6%)  N=120 (42.4%)
IgA EMA Negative 85 (30.0%) 6 (3.7%) 79 (65.8%)
Positive 198 (70.0%) 157 (96.3%) 41 (34.2%)
IgAtTGA > 10 Negative 106 (37.5%) 7 (4.3%) 99 (82.5%)
Positive 177 (62.5%) 156 (95.7%) 21 (17.5%)
IgAtTGA=100  Negative 155 (54.8%) 39 (23.9%) 116 (96.7%)
Positive 128 (45.2%) 124 (76.1%) 4(3.3%)

Table1 Results of small-intestinal biopsy, anti-endomysium antibodies (EMA) and anti-tissue transglutaminase
antibodies (tTGA) with a cut-off value of >10 and 2100 U/ml. CD, Celiac disease; IgA, immunoglobulin A.

The resulting sensitivity was equally high for EMA and tTGA (96%) (Table 2); however,
the specificity of EMA was as low as 66%, whereas specificity for tTGA was 83%. PPV
for EMA was 79% and for tTGA 88%. Dual positivity for EMA and tTGA did not lead to
a significant improvement in the diagnostic accuracy because PPV was 89% (CI 0.83—
0.93) instead of 88% for tTGA alone. Combining negative EMA and tTGA to exclude CD
resulted in a NPV of 95% (CI 0.87-0.98). A total of 49 patients (17.3%)had a tTGA level
between 10 and 100 U/mL. Of those, 32 (65.3%) had CD, whereas the diagnosis could
be histologically excluded in 17 (34.7%) patients. By contrast, of the 128 patients with a
tTGA level =100 U/mL only 4 patients, all positive for EMA, did not have villous atrophy,
and consequently did not have CD (Table 1). The corresponding PPV was 977% (Table 2).
More important, of these 4 patients 3 had histological changes that are compatible with
but not diagnostic for CD: 2 had crypt hyperplasia and 1 had an increased number of
intraepithelial lymphocytes (Marsh I). Only 1 of the patients with a tTGA level =100 U/
mlL did not have any histological abnormality.
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Results

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
IgA EMA 96 (0.92-0.98) 66 (0.57-0.74) 79 (0.73-0.85) 93 (0.85-0.97)
IgAtTGA >10 96 (0.91-0.98) 83 (0.74-0.89) 88(0.82-0.92) 93 (0.86-0.97)
IgA tTGA =100 76 (0.69-0.82) 97(0.91-0.99) 97 (0.92-0.99) 75 (0.67-0.81)

Table2 Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of different
screening tests for celiac disease. The 95% confidence intervals are given in parenthesis. EMA, anti-endomysium
antibodies; tTGA, anti-tissue transglutaminase antibodies

Presenting symptoms in the 128 patients with tTGA=100 U/mL included growth failure,
diarrhea, and abdominal pain, as well as various other symptoms, with most patients
having more than 1 symptom (Table 3). Response to the GFD could be judged in 114
because 6 patients were lost to follow-up, 4 patients did not start or adhere to the GFD,
and 4 patients were asymptomatic at diagnosis. One of them was diagnosed during rou-
tine screening in Down syndrome and the remaining 3 were identified during family
screening after a sibling or parent was diagnosed as having CD. In all of the symptomatic
patients clinical symptoms improved after the GFD started, with the exception of 3. One
of these patients turned out to have an irritable bowel syndrome, which may explain her
persisting symptoms of abdominal pain and constipation. The second was an 11.5-year-
old girl presenting with short stature, who did not exhibit catch-up growth in the 3 years
after diagnosis. The third and final patient, who did not respond, was the patient with
a tTGA level =100 U/mL and a normal histology of the small intestinal mucosa upon
microscopic examination.

Symptoms* Response to the gluten free diet
Growth failure (n=72) Responsive (n=111)

Abdominal pain (n=49) Not responsive (n=3)

Diarrhoea (n=46) No follow-up data (n=6)

Fatigue (n=36) Did not start or adhere to the diet (n=4)
Bloating (n=34) Asymptomatic (n=4)

Constipation (n=32)
Anorexia (n=20)

Vomiting (n=17)
Behavioural changes (n=10)
Asymptomatic (n=5)
Nausea (n=3)

Tooth enamel defects (n=2)

Dermatitis herpetiformis (n=1)

Table3 Symptoms in 128 patients with tTGA 2100 U/ml and response to the gluten free diet.
* Most patients had more than one symptom.
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Discussion

Small intestinal histology is considered the criterion standard for the diagnosis of CD.
However, with the advent of reliable serological tests, it is being questioned whether a
biopsy is really necessary in all cases. Indeed, in patients with tTGA =100 U/mL there
is increasing evidence that serology may be sufficient to diagnose CD.?>2# Barker, et al
showed that 48 of 49 pediatric patients with a tTGA level 2100 U/mL had at least Marsh
II duodenal histology.>* A subsequent study, also in a pediatric population, showed that
38 of the 38 patients with tTGA =100 U/mL had Marsh III duodenal histology.» More
recently, in a study conducted in a mixed adult/pediatric population, it was shown that
tTGA =100 U/mL almost exclusively occurs in the setting of Marsh III (73/76 patients)
and that the 3 cases without villous atrophy did have minimal histological changes
(Marsh I and IT) suggestive of early CD (24). By contrast, Freeman reported that 3 of 14
adult patients with tTGA =100 U/mL did not have CD.*

In the present study, 124 of 128 patients with a tTGA level =100 U/mL were shown to
have a Marsh III lesion upon histological examination. Four patients with tTGA levels
=100 U/mL did not match the classical diagnostic criteria for CD. However, only 1 of
them had a normal biopsy. This patient also did not respond to a GFD. The remaining
3 patients had histological abnormalities, that is, crypt hyperplasia (Marsh II) or an in-
creased number of intraepithelial lymphocytes (Marsh I), which suggests that these pa-
tients had in fact an early stage of CD. They are reminiscent of the patients who have
abnormal serology but insufficient histological evidence of CD, but who later on develop
more pronounced histological lesions, after which CD can be diagnosed.>*3* In fact the
diagnostic criteria, as recently issued by the North American Society for Pediatric Gas-
troenterology, Hepatology, and Nutrition, state that Marsh I and II along with positive
tTGA is compatible with CD.» In addition, histological lesions in CD can be patchy and
can therefore be missed sometimes; this may have been the case in at least some of the
false-positive patients in the present study, for example the patient with Marsh o but a
tTGA level =100 and positive EMA.3+ Similarly, CD may have been missed in some of
these patients because duodenal bulb biopsies were not obtained routinely, whereas as
has been described recently, this is sometimes the only site affected.> Finally, the patients
with a false-positive serology may have potential CD and may thus develop CD at some
point in their lives. Unfortunately, our study did not include follow-up of these patients
to verify in how many patients CD eventually developed.

Even with the current caveats, our data imply that tTGA =100 U/mL is highly suggestive
for CD because only 1 patient would have been misdiagnosed if a biopsy would not have
been performed. Remarkably, this patient did not respond to the GFD, whereas almost
all of the other symptomatic patients with tTGA =100 U/mL showed an excellent clinical
response if they were compliant with the diet. Therefore, it can be considered to start a
GFD in all symptomatic patients with a tTGA level =100 U/mL. If symptoms disappear
the diagnosis is final, without a biopsy being required.
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Discussion

The present study suggests that by applying this strategy, no patients will be misdiag-
nosed as having CD, whereas the number of biopsies performed can be reduced signifi-
cantly: of the 114 patients with a tTGA level =100 U/mL in whom the response to a GFD
could be judged only 3 would have needed a biopsy. By contrast, of the 49 patients with a
positive tTGA yet with <too U/mL, 17 patients would have been misdiagnosed if a biopsy
would not have been performed. Obviously, in these patients a biopsy is still necessary
to confirm the diagnosis. Likewise, positivity for both EMA and tTGA did not guarantee
the presence of CD. With a PPV of 89% this combination was only slightly more reli-
able than using tTGA alone (PPV 88%). When both EMA and tTGA are negative, CD
is unlikely. However, a small intestinal biopsy should still be performed if CD is highly
suspected on clinical grounds because 4 patients in the present study were negative for
both EMA and tTGA (NPV 95%), but still had CD. This presence of seronegative patients
with CD has been reported before, especially in children younger than age 2 years.™36-9
Indeed, in our study 3 of the 4 patients with false-negative results were younger than age
2 years.

The present study was performed retrospectively and patients with a positive serology
were obviously more likely to be referred to our hospital for a small intestinal biopsy.
This may have negatively affected the reliability of the serology in the present study. In
addition, the specificity of EMA was substantially lower than the values that are generally
reported.” This could be due to the routine clinical setting in which the study was perfor-
med; comparable low values for EMA have been reported from a similar setting.+° Under
these circumstances interobserver variability in judging the results of the semiquantative
EMA immunofluorescence method is difficult to avoid, especially if a study is performed
over a long period, such as ours.

In summary, no serological test was found to be 100% pathognomonic for CD. Histolo-
gical confirmation is still needed in most cases. Nevertheless, in the present study all of
the symptomatic patients with a tTGA level 2100 U/mL in whom symptoms improved
on a GFD had histological lesions compatible with CD. It can therefore be considered to
omit a biopsy in this specific subgroup.
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Abstract

Aim  To investigate whether a tissue-transglutaminase antibody (tTGA) level = 100
U/mL is sufficient for the diagnosis of celiac disease (CD).

Methods Children suspected of having CD were prospectively included in our study
between March 2009 and September 2011. All patients with immune globulin A defici-
ency and all patients on a gluten-free diet were excluded from the study. Anti-endomy-
sium antibodies (EMA) were detected by means of immunofluorescence using sections
of distal monkey esophagus (EUROIMMUN, Luebeck, Germany). Serum anti-tissue-trans-
glutaminase antibodies (tTGA) were measured by means of ELISA using human recom-
binant tissue transglutaminase (ELiA Celikey IgA kit Phadia AB, Uppsala, Sweden). The
histological slides were graded by a single experienced pathologist using the Marsh clas-
sification as modified by Oberhuber. Marsh Il and Ill lesions were considered to be diag-
nostic for the disease. The positive predictive values (PPVs), negative predictive values
(NPVs), sensitivity and specificity of EMA and tTGA along with their 95% confidence in-
tervals (CI) (for the cut off values >10 and 2100 U/mL) were calculated using histology as
the gold standard for CD.

Results A total of 183 children were included in the study. A total of 70 (38.3%) were
male, while 113 (61.7%) were female. The age range was between 1.0 and 17.6 years, and
the mean age was 6.2 years. One hundred twenty (65.6%) patients had a small intestinal
biopsy diagnostic for the disease; 3 patients had a Marsh Il lesion, and 117 patients had a
Marsh 11l lesion. Of the patients without CD, only 4 patients had a Marsh | lesion. Of the
183 patients, 136 patients were positive for EMA, of whom 20 did not have CD, yielding
a PPV for EMA of 85% (95% Cl 78-90) and a corresponding specificity of 68% (95% Cl
55-79). The NPV and sensitivity for EMA were 91% (95% Cl 79-97) and 97% (95% Cl 91-
99), respectively. Increased levels of tTGA were found in 130 patients, although only 116
patients truly had histological evidence of the disease. The PPV for tTGA was 89% (95%
C182-94), and the corresponding specificity was 78% (95% Cl 65-87). The NPV and sensi-
tivity were 92% (95% Cl 81-98%) and 97% (95% Cl 91-99%), respectively. A tTGA level =
100 U/mL was found in 87 (47.5%) patients, all of whom were also positive for EMA. In all
these 87 patients, epithelial lesions confirming CD were found, giving a PPV of 100% (95%
C195-100). The corresponding specificity for this cut-off value was also 100% (95% Cl 93-
100). Within this group, a total of 83 patients had symptoms, at least gastrointestinal
and/or growth retardation. Three patients were asymptomatic but were screened because
they belonged to a group at risk for CD (diabetes mellitus type 1 or positive family history).
The fourth patient who lacked CD-symptoms was detected by coincidence during an en-
doscopy performed for gastro-intestinal bleeding.

Conclusion  This study confirms based on prospective data that a small intestinal biopsy
is not necessary for the diagnosis of CD in symptomatic patients with tTGA = 100 U/mL.
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Introduction

Celiac disease (CD) is an immune-mediated enteropathy affecting approximately 1% of
the worldwide population.’? The immune reaction occurs when genetically susceptible
individuals ingest gluten, which is a storage protein in wheat and the related grain spe-
cies barley and rye, and this reaction is completely reversible upon gluten withdrawal,
which is currently the only available treatment for CD.>5 The gold standard for the di-
agnosis of CD has been considered to be a small intestinal biopsy since the histological
lesions of CD were discovered in 1954.>7 However, a small intestinal biopsy is not only
expensive, time-consuming and stressful for children and their parents but may also pro-
vide inconclusive or even false results, due to patchy disease or to inadequate quality or
orientation of the biopsy specimen.®® Therefore, there has long been research focused
on finding non-invasive markers to diagnose CD. For this purpose, the disease-associa-
ted auto-antibodies, especially anti-endomysium antibodies (EMA) and anti-tissue-trans-
glutaminase antibodies (tTGA), have proven to be highly sensitive and specific.® ™ In
fact, according to the new ESPGHAN guidelines for the diagnosis of CD, a confirmatory
small intestinal biopsy is no longer necessary in genetically predisposed individuals who
are symptomatic and who have a tTGA of at least 10 times the upper limit of normal, a
positive EMA and a good clinical response to the gluten free diet.> However, these new
guidelines for children are mainly based on retrospective data.’**® Because such study
designs are subject to selection bias, and because the diagnosis of CD implies a lifelong
gluten free diet, the diagnosis of CD should be based on serology only when the chance
of a false positive result is close to zero. The aim of the present study was therefore to
evaluate prospectively whether the new diagnostic approach in patients with high tTGA
levels is justified.

Materials and methods

Study population

All patients who were referred to the Wilhelmina Children’s Hospital in Utrecht, the
Netherlands with the suspicion of having CD were prospectively included in the stu-
dy between March 2009 and September 2011. Patients were referred to us because of
symptoms associated with CD (e.g., abdominal symptoms, growth retardation) or be-
cause they belonged to a group at risk for CD, e.g., patients with Down syndrome or Di-
abetes Mellitus and patients with a positive family history for CD. In this patient group,
serology (both EMA and tTGA) was performed, and any patient with abnormal serology
was biopsied, as were patients with negative serology but a high clinical suspicion of CD.
Patients with immunoglobulin A (IgA) deficiency (n=8) and patients on gluten restric-
tion during the diagnostic work-up were excluded from the study. The study was perfor-
med according to the guidelines of the local medical ethics board.

Serological assessment

IgA EMA values were detected by indirect immunofluorescence using sections of distal
monkey esophagus mounted on glass slides (EUROIMMUN, Luebeck, Germany). Se-
rum IgA tTGA values were measured using the ELiA Celikey IgA kit (Phadia AB, Upp-
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sala, Sweden). As recommended by the manufacturer, serum samples containing an an-
tibody titer greater than 10 U/mL were considered positive. Total IgA was measured in all
patients, and a serum IgA concentration below o0.07 g/L was regarded as IgA deficiency.

Histological evaluation

Duodenal biopsies were obtained by upper gastrointestinal endoscopy. An average of
3.1 (with a range of 1 to 8) biopsies per patient were taken from the distal duodenum.
Starting at the end of 2009, duodenal bulb biopsies were also routinely obtained during
endoscopy, as recent studies suggested that this region could be the only affected site in
CD."» On average, 1.9 biopsies per patient were taken from this location with a range of
otos.

Histological diagnosis for all patients was performed by a single experienced pathologist
using the Marsh classification as modified by Oberhuber.2> The pathologist had no
knowledge of the serological results or of the clinical presentation of the patients. An
increased number of intraepithelial lymphocytes (Marsh I) were considered not to be
diagnostic for CD. By contrast, Marsh I combined with crypt hyperplasia (i.e., Marsh II)
or findings with villous atrophy (Marsh III) were considered to be diagnostic for CD.

Statistical analysis

The sensitivity, specificity, positive predictive value (PPV) and negative predictive value
(NPV) of the screening tests, which exhibited 95% confidence intervals (CI), were calcu-
lated using the histological evaluation as the gold standard. It was subsequently deter-
mined whether a tTGA level = 100 U/mL is associated with a nearly perfect PPV.

Results

A total of 183 patients met the inclusion criteria of the study. Of those patients, 70 (38.3%)
were male, and 113 (61.7%) female with an age range of between 1.0 and 17.6 years and
a mean age of 6.2 years. A total of 120 (65.6%) patients had a biopsy diagnostic for CD,
of whom only 3 patients had a Marsh II lesion. In the remaining 63 (34.4%) patients,
the diagnosis of CD could be excluded. Of the patients without CD, only 4 patients had
Marsh I histology.

Of the total study population, 138 patients had positive EMA and/or tTGA antibodies,
while 45 patients were negative for both antibodies. The patients who were negative for
both antibodies underwent a small intestinal biopsy because of a strong clinical sus-
picion of CD (CD-like symptoms). Three of these patients had a Marsh III lesion, and
one patient had a Marsh II lesion, while the diagnosis of CD could be excluded in the
remaining 41 patients.

A positive EMA was found in 136 (74.3%) patients; 20 (31.7%) of them did not meet the
histological criteria for CD (Table 1), giving a specificity of only 68% (Table 2). The cor-
responding PPV was 85%. The specificity of tTGA was slightly better (78%), with 116 of
130 positive patients being correctly diagnosed (Table 1). The corresponding PPV was
also better at 89% (Table 2).
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EMA was undetectable in 47 (25.7%) patients, of whom 43 indeed showed normal his-
tology (Table 1). Consequently, the sensitivity and NPV of EMA were high with values of
97% and 91%, respectively (Table 2). These values were equally high for tTGA, i.e., 97%
and 92%, respectively. Illustratively, 49 of the 53 patients with negative tTGA did not
have CD (Table 1).

Biopsy data
Patients Patients withCD  Patients with normal histology
N=183 N=120 (65.6) N=63 (34.4)

Negative 47 (25.7) 4(33) 43 (68.3%)
IgA EMA

Positive 136 (74.3) 116 (96.7) 20 (31.7%)

Negative 53(29.0) 4(3.3) 49 (77.8%)
IgA tTGA >10

Positive 130 (71.0) 116 (96.7) 14 (22.2%)

Negative 96 (52.5) 33 (27.5) 63 (100%)
IgAtTGA = 100

Positive 87 (475) 87 (72.5% 0 (0.0%)

Table1 Results of small-intestinal biopsy and serology n (%). CD, Celiac disease; IgA, immunoglobulin A;
EMA, anti-endomysium antibodies; tTGA, anti-tissue-transglutaminase antibodies.

A total of 42 patients (23.0%) had tTGA levels between 10 and 100 U/mL. Of those pa-
tients, only 28 (66.7%) had CD, while the diagnosis could be histologically excluded in
14 (33.3%) patients. Of the latter group, 3 patients had a Marsh I lesion. By contrast, the
87 patients with a tTGA level = 100 U/mL all met the histological criteria for CD (Table
1), yielding a PPV of 100% (Table 2). All were also positive for EMA. Among these 87
patients, only 4 patients were asymptomatic. Three patients were screened because they
belonged to a group at risk for CD (diabetes mellitus type 1 or a positive family history for
CD). The fourth patient who lacked CD-symptoms was detected by coincidence during
an endoscopy performed for gastro-intestinal bleeding. All other patients (n = 83) had
typical symptoms (at least gastro-intestinal symptoms and/or growth retardation). After
the diagnosis of CD was made, all patients adhered to the gluten-free diet, and the vast
majority showed clinical improvement.

Sensitivity Specificity PPV NPV
IgA EMA 97(91-99) 68 (55-79) 85 (78-90) 91(79-97)
IgAtTGA >10 97(91-99) 78 (65-87) 89 (82-94) 92 (81-98)
IgA tTGA = 100 73 (63-80) 100 (93-100) 100 (95-100) 66 (55-75)

Table2 Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of
EMA and tTGA (%). The 95% confidence intervals are given in parentheses. IgA, immunoglobulin A;
EMA, anti-endomysium antibodies; tTGA, anti-tissue-transglutaminase antibodies.
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Discussion

Discussion

In patients with high tTGA levels, there is increasing evidence that a small intestinal
biopsy is not needed to confirm the diagnosis of CD, as these increased levels are highly
suggestive of the disease. This conclusion was also stated in the new ESPGHAN guideli-
nes for the diagnosis of CD in the pediatric population.” Briefly, these guidelines suggest
that in symptomatic individuals who have tTGA levels of at least 10 times the upper limit
of normal and who respond well to the gluten free diet, histological confirmation is un-
necessary. However, prospective studies are needed to confirm the applicability of these
guidelines in clinical practice.

The sole reliance on serology for the diagnosis of CD is appropriate only if the PPV is
close to 100%. In this study, it was prospectively shown that 87/87 patients with a tTGA
of at least 100 U/mL did indeed suffer from CD, giving a PPV of 100%. However, in this
cohort, most of the patients had typical CD symptoms and responded well to the diet,
while only 4 patients lacked any CD associated symptoms. Therefore, due to the under-
representation of asymptomatic patients in this cohort, it can be questioned whether this
perfect PPV will also be observed in asymptomatic patients.

Comparable results were found in previous retrospective studies, showing that high
tTGA levels are associated with histological lesions compatible with CD.'*® Barker et al.
showed that 48 of 49 mostly symptomatic children with a tTGA level =100 U/mL had
at least Marsh II enteropathy.>> Comparably, Donaldson et al. showed that 38 of the 38
pediatric patients with tTGA =100 U/mL had Marsh III histopathology.> A subsequent
retrospective study, also in a pediatric population, showed that all symptomatic patients
with tTGA of at least 100 U/mL who responded well to the diet had CD (n = 111), thereby
reaching a PPV of 100%.%

Similarly, in a study conducted in a mixed adult/pediatric population, it was shown thata
tTGA =100 U/mL occurs almost exclusively in the setting of Marsh III (73 of 76 patients)
and that the 3 patients without villous atrophy had either a Marsh II (n = 2) or a Marsh
I (n = 1) lesion.> Likewise, a study performed in adults showed that 91 patients with a
tTGA level of at least 10 times the upper limit all had at least Marsh II enteropathy.'® By
contrast, Freeman reported that 3 of 14 adult patients with tTGA =100 U/mL did not have
CD.?° Notably, in the latter 3 studies, an exact description of the clinical presentation of
the patients was lacking.!-25 26

To the best of our knowledge, only one other prospective study has been performed in
a mixed pediatric and adult population. This study showed that 1 of the 72 patients with
a tTGA of at least 11.4 times the upper limit of normal had a normal small intestinal
biopsy, yielding a PPV of 98.6%, which the authors considered to be insufficient for
omitting a biopsy.”” However, in this study, the presence of symptoms was not taken into
consideration, which may influence the PPV. In fact, the patient with this high level of
tTGA and a normal biopsy did have an excellent clinical and serological response to the
diet, suggesting that CD may have been missed histologically.

113




CHAPTER7 | Tissue transglutaminase levels above 100 U/ml and celiac disease

In conclusion, the current study shows that 87/87 patients with tTGA = 100 U/mL had
CD, which confirms the new ESPGHAN guidelines and other retrospective studies. Ho-
wever, because almost all studied patients in this study were symptomatic, omitting a
biopsy should only be considered in this group. By contrast, in asymptomatic individuals,
a small intestinal biopsy should still be performed, at least until more studies become
available studying this specific group.

114



References

References

10.

11.

12.

Catassi C, Fabiani E, Ratsch IM, Coppa GV, Giorgi PL,
Pierdomenico R, Alessandrini S, Iwanejko G, Domen-
ici R, Mei E, Miano A, Marani M, Bottaro G, Spina M,
Dotti M, Montanelli A, Barbato M, Viola F, Lazzari R,
Vallini M, Guariso G, Plebani M, Cataldo F, Traverso G,
Ventura A, et al. The coeliac iceberg in Italy. A mul-
ticentre antigliadin antibodies screening for coeliac
disease in school-age subjects. Acta Paediatr Suppl
1996 May;412:29-35

Fasano A, Berti |, Gerarduzzi T, Not T, Colletti RB, Dra-
go S, ElitsurY, Green PH, Guandalini S, Hill ID, Pietzak
M, Ventura A, Thorpe M, Kryszak D, Fornaroli F, Was-
serman SS, Murray JA, Horvath K. Prevalence of celiac
disease in at-risk and not-at-risk groups in the United
States: a large multicenter study. Arch Intern Med.
2003 Feb 10;163(3):286-92.

Méki M, Collin P. Coeliac Disease. Lancet. 1997 Jun
14;349(9067):1755-9.

Dicke WK. Treatment of celiac disease. Ned Tijdschr
Geneeskd. 1951 Jan 13;95(2):124-30.

Hogen Esch CE, Wolters VM, Gerritsen SA, Putter H,
von Blomberg BM, van Hoogstraten IM, Houwen RH,
van der Lely N, Mearin ML. Specific celiac disease an-
tibodies in children on a gluten-free diet. Pediatrics.
2011 Sep;128(3):547-52.

Rostom A, Dubé C, Cranney A, Saloojee N, Sy R,
Garritty C, Sampson M, Zhang L, Yazdi F, Mama-
ladze V, Pan I, MacNeil J, Mack D, Patel D, Moher D.
The diagnostic accuracy of serologic tests for celiac
disease: a systematic review. Gastroenterology. 2005
Apr;128(4 Suppl 1):538-46.

7 Paulley JW. Observation on the aetiology of idiopa-
thic steatorrhoea; jejunal and lymph-node biopsies.
Br Med J. 1954 Dec 4;2(4900):1318-21.

Mubarak A, Nikkels P, Houwen R, Ten Kate F. Reprodu-
cibility of the histological diagnosis of celiac disease.
Scand ) Gastroenterol. 2011 Sep;46(9):1065-73.
Ravelli A, Villanacci V, Monfredini C, Martinazzi S,
Grassi V, Manenti S. How patchy is patchy villous
atrophy?: distribution pattern of histological lesions
in the duodenum of children with celiac disease. Am J
Gastroenterol. 2010 Sep;105(9):2103-10.

Pais WP, Duerksen DR, Pettigrew NM, Bernstein CN.
How many duodenal biopsy specimens are required
to make a diagnosis of celiac disease? Gastrointest
Endosc. 2008 Jun;67(7):1082-7.

Hill PG, Forsyth JM, Semeraro D, Holmes Gk. IgA an-
tibodies to human tissue transglutaminase: audit of
routine practice confirms high diagnostic accuracy.
Scand J Gastroenterol 2004;39:1078-82.

Hopper AD, Hadjivassiliou M, Hurlstone DP, Lobo A,
McAlindon ME, Egner W, Wild G, Sanders DS. What
is the role of serologic testing in celiac disease? A
prospective, biopsy-confirmed study with economic
analysis. Clin Gastroenterol Hepatol 2008;6:314-20.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Hadithi M, von Blomberg BM, Crusius JB, Bloemena
E, Kostense PJ, Meijer JW, Mulder J, Stehouwer CD,
Pefia AS. Accuracy of serologic tests and HLA-DQ ty-
ping for diagnosing celiac disease. Ann Intern Med
2007;147:294-302.

Reeves GE, Squance ML, Duggan AE, Murugasu RR,
Wilson RJ, Wong RC, Gibson RA, Steele RH, Pollock
WK. Diagnostic accuracy of coeliac serological tests:
a prospective study. Eur ] Gastroenterol Hepatol
2006;18:493-501.

Husby S, Koletzko S, Korponay-Szabd IR, Mearin ML,
Phillips A, Shamir R, Troncone R, Giersiepen K, Branski
D, Catassi C, Lelgeman M, Maki M, Ribes-Koninckx C,
Ventura A, Zimmer KP; ESPGHAN Working Group
on Coeliac Disease Diagnosis; ESPGHAN Gastroen-
terology Committee; European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition. Eu-
ropean Society for Pediatric Gastroenterology, He-
patology, and Nutrition guidelines for the diagnosis
of coeliac disease. ) Pediatr Gastroenterol Nutr. 2012
Jan;54(1):136-60.

Hill PG, Holmes GK. Coeliac disease: a biopsy is not
always necessary for diagnosis. Aliment Pharmacol
Ther. 2008 Apr 1;27(7):572-7.

Vivas S, Ruiz de Morales JG, Riestra S, Arias L, Fuen-
tes D, Alvarez N, Calleja S, Hernando M, Herrero B,
Casqueiro J, Rodrigo L. Duodenal biopsy may be
avoided when high transglutaminase antibody ti-
ters are present. World ] Gastroenterol. 2009 Oct
14;15(38):4775-80.

Dahlbom I, Korponay-Szabé IR, Kovacs JB, Szalai Z,
Maki M, Hansson T. Prediction of clinical and mucosal
severity of coeliac disease and dermatitis herpetifor-
mis by quantification of IgA/IgG serum antibodies to
tissue transglutaminase. ) Pediatr Gastroenterol Nutr.
2010 Feb;50(2):140-6.

Bonamico M, Thanasi E, Mariani P, Nenna R, Luparia
RP, Barbera C, Morral, Lerro P, Guariso G, De Giacomo
C, Scotta S, Pontone S, Carpino F, Magliocca FM; So-
cieta Italiana di Gastroenterologica, Epatologia, e Nu-
trizione Pediatrica. Duodenal bulb biopsies in celiac
disease: a multicenter study. ] Pediatr Gastroenterol
Nutr. 2008 Nov;47(5):618-22.

Marsh MN. Gluten, major histocompatibility com-
plex, and the small intestine. A molecular and im-
munobiologic approach to the spectrum of gluten
sensitivity (‘celiac sprue’). Gastroenterology. 1992
Jan;102(1):330-54.

Oberhuber G. Histopathology of celiac disease. Bio-
med Pharmacother. 2000 Aug;54(7):368-72.

Barker CC, Mitton C, Jevon G, Mock T. Can tissue trans-
glutaminase antibody titers replace small-bowel bio-
psy to diagnose celiac disease in select pediatric po-
pulations? Pediatrics. 2005 May;115(5):1341-6.

115




CHAPTER7 |

Tissue transglutaminase levels above 100 U/ml and celiac disease

23.

24.

25.

26.

27.

Donaldson MR, Firth SD, Wimpee H, Leiferman KM,
Zone J), Horsley W, O’'Gorman MA, Jackson WD, Neu-
hausen SL, Hull CM, Book LS. Correlation of duodenal
histology with tissue transglutaminase and endo-
mysial antibody levels in pediatric celiac disease. Clin
Gastroenterol Hepatol. 2007 May;5(5):567-73.
Mubarak A, Wolters VM, Gerritsen SA, Gmelig-Mey-
ling FH, Ten Kate F), Houwen RH. ] Pediatr A biopsy is
not always necessary to diagnose celiac disease. Gas-
troenterol Nutr. 2011 May;52(5):554-7.

Donaldson MR, Book LS, Leiferman KM, Zone JJ, Neu-
hausen SL. Strongly positive tissue transglutaminase
antibodies are associated with Marsh 3 histopatho-
logy in adult and pediatric celiac disease. ) Clin Gas-
troenterol. 2008 Mar;42(3):256-60.

Freeman H). Strongly positive tissue transglutami-
nase antibody assays without celiac disease. Can )
Gastroenterol. 2004 Jan;18(1):25-8.
Ferndndez-Banares F, Alsina M, Modolell I, Anddjar
X, Piqueras M, Garcia-Puig R, Martin B, Rosinach M,
Salas A, Viver JM, Esteve M. Are positive serum-IgA-
tissue-transglutaminase antibodies enough to diag-
nose coeliac disease without a small bowel biopsy?
Post-test probability of coeliac disease. | Crohns Co-
litis. 2012 Feb 15.

28.

29.

30.

Dieterich W, Ehnis T, Bauer M, et al. Identification of
tissue transglutaminase as the autoantigen of celiac
disease. Nat Med 1997;3:797-801.

Molberg O, Mcadam SN, Korner R, Quarsten H, Kris-
tiansen C, Madsen L, Fugger L, Scott H, Norén O,
Roepstorff P, Lundin KE, Sjéstrom H, Sollid LM. Tissue
transglutaminase selectively modifies gliadin pepti-
des that are recognized by gut-derived T cells in celiac
disease. Nat Med 1998;4:713-7.

Brusco G, Muzi P, Ciccocioppo R, Biagi F, Cifone MG,
Corazza GR. Transglutaminase and celiac disease: en-
domysial reactivity and small bowel expression. Clin
Exp Immunol 1999;118:371-5.

116






&

A ¢
i “r'ﬂ.ﬂ %










CHAPTER 8

Children with celiac disease and high tTGA are genetically and

phenotypically different
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Abstract

Aim  To investigate whether celiac disease (CD) patients with tissue-
transglutaminase antibody (tTGA) =100 U/ml are different from pa-
tients with lower tTGA levels.

Methods Biopsy-proven (Marsh IIl) pediatric CD patients (n=116)
were prospectively included between March 2009 and October 2012.
The biopsies were evaluated by a single pathologist who was blinded
to all of the patients’ clinical data. The patients were distributed into 2
groups according to their tTGA level, which was measured using ELISA:
tTGA 2100 U/ml and tTGA<100 U/ml. The patients’ characteristics,
symptoms, human leukocyte antigen (HLA) genotype and degree of
histological involvement were compared between the 2 groups.

Results Atotal of 34 (29.3%) children had tTGA values <100 U/ml and
82 (70.7%) tTGA levels of 2100 U/ml. Patients with high tTGA levels had
lower average body weight-for-height standard deviation scores (SDS)
than did patients with tTGA <100 U/ml (-0.20+1.19 SDS vs. 0.23+1.03
SDS; p-value 0.025). In the low tTGA group, gastrointestinal symptoms
were more common (97.1% vs. 75.6%; p-value 0.006). More specifical-
ly, abdominal pain (76.5% vs. 51.2%; p-value 0.012) and nausea (17.6%
vs. 3.7%; p-value 0.018) were more frequent among patients with low
tTGA. In contrast, patients with solely extraintestinal manifestations
were only present in the high tTGA group (18.3%; p-value 0.005). These
patients more commonly presented with aphthous stomatitis (15.9%
vs. 0.0%; p-value 0.010) and anemia (32.9% vs. 11.8%; p-value 0.019).
In addition, when evaluating the number of CD-associated HLA-DQ
heterodimers (HLA-DQ2.5, HLA-DQ2.2 and HLA-DQ8), patients with
low tTGA levels more commonly had only 1 disease-associated hetero-
dimer (61.8% vs. 31.7%; p-value 0.005), while patients with high tTGA
more commonly had multiple heterodimers. Finally, patients with tTGA
2100 U/ml more often had a Marsh llic lesion (73.2% vs. 20.6%; p-value
<0.001) while in patients with low tTGA patchy lesions were more com-
mon (42.4% vs. 6.8%; p-value <0.001).

Conclusion  Patients with tTGA =100 U/ml show several signs of
more advanced disease. They also carry a larger number of CD associa-
ted HLA-DQ heterodimers.
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Introduction

Celiac disease (CD) is a highly prevalent disorder with a strong genetic component. The
disease has a complex and variable clinical presentation: some patients display symptoms
ranging from severe malabsorption to vague intestinal or extraintestinal manifestations,
while others have no symptoms at all.”3 The disease is caused by inappropriate immune
responses to gluten, a storage protein in wheat and the related grain species barley and
rye.# The immune reaction mainly affects the small intestine, where it typically causes
lymphocyte invasion in the epithelium, hyperplasia of the crypts and various grades of
villous atrophy.>® These histological lesions can be patchily distributed throughout the
small intestine and can even occasionally be localized exclusively in the duodenal bulb.7#
Serologically, signs of inflammation are also evidenced by the presence of disease-asso-
ciated antibodies, including endomysium antibodies (EMA) and tissue transglutaminase
antibodies (tTGA).+9°

Until recently, these serological and histological manifestations were used in combina-
tion to detect CD, with histological evaluation being essential for establishing the diag-
nosis in all cases.>™ However, given the excellent sensitivity and specificity of serology,
the new ESPGHAN guidelines now indicate that a biopsy can be omitted in symptomatic
children with tTGA levels =100 U/ml (=10 times the upper limit) and positive EMA, pro-
vided the patient also carries a disease-associated human leukocyte antigen (HLA) type
and responds well to the diet.” In contrast, in patients with a tTGA <100 U/ml, a biopsy
is always necessary because a significant proportion of patients with these levels do not
have CD.

It is unclear why patients with a tTGA =100 U/ml virtually always have CD. These high
levels could be a sign of advanced disease. Patients with high serum tTGA may also have
a different genetic risk profile. Because HLA genes make the greatest genetic contribu-
tion, the aim of this study was to assess whether patients with a tTGA =100 U/ml have
a different HLA distribution compared with patients with lower tTGA levels.? We also
investigated whether more advanced small intestinal histological lesions were present
in patients with a tTGA =100 U/ml. In addition, as it remains to be resolved whether
patients with tTGA levels =100 U/ml are phenotypically distinct from those with a tTGA
<100 U/ml, we set out to detect differences in clinical presentation between both groups.

Materials and methods

Study population

Pediatric patients who had a histologically confirmed diagnosis of CD between March
2009 and October 2012 in the Wilhelmina Children’s Hospital in Utrecht, The Nether-
lands, were prospectively included in the study. Patients were referred to us because of
CD-associated symptoms or because they belonged to a group at risk for CD. Biopsies
were collected from patients with abnormal serology. Biopsies were also collected from
patients with negative serology but a strong clinical suspicion of the disease. Patients
with immune globulin A (IgA) deficiency (N=3) were excluded from the study.
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Material and methods

The clinical symptoms at presentation were collected from the medical records. The
study was performed according to the guidelines of the local medical ethics board.

Histological evaluation

Biopsies were obtained using upper endoscopy. On average, 3.09 biopsies (range 1 to 5,
SD o.75) were obtained from the distal duodenum, and 2.41 (range o to 5, SD 1.03) were
obtained from the duodenal bulb. The biopsies were evaluated by a single experienced
pathologist who was blinded to all of the patients’ clinical data and who used the Marsh
classification, as modified by Oberhuber.>° The duodenal bulb and the distal duodenum
were scored separately, but the final Marsh score for each patient was graded according
to the most affected site (highest Marsh score). Only Marsh III lesions (i.e., those cha-
racterized by an increased number of intraepithelial lymphocytes, crypt hyperplasia and
villous atrophy) were considered diagnostic for CD. Patients with other histological fin-
dings were not included. Marsh III lesions were further classified according to the de-
gree of villous atrophy: Marsh IIla (partial villous atrophy), Marsh IIIb (subtotal villous
atrophy) and Marsh IIIc (total villous atrophy).

Serological assessment

Serum IgA tTGA levels were measured using the ELiA Celikey IgA kit (Phadia AB, Up-
psala, Sweden). Serum samples containing an antibody titer of more than 10 U/ml were
considered positive, as recommended by the manufacturer. IgA EMA levels were detec-
ted via indirect immunofluorescence using sections of distal monkey esophagus moun-
ted on glass slides (IMMCO Diagnostics Inc., Buffalo NY). Total IgA was measured in all
patients, and a serum IgA concentration below 0.07 g/L was regarded as IgA deficiency.

HLA-typing

Genomic DNA was isolated from ethylenediaminetetraacetic acid-anticoagulated blood
with a standardized DNAzol-based technique. The HLA-DQA1 and HLA-DQB1 alleles
were typed using the sequence-specific oligonucleotide primed PCR (PCR-SSO) techni-
que with the Luminex-based One Lambda LABType SSO Class II DQA1/DQB1 typing kit,
following the recommendations of the manufacturer (One Lambda Inc., Canoga Park,
CA, United states). Samples were analyzed on a LABScanTM 100 System (Luminex,
Austin TX, United States), and data were interpreted using the HLA-Fusion 2.0 Software
package (One Lambda).

HLA-DQ2.5 (DQAr1*05:01, -DQB1*02:01 or DQAI1*05:05, -DQB1*02:02), HLA-DQ2.2
DQAr*02:01,-DQB1*02:02) and HLA-DQ8 (DQA1*03:01,-DQB1*03:02 0or DQA1*03:02,
-DQB1*03:02) were considered CD-associated HLA-types. The patients were scored for
the number of CD-associated heterodimers that they could form with their HLA-genoty-
pes. For example, a patient who is homozygous for HLA-DQ2.5 (or HLA-DQ2.2 or HLA-
DQ8) can form 4 different heterodimers that are associated with CD. The same is true
of patients who are compound heterozygous for HLA-DQ2.5 and HLA-DQ2.2, because
these patients can also make 4 different CD-associated heterodimers: HLA-DQA1*05:01,
-DQB1*02:01; HLA-DQA1*02:01, -DQB1*02:02; HLA-DQAT1*05:01, -DQB1*02:02 and
HLA-DQA1*02:01, -DQB1*02:01 (the latter 2 of which are molecularly indistinguishable
from the first 2).
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Patients who are heterozygous for HLA-DQ2.5 and HLA-DQ& or HLA-DQ2.2 and HLA-
DQ8 can only form 2 CD-associated heterodimers. Finally, patients with only 1 CD-asso-
ciated HLA genotype can only generate 1 CD-associated heterodimer.

Statistical analysis

The patients were divided in 2 groups: those with tTGA=100 U/ml and those with
tTGA<roo U/ml. Subsequently, the differences between the 2 groups in terms of gender,
average age at diagnosis, average height and weight, the presence of a CD-associated
disease, the presence of a first-degree relative with CD, symptoms, HLA-type, Marsh
classification and histological differences between the duodenal bulb and the more distal
duodenum were calculated using SPSS Version 20.0. To test for statistical significance,
the chi-squared or Fisher exact test was used for nominal variables. For continuous vari-
ables, the independent t-test or the Mann-Whitney U-test were used. A p-value <o.05 was
considered statistically significant.

Results

Patient characteristics

A total of 116 patients met the study’s inclusion criteria. Of those, 34 (29.3%) patients had
tTGA values <100 U/ml and 82 (70.7%) had a serum tTGA of at least 100 U/ml. Within
the low tTGA group, 2 patients, a 10-month-old girl and a 2-year-old boy, had a tTGA
level <10 U/ml and negative EMA, which is not an uncommon finding in very young
children.8 All of the remaining patients had positive EMA levels. Of the total study
population, 32 (27.6%) were male and 84 (72.4%) female, with no difference in gender
distribution between the high and low tTGA groups (Table 1).

tTGA <100 U/ml tTGA = 100 U/ml pvalue

N=34 N=82
Gender (M) 8(23.5) 24(29.3) 0.529
Average age (yrs) 7.4 (SD 4.06) 6.1(SD3.82) 0.114
Average height in SDS -0.60 (+1.15) -0.83 (x1.22) 0.331
Average weight for height in SDS  0.23 (+1.03) -0.20 (£1.19) 0.025
CD associated comorbidity 1(2.9) 10 (12.2) 0.171
First degree relative with CD 9(26.5) 14 (171) 0.248

Table1 Characteristics of patients N (%). tTGA, anti-tissue transglutaminase antibodies; M, Male; yrs, years;
SDS, standard deviation scores; CD, celiac disease.

The mean age of the included patients at diagnosis was 0.5 years, ranging from 0.9 to
17.7 years. The average age at diagnosis was slightly higher (7.4 years) in the low tTGA
group compared with the high tTGA group (6.1 years), but this was statistically not sig-
nificant. The patients in the high tTGA group were slightly shorter (-0.83 standard de-
viation score, SDS) compared with the low tTGA group (-0.60 SDS), but this difference
was not significant.
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In contrast, the average body weight-for-height was significantly lower (-0.20 SDS) in the
high tTGA group compared with patients in the low tTGA group, who had an average
weight of 0.23 SDS (p-value 0.025).

Regarding comorbidity, 5 (4.3%) patients had Down syndrome, and 1 (0.86%) of tho-
se also had hypothyroidism. Another 4 (3.4%) patients had diabetes mellitus Type I,
I (0.86%) patient had juvenile rheumatoid arthritis and 1 (0.86%) patient had Graves
disease. Remarkably, all but 1 of the patients with comorbidity had tTGA=100 U/ml; ho-
wever, this finding was not statistically significant. Finally, 9 (26.5%) patients in the low
tTGA group had a first-degree relative with CD, compared with 14 (17.1%) patients in the
high tTGA group; again, this difference was not statistically significant.

Symptoms

Only 5 (4.3%) patients were asymptomatic, 4 of which had a tTGA =100 U/ml and 1
of which had a tTGA <100 U/ml (Table 2). The other 111 (95.7%) patients had various
gastrointestinal and extraintestinal symptoms. Interestingly, gastrointestinal symptoms
were significantly (p-value 0.006) more common in the low tTGA group (N=33; 97.1%)
compared with the high tTGA group, in which 75.6% (N=62) of the patients suffered
from a gastrointestinal symptom. However, although patients with symptoms restricted
to the gastrointestinal tract (without any extraintestinal manifestations) were also more
common in the low tTGA group (23.5% vs. 9.8%, respectively), this difference was not
statistically significant (p-value 0.074). In terms of specific gastrointestinal complaints,
abdominal pain and nausea were significantly more common in the low tTGA group. In-
deed, 76.5% (N=20) of the patients in the low tTGA group had abdominal pain, compa-
red with 51.2% (N=42) in the high tTGA group (p-value o.o12). Similarly, in the low tTGA
group, 17.6% (N=0) of the patients suffered from nausea, compared with 3.7% (N=3) in
the high tTGA group (p-value 0.018). Moreover, there was a statistically non-significant
trend (p-value 0.096) towards more constipation in the low tTGA group (N=14; 41.2%)
compared with the high tTGA group (N=21; 25.6%). In contrast, diarrhea was more com-
mon in the high tTGA group (N=27; 32.9%) compared with the low tTGA group (N=§;
23.5%), but the difference was not significant (p-value 0.316). Similarly, a comparable
trend (p-value o.277) was seen for vomiting, which occurred more often in the high
tTGA group (11.0% vs. 2.9%). Finally, the presence of bloating was comparable in both
groups with more than 1/3 of the patients suffering from this symptom.

Extraintestinal symptoms occurred in 25 (73.5%) of the patients with low tTGA compared
with 70 (85.4%) patients in the high tTGA group, but this difference was not statistically
significant (p-value 0.132). However, patients with solely extraintestinal symptoms (i.e.,
without gastrointestinal symptoms) were only present in the high tTGA group (N=15;
18.3%), a finding that was statistically significant (p-value o.005). Similarly, aphthous
stomatitis only occurred in patients with high tTGA (N=13; 15.9%). This was statistically
significant, with a p-value of o.o10. Likewise, anemia was significantly (p-value o.019)
more common in the high tTGA group: 277 (32.9%) of the patients with high tTGA had
anemia, compared with 4 (11.8%) patients with low tTGA. There was also a trend towards
more increased appetite (7.3% vs. 2.9%), joint pain (11.0% vs. 5.9%) and low weight
(8.5% vs. 5.9%) in the high tTGA group, but these differences were not statistically sig-
nificant (p-value >0.05).
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Tooth enamel defects were more common in the low tTGA group (5.9% vs. 3.7%), but
this was also not statistically significant (p-value 0.629). Finally, the presence of fatigue,
irritability, anorexia and short stature was comparable in both groups.

tTGA <100U/ml  tTGA 2100 U/ml

Symptoms N=34 N<82 P value
Asymptomatic 1(2.9) 4(4.9) 1.000
Gastrointestinal symptoms

Any gastrointestinal symptom 33(97.1) 62 (75.6) 0.006
Only gastrointestinal symptoms 8(23.5) 8(9.8) 0.074
Abdominal pain 26 (76.5) 42 (51.2) 0.012
Diarrhea 8(23.5) 27 (32.9) 0316
Constipation 14 (41.2) 21(25.6) 0.096
Bloating 12 (35.3) 31(37.8) 0.799
Nausea 6 (17.6) 3(3.7) 0.018
Vomiting 1(2.9) 9(11.0) 0.277
Extraintestinal symptoms

Any extraintestinal symptom 25(73.5) 70 (85.4) 0.132
Only extraintestinal symptoms 0(0.0) 15(18.3) 0.005
Fatigue 16 (47.1) 35(42.7) 0.666
Irritability 9(26.5) 25 (30.5) 0.665
Anorexia 13(38.2) 32(39.0) 0.937
Increased appetite 1(2.9) 6 (7.3) 0.672
Joint pain 2(5.9) 9 (11.0) 0.504
Tooth enamel defects 2(5.9) 3(3.7) 0.629
Aphthous stomatitis 0(0.0) 13 (15.9) 0.010
Anaemia 4(11.8) 27 (32.9) 0.019
Short stature (height <-2 SDS) 4(11.8) 11(13.4) 1.000
Low weight (<-2 SDS) 2 (5.9) 7 (8.5) 1.000

Table2 Symptoms in celiac disease patients N (%). tTGA, anti-tissue transglutaminase antibodies;
SDS, standard deviation scores.

HLA-types

All of the patients carried at least one of the CD-associated HLA-types. In the high tTGA
group, the patients more often carried multiple CD-associated heterodimers (p-value =
0.005; Table 3). Illustratively, in the low tTGA group, more than half of the patients
(N=21; 61.8%) had only one CD-associated heterodimer, compared with 26 (31.7%) in
the high tTGA group. Two patients (5.9%) with low tTGA had 2 CD-associated hetero-
dimers, compared with 20 (24.4%) patients in the high tTGA group. Finally, 36 (43.9%)
patients in the high tTGA group had 4 CD-associated heterodimers, compared with 11
(32.4%) patients with low tTGA.
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Histology

In the low tTGA group, 5 (14.7%) patients had a Marsh Illa lesion, 22 (64.7%) had a
Marsh IIIb lesion, and only 7 (20.6%) had a Marsh IIIc lesion (Table 3). This was signifi-
cantly different from the high tTGA group (p-value < o.001). lllustratively, only 4 (4.9%)
patients in the high tTGA group had a Marsh Illa lesion; 18 (22.0%) had a Marsh IIIb
lesion, and the largest proportion of the patients in the high tTGA group (N=60; 73.2%)
had flat mucosa (Marsh IIIc).

In 106 patients, both duodenal bulb and distal duodenum biopsies were taken. To assess
the presence of patchy lesions, the Marsh classification in both locations was compared.
A patchy lesion was defined as the absence of villous atrophy in either the duodenal bulb
or the distal duodenum. In 77 (6.6%) patients, a Marsh III lesion was only found in the
duodenal bulb, while the distal duodenum was spared. In 12 (11.3%) patients, the distal
duodenum was the only affected site. Interestingly, a discrepancy between the diagnosis
in the distal duodenum vs. the duodenal bulb was more common in patients with low
tTGA than in patients with high tTGA (42.4% vs. 6.8%; p-value <o.oo1). In addition,
patchy lesions were more common in patients with Marsh IIla (in 5 of 9 patients; 55.6%)
than in patients with Marsh IIIb (in 13 of 35 patients; 37.1%) or Illc lesions (in 1 of 62
patients; 1.6%; p-value <o.001).

tTGA <100U/ml  tTGA 2100 U/ml

N=34 N<82 P value
HLA-score
1 heterodimer 21(61.8) 26 (31.7)
2 heterodimers 2(5.9) 20 (24.4) 0.005
4 heterodimers 11(32.4) 36 (43.9)
Marsh classification <0.001
Marsh llla 5(14.7) 4(4.9)
Marsh Illb 22 (64.7) 18 (22.0)
Marsh lllc 7(20.6) 60 (73.2)
N=33* N=73! <0.001
Patchy lesions? 14 (42.4) 5(6.8)

Table3 Human leukocyte antigen distribution, Marsh classification in celiac disease
patients. * Only 106 patients out of the total study population also underwent duo-
denal bulb biopsies; 2 Discrepancy in the diagnosis based on histology in the duodenal
bulb vs in the distal duodenum. HLA: human leukocyte antigen; tTGA: anti-tissue-
transglutaminase antibodies.
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Discussion

CD is defined as a chronic small intestinal immune-mediated enteropathy precipitated by
exposure to dietary gluten in genetically predisposed individuals.” Patients with tTGA le-
vels =100 U/ml (>10 times the upper limit) virtually always have CD, whereas the disease
can be histologically absent in a significant number of patients with a lower serum tTGA
level. In the present study, we show in a pediatric population that patients with a tTGA
level =100 U/ml also have a different HLA-pattern and a more severe histological lesion
and seem to be phenotypically different, with more extraintestinal symptoms and a lower
body weight.

Patients with high tTGA levels are more likely to have 2 and 4 CD-associated heterodi-
mers compared with patients with lower tTGA levels, who more often only have 1 CD-
associated heterodimer (Table 3). This seems pathophysiologically logical. In CD, HLA-
molecules on antigen-presenting cells in the lamina propria present gluten peptides to
CD4+ T-cells, which in turn further activate the immune system, including B-cells.>>*
Thus, increased cell-surface expression of CD-associated heterodimers will lead to more
antigen presentation and therefore more T- and B-cell stimulation, which will eventually
generate a stronger antibody response. However, because not all patients with multiple
heterodimers had a tTGA =100 U/ml, and some patients with a single HLA-heterodimer
also had tTGA levels =100 U/ml, other factors, such as non-HLA genes or environmen-
tal factors, are likely to contribute to the tTGA-level response. This finding is in line
with a previous study showing a correlation between antibody level and HLA-dose; pa-
tients homozygous for HLA-DQB1*02 had significantly higher tTGA levels compared
with patients with a single dose of HLA-DQB1*02 and to patients not carrying any HLA-
DQB1*02.% In the current study, a comparable HLA-DQB1*02 correlation was found,
but the difference was not significant (p-value o.101; data not shown).

The current study also provided evidence that patients with high tTGA levels have more
advanced mucosal lesions compared with CD patients with lower tTGA levels. First, pa-
tients with tTGA levels =100 U/ml had a more severe grade of villous atrophy, in line with
previous studies showing an increasing tTGA titer with increasing villous atrophy.>+*
However, we also showed that patchy lesions, defined as the absence of villous atrophy in
either the duodenal bulb or the distal duodenum, were more common in patients with
low tTGA than in patients with high tTGA, suggesting that in patients with high tTGA,
the total area of mucosa involved is larger. In addition, patients with a lesser degree of
villous atrophy, which is more common in the low tTGA group, also had a higher chance
of patchy lesions, providing more evidence that the disease in these patients is truly less
advanced.
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Interestingly, we also found significant differences in clinical presentation between pa-
tients with high tTGA and those with levels <too U/ml. The group with high tTGA
levels had lower body weight and more extraintestinal complaints than did patients with
low tTGA (Table 2). This suggests that patients with high tTGA levels have more advan-
ced or generalized disease. Other studies investigating the relationship between anti-
body levels and symptoms are rare. Dahlbom and colleagues found that children with
an onset of CD in early childhood and/or severe malabsorption had higher tTGA levels
than did patients with a late childhood onset of disease and/or moderate symptoms, and
also when compared with patients presenting in adulthood.?+ Taavela et al. also showed
that the serum levels of antibodies associated with CD correlated with gastrointestinal
symptoms.2® None of these two studies specifically investigated the differences in intesti-
nal and extraintestinal symptoms, so their results cannot be directly compared with our
study. However, in both studies, a relationship between antibody levels and symptom
severity was observed, once again suggesting that patients with a high tTGA have more
advanced disease.

Finally, we showed that patients in the low tTGA group more often have a positive family
history for CD (26.5% vs. 17.1%), although this difference was not statistically significant.
This difference could have resulted because patients with a positive family history are
detected earlier than those without a positive history, before a very high tTGA level is
reached. Conversely, patients with comorbidity were found more frequently (although
statistically not significant) in the high tTGA group (12.2% vs. 2.9%), which might be
due to a more advanced disease progression in this group.

Our combined data confirm, in a pediatric population, the hypothesis that patients with
tTGA =100 U/ml have more advanced disease, given the more severe histological invol-
vement and the increased incidence of extraintestinal manifestations and lower body
weight. Pathophysiologically, these patients also express more CD-associated HLA-hete-
rodimers on their cells. These findings should also be investigated in adults.
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CHAPTER 9

Summarizing discussion

A. Mubarak

The prevalence of celiac disease (CD) is around 1% worldwide. Even with this high fre-
quency the diagnostic methods used in these patients are not totally satisfactory. The
aim of this thesis was therefore to improve diagnostics in CD.

Towards improved histology

The main feature of CD is inflammation of the small intestine, which in classical cases
consists of intra-epithelial lymphocytosis, hyperplasia of the crypts and various degrees
of villous atrophy (grade III enteropathy according to Marsh).> Finding these lesions
upon small intestinal microscopy was, until recently, the gold standard investigation for
the diagnosis of the disease. In fact, the first diagnostic guidelines for CD required even
3 small intestinal biopsies: a biopsy on a gluten containing diet showing the typical CD
lesions, followed by a biopsy providing evidence of mucosal recovery on a gluten free
diet, and finally a biopsy showing histological deterioration after gluten challenge.>+ Ho-
wever, a subsequent study showed that in only a small percentage of children a different
diagnosis was made after a challenge, and that the vast majority of the cases with non-
confirmed CD were very young children.s Therefore, the diagnostic criteria were chan-
ged in 1990 and required a gluten challenge only in children below the age of 2 years.°®
Later on it was shown, that even in these very young children a gluten challenge is not
necessary.” This was a first step towards a less invasive diagnosis, but at least 1 biopsy
was still needed.

A small intestinal biopsy is obtained by endoscopy, under general anesthesia in children.
This is invasive, expensive, time-consuming, has health risks, and in addition a substan-
tial emotional impact in children. Moreover, due to its invasive character it is not suitable
for evaluation of diet effects or compliance. Additionally, a small intestinal biopsy may
not be as accurate as was once thought. First of all, the biopsy specimen may be of such
poor quality that a correct assessment is impossible.> Moreover, even if the quality is
good, often the biopsies are cut obliquely, hindering an accurate evaluation of the crypt
villous ratio, which is essential for a correct diagnosis. Moreover, the histological lesions
in CD can be patchy in nature, thus the diagnosis may be missed due to sampling er-
ror.> ™ In order to minimize this chance, at least 5 biopsies should be taken from the
duodenum, including at least 1 biopsy from the duodenal bulb.”™ Finally, additional in-
terpretation difficulties may arise if villous atrophy is not present, but only an increased
amount of intra-epithelial lymphocytes (IELs; Marsh I) is found. This finding is however
not diagnostic for CD, but when found along with hyperplasia of the crypts (Marsh II)
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this becomes diagnostic for the disease, just like a Marsh III lesion.”> However, the
amount of IELs can easily be misinterpreted and the difference between Marsh I and II
can be very subtle, potentially leading to a missed or incorrect diagnosis of CD. So when
taking these difficulties into account, a small intestinal biopsy is a less than optimal gold
standard investigation.

To further study the diagnostic reliability of the small intestinal biopsy in CD, in Chapter
2 we studied the inter-observer variability between 2 pathologists and found that for the
Marsh classification the agreement between pathologists is only moderate with a Kappa
value of 0.486."° More importantly, when considering Marsh IIT as diagnostic for CD, in
22 (7.4%) of the 297 patients a different diagnosis was made by the second pathologist.
Interestingly, in the 22 patients with discrepancy in diagnosis the quality of the biopsy
specimen was significantly more often suboptimal. Based on serology, dietary response
and follow-up biopsies 14 CD patients were missed by the first pathologist while the
second pathologist missed 5 CD patients and over-diagnosed 3 patients. In fact the 14
patients initially missed were a large proportion of the patients who were thought to have
false positive CD serology. These results prove that biopsy interpretation is a subjective
skill, dependent on the pathologist, and that CD can easily be missed if relying solely on
histology. A pathology report should therefore also include a detailed statement about
the quality of the biopsy specimen and the certainty of the histological diagnosis. In ad-
dition, whenever serology and histology are discrepant, revision of the biopsies should
be performed in order to avoid unnecessary subsequent biopsies. Finally, in the same
chapter it was shown that performing CD3 staining in order to detect IELs could lead to
a different diagnosis. However, CD3 stains were not performed in all patients but only
when the number of IELs on the routine stains was unclear.

Therefore in Chapter 3 we prospectively investigated the additional value of immuno-
histochemical staining for CD3 and found that in almost 13% (20/159) of the patients a
different histological evaluation was made after performing CD3 stains; 9 (45%) patients
turned out to have CD (Marsh II/III), but the diagnosis had initially been rejected on
HE slides, 9 (45%) patients were classified as Marsh I, while this had also been missed
on initial evaluation of the slides, and 2 (10%) patients turned out to be over-diagnosed
with either CD or Marsh I on routine sections.” Interestingly, in all but one the change
in evaluation after CD3 was seen in patients who had a discrepancy between serological
results and the conclusion based on routine sections. This patient had negative serology
and a Marsh I lesion on CD3 sections, but the intestinal inflammation seen was proba-
bly not CD related, but caused by giardiasis. Therefore, in order to make an appropriate
diagnosis of all CD-related lesions, CD3 staining should be performed whenever there is
discrepancy between serology and the conclusion of the pathologist on routine sections.
However, while finding Marsh IT and III lesion is clearly important, the relevance of fin-
ding Marsh I lesions is less obvious as this is not always a CD related finding."
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Non-invasive strategies

Human leukocyte antigen (HLA) typing

So histology is not an ideal gold standard investigation, but reliability may improve with
CD3 staining. However, being able to omit a biopsy in the diagnosis of CD would be a
major leap forward. To this aim several non-invasive methods could be employed, as
discussed below.

To exclude the disease, the best test to use is HLA typing, as virtually all patients with CD
carry either HLA-DQ2.5 or HLA-DQ8."%22 Therefore, negativity for these heterodimers
was used in clinical practice to exclude the diagnosis of CD. However, some studies re-
ported CD patients who were HLA-DQ2.2 positive, without having HLA-DQ2.5 or HLA-
DQ8.3% So it is not impossible to develop CD when HLA-DQ2.2 is present. However, it
was unclear whether the frequency of this HLA type is sufficient to include it, together
with HLA-DQ2.5 and HLA-DQSg, as a firmly established CD associated haplotype. We ad-
dressed this question in Chapter 4 where we showed, in a combined cohort of retrospec-
tively and prospectively included patients, that 9 (5.8%) of the 155 patients with Marsh III
lacked the regular HLA types HLA-DQ2.5 or HLA-DQSg, but that all of them carried HLA-
DQ2.2.2° Interestingly, the frequency of HLA-DQ2.2 even surpassed that of HLA-DQS,
which occurred in only 7 (4.5%) patients who were negative for HLA-DQ2.5.

This distribution of HLA heterodimers in patients with CD can be understood pathofy-
siologically very well. Gluten derived peptides, especially after enzymatic deamidation
of gliadin by the enzyme tissue transglutaminase 2, bind preferentially to HLA-DQ2.5
on the surface of antigen presenting cells in the lamina propria, which stimulates the
proliferation of gliadin specific CD4+ T cells in the muscosa.?”*® The HLA-DQ2.2 mole-
cule is homologous to HLA-DQ2.5 and has an almost identical peptide binding motive,
although it is unable to bind gluten peptides with a proline at position 3.29-3° Therefore
HLA-DQ2.2 can only bind a subset of the epitopes bound by HLA-DQ2.5. In addition,
HLA-DQ2.2 preserves the gluten peptide less efficiently in its binding groove as compa-
red to HLA-DQ2.5, making CD4+ T-cell stimulation through HLA- DQ2.2 less efficient.”
Moreover, it was recently shown that patients with HLA-DQ2.2 have reactive T-cells that
do not respond to the common HLA-DQ2.5 restricted epitopes, but to a distinct epitope
that is not recognized by HLA-DQ2.5 positive patients. This immunodominant HLA-
DQ2.2 epitope requires a serine residue at position 3 for stable binding, so fewer gluten
peptides can bind stably to this heterodimer.’> These differences together seem to explain
the lower prevalence of HLA-DQ2.2 in CD patients as compared to HLA-DQ2.5.3 Simi-
lar factors will reduce the efficiency of the T-cell response to gliadin derived peptides in
patients with HLA-DQ&. The immunodominant epitope for this molecule is not rich in
proline and thus more likely to be degraded by the intestinal enzymes as compared to
the proline rich HLA-DQ2.5 restricted epitopes, making HLA-DQS restricted epitopes
less abundant in the intestinal mucosa.34 3 In addition, for HLA-DQ& deamidation at 2
positions is required for optimal binding of the epitopes whereas deamidation at only 1
position is needed to elicit a HLA-DQ2.5 restricted T-cell response.s3
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Serology

Subsequently we focused on the CD associated antibodies in the diagnostic work-up for
CD. Since anti-gliadin antibodies (AGA) were already shown to be inaccurate we firstly
compared, in Chapter 5, the widely-used immunoglobulin A (IgA) anti-endomysium
anti-bodies (EMA) and IgA tissue-transglutaminase antibodies (tTGA) with the newly
developed antibodies against deamidated gliadin peptides (a-DGP) which can be detec-
ted both as IgA and immunoglobulin G (IgG) antibodies.3*+ We showed that a-DGP , as
measured by 2 kits (Bindazyme and Quanta-Lite) did not outperform EMA and tTGA,
which is in agreement with previous studies.” 4 However, in very young children (< 2
years), although EMA and tTGA performed better than could be expected from previous
literature, IgG a-DGP was superior showing a positive and negative predictive value of
100% in our cohort of 55 children < 2 years of age.*>4> Although these results have to be
validated in a larger study with a prospective design, diagnostic accuracy of serology in
this group seems to improve when implementing a-DGP.

In Chapter 6 it was shown in a retrospective design that all 111 symptomatic patients with
a tTGA of at least 100 U/ml (10 times the upper limit of normal), who all also had posi-
tive EMA and responded well to a gluten free diet, had histological lesions compatible
with CD (Marsh III).>° Therefore this subgroup of patients might not need a biopsy for
confirmation of the disease. This was studied again with a prospective design (Chapter
7) where it was shown that the positive predictive value of tTGA was indeed 100% if a
cut-off value of 100 U/ml (10 times upper the limit of normal) was used. The patients
with tTGA =100 U/ml all had positive EMA and the majority were symptomatic and
responded well to the gluten free diet. Therefore, it seems sensible to omit a biopsy in
symptomatic patients who show a good dietary response. The results of these 2 chapters
are also supported by other studies.s>s® With this strategy, which is now implicated in the
latest ESPGHAN guidelines, a biopsy is not necessary anymore in a large proportion of
patients with CD." In fact a biopsy could have been omitted in almost 40% (111/283) of
the patients included in the studies described in Chapter 6 and 7.

So in our studies patients with tTGA=100 U/ml virtually always have CD, but this is not
true for patients with lower levels. The question now was, are these 2 groups of CD pa-
tients different? We tried to answer this in Chapter 8 where we prospectively investigated
the genetic and phenotypic differences between the 2 groups of CD (Marsh III) patients
and found that patients with high tTGA more often carry multiple CD-associated hete-
rodimers compared to patients with lower levels.”” In addition these patients have more
advanced mucosal lesions which are also less patchy. Phenotypically, they have a lower
body weight and more often present with extra-intestinal symptoms than patients with
lower levels of tTGA who more often have intestinal symptoms. These results provide
further evidence that patients with tTGA =100 U/ml are truly a distinct group with more
advanced disease, probably due to a more severe genotype.
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Future directions

In this thesis a first step towards a biopsy free diagnosis was made as it was shown
that symptomatic patients with tTGA of at least 1oo U/ml (10 times the upper limit of
normal), positive EMA and a good clinical response to the diet did not a need a biopsy.
However, a biopsy is still needed in patients with positive tTGA, but below <100 U/ml (10
times the upper limit of normal) and in all asymptomatic patients, as is summarized in
the new ESPGHAN guidelines. In the near future the aim is to further reduce the neces-
sity for a biopsy, using strategies as outlined below.

Studies until now have focused on measuring the B-cell response (by measuring specific
antibodies) as a marker for CD, but measuring the T-cell response could also be useful,
especially because a characteristic feature of CD is the presence of a highly specific HLA
restricted CD4+ T-cell reaction against gluten.®% Although labor-intensive, the gluten
specific CD4+ T-cells, which are directed against a variety of epitopes consisting of a-,
v- and o-gliadin and glutenin components, can be isolated from the small intestine of
affected patients. More interestingly, recent studies have shown that these gut homing
T-cells can also be demonstrated in the peripheral blood of adults with CD after a short-
term gluten challenge.®*® Presumably, these T cells can be detected in the blood due
to antigen driven expansion in the intestine and subsequent spillover into the systemic
circulation. Larger studies in children need to show us whether these mini challenges
followed by T-cell isolation from the blood can be of diagnostic value and replace a biopsy
in the remaining patients. Also, this method could be useful in patients who present to
the physician while following a gluten free diet, but do not wish to undergo a formal glu-
ten challenge because of possible symptoms. Additionally, measuring the T-cell response
in the small intestine might also be useful in patients who still require a small intestinal
biopsy but in whom the biopsy turns out to be inconclusive.

Implementing recent genetic findings might also improve diagnostics. Apart from the
HLA-genes, which constitutes the largest part of the genetic predisposition in CD, at pre-
sent almost 40 non-HLA genes, mainly related to the immune system, were also found
to be associated with CD.7° Developing a risk model for CD by using these genes might
be helpful in disease prediction. Illustratively, a recent study showed that genetic and
expression markers can help to differentiate patients with CD from cases with positive
serology but rather normal small intestinal morphology.”
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At present patients with normal intestinal morphology upon biopsy (Marsh o), but who
nevertheless have CD associated antibodies will pose a diagnostic problem. Some of
them will have potential CD, i.e. are at risk to develop overt CD in due course. Indeed
the presence of CD associated antibodies is a good predictor for developing CD.5 728
However, in some patients active CD does not develop, although it is unknown whether
CD would eventually have developed if the follow-up was long enough, or that serology
in these patients was truly false positive. In addition, in other patients increased serology
may clearly only be transient, which can occur in other conditions such as infectious
disease, and can even sometimes be found in patients not carrying the disease associated
HLA types.’ 727577 8. 8285 [Jgually such cases only have increased tTGA and not EMA.
Finally, in a number of patients antibodies fluctuate over time, which especially is seen
in patients with an increased risk for CD.767% 8.86.87 The latter finding supports the hypo-
thesis that a genetically predisposed individual must pass a threshold by an additional,
perhaps environmental factor, before the disease truly develops.

The same problem is also present in patients with Marsh I lesions, which may be a step
further towards overt CD. However, intra-epithelial lymphocytosis can also occur in va-
rious other diseases or may be a self limiting process.®* Depending on the population
studied, the gluten sensitivity of this lesion seem to vary and may even be below 10%."
However, it is very difficult to determine whether a Marsh I lesion in a patient is gluten
dependent as neither symptoms nor clinical response to the gluten free diet are specific
for CD, so we cannot completely rely on those.2+9¢ Support for gluten sensitivity might
be obtained by gluten challenge, which may worsen the histology to Marsh II/III, alt-
hough this has only been studied in a small group of adults.9” Of course, having positive
serology is a reliable marker for the development of full blown CD and some patients
with Marsh I and increased antibody levels seem to respond (clinical, serological, histo-
logical) to gluten elimination, at least on the short term.’ 72 73 78.79. 81 92, 98104 By contrast,
some patients with Marsh I and negative serology may also respond to the diet or develop
increased levels of antibodies and subsequently Marsh IIT lesions.™ 15 1°¢ It could be pos-
sible that such patients had very low levels of antibodies that were only measurable on
the intestinal level.7s 78 98106109

So, both potential CD and Marsh I abnormalities give an unclear diagnosis for patients;
both findings may develop into overt CD, yet the diagnosis of CD cannot be made in this
stage. New studies need to teach us more about the natural history of both conditions,
as previous studies were not always transparent. In fact, in older studies sampling error,
inadequate gluten intake prior to biopsy and a missed CD diagnosis by the pathologist
were not always specifically ruled out, so it cannot be excluded that a proportion of the
patients who in time developed CD already had CD in the first place. In addition, it is of
great importance to rule out technical issues in measurement of the antibodies, which
most often occur when using EMA, because its method is highly observer dependent.
lustratively, in our studies (Chapter5-7), performed in an excellent clinical routine labo-
ratory, we found a significantly higher false positive rate for EMA as compared to studies
where EMA was done in research laboratory.’” °
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In addition, it would be interesting to know if the development of overt CD can be predic-
ted. Genetics and gluten specific T-cells, but also measuring tTG 2 specific IgA deposits
in the lamina propria might be useful for this purpose.”® 9® If studies would show that
not all patients with signs of a beginning gluten intolerance will eventually develop CD,
it would be extremely important to know which factors are responsible for pushing the
patients over the CD threshold or, on the other hand, which factors might keep them
(permanently) from passing this threshold. This knowledge would be extremely useful
in developing prevention strategies. Finally, it should be studied if patients with positive
serology and Marsh o or Marsh I benefit from gluten withdrawal at this stage or that
initiating the gluten free diet can be postponed until at least Marsh II histology develops.
Again, different rules may apply for different subsets of patients, which we will have to
learn from future studies.

Up to 10% of the patients with IgA deficiency develops CD.” The new ESPGHAN gui-
delines do not give a clear statement on the diagnosis in patients with IgA deficiency. As
IgG tTGA might be less accurate, than IgA tTGA, it seems inappropriate to rely solely on
serology for the diagnosis of CD in patients with IgA deficiency.” This is further compli-
cated Dby the fact that IgG tTGA positivity can persist despite histological improvement,
making it difficult to study the effect of the gluten free diet through serology.” IgG a-
DGP was suggested to be a good alternative for IgG tTGA, but this was not studied yet
in children, and results in adults were disappointing.™

Finally, and perhaps most importantly, an increasing number of patients with CD is di-
agnosed without any symptom. These patients are mostly detected when screening high
risk individuals.” Although a gluten free diet in patients with CD is highly beneficial
almost all studies showing these benefits were done in patients with symptoms, simply
because before the era of serology asymptomatic patients were not identified. In patients
without symptoms the long term benefits are unclear at present. The clinical practice of
screening for CD in high risk individuals is only based on their increased risk and not on
their potential benefit, although some “asymptomatic” patients report to feel better when
a gluten free diet is implemented.™ "+ Therefore it is urgently needed to investigate the
health benefit of a gluten free diet in asymptomatic individuals diagnosed with CD. Of
course inclusion in such a study should be very strict: many “asymptomatic” patient have
symptoms that are not obvious initially, such as anemia or osteoporosis.”
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Conclusions and clinical recommendations

The aim of this thesis was to improve diagnostics in CD through evaluating minimal
invasive tests. We showed that a small intestinal biopsy is not an ideal gold standard, but
this might be improved with more detailed reporting by the pathologist on the quality of
the biopsy specimen and certainty of the diagnosis. In addition, the detection rate of CD
associated lesions can be improved if immunohistochemical staining for CD3 is perfor-
med whenever a discrepancy is detected between serology and the conclusions made on
routine sections. Furthermore, when a discrepancy between histology and serology is
observed the best way to avoid subsequent biopsies is to revise the original biopsy, as this
will lead to the diagnosis of CD in a significant number of patients.

In addition, we contributed to developing a biopsy free diagnosis by demonstrating that
a biopsy can be omitted in symptomatic patients who have tTGA levels of at least 100 U/
ml, positive EMA and respond well to the diet. Of course, they must also carry a disease
associated HLA type, of which HLA-DQ2.2 was also demonstrated to be one. Interes-
tingly, these patients with tTGA =100 U/ml show a more severe genotype and evidence
of more advanced disease (more significant histological involvement and a worse pheno-
type). Moreover, we showed that diagnostics can be improved in very young children by
measuring IgG a-DGP.

142



References

References

10.

11.

12.

13.

Mubarak A, Houwen RH, Wolters VM. Celiac disease:
an overview from pathophysiology to treatment. Mi-
nerva Pediatr. 2012 Jun;64(3):271-87.

Marsh MN. Gluten, major histocompatibility com-
plex, and the small intestine. A molecular and im-
munobiologic approach to the spectrum of glu-
ten sensitivity (‘celiac sprue’). Gastroenterology
1992;102:330-354.

Meeuwisse GW. Diagnostic criteria in coeliac disease.
Acta Paediatr Scand 1970; 59:461-463.

McNeish AS, Harms HK, Rey J, et al. The diagnosis of
coeliac disease. A commentary on the current practi-
ces of members of the European Society for Paedia-
tric Gastroenterology and Nutrition (ESPGAN). Arch
Dis Child 1979; 54:783-786.

Guandalini S, Ventura A, Ansaldi N, et al. Diagnosis
of coeliac disease: time for a change? Arch Dis Child
1989; 64:1320-1324

Walker-Smith JA, Guandalini S, Schmitz J, et al. Re-
vised criteria for diagnosis of coeliac disease. Arch Dis
Child 1990; 65:909-911.

Wolters VM, van de Nadort C, Gerritsen SA, Kneep-
kens CM, Ten Kate F), Gijsbers CF, Schweizer JJ, Nikkels
PG, Benninga MA, Houwen RH. Is gluten challenge
really necessary for the diagnosis of coeliac disease
in children younger than age 2 years? ) Pediatr Gas-
troenterol Nutr. 2009 May;48(5):566-70.

Kapitany A, Téth L, Tumpek J, Csipo |, Sipos E, Wool-
ley N, et al. Diagnostic significance of HLA-DQ typing
in patients with previous coeliac disease diagnosis
based on histology alone. Aliment Pharmacol Ther
2006;24: 1395-402.

Bonamico M, Thanasi E, Mariani P, Nenna R, Luparia
RP, Barbera C, et al. Duodenal bulb biopsies in celiac
disease: a multicenter study. ) Pediatr Gastroenterol
Nutr2008;47:618-22.

Prasad KK, Thapa BR, Nain CK, Singh K. Assessment
of the diagnostic value of duodenal bulb histology in
patients with celiac disease, using multiple biopsy si-
tes. J Clin Gastroenterol 2009;43:307-11.

Husbhy S, Koletzko S, Korponay-Szabd IR, Mearin ML,
Phillips A, Shamir R, et al. ESPGHAN Working Group
on Coeliac Disease Diagnosis; ESPGHAN Gastroen-
terology Committee. European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition gui-
delines for the diagnosis of coeliac disease.) Pediatr
Gastroenterol Nutr. 2012 Jan;54:136-60.

Tursi A, Brandimarte G. The symptomatic and his-
tologic response to a gluten-free diet in patients
with borderline enteropathy. J Clin Gastoenterol
2003;36:13-17.

Paparo F, Petrone E, Tosco A, Maglio M, Borrelli M,
Salvati VM, et al. Clinical, HLA, and small bowel im-
munohistochemical features of children with po-
sitive serum antiendomysium antibodies and ar-

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

chitecturally normal small intestinal mucosa. Am )
Gastroenterol 2005;100: 2294-8.

Ferguson A, Avanz E, O'Mahony S. Clinical and pa-
thological spectrum of celiac disease: active, silent,
latent, potential. Gut 1993;34:150-1.

Kaukinen K, Maki M, Partanen J, Sievanen H, Collin P.
Celiac disease without villous atrophy: revision of cri-
teria called for. Dig Dis Sci 2001;46:879-87.

Mubarak A, Nikkels P, Houwen R, Ten Kate F. Re-
producibility of the histological diagnosis of celiac
disease. Scand J Gastroenterol. 2011;46:1065-1073.
Mubarak A, Wolters VM, Houwen RHJ, ten Kate FJW.
Immunohistochemical CD3 staining detects additio-
nal patients with celiac disease. Submitted
Djilali-Saiah I, Caillat-Zucman S, Schmitz J, et al. Po-
lymorphism of antigen processing (TAP,LMP) and
HLA class Il genes in celiac disease. Hum Immunol
1994;40:8-16.

Spurkland A, Sollid LM, Polanco |, et al. HLA-DR and
-DQ genotypes of celiac disease patients serologically
typed to be non-DR3 or non-DR5/7. Hum Immunol.
1992;35:188-92.

Balas A, Vicario JL, Zambrano A, Acuna D, Garcia-
Novo D. Absolute linkage of celiac disease and der-
matitis herpetiformis to HLA-DQ. Tissue Antigens.
1997;50:52-6.

Ploski R, Ascher H, Sollid LM. HLA genotypes and
the increased incidence of coeliac disease in Sweden.
Scand J Gastroenterol. 1996;31:1092-7.

Csizmadia CG, Mearin ML, Oren A, et al. Accuracy and
cost-effectiveness of a new strategy to screen for celi-
ac disease in children with Down syndrome. J Pediatr.
2000;137:756-61.

Polvi A, Arranz E, Fernandez-Arquero M, et al. HLA-
DQ2-negative celiac disease in Finland and Spain.
Hum Immunol. 1998 Mar;59:169-75.

Karell K, Louka AS, Moodie S}, et al. HLA types in celiac
disease patients not carrying the DQA1*05-DQB1*02
(DQ2) heterodimer: results from the European Ge-
netics Cluster on Celiac Disease. Hum Immunol
2003;64:469-77.

Harmon GS, Lebeck LK, Weidner N. Gluten-depen-
dent enteropathy and atypical human leukocyte an-
tigen alleles. Hum Pathol. 2011;42:1112-6.

Mubarak A, Spierings E, Wolters V, van Hoogstraten |,
Kneepkens F, Houwen R. The Human Leukocyte Anti-
gen DQ2.2 And Celiac Disease. ] Pediatr Gastroenterol
Nutr. 2012 Oct 18.

Molberg O, Mcadam SN, Kérner R, et al. Tissue trans-
glutaminase selectively modifies gliadin peptides
that are recognized by gut-derived T cells in celiac
disease. Nat Med 1998;4:713-7.

Sjostrom H, Lundin KE, Molberg O, et al. Identifica-
tion of a gliadin Tcell epitope in coeliac disease: gene-
ral importance of gliadin deamidation for intestinal

143




CHAPTER9 |

Summarizing discussion

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

T-cell recognition. Scand J Immunol 1998;48:111-5.
Vader W, Stepniak D, Kooy VY, et al. The HLA-DQ2
gene dose effect in celiac disease is directly related to
the magnitude and breadth of gluten specific T cell
responses. Proc Natl Acad Sci USA 2003;100:12390.
van de Wal Y, Kooy YM, Drijfhout JW, et al. Unique
peptide binding characteristics of the disease-asso-
ciated DQ(alpha 10501, beta 1*0201) vs the non-
disease-associated DQ(alpha 10201, beta 1*0202)
molecule. Immunogenetics 1997; 46:484-492.
Fallang LE, Bergseng E, Hotta K, et al. Differences in
the risk of celiac disease associated with HLA-DQ2.5
or HLA-DQ2.2 are related to sustained gluten antigen
presentation. Nat Immunol. 2009;10:1096-101.
Bodd M, Kim CY, Lundin KE, Sollid LM.T-cell response
to gluten in patients with HLA-DQ2.2 reveals requi-
rement of peptide-MHC stability in celiac disease.
Gastroenterology. 2012; 142:552-61

Tjon JM, van Bergen J, Koning F. Celiac disease:
how complicated can it get? Immunogenetics.
2010;62:641-51.

Tollefsen S, Arentz-Hansen H, Fleckenstein B, et al
HLA-DQ2 and -DQ8 signatures of gluten T cell epi-
topes in celiac disease. J Clin Invest 2006:116:2226-
2236

Henderson KN, Tye-Din JA, Reid HH, et al. A structu-
ral and immunological basis for the role of human
leukocyte antigen DQ8 in celiac disease. Immunity
2007;27:23-34.

Berger E, Buergin-Wolff A, Freudenberg E. Diagnostic
value of the demonstration of gliadin antibodies in
celiac disease. Klin Wochenschr 1964;42:788-790.
Rostom A, Dube C, Cranney A, Saloojee N, Sy R, Gar-
ritty C, al. The diagnostic accuracy of serologic tests
for celiac disease: a systematic review. Gastroentero-
logy 2005;128:538-46.

Chorzelski TP, Beutner EH, Sulej J, Tchorzewska H,
Jablonska S, Kumar V, et al. IgA anti-endomysium
antibody. A new immunological marker of dermati-
tis herpetiformis and coeliac disease. Br ) Dermatol
1984;111:395-402.

Wolters V, Vooijs-Moulaert AF, Burger H, Brooimans
R, De Schryver J, Rijkers G, et al. Human tissue trans-
glutaminase enzyme linked immunosorbent assay
outperforms both the guinea pig based tissue trans-
glutaminase assay and anti-endomysium antibodies
when screening for coeliac disease. Eur J Pediatr
2002;161:284-287.

Maglio M, Tosco A, Paparo F, Auricchio R, Granata V,
Colicchio B, et al. Serum and intestinal celiac disease-
associated antibodies in children with celiac disease
younger than 2 years of age. J Pediatr Gastroenterol
Nutr 2010;50:43-48.

Basso D, Guariso G, Fogar P, et al. Antibodies against
synthetic deamidated gliadin peptides for ce-
liac disease diagnosis and follow-up in children. Clin
Chem 2009;55:150-157.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Prause C, Ritter M, Probst C, Daehnrich C, Schlum-
berger W, Komorowski L, et al. Antibodies against
deamidated gliadin as new and accurate biomarkers
of childhood coeliac disease. ] Pediatr Gastroenterol
Nutr 2009;49:52-58.

Agardh D. Antibodies against synthetic deamidated
gliadin peptides and tissue transglutaminase for the
identification of childhood celiac disease. Clin Gas-
troenterol Hepatol 2007;5:1276-81.

Sugai E, Va“ zquez H, Nachman F, Moreno ML, Ma-
zure R, Smecuol E, et al. Accuracy of testing for anti-
bodies to synthetic gliadin-related peptides in celiac
disease. Clin Gastroenterol Hepatol 2006;4:1112-7.
Tonutti E, Visentini D, Picierno A, Bizzaro N, Villalta
D, Tozzoli R, et al. Diagnostic efficacy of the ELISA test
for the detection of deamidated anti-gliadin peptide
antibodies in the diagnosis and monitoring of celiac
disease. J Clin Lab Anal 2009;23:165-171.

Mubarak A, Gmelig-Meyling FH, Wolters VM, Ten
Kate FJ, Houwen RH. Immunoglobulin G antibo-
dies against deamidated-gliadin-peptides outper-
form anti-endomysium and tissue transglutami-
nase antibodies in children <2 years age. APMIS
2011;119:894-900.

Baudon JJ, Johanet C, Absalon YB, Cabrol S, Mouge-
not JF. Diagnosing celiac disease: a comparison of hu-
man tissue transglutaminase antibodies with antigli-
adin and antiendomysium antibodies. Arch Pediatr
Adolesc Med 2004;158:584-588.

Burgin-Wolff A, Gaze H, Hadziselimovic F, Huber H,
Lentze M), Nussle D, et al. Antigliadin and antiendo-
mysium antibody determination for coeliac disease.
Arch Dis Child 1991;66:941-947.

Lagerqvist C, Dahlbom |, Hansson T, Jidell E, Juto P,
Olcen P, et al. Antigliadin immunoglobulin A best
in finding celiac disease in children younger than
18 months of age. ) Pediatr Gastroenterol Nutr
2008;47:428-435.

Mubarak A, Wolters VM, Gerritsen SA, Gmelig-Mey-
ling FH, Ten Kate FJ, Houwen RH. A biopsy is not al-
ways necessary to diagnose celiac disease. ) Pediatr
Gastroenterol Nutr. 2011 May;52(5):554-7.

Mubarak A, Wolters VM, Gmelig-Meyling FH, Ten
Kate FJ, Houwen RH. Tissue transglutaminase levels
above 100 U/mL and celiac disease: A prospective
study. World ] Gastroenterol. 2012;18:4399-403.
Vivas S, Ruiz de Morales JG, Riestra S, Arias L, Fuentes
D, Alvarez N, Calleja S, Hernando M, Herrero B, Cas-
queiro J, Rodrigo L. Duodenal biopsy may be avoided
when high transglutaminase antibody titers are pre-
sent. World ] Gastroenterol. 2009;15(38):4775-80
Dahlbom |, Korponay-Szab¢ IR, Kovécs JB, Szalai Z,
Maki M, Hansson T. Prediction of clinical and mucosal
severity of coeliac disease and dermatitis herpetifor-
mis by quantification of IgA/IgG serum antibodies to
tissue transglutaminase. J Pediatr Gastroenterol Nutr.
2010 Feb;50(2):140-6.

144



References

54.

55.

56.

57.

60.

61.

62.

63.

64.

65.

66.

Barker CC, Mitton C, Jevon G, MockT. Can tissue trans-
glutaminase antibody titers replace small-bowel bio-
psy to diagnose celiac disease in select pediatric po-
pulations? Pediatrics. 2005 May;115(5):1341-6.
Donaldson MR, Firth SD, Wimpee H, Leiferman KM,
Zone J), Horsley W, O’'Gorman MA, Jackson WD, Neu-
hausen SL, Hull CM, Book LS. Correlation of duodenal
histology with tissue transglutaminase and endo-
mysial antibody levels in pediatric celiac disease. Clin
Gastroenterol Hepatol. 2007 May;5(5):567-73.
Donaldson MR, Book LS, Leiferman KM, Zone JJ, Neu-
hausen SL.Strongly positive tissue transglutaminase
antibodies are associated with Marsh 3 histopatho-
logy in adult and pediatric celiac disease. ) Clin Gas-
troenterol. 2008 Mar;42(3):256-60.

Mubarak A, Spierings E, Wolters VM, Otten HG, ten
Kate FJW, Houwen RH). Children with celiac disease
and high tTGA are genetically and phenotypically dif-
ferent. World J Gastroenterol. 2013; 19: 7114-20
Sjostrom, H., K. E. A. Lundin, @. Molberg, R. Korner, S.
N. McAdam, D. Anthonsen, H. Quarsten, O. Noren, P.
Roepstorff, E. Thorsby, andL. M. Sollid. 1998. Identi-
fication of a gliadin T-cell epitope in coeliac disease:
general importance of gliadin deamidation for intes-
tinal T-cell recognition. Scand. J. Immunol. 48:111.
vandeWal,Y.,Y. M. Kooy, P.A. van Veelen, S. A. Pen™a,
L. M. Mearin, @ Molberg, K. E. A. Lundin, L. M. Sol-
lid, T. Mutis, W. E. Benckhuijsen, et al. 1998. Small
intestinal T cells of celiac disease patients recognize a
natural pepsin fragment of gliadin. Proc. Natl. Acad.
Sci. USA 95:10050.

van de Wal, Y., Y. M. Kooy, P. van Veelen, W. Vader, S.
A. August, J. W. Drijfhout, S. A. Pen™a, and F. Koning.
1999. Glutenin is involved in the gluten-driven mu-
cosal T cell response. Eur. J. Immunol. 29:3133.
Arentz-Hansen, H., R. Ko“rner, @. Molberg, H. Quar-
sten, W. Vader, Y. M. Kooy, K. E. A. Lundin, F. Koning,
P. Roepstorff, L. M. Sollid, and S. N. McAdam. 2000.
The intestinal T cell response to _-gliadin in adult
celiac disease is focused on a single deamidated glu-
tamine targeted by tissue transglutaminase. J. Exp.
Med. 191:603.

Lundin, K. E. A, H. Scott, T. Hansen, G. Paulsen, T.
S. Halstensen, O. Fausa,E. Thorsby, and L. M. Sollid.
1993. Gliadin-specificc HLADQ(_1*0501,_1*0201)
restricted T cells isolated from the small intesti-
nal mucosa of celiac disease patients. J. Exp. Med.
178:187.

Lundin, K. E. A, H. Scott, O. Fausa, E. Thorsby, and L.
M. Sollid. 1994. T cells from the small intestinal mu-
cosa of a DR4, DQ7/DR4, DQ8 celiac disease patient
preferentially recognize gliadin when presented by
DQ8. Hum. Immunol. 41:285.

Anderson RP, Degano P, Godkin AJ, Jewell DP, Hill AV.
In vivo antigen challenge in celiac disease identifies
a single transglutaminase-modified peptide as the
dominant A-gliadin T-cell epitope. Nat Med. 2000

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

79.

Mar;6(3):337-42.

Anderson RP, van Heel DA, Tye-Din JA, Barnardo
M, Salio M, Jewell DP, Hill AV. T cells in peripheral
blood after gluten challenge in coeliac disease. Gut.
2005;54(9):1217-23.

Raki M, Fallang LE, Brottveit M, Bergseng E, Quarsten
H, Lundin KE, Sollid LM. Tetramer visualization of
gut-homing gluten-specific T cells in the peripheral
blood of celiac disease patients. Proc Natl Acad Sci U
SA.2007 Feb 20;104(8):2831-6.

Brottveit M, Raki M, Bergseng E, Fallang LE, Simon-
sen B, Lavik A, et al. Assessing possible celiac disease
by an HLA-DQ2-gliadin Tetramer Test. Am ) Gas-
troenterol 2011;106:1318-1324.

Trynka G, Hunt KA, Bockett NA, et al. Dense genoty-
ping identifies and localizes multiple common and
rare variant association signals in celiac disease. Nat
Genet 2011 43:1193-1201.

Sperandeo MP, Tosco A, lzzo V, Tucci F, Troncone
R, Auricchio R, et al. Potential celiac patients: a
model of celiac disease pathogenesis. PLoS One
2011;6:€21281.

Mohamed BM, Feighrey C, Coates C, et al. The ab-
sence of a mucosal lesion on standard histological
examination does not exclude diagnosis of celiac
disease. Dig Dis Sci 2008;53:52-61.

Salmi TT, Collin P, Jarvinen O, et al. Immunoglobulin
A autoantibodies against transglutaminase 2 in the
small intestinal mucosa predict forthcoming coeliac
disease. Aliment Pharmacol Ther 2006;24:541-52.
Westerlund A, Ankelo M, Simell S, et al. Affinity ma-
turation of immunoglobulin A anti-tissue transglu-
taminase autoantibodies during development of
coeliac disease. Clin Exp Immunol 2007;148:230-40.
Johnston SD, Watson RG, McMillan SA, Evans AE,
Love AH. Serological markers for coeliac disease:
changes with time and relationship to enteropathy.
Eur ) Gastroenterol Hepatol 1998;10:259-264.
Simell S, Kupila A, Hoppu S, Hekkala A, Simell T, Stahl-
berg MR, et al. Natural history of transglutaminase
autoantibodies and mucosal changes in children
carrying HLA-conferred celiac disease susceptibility.
Scand ) Gastroenterol 2005;40:1182-1191.

Hogen Esch CE, Csizmadia GD, van Hoogstraten IM,
Schreurs MW, Mearin ML, von Blomberg BM. Child-
hood coeliac disease: towards an improved serologi-
cal mass screening strategy. Aliment Pharmacol Ther
2010;31:760-766.

Tosco A, Salvati VM, Auricchio R, Maglio M, Bor-
relli M, Coruzzo A, Paparo F, Boffardi M, Esposito A,
D’Adamo G, Malamisura B, Greco L, Troncone R. Na-
tural history of potential celiac disease in children.
Clin Gastroenterol Hepatol. 2011 Apr;9(4):320-5.
Dickey W, Hughes DF, McMillan SA.Patients with se-
rum IgA endomysial antibodies and intact duodenal
villi: clinical characteristics and management opti-
ons. Scand J Gastroenterol. 2005;40:1240-3.

145




CHAPTER9 |

Summarizing discussion

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Simell S, Hoppu S, Hekkala A, Simell T, Stahlberg
MR, Viander M, Yrjandinen H, Gronlund J, Markula P,
Simell V, Knip M, llonen J, Hyoty H, Simell O. Fate of
five celiac disease-associated antibodies during nor-
mal diet in genetically at-risk children observed from
birth in a natural history study. Am J Gastroenterol.
2007 Sep;102(9):2026-35.

Kurppa K, Rasanen T, Collin P, lltanen S, Huhtala H,
Ashorn M, Saavalainen P, Haimila K, Partanen J, Maki
M, Kaukinen K. Endomysial antibodies predict celiac
disease irrespective of the titers or clinical presenta-
tion. World J Gastroenterol. 2012;18(20):2511-6.
Waisbourd-Zinman O, Hojsak I, Rosenbach Y, Mozer-
Glassberg Y, Shalitin S, Phillip M, et al. Spontaneous
Normalization of Anti-Tissue Transglutaminase Anti-
body Levels Is Common in Children with Type 1 Dia-
betes Mellitus. Dig Dis Sci. 2011 Dec 16.

Granito A, Muratori L, Muratori P, Petrolini N,
Bianchi FB, Volta U.Antitransglutaminase anti-
bodies and giardiasis. Am ] Gastroenterol. 2004
Dec;99(12):2505-6.

Ferrara F, Quaglia S, Caputo I, Esposito C, Lepretti M,
Pastore S, Giorgi R, Martelossi S, Dal Molin G, Di Toro
N, Ventura A, Not T. Anti-transglutaminase antibo-
dies in non-coeliac children suffering from infectious
diseases. Clin Exp Immunol. 2010 Feb;159(2):217-23.
Di Tola M, Barilla F, Trappolini M, Palumbo HF, Gau-
dio C, Picarelli A. Antitissue transglutaminase anti-
bodies in acute coronary syndrome: an alert signal
of myocardial tissue lesion? J Intern Med. 2008
Jan;263(1):43-51.

Liu E, Bao F, Barriga K, Miao D, Yu L, Erlich HA, et al.
Fluctuating transglutaminase autoantibodies are re-
lated to histologic features of celiac disease. Clin Gas-
troenterol Hepatol 2003;1:356-362.

Kordonouri O, Dieterich W, Schuppan D, Webert G,
Maller C, Sarioglu N, Becker M, Danne T. Autoantibo-
dies to tissue transglutaminase are sensitive serologi-
cal parameters for detecting silent coeliac disease in
patients with Type 1 diabetes mellitus. Diabet Med.
2000 Jun;17(6):441-4.

Goldstein NS. Non-gluten sensitivity-related small
bowel villous flattening with increased intraepithelial
lymphocytes: not all that flattens is celiac sprue..Am )
Clin Pathol. 2004 Apr;121(4):546-50.

Mahadeva S, Wyatt JI, Howdle PD. Is a raised intrae-
pithelial lymphocyte count with normal duodenal
villous architecture clinically relevant? J Clin Pathol.
2002 June; 55(6): 424-428.

Spencer J, Isaacson PG, MacDonald TT, Thomas A),
Walker-Smith JA. Gamma/delta T cells and the diag-
nosis of coeliac disease.Clin Exp Immunol. 1991 July;
85(1): 109-113.

Walker MM, Murray JA, Ronkainen J, Aro P, Storskrubb
T, D’Amato M, Lahr B, Talley NJ, Agreus L. Detection
of celiac disease and lymphocytic enteropathy by
parallel serology and histopathology in a population-

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

based study. Gastroenterology. 2010;139(1):112-9.
Kakar S, NehraV, Murray JA, Dayharsh GA, Burgart LJ.
Significance of intraepithelial lymphocytosis in small
bowel biopsy samples with normal mucosal architec-
ture. Am ] Gastroenterol. 2003 Sep;98(9):2027-33.
Santaolalla R, Fernandez-Banares F, Rodriguez R, et
al. Diagnostic value of duodenal antitissue transglu-
taminase antibodies in gluten-sensitive enteropathy.
Aliment Pharmacol Ther. 2008 May;27(9):820-9.
NandaR, James R, Smith H, etal. Food intolerance and
the irritable bowel syndrome. Gut 1989;30:1099-
104.

Biagi F, Campanella J, Bianchi PI, Corazza GR. Is a
gluten-free diet necessary in patients with poten-
tial celiac disease? Minerva Gastroenterol Dietol.
2007;53:387-9.

Biesiekierski JR, Newnham ED, Irving PM, et al. Glu-
ten Causes Gastrointestinal Symptoms in Subjects
Without Celiac Disease: A Double-Blind Randomized
Placebo- Controlled Trial. Am J Gastroenterol. 2011
Jan11.

Wahab PJ, Crusius JB, Meijer JW, Mulder (). Gluten
challenge in borderline gluten-sensitive enteropathy.
Am ] Gastroenterol. 2001;96:1464-9.

Kaukinen K, Perdaaho M, Collin P, et al. Small-bowel
mucosal transglutaminase 2-specific IgA deposits in
coeliac disease without villous atrophy: a prospective
and randomized clinical study. Scand J Gastroenterol.
2005 May;40(5):564-72.

Kurppa K, Collin P, Viljamaa M, et al. Diagnosing mild
enteropathy celiac disease: a randomized, controlled
clinical study. Gastroenterology. 2009;136:816-23.
Kurppa K, Collin P, Sievdnen H, et al. Gastrointestinal
symptoms, quality of life and bone mineral density
in mild enteropathic coeliac disease: a prospective
clinical trial. Scand J Gastroenterol. 2010;45:305-14.
Jarvinen TT, Collin P, Rasmussen M, Kyronpalo S,
Maki M, Partanen J, Reunala T, Kaukinen K. Villous
tip intraepithelial lymphocytes as markers of early-
stage coeliac disease.Scand | Gastroenterol. 2004
May;39(5):428-33.

Picarelli A, Maiuri L, Mazzilli MC, Coletta S, Ferrante P,
Di Giovambattista F, Greco M, Torsoli A, Auricchio S.
Gluten-sensitive disease with mild enteropathy. Gas-
troenterology. 1996 Sep;111(3):608-16.

Kurppa K, Ashorn M, Iltanen S, et al. Celiac disease
without villous atrophy in children: a prospective
study. ) Pediatr. 2010;157:373 -80, 380.e1.

Salmi TT, Collin P, Reunala T, Maki M, Kaukinen K.
Diagnostic methods beyond conventional histo-
logy in coeliac disease diagnosis. Dig Liver Dis. 2010
Jan;42(1):28-32.

Lahdeaho ML, Kaukinen K, Collin P, et al. Celiac
disease: from inflammation to atrophy: a long-
term follow-up study. J Pediatr Gastroenterol Nutr.
2005;4:44-8.

Koskinen O, Collin P, Korponay-Szabo I, Salmi T, II-

146



References

107.

108.

109.

110.

tanen S, Haimila K, Partanen J, Maki M, Kaukinen K.
Gluten-dependent small bowel mucosal transglu-
taminase 2-specific IgA deposits in overt and mild
enteropathy coeliac disease. ] Pediatr Gastroen-
terol Nutr. 2008 Oct;47(4):436-42. doi: 10.1097/
MPG.0b013e31817b6dec.

Esteve M, Rosinach M, Ferndndez-Bafiares F, Farré C,
Salas A, Alsina M, Vilar P, Abad-Lacruz A, Forné M, Ma-
riné M, SantaolallaR, Espinés JC, Viver JM.Spectrum of
gluten-sensitive enteropathy in first-degree relatives
of patients with coeliac disease: clinical relevance of
lymphocytic enteritis. Gut. 2006;55(12):1739-45.
Salmi TT, Collin P, Korponay-Szab6 IR, Laurila K, Par-
tanen ), Huhtala H, Kirdly R, Lorand L, Reunala T, Maki
M, Kaukinen K. Endomysial antibody-negative coe-
liac disease: clinical characteristics and intestinal au-
toantibody deposits. Gut. 2006 Dec;55(12):1746-53.
Tosco A, Maglio M, Paparo F, Rapacciuolo L, San-
nino A, Miele E, Barone MV, Auricchio R, Troncone
R. Immunoglobulin A anti-tissue transglutaminase
antibody deposits in the small intestinal mucosa of
children with no villous atrophy. J Pediatr Gastroen-
terol Nutr. 2008 Sep;47(3):293-8.

Giersiepen K, Lelgemann M, Stuhldreher N, Ronfani

111.

112.

113.

114.

L, Husby S, Koletzko S, Korponay-Szab6 IR; ESPGHAN
Working Group on Coeliac Disease Diagnosis. Ac-
curacy of diagnostic antibody tests for coeliac disease
in children: summary of an evidence report. J Pediatr
Gastroenterol Nutr. 2012 Feb;54(2):229-41.

Cataldo F, Lio D, Marino V, Picarelli A, Ventura A, Co-
razza GR. IgG(1) antiendomysium and IgG antitissue
transglutaminase (anti-tTG) antibodies in coeliac pa-
tients with selective IgA deficiency. Working Groups
on Celiac Disease of SIGEP and Club del Tenue. Gut.
2000 Sep;47(3):366-9.

Chow MA, Lebwohl B, Reilly NR, Green PH. Immu-
noglobulin A Deficiency in Celiac Disease. J Clin Gas-
troenterol. 2012 Apr 2.

Villalta D, Tonutti E, Prause C, Koletzko S, Uhlig
HH, Vermeersch P, et al. IgG antibodies against de-
amidated gliadin peptides for diagnosis of celiac
disease in patients with IgA deficiency. Clin Chem
2010;56:464-468.

Medical Advisory Secretariat. Clinical utility of sero-
logic testing for celiac disease in asymptomatic pa-
tients: an evidence-based analysis. Ont Health Tech-
nol Assess Ser. 2011; 11(3) 1-63.

147







SlIMMARY
cﬁe--=°+ ¥ mnlc -

‘k" ﬂt..‘mr <



SUMMARY

The prevalence of celiac disease (CD) is approximately 1% worldwide. The disease is
characterized by an immunological response to gluten, the storage protein in wheat,
barley and rye. This response causes intestinal inflammation but can also be detected
serologically by measuring disease specific (auto-)antibodies. Detecting this immunolo-
gical response against gluten through histological and/or serological methods is used in
the diagnosis of CD. However, none of these methods is perfect yet, so in this thesis we
aimed at improving diagnostic strategies in CD.

Histological lesions in CD are graded using the Marsh classification. Finding an incre-
ased number of intra-epithelial lymphocytes (IELs) and crypt hyperplasia (Marsh II),
generally with villous atrophy (Marsh I1I), was considered to be the gold standard for the
diagnosis of CD. However, several factors might make evaluation of small intestinal his-
tology suboptimal. In Chapter 2 we therefore studied the inter-observer variability in the
histological diagnosis of CD and found that the agreement between 2 pathologists was
only moderate, with a Kappa value of 0.486. More importantly in 7.4% of the cases a dis-
crepancy in the diagnosis of CD between both pathologists was found, which occurred
most commonly when the quality of the biopsy specimen was suboptimal. So, we can-
not totally rely only on histology when diagnosing CD. In order to support the pediatric
gastroenterologist in making the correct diagnosis, a pathology report should therefore
include a detailed statement about the quality of the biopsy samples and the extent to
which the pathologist is confident with the diagnosis. In addition, when a discrepancy
between serology and histology is found, the first step should be to revise the biopsies.

In Chapter 2 we also showed that performing CD3 staining in order to detect IELs could
lead to a different diagnosis. Because CD3 staining was not done systematically, we
studied the additional value of this immunohistochemical staining in Chapter 3, where
we concluded that CD3 staining should be performed whenever there is a discrepancy
between serology and the conclusion of the pathologist based on the routine sections.
In our study this strategy resulted in an additional diagnosis of Marsh I in 5.0% of the
studied patients, while in 0.6% of the cases a Marsh I lesion could be withdrawn after
assessment of CD3 stains. More importantly, in 5.7% of the patients the diagnosis of CD
was missed on routine stains. Finally, in 0.6% of the cases the diagnosis of CD could be
rejected after evaluation of the CD3 sections.
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Secondly, we studied methods to improve non-invasive tests in the diagnosis of CD. HLA
typing is the best available test to exclude CD, because virtually all patients with CD are
either HLA-DQ2.5 or HLA-DQS8 positive. However, the heterodimer HLA-DQ2.2 has also
been detected in patients with CD. In Chapter 4 we therefore studied the frequency of
HLA-DQ2.2 in CD. We found that the 5.8% of CD patients, who lacked both HLA-DQ2.5
and HLA-DQS8, were all HLA-DQ2.2 positive. This heterodimer should therefore also be
considered as positive when screening for CD.

Subsequently, we focused on serological tests as markers for CD. Immunoglobulin A
(IgA) antibodies against tissue-transglutaminase (tTGA) or endomysium (EMA) are con-
sidered to be specific and sensitive screening tools for the disease, although they do not
reach 100% accuracy. In Chapter 5 we found that the newly developed antibodies against
deamidated gliadin peptides (a-DGP) in general do not outperform EMA and tTGA. Be-
cause both EMA and tTGA have been reported to be less sensitive in children <2 years
of age, we also studied their performance in this specific subgroup. Surprisingly both
EMA and tTGA performed better than was expected from previous literature, but still
the Immunoglobulin G class a-DGP were superior, showing 100% accuracy. Adding Im-
munoglobulin G a-DGP to the diagnostic work-up of CD might therefore be beneficial
in young children.

In Chapter 6 we studied in a retrospective design whether a tTGA of at least 10 times the
upper limit of normal (100 U/ml) can be used to make the diagnosis of CD without nee-
ding a biopsy. We showed that all symptomatic patients with a tTGA of at least 100 U/ml,
who all also had positive EMA and responded well to a gluten free diet, indeed had his-
tological lesions compatible with CD. In Chapter 7, we subsequently confirmed these fin-
dings in a prospective design, adding more strength to this approach. By applying these
criteria, which are now implemented in the new ESPGHAN guidelines for the diagnosis
of CD, a small intestinal biopsy will not be needed in almost 40% of children suspected
to have CD. Finally, in Chapter 8 we showed that patients with very high tTGA also have
a more severe disease: they have more extra-intestinal symptoms and more histological
involvement. In addition they more often carry multiple disease associated HLA-types.
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NEDERLANDSE SAMENVATTING

Coeliakie is een immuun-gemedieerde ziekte die voorkomt bij 1% van de bevolking.
Deze immuunreactie ontstaat als reactie op gluten, een belangrijk bestandsdeel van
tarwe, rogge en gerst, en is histologisch zichtbaar in de darmen. Daarnaast kan deze
ontstekingsreactie serologisch worden geobjectiveerd door het meten van voor coeliakie
specifieke antistoffen. Zowel histologie als serologie worden gebruikt als diagnostische
hulpmiddelen om coeliakie vast te stellen. Geen enkele methode is echter optimaal. Het
doel van dit proefschrift was daarom bij te dragen aan een verbetering van de diagnostiek
van coeliakie.

Voor de gradatie van de histologische afwijkingen in de darm bij coeliakie wordt de
Marsh classificatie gebruikt. Een toename van intra-epitheliale lymphocyten (IELs) en
crypthyperplasie (Marsh II), meestal in combinatie met vlokatrofie (Marsh III), wordt
beschouwd als de gouden standaard om coeliakie te diagnosticeren. Om verschillende
redenen is een optimale beoordeling van de histologische coupes echter niet altijd moge-
lijk. Dit zagen we ook in Hoofdstuk 2 van dit proefschrift, waar bleek dat de variatie in de
histologische beoordeling (Marsh classificatie) tussen twee pathologen matig was (Kappa
waarde 0.480). Wat betreft de diagnose coeliakie was er zelfs in 7.4% van de gevallen een
verschil in de conclusie van de pathologen. Deze discrepantie kwam vaker voor wanneer
er sprake was van een suboptimale kwaliteit van de biopten. In het rapport van de patho-
loog moeten daarom zowel de kwaliteit van de biopten, als de mate waarin de patholoog
zeker is van de bevindingen worden vermeld.

In Hoofdstuk 2 lieten we ook zien dat het verrichten van een immunohistochemische
CD3 kleuring, welke wordt gebruikt om IELs beter te detecteren, de conclusie van de
patholoog met betrekking tot de diagnose coeliakie kan doen veranderen. In deze studie
werden CD3 kleuringen echter niet standaard verricht. De toegevoegde waarde van CD3
kleuringen werd daarom in Hoofdstuk 3 van dit proefschrift onderzocht. De conclusie
van deze studie was dat CD3 kleuringen moeten worden verricht wanneer er een dis-
crepantie is tussen de conclusie van de patholoog op basis van standaard coupes en de
serologische bevindingen bij de patient. Door middel van deze strategie kon bij 5.0% van
de patiénten alsnog een Marsh I worden vastgesteld, terwijl in 0.6% van de gevallen een
Marsh I werd uitgesloten na beoordeling van de CD3 kleuring. Daarnaast kon bij 5.7%
van de patiénten, bij wie coeliakie met behulp van standaard coupes was uitgesloten,
deze diagnose alsnog gesteld worden na toepassen van een CD3 kleuring. Verder kon in
0.6% van de gevallen de diagnose coeliakie na beoordeling van de CD3 coupes worden
teruggetrokken.
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In de volgende hoofdstukken van dit proefschrift hebben wij niet-invasieve methoden
voor de diagnostiek van coeliakie onderzocht. Humaan leukocyt antigeen (HLA) typering
is de beste methode voor het uitsluiten van coeliakie. Dit komt omdat bijna alle patién-
ten met coeliakie HLA-DQ2.5 of HLA-DQ8 positief zijn. Er zijn echter ook patiénten
beschreven die het heterodimeer HLA-DQ2.2 dragen. In Hoofdstuk 4 hebben wij daarom
de frequentie van HLA-DQ2.2 onderzocht. Het bleek dat 5.8% van de coeliakie patién-
ten negatief waren voor HLA-DQ2.5 en HLA-DQ&. Al deze patiénten hadden echter het
heterodimeer HLA-DQ2.2. Dit heterodimeer dient derhalve ook als positief te worden
beschouwd, wanneer er op coeliakie wordt getest.

Vervolgens hebben we ons gericht op serologische markers voor de diagnostiek naar
coeliakie. Immuunglobuline A antistoffen tegen tissue-transglutaminase (tTGA) en en-
domysium (EMA) zijn specifieke en sensitieve methoden methoden om coeliakie vast te
stellen. Echter geen van beiden zijn 100% betrouwbaar. In Hoofdstuk 5 onderzochten we
daarom de nieuw ontwikkelde antistoffen tegen gedeamideerd gliadine (a-DGP). Over
het algemeen bleken deze niet betrouwbaarder te zijn dan EMA en tTGA. Omdat EMA
en tTGA volgens de literatuur niet erg gevoelig zijn bij jonge kinderen, is de betrouw-
baarheid van a-DGP ook specifiek bekeken bij patiénten <2 jaar. In deze subgroep bleken
EMA en tTGA betrouwbaarder dan in de literatuur is beschreven, doch onjuiste diagno-
ses kwamen nog steeds voor. De sensitiviteit en specificiteit van Immuunglobuline G
a-DGP was echter 100%. Het testen van Immuunglobuline G a-DGP bij kinderen <2 jaar
kan dus van toegevoegde waarde zijn.

In Hoofdstuk 6 werd retrospectief onderzocht of een tTGA dat tenminste 10x verhoogd
is gebruikt kan worden om de diagnose coeliakie te stellen zonder een dunnedarmbiopt
te doen. Alle symptomatische patiénten met een tTGA van minimaal 100 U/ml en een
positief EMA, die ook op het dieet reageren, hadden inderdaad coeliakie. In Hoofdstuk 7
lieten we in prospectieve setting dezelfde resultaten zien. Met behulp van deze niet inva-
sieve methoden, die ook in de nieuwe ESPGHAN richtlijn zijn geimplementeerd, zal bij
bijna 40% van de kinderen met een verdenking op coeliakie geen biopt meer nodig zijn.
Tot slot werd in Hoofdstuk 8 duidelijk dat kinderen met een tTGA =100 U/ml inderdaad
een ernstigere ziekte hebben dan kinderen met coeliakie en lagere tTGA waardes. De
groep met een tTGA =100 U/ml heeft vaker extra-intestinale manifestaties en uitgebrei-
dere histologische afwijkingen. Bovendien hebben ze ook een ernstiger genotype met
meer met coeliakie geassocieerde HLA heterodimeren.
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