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Abstract

Coeliac disease has for a long time simply beeartegl as a gluten-dependent enteropathy and a
duodenal biopsy was required in all patients ferdragnosis. It is now accepted that autoimmunity
against transglutaminase 2 is an earlier, moreeusal and more specific feature of coeliac disease
thanhistologiclesions.Moreover, high serum levels of combined anti-trdumsgninase 2 and anti-
endomysium antibody positivity have excellent pcade value for the presence of enteropathy
with villous atrophy. This makes the histology exatlon of the gut no longer necessary in well
defined symptomatic paediatric patients with contpp@tHLA-DQ2 and/or DQ8 background. The
biopsy-sparing diagnostic route is not yet reconueerby gastroenterologists for adults, and
certain clinical circumstances (immunodeficiencpditions, extraintestinal manifestations, type-1
diabetes mellitus, age less than 2 years) maynmequbdified diagnostic approaches. Coeliac
patients with preserved duodenal villous structioexist and these need a more extended

evaluation by immunologic and molecular biologyl$oo

Introduction

The burden of diagnosing coeliac disease (CD)gh:hwhen made, the patient has to follow a
gluten-free diet (GFD) for life and, when missexh@ses the patient to elevated risk of
complications which could be avoidable. Today,dimaptoms are highly variable and may be even
absent and the most consistent finding is autoimiyumdicated by the presence of anti-
transglutaminase antibodies (TGA) accompanied istjmmut not all, cases by enteropathy with
villous atrophy. The diagnostic findings are glutependent and premature changes in the diet
may interfere with the diagnosis. Nowadays, infaroraon CD and suggestions to reduce gluten
intake are abundant from the internet and othenanéaus delays in appointments and diagnostic

procedures may decrease diagnostic success.

Evolution of diagnostic criteria

CD was initially defined as steatorrhea on a gldentaining diet. The first accurate diagnostic
criteria were published in 1969 by the Europeanéipof Paediatric Gastroenterology and
Nutrition (ESPGAN), which were based on three hgjg evaluations of the small intestinal
mucosa establishing the presence of a gluten-depéedteropathy (severe villous atrophy at
diagnosis, remission on a gluten-free diet ancpeslafter gluten provocationEven after the
recognition of disease-specific antibodies and-éaeiction of required biopsies in 139€br many
years CD has been defined, and thus simply coresidas a gluten dependent enteropathy.
However, the most recent ESPGHAN diagnostic guiasli2012)for the first time defined CD as
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an immune-mediated systemic disorder elicited lbyegl and related prolamines, occurring only in
genetically susceptible individuals carrying thertaun leukocyte antigen (HLA) class Il haplotypes
-DQ2 and/or -DQ8 and characterised by the presehaevariable combination of gluten-dependent
clinical manifestations including gastrointestinad extra-intestinals signs and symptoms, elevated
titers of coeliac-specific antibodies, autoantilesdagainst the enzyme type-2 (tissue)
transglutaminase (TG2), endomysium and deamiddtadig peptides (DGP) and a small intestinal

enteropathy,
Toolsfor the diagnostic evaluation
Antibodies

Primary antibodies

CD is an immune-mediated disorder orchestrated @2 Bnd/or DQ8-restricted gluten-specific T
cells. These T cells recognise mostly, but notusigkly, modified gliadin peptides bearing
deamidation pattern specific for the enzyme TG2@nodide help for antibody production upon
gluten exposufe Gliadin presentation to specific T cells and @fidin antibody production may
occur in many peoplebut the immune response coupled with antibodgpeton against TG2 is
unique for CD. Gluten-dependent TGA are specifarmarkers of CD and they are predominatly of
IgA clas$' ’. Patients with selective humoral IgA deficienaytél serum IgA <0.05g/l) produce IgG
and IgM class TGA °. Recently, disease-specific epitopes of TGA haenhidentified and they

show a very conservative pattern common in all @bepts®

TGA are produced in gut plasma c&land the antibodies locally bind to the TG2 autiggnt in

the mucos¥. TGA are first accumulating in tissues expresdit® (gut, liver, spleen, heart,
kidney, brain, endocrine glands, placenta) and miap appear in the circulation, duodenal jlice
and salivd®. It is important to note that serum TGA leveldeef only the tip of an iceberg, and
TGA can be produced and present in the patiently leven if serum levels are low, fluctuating, or
absent at a certain timepoint. However, seroneg&@d is uncommon and in such cases special

caution and additional tests are needed to satisfiycconfirm the CD diagnosta

TGA antibodies can be detected from blood or otiwely fluids by a number of immunoassays,
commonly by enzyme-linked immunoassay (ELISA) aioebinding immunoassay (RIA).

Automated systems (EliA, InmunoCAP, BioFlash) offesier handling, higher output and daily
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results with a short turnaround time. Optimal resate obtained with human TG2 antidens
Immunochromatographic methods with visual readieng @lso be used at the bedside or point of
care (rapid test8) TGA have been described in a number of otherimmoine disorders, liver
diseases, heart failure, psoriasis, childhood tidas with Epstein-Barr virus (EBVY. In contrast

to real coeliac TGA, these other antibodies aregghdgen dependent, often occur in a low
concentration and have different epitope spedjfitiand VH usag¥. Despite the numerous
publications mentioning these non-CD antibodied| emimised tests detect nowadays most often
real CD-associated TGA positivity, and the presesfd@D must be carefully evaluated in every
case with TGA positive (TGA results. The coeliac relevance of a TGasult can be easiest
checked by immunofluorescent test in which thermesamples are added to frozen normal tissue
sections containing abundant extracellular TG2 @urmbilical cord, monkey oesophagus) and
the TG2-specific binding pattern is evaluated bgnescope (endomysial antibody test, EMA). In
other words, EMA antibodies are a special, CD-djmesiibgroup of TGA®. EMA'TGA" subjects
are thus defined as having coeliac autoimmuhity the EMA reaction, the TG2 protein is offered
as a fibronectin-bound antigen and TGAs with hiddemtracellular epitopes may not bind. Non-
CD TGA antibodies generated by tissue damage tammmhation often target the intracellular TG2

epitopes and are usually negative in the EMA'fest

EMA*TGA" serum results have very high long-term predictiatie for C3® %% Studies in both
children and adults showed that when T@Aceeds 10 times of the upper limit of normal
(10xULN) called here EMATGA™9" properly processed and evaluated histology spewm
almost invariably show crypt hyperplastic villousophy (Marsh 111) characteristic for CB%* This
high (98-100%) positive predictive value of EMPGA™" results has now been repeatedly
confirmed in symptomatic patiefits” in clinical settings, and similar data have relyeemerged
also in T10% family member¥ and asymptomatic seropositive subjects detecteti®ening”
The positive likelihood ratio of EMATGA*™9" results is around 100-2band in this range the low
pre-test probability has little or no effect anymaoThe definition of EMATGA™ 9" is kit
dependent. The 10xULN seems to be safe for a gteaber of currently available diagnostic
tests, but may not be appropriate for all local settffigsspecially if the result calculation is not
calibration curve basét In such cases, the high values should be establiand locally validated
by utilizing histology as the reference st is important to emphasise that villous atrojshy

+Low

found in more than half of cases with ENMEGA results as welf, thus histology evaluation is

clearly recommended for this group (Tablel and 2).



The use of antibodies against native gliadin p&stidhAGA) is not recommended in the diagnosis of
CD due the low sensitivity and low specificity of5A result§. Antibodies against DGP have better
specificity, but surprisingly IgA DGPseems less useful than IgG DGihd adding DGP tests in
TGA' patients may result in lower specificity than @sFGA" alone3* IgG DGP tests have been
suggested in patients with unknown total serumvgiues or IgA deficiency, and in cases with
malabsorption and EMAGA status, especially if the patient is younger thge&s of age.
Unfortunately approximatively 30% of healthy infantith a familiar risk produced DGP without
TGA shortly after gluten intake in a prospectivedst® and the positivity lasted even beyond 2
years of age.

TGA, EMA and DGP IgA and IgG antibodies in CD pate®are gluten-dependent, but they may
decrease with different kinetics on a GEDt is thus important to check for gluten amotintthe

diet when only some of these antibodies are pesénd the others are negative.

Secondary antibodies

There are important inflammatory changes in thelldooavel during the active phase of CD with
increased apoptosis and tissue damage. Such cheargescur also in other organs, e.g. in the
brain or in endocrine glands. Thus secondary adi#soagainst cell contituents can be generated in
nonspecific ways. Antibodies against actin, DNAmonoglobulins, Purkinje cells, thyreoglobulin
or pancreatic islet cells can be found at elevieels in active CD patients, but some may not be
simply responsive to a GED In cases with dermatitis herpetiformis (DH) antites reacting with
transglutaminase®3, in cases with neural involvement antibodies tingawith transglutaminase 6
can be presefit These secondary antibodies may indicate spewmifian damage, but they have
only a restricted role in the diagnosis of CD its€he serum level of anti-actin antibodies seemns t

correlate with the presence of villous atroftgnd this information can be useful.

Genetic tests
Currently no genetic test is available to confitma presence of CD, therefore genetic testing ig onl

useful to establish a predisposition risk or hedg@de CD in controversial cases.

HLA-DQ alleles

The immune reaction to gluten requires the propesgntation of peptides to T cells which can
occur via HLA-DQ2 or -DQ8 molecules, having suitapbckets to accomodate negatively charged
moieties of deamidated gliadins. Approximatively@0f Caucasian normal populations carry DQ2

or DQ8, but variations of these antigens can bsegmiein Chinese, African-American and



indigeneous Australian populations as well at agloraté® *° So a positive DQ2 or DQ8 result
does not mean the person has CD, indeed he oasheeca healthy carrier. On the contrary,
absence of both DQ2 and DQ8 makes the probabfli§very low or negligiblé

The HLA-DQ surface molecules are heterodimers &bingj of an alpha chain encoded by the
DQAL locus and a beta-chain encoded by the DQBusldaoth highly polymorphic in humans.
Strings of DRB1-DQA1-DQB1 molecules are usuallydnted together as conserved haplotypes in
Caucasians (Table 3), with very little recombinatrate during many generations. However, some
variations cannot be excluded giving rise to unubaplotype combinations which can indeed
present gliadin peptides but will not be recogniaeadanonical full DQ2 or DQ8 heterodimers at
the testing. HLA-DQ testing is performed as polyaser chain reactions (PCR) amplifying alleles
by specific primers or by evaluating haplotype-agsed single nucleotide polymorphism (SNPSs).
In recent years, technical advances in HLA-DQ tggad to the recognition of more allelic
variations which may be misinterpreted as HLA-D@# ®Q8 negative results, especially when
only one chain (either alpha or beta) gets amplifleae to variations on the other chain.

HLA-DQ8 has one major haplotype while DQ2 has twajon (DQ2.5 and DQ2.2) and several
minor variant haplotypes (Table 3). The DQ8 and I&hcoded heterodimers can present gliadin
and one copy of them is sufficient to confer risk €D*. On the contrary, DQ2.2 alone only
presents a different set of gliadin peptfde®¥and when alone in heterozygous or homozygous
forms, only rarely gives rise to CD. However, wizgeperson has on one chromosome DQ2.2 and
DQ?7 on the other, the translated proteins formethfthe alpha chain of DQ7 and the beta chain of
DQ2.2 make up a heterodimer with almost identicaih@ acid sequence as in DQZ2.5 individuals,
DQ2 in trans (with current nomenclature DQ2.2/DGifX it is functionally equivalent to DQ2.5
Further variants of DQ2.2 and DQ2.3 (Table 3) ao produce functional DQ2 heterodintdrs

and this is not so uncommon as previously thouginice the suggestion of performing HLA-DQ
typing in EMA" TGA™9" patients to support the biopsy-sparing diagnesissee these variants
more often in real CD patients. Recent advancdsadell studies demonstrated that rare cases with

DQ9 (resembling to DQ8) also may present gliadiptides and become coelfac

Non-HLA predisposing genes
About 50 SNP polymorphisms have been found to gadean CD patients and other inflammatory

or autoimmune disorders, such as type-1 diabetdgusdT1D), inflammatory bowel diseases,



psoriasis, asthma, etc. (see section on genetidspr@dispose to a higher level of inflammation or
more vigorous immune response to common triggeishnging expression of other gehes

At present, non-HLA gene results cannot be utilisedinical diagnostics. In prospective follow up
of risk persons, a high number of these polymorphaes (>13) increases the risk conferred by
HLA-DQ aloné”.

Histology evaluation

Small bowel mucosal biopsy has been so far theegstone for the diagnosis of CD. A distinct
pattern of abnormalities has been observed inmaten a gluten-containing diet; the features
include (I) partial to total villous atrophy; (2loagated crypts; (3) increased mitotic index in the
crypts; (4) increased intraepithelial lymphocyt#d §); (5) infiltrations of plasma cells and
lymphocytes as well as mast cells, eosinophilskasbphils in the lamina propria; and (6)
flattened, cuboidal epithelium. These alteratiomsrat pathognomic of CD and most of them may
be seen in other entities (Table 4). Hence, itusial to establish the gluten dependence of the
jejunal lesion. It has now become clear that, feopathological point of view, the small intestinal
enteropathy in CD may be of variable severity. A&ctpum of histological signs could be present.
According to the Marsh classificatittthey include 1) infiltrative lesion (more than E.s /100
epithelial cells) (Marsh 1); 2) crypt hyperplasidatsh 2); 3) villous atrophy of variable severity
(Marsh 3 a, b, ¢). As said, these changes, evemtst severe, are not pathognomonic and should
always be interpreted in the context of the cliharad serological settiffj*® The presence of only
infiltrative changes (Marsh 1) is non-specific (paD% of subjects presenting this pattern is
coeliac) but positive serology significantly increases tlssbility of CD. The count of IELs at
villous tip was reported to be more specific for©E’. Among the immunohistochemical markers
one of the best predictor of CD diagnosis is tloegase of intraepithelial gamma-deka)(
lymphocytes, but the specificity of this findingrist very high'. One of the drawbacks of this
approach is represented by the need (for the adfuntraepithelialyd+ cells) of frozen bioptic
material embedded in OCT. The recent report opthssibility of counting/o+ cells in paraffin
embedded material is particularly promising in ttisitext>. The problems related to the need of
frozen biopsies applies also to other more recentigduced techniques, also very valuable in
identifying coeliac patients, like the detectionmkstinal deposits of IgA anti-TG2. In fact, the
detection of such deposits by immunofluorescenseblean reported to be the best marker to
identify, among potential CD patients, those whi @rentually develop a gluten dependent

enteropathy’.



Lesions may be patcffand in a small proportion of CD patients seem talgppear in the
duodenal bul?. However, interpretation of the structure in bulbmpsies may be rendered
difficult by peptic injury and distortion by Brunnglands. Recent guidelines suggest that biopsies
should be taken preferably during upper endoscapy the bulb (at least one biopsy) and from the
second or third portion of duodenum (at least faiopsiesy. Orientation is important as only a

well oriented biopsy allows for a good evaluatidrihe villi/crypt ratio and a correct count of
intraepithelial CD3 lymphocyte2®. Even with a correct orientation pathological iptetation is a
major problem. In fact, while a good agreementlieen reported for the most extreme cases
(normal vs subtotal villous atrophy), the agreememisually quite poor for mild intestinal lesions.
The pathology report should include information @ttspecimen adequacy, description of the
orientation, the presence or not of normal villdegree of atrophy and crypt elongation, villous-
crypt ratio, number of IELs and a grading accordimiylarsh-Oberhub&rThe use of a standard
reporting format would ensure reproducibility amminparison between reports from different

pathologists.

Frontiersin diagnostic testing

With the recognition of gluten-dependent mild initeesl lesions, tests beyond conventional
histology have become of help in the diagnosis Bf lhmunohistochemistry tg+ intraepithelial
lymphocytes and immunofluorescence to detect im@stieposits of TGA are the most specific
tools (see sections on biopsy). Other strategiéet®ect mucosal TGA can be to measure by ELISA
antibodies released in supernatants of organ euttismall intestinal biopsi€s®” or utilizing

phage display libraries from biopsies and showirgltiased use of the VH5 antibody gene
family®®. This method can be used for the rapid charaetiiz of the anti-TG2 response in a
potentially large number of subjects including apyomatic patients whose serum antibodies may
be undetectable. The organ culture has been adaata system to make diagnosis in difficult
cases, or in cases already on a GFD which areligiile to gluten challengé Another set of
diagnostic tests is based on the demonstrationuocbsal damage. Serum intestinal fatty acid
binding protein (I-FABP) is a sensitive marker tody enterocyte damage, but it is nonspecific for
CD®°. Regenerating islet-derived 3-alpha (R€g8as been detected in the circulation of 91% of
active coeliac patients and in 100% of refractaye8’. Serum Reg8testing is useful for

discriminating mucosal enteropathies from functlongestinal disorders.



It is well established that memory CD4 T cells sfieéor HLA-DQ2/8-gluten complexes are
present in the small intestine of patients, butindtealthy controls. The mucosal T-cell respoise t
gluten is a hallmark of the disease that has babharto unexploited in clinical work-up. Interferon
(IFN)-y-secreting T cells reactive to gluten can be detknt the peripheral blood of individuals
with treated CD after a short consumption of whamattaining foof. Other strategies may be used
to count in the blood gliadin-specific T cells. DQglia-ula and DQ2.5-glia2 tetramer+ cells

may be visualised by flow cytometry, sorted, cloaed their specificity assessed by antigen
stimulatior?®. CD4+ gluten-DQ?2 tetramers increase in the perghgood of CD patients

following a short gluten challenge, distinguishthgm from controls, non-coeliac gluten-sensitive
subjects and treated CD patiéfits

Recent studies have indicated that T cells spef@fionmunodominant gluten peptides express a
highly biased T cell receptor (TCR) repert8iréhis TCR is characterised by the frequent presenc
of a non—germline encoded arginine residue thatHaes role in mediating recognition of gliadin
determinants presented by HLA-DQ2 or HLA-DQ8, asuteof a strong selective process. The
presence of such TCR could represent a diagnasti@ahd a predictive marker to be searched in at
risk subjects.

The role of HLA and non-HLA genes in the diagnosfiproach to CD is discussed elsewhere.
Recently, Galatolat al °® reported that a small gene expression panel freriplperal blood
monocytes could discriminate between active CDlaeadthy controls and according to

multivariate discriminant analysis the expressibfiv@ genes in intestinal mucosa accounted for
93% of the seen difference. When the same appmwastapplied to peripheral blood mononuclear
cells the discriminant equation obtained allowemaect classification of all CD cases and of 91%
of the control samples, and, when this equationapgdied to treated CD patients and to disease
controls, a discrimination of 100%. These obseovatmay open the way to a new approach to the

diagnosis of CEP,

Diagnostic approach
Casefinding

According to the most recent ESPGHAN diagnostidiglimes testing for CD should be offered to
patients with signs of malabsorption, such as dbrdiarrhoea, failure to thrive, weight loss,
stunted growth or other signs such as delayed pylsnenorrhoea, iron-deficiency anaemia,

nausea or vomiting, chronic abdominal pain, cragpindistension, constipation, fatigue, recurrent
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aphthous stomatitis, DH, fracture with inadequedarnas/ osteopenia/ osteoporosis, and abnormal
liver biochemistry. The case finding strategy skaalso include subjects at risk to develop CD,
such as individuals affected by other autoimmun@@associatedisorders: T1D, Down
syndrome, autoimmune thyroiditis, Turner syndroWvdliams’s syndrome, selective IgA
deficiency, autoimmune liver disease and first-degelatives of CD patients. Adverse outcome of
pregnancies, ataxia, neuropathies and other organifestations of unknown origin may be
additional indications for testing in addl|t8.

Algorithmsin children and adults

The demonstration of villous atrophy in the biop$yhe small intestine has long been considered
the hallmark for CD together with clinical remissiafter withdrawal of gluten. ESPGHAN criteria
of 199F and other related guidelirfé$® regarded antibodies (AGA, TGA, EMA), their
disappearance on a GFD, and HLA compatibility angillary and supportive of the diagnosis.
Recently ESPGHAN has revised the criteria consigeghistology only one of the features of CD
and establishing the diagnosis on a combinati@ywiptoms, antibodies, HLA, and duodenal
histology’. The initial approach to symptomatic patientsasrio test for IgA TGA and in addition
for total IgA in serum to exclude IgA deficiency @s alternative using IgA TGA plus direct IgG
DGP testing). If IgA TGA are negative and serunalt¢égA is normal for age (or IgG DGP
antibodies are negative), CD is unlikely to bedhase of the symptoms. TGAatients should be
referred to a paediatric gastroenterologist fothferr diagnostic workup, which depends on the
serum antibody levels. TGApatients with antibody levels <10xULN should urgeupper
endoscopy with multiple biopsies. Based on the@wse of a correlation between TG#res and
degree of villous atrophy, TGApatients with antibody levels at or >10xULN, thaghosis of CD

is confirmed provided that the patient is posifiseEMA antibodies (EMATGA™9" and positive

for DQ2 or DQ8 HLA testing. A GFD is started ane thatient is followed for improvement of
symptoms and decline of antibodies. In the rare cdsiegative results for HLA and/or EMA in a
TGA™9" child, the different possibilities for false-pdgit and false negative test results need to be
considered (Tablel-2) and the diagnostic workupkshbe extended including repeated testing and
duodenal biopsies. In totally asymptomatic peogletging to high risk groups CD should always
be diagnosed using duodenal biopsies. When biopsgemdicated, at least four fragments should
be obtained from the descending part of the duaniesmd at least one from the duodenal bulb. The
diagnosis is confirmed by an antibody decline aredgoably a clinical response to a GFD. Gluten
challenge and repetitive biopsies will only be reseaey in selected cases in which diagnostic

uncertainty remains. The main criticisms to theségines are related to the variability and not
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uniform quality of commercial kits for the measummof TGA antibodies. Although

EMA*TGA™9" serum antibodies are recognised to predict snoalebvillous atrophy, it has been
suggested that cut-off limits for the definitiveaghosis must be locally validated. Also other
aspects of the algorithm, need for HLA typing aodEMA confirmation among the others need to
be validated in already ongoing prospective studiasther, it should be emphasised that the biopsy
sparing diagnostic route is an option to chooservdiiepreconditions are met as set forth in Table

2, but there is always an option to choose histo®gluation if uncertainties in the performance of

the actually used antibody tests or in the acceptainthe patient/parent are suspected.

In adults the same strategy has been advo€afetut the majority of gastroenterologists looking
after adults still recommend a duodenal biopsy teefloe diagnosis of CI) This is advised not

only becausef the insufficient reproducibility of antibody testsut also for the higher number of
alternative diagnoses, sometimes very serioushéuriore, in adults the initial biopsy could be
more important for the follow-up, also in considera of the possibility of lack of response to the
GFD. However, it is an important additional poiat Eonsideration that in patient groups with high
pre-test probability (e.g. malabsorptive symptoths)positive predictive value of EMAGA*™"
results is close to 100% whereas even when takmgiopsy samples, not more than 66% of the
patients in general will have well orientated amdsteasily evaluable sampl&sSo the uncertainty
of the histology evaluation compared to the serplexgpluation can be higher than previously

thought.

In adults there is no consensus on the need obnpeirig duodenal biopsies once a GFD is started.
Most experts agree that subsequent biopsies amaradatory if the patient is asymptomatic and
has no other features suggesting risk of comptinatiln conclusion histology still remains
mandatory for the diagnosis of CD in adults. Howgetlee recent demonstration that EMpatients
benefit from a GFD irrespective of symptoms andahisyy’* suggests that serology misatome

the main criterium for prescribing a GFD in theuigt.

Clinical situationswith special consider ations

Patientswith low serum IgA level
Selective humoral IgA deficiency (defined as tadum IgA <0.05 g/l) occurs in 1 in 500 people,
is coupled to HLA-DQ2 background and confers eledtatsk for CD (approximately 10%)These
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patients only produce IgG TGA, EMA and DGP antilesdjor IgM locally in gut and in
secretiond when coeliac, but not IgA. Methods detecting setgA may have different sensitivity,
thus it seems to be wise to search for IgG clasbaties in all patients with total serum IgA lesel
<0.2 g/l, even though some of these might not byégA deficient. IgA deficient and IgA
competent CD patients do not differ either clinligalr in their response to the gluten-free diet.
However, the decrease of IgG class antibodies hmslower and high levels of IgG TGA and
EMA positivity can persist even after 3-4 yearsdiet’.

Diagnostic approach. Efficient case finding can be done by using IgAA {B conjunction with

IgG DGP as the initial test when serum total Ig®eles unknown. It is recommended to perform
IgG TGA or IgG EMA determination when total serugAlis low and/or the patient is IgG-DGP
Histology evaluation at initial diagnosis is impant in patients with selective IgA deficiency, even
in EMA*TGA™9" cases.

Minimal requirementsfor diagnosis. Demonstration of enteropathy Makshin conjunction with
seropositivity for CD antibodies (preferably IgG BMIGA®, or at least IgG DGH. HLA-DQ
testing is not helpful since non-affected IgA digfit patients usually are HLA-DQ2 positive.
Caution and pitfalls. CD may be missed if total serum IgA level is unkmaawnd only IgA based
test is used for initial evaluatidrit is not practical to omit initial histology elation in IgA
deficient CD cases, because IgG EM&A™9" may persist for a long time on diet without
measurable decredsend this may cast doubt on CD diagnosis. Inteafiget of mild inflammatory

duodenal changes is difficult, because they magdseciated to IgA deficiency itself.

Patients with other immunodeficiencies or immunosuppressive medications

The common problems are undetectability of coattbodies and a possible villous damage even
without CD due to the immunocompromised conditiself, chronic infections or graft-versus-host
reaction. In common variable immunodeficiency anatgin-losing enteropathy both serum IgA
and IgG levels can be very low. In CD patients vgévere malabsorption or with co-morbidities
with food allergy, Crohn’s disease, lymphangie@asinephrosis syndrome, the produced coeliac
antibodies can be lost into the Gutr urine. Also patients having previously received
corticosteroids, azathioprine, cyclophosphamidehoteexate, anti-TNF alpha, antitumor drugs or
preparation for bone marrow transplantation etey beaseronegative for a variable period of time.
These drugs also may influence villous atrophymagt cause false negative biopsy findiAYs.

Diagnostic approach. The emphasis is on finding some indications foATgBoduction either in

the serum, gut mucosa or upon diagnostic gluteherttge when a temporary cause could be over.
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Serum total levels of all three immunoglobulin skes should be determined. TGA antibodies may
be detectable in the appropriate immunoglobulisskven at levels of 0.04-0.07 g/l of IgA or IgG
or during medication with moderate doses of sterdia autoimmune and tumour patients with
TGA" results, the EMA test is always recommended befoseeeding to small bowel biopsy.
When CD is suspected clinically and serum antitodie negative, HLA-DQ typing may be
helpful to see if the patient is at risk or noteTtiming of histology evaluation may be difficutich
both false positive and false negative resultshsanommon and therefore it is important to save
frozen specimens and material to extended evaluétiocoeliac antibody clones by more sensitive
molecular biology tools. In patients with secondamynunoglobulin deficiency or after drug

withdrawal, a new search for antibodies may be rding.

Minimal requirementsfor diagnosis. Demonstration of a Marsh>2 enteropathy which iartje

gluten dependent (when coeliac antibodies are eleticthble, several biopsies and gluten challenge
may be needed), also considering drug exposuresféauts. In EMATGA" patients with correct
HLA-DQ background, CD should be considered evennatistology evaluation was not

conclusive.

Caution and pitfalls. These are very difficult patient groups and ofterfinal diagnosis can be
reached. Serum total IgG always has to be measured total serum IgA is <0.05 g/l. It should be
considered, that enteropathy may improve and warsdpendently of gluten and moderate villous
damage is common in these conditions even with@ut$igns of CD and seropositivity may 'de
novo’ appear after drug withdrawal. Whenever pdssibis advisable to screen autoimmune
patients for CD before the immunosuppressive treatmAfter bone marrow transplantation, T
cells and HLA-DQ of the donor may determine the uma response. There are case reports both
on the cure and transmission of CD in bone marransplant casés " but it is often difficult to
prove this if the recipient had been tested eitiedore or after the transplantation during a period

with drugs or shortly thereafter.

Extraintestinal organ damage

Extraintestinal manifestations can be part of tlaatsorptive syndrome (osteoporosis, bleeding
disorder, amenorrhea). Other organs can be afféstdds2-specific immunglobulin (mainly IgA)
deposition and consequent infammaffosevere liver damage, proteinuria, haematuria,
myocarditis, cardiomyopathy, muscular weaknessticgse pulmonary disease, lymphadenopathy,

brain damage or ataxia can be leading problemd$oé¥en in the absence of gastrointestinal
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symptoms, or even with only mild lesions in the.dugural manifestations have degenerative
character and are linked to the antibody respamsetral transglutaminase (TG¥)Extraintestinal
manifestations respond to a gluten-free diet uritesgersible loss of function has already occured.
Diagnostic approach. In context of unexplained organ damage, case fqhdinantibody testing
(TGA, EMA) is recommended, and when positive, CBgtliosis established by histological
evaluation of the gut. Presence of TG2 (or TG6k#eantibodies in the affected organ can be a
proof for a direct link with CD, so when such afBy is planned by other indication, it is important
to organise that a frozen specimen will be savetinaade available for testing. Demonstration of
TG2-specific IgA deposition in the gut also mayuseful when villous atrophy is not preséht.
Minimal requirements for diagnosis. EMA*TGA" results and clear clinical and/or histological
improvement in the affected organ in response@B (when the lesion is not irreversible),
coupled with the demonstration of CD in the gut.

Caution and pitfalls. An immunosuppressive treatment for the respectigaromanifestation may

interfere with case finding (see relevant chapter).

Der matitis her petiformis

DH is a special form of CD with a highly pruritigluten-dependent rash induced by the deposition
of IgA in the subepidermal region and resultindanfmation. These deposits contain epidermal
transglutaminase (TG3) and DH patients have afsolaiting antibodies against T&3lt is
unclear why certain CD patients get skin symptasimge antibodies reacting with TG3 are also
detectable in many CD patients without rash. Tmeespatients may have malabsorptive CD
without rash and DH at different timepoints of tHie’®. Ninety-five percent of DH patients are
positive for anti-TG2 antibodies (TGA) and EMA, 83%ve villous atrophy, while the rest have
normal villous architecture with or without TG2-askted jejunal IgA depositiéh Thus DH
represents the full spectrum of intestinal mangftshs of CD. The DH eruptions respond to the
GFD, albeit only after a longer time (18-24 monti#ssymptomatic relief can be obtained by
diaphenylsulfone or dapsone, but these drugs daeatenteropatHy.

Diagnostic approach. Search for serum TGA and EMA is helpful in selegtpatients for skin
biopsy. DH is diagnosed by skin immunofluorescémdy from a frozen biopsy specimen taken
from the uninvolved skin adjacent to visible lesioA DH-specific skin biopsy result also proves
coeliac type gluten sensitivity, regardless whethilésus damage is present or hdtlistology
evaluation of the gut mucosa is often used to destnate that not only the skin is involved.
Minimal requirementsfor diagnosis. Skin immunofluorescent study demonstrating granlgar

deposition in the subepidermal region, indepengdrdim jejunal histology evaluation.
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Caution and pitfalls. Patients with IgA deficiency cannot have DH. DH gladonot be regarded as a
separate entity from CD and DH patients shouldoiewed also by a gastroenterologist, similarly
to CD. DH patients preferably should not be stacediapsone, because severe side effects

(methaemoglobinaemia, kidney and liver damage)sawére flare ups after stopping the drug are

common.

Type-1 diabetes mellitus

The risk of T1D is higher in CD both before anceaffD diagnosis compared to the general
populatiorf®, but most patients already have clinical diabetitis definitive beta cell loss before
CD is diagnosed and thus T1D is not any more respeno a gluten-free diet. It is unclear to
which extent gluten and coeliac autoantibodiesrdautie to the damage of the pancreas. Recently
TG2-associated IgA coeliac antibody depositiontieen demonstrated in the pancreas of T1D
patients with undiagnosed ¢b

CD is often subclinical in T1D patients. In diffatestudies, 3-16% of T1D cases showed TGA
EMA'TGA" results, but antibodies are frequently presertiénserum in low concentrations, may
fluctuate and may appear during follow up and yeétesr an earlier negative serology result.
Thyroid and other autoimmune manifestations als@ldg often with time. In children with T1D,
EMA*TGA™" serology results found by screening predicted shuadlel villous atrophy
independently of malabsorptive sighdn T1D patients with EMATGA™" or EMATGA results
villous atrophy may or may not be present or capdiehy, although inflammation markers are
most often elevated in the duodenal mucosa.

Diagnostic approach. T1D patients at any age are an important riskgtowe screened for CD. In
patients with EMATGA ™" serology results, the biopsy-sparing diagnostiteouay be
considered, as endoscopy and anaesthesia neeghracagitions and have elevated risk in both
children and adults with T1D. In cases with conBdrEMA TGA™ " or EMATGA" resullts,
histology evaluation of the mucosa is recommendetepably with obtaining suitable samples for
an extended evaluation (intestinal anti-TG2 depgpsiiorphometry, patchiness). HLA-DQ typing is
not very helpful, as T1D itself is also associatgith DQ2 and DQS8.

Minimal requirementsfor diagnosis. The diagnosis of CD can be made on the basis of
seropositivity and proven enteropathy, but a GF besuggested to the patient in order to
prevent further autoimmunity even when only mildbdenal lesions are found. Although current
ESPGHAN guidelines recommend a biopsy in asympticrEMA TGA ™" patients, biopsy
sparing could be an optitiy according to the patient’s willingness to acd@ptdiagnosis without a

histology report.

16



Caution and pitfalls. Postponing the biopsy and wait for persistentesiivity has not been
shown to be a safe approach as deposited antibaaéegillous atrophy may persist in the gut even
if serum antibody levels decline or turn to negatiwmd thus the diagnosis of CD may be missed.
T1D patients with TGAresults at any timepoint of their life need a calrésllow up if they

continue on a gluten containing diet. The signifimaof isolated DGResults in T1D patients is

still unclear.

Patients with coeliac autoimmunity and preserved intestinal architecture - Potential coeliac

disease

CD has a spectrum of histological alterations, fimrart intestinal atrophy up to light or absent
signs of intestinal damage. This spectrum is paleity observed when the diagnosis is not solely
based on the histology evaluation of the gut, lIouihdependent variables, such as e.g. DH proven
by skin immunofluorescent study (see relevant arpSimilarly, coeliac gluten sensitive patients
without villous atrophy are frequently found amdhgse with gluten ataxia and T1D where the
common denominator is the presence of T@Ad/or EMA. In the absence of other proof, TGA
patients with compatible HLA but without histologl@abnormalities in duodenal mucosa are called
potential CD. The patient may or may not have symgtand signs of the disease, and, based on
the present knowledge, may or may not develop @igldependent enteropathy later on. The term
potential is coherent with a concept of CD wherefhesence of enteropathy with structural
damage is essential. This is nowadays matter aitdednd the same definition ESPGHAN has
given of CD contemplates this condition as charésd by a variable combination of features
which include, but not necessarily, the enteropdisn envisaging cases where the histological
damage is missing. Furthermore, there are repbsashgects with potential CD whose symptoms
are clearly responsive to the GFD. A dietary int@tion study in EMA children from Finland
showed that the disease was exacerbated in chidrercontinued gluten consumption, whereas in
all children who started the GFD, both the gastesitinal symptoms and abnormal antibodies
disappearetl. On the other hand, there are certainly caseuittymptoms and others where the
same conditions for the definition of potential @& not consistent. A sizeable proportion of
asymptomatic potential coeliac patients showeddktmon or disappearance of antibody, and many
of these, with persistent TGAtatus, did not develop mucosal damage after & ysdollow-up™.

We still have no good way to identify which subsaftseropositive patients will go on to develop
villous atrophy indicating a need for therapy. e fabsence of guidelines most suggest that when a

seropositive subject does not demonstrate condwesidence of gluten-dependent symptoms, after
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extended evaluation of small intestinal mucosaukhbe followed up on a normal gluten-

containing diet and should be re-evaluated at exgatervals.

Patients already on a gluten-free diet and challenge procedures

Individuals with suspected but undocumented CDadlyeadhering to a GFD cannot be accurately
diagnosed, since they cannot be differentiated fneaithy individuals. In this context, negative
result of HLA typing may prove to be useful to (abse of HLA DQ2 or DQ8, see relevant section)
help exclude CD. However, the standard of casgh subjects is to perform a “gluten challenge”.
The patient is exposed to gluten and monitoregyanptoms, serology, possibly for noninvasive
test of mucosal integrity (e.g. double sugar pebitgatest) and eventually for histology. Gluten
challenge should be preceded by assessment of atldiswlogy and should always be performed
under medical supervision. Sufficient amount otghu(around 15g/day) should be given. A recent
study conducted in aduffshas shown significant histological, serologicadl aymptomatic

changes occurring already after two weeks of glateallenge. However, it is clear that sensitivity
to gluten exposure varies greatly between coebdiepts and some may take much longer before
showing signs of relapse. In adults, assessmemistaflogy should always conclude the procedure
and titres of antibodies and/or symptoms may helgeiciding the right time for biopsy. In children
the gluten challenge should be discouraged belf@agdge of five years and during the pubertal
growth spurt. IgA TGA (IgG in the case of low lesaf serum IgA) should be measured during the
challenge periotl The outcome of the gluten challenge proceducerisidered positive (and hence
the diagnosis of CD confirmed) if CD specific awiilies become positive and a clinical and/or
histological relapse is observed. In the absen@®sitive antibodies or symptoms the challenge
should be considered over after two years. Howdugher biopsies on a normal diet are

recommended as delayed relapse may occur latiéein |

For the future improved non-invasive markers aeatly needed. They may include markers of
mucosal deterioration, but also tests assessingrésence of gluten-specific T c&ft€*(see

section on frontiers). Finally, the possibilityinfvitro gluten challenge on biopSicould avoid the

in vivo gluten challenge and the unacceptable sgmptit may produce which render some patients
resistant to this approach.

Patients presenting at the age of lessthan 2 years
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Patients in this age group have raised specialezarfor two order of reasons. The first,

particularly in the past, related to possible diffties in the differential diagnosis with other
eneropathies, namely cow’s milk protein intolerarideat led, at the time when ESPGHAN
guidelines underwent the first revision in 1830 the indication of performing gluten challerige
every child diagnosed before the age of two yeResent studies have shown that routine gluten
challenge in these children has an extremely lagubstic yield, and it is not needed when patients
have villous atrophy in combination with ENMfA%* The second reason of concern has been related
to the reported lower sensitivity of TGA and EMAthis age range. Although this finding has
commonly been reported, in fact in most studiesstesitivity for CD of such antibodies is still
around 90% (only one out of 10 coeliacs in this gueip is TGA negativ&). Nonetheless, some
have advocated for these children the routine 68e tests.

Diagnostic approach. The standard approach should be used also iadgleisange. The most recent
ESPGHAN guideines suggest that, if the clincal adgens suggestive of CD and TGA/EMA are
negative, DGP antibodies should be implementethdrbiopsies obained from these patients it is
still possible to look for the presence of inteatideposits of IgA anti-TG antibodies.

Minimal requirementsfor diagnosis. Demonstration of enteropathy Marshin conjunction with
seropositivity for CD antibodies (IgA EMAGA®, or IgG/IgA DGP).

Caution and pitfalls. In the case of presentation with gastrointestigaigoms a careful history
should be taken particularly to exclude the po#sitof other conditions, primarily cow’s milk
allergy. In this age range, as in any other cémetis no place for the measurement of serum AGA
antibodies.

Conclusions
In recent years the role of antibody testing hassiased while the role of histology has decreased i

the diagnosis of CD, because well-controlled ENMGA*™"

serum results can non-invasively
indicate the presence of gluten-induced enteropétttmas also been recognised that histology
evaluation is not helpful in a sizeable proportidmpatients due to technical problems or the
variability and slowly evolving nature of the tigsdamage. However, when reliable antibody
results cannot be achieved in a given clinicalrsgtor locally, the priority of performing a biopsy

remains.
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Practice points
» Coeliac disease may present with variable sevefisymptoms and small intestinal damage
» Patients may be detected by serologic tests
» The final diagnosis must be confirmed by histoleggluation of the gut mucosa or (in
symptomatic children) by the combination of HLA-DQarkers and verified
EMA*TGA" autoantibody results indicating gluten-inducedeesypathy
» There is no spontaneous cure; at present diagmagihts should be advised to follow a

lifelong gluten-free diet

Resear ch agenda
» Natural history, predictors of deterioration andigations for treatment need to be further
explored in subjects with coeliac autoantibodiesrtmumal small intestinal stucture
» In vitro methods for assessing the response tewglsihould be further developed
* There is a need for gluten non-dependent biomarkers

» Detailed studies are necessary to assess theogffifamon-dietary treatments
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Table 1. Overview of diagnostic approaches at positive coeliac serology results

Serology Immediate Predictive Suggested action to take | Comment
result’ predictive value for CD
value during later
for villous life
atrophy
EMA* TGA™" | Close to Very high Consider biopsy sparing| DGP does not
100%F>%3 diagnostic routé add to
diagnosis
EMA* TGA™" | 50% or moref™ | Very highf"] | Proceed to histology DGP does not
3 evaluation, follow if add to
Marsh<2 and not treated | diagnosis
EMA TGA™" | variable High, if not | Check for recent changes CD is proven if
laboratory in gluten intake (adopted | histology
error diet?) Marshz2
Consider non-CD DGP" may be
inflammatory disorders of helpful
laboratory errorsPerform
histology evaluation and
consider HLA-DQ typing
EMA TGA™" | Low[** ® Low' Perform HLA-DQ typing. | DGP" may be
Consider histology helpful
evaluation, especially if
family member or T1D
EMA TGA Speaks against| Negativé Check gluten intake DGP" may be
CD [20. 86] Consider non celiac gluterhelpful if

sensitivity or consider
other cause if villous
atrophy present (verify by
gluten challenge
procedure)

Check for TGA antibodies
in biopsy tissue

villous atrophy
present, but
DGF' in
children <2
years may be

s normaf®




True EMA" TGA samples are very rare in untreated patients (mostlye borderline range or gray

+Low

zone), as EMA is a TGA antibody. In such cases;geed as with EMATGA cases.

"IgA antibodies in IgA competent cases, IgG antibsdf total serum IgA is low (<0.2g/l) or the
patient is proven to be IgA deficient (total serlgA<0.05g/l). TGA'9" if serum levels exceed 10
times of the upper limit of normal or at cut-ofegietermined by optimization study based on
histology.

*If clinically appropriate and additional diagnostigjuirements can be met (See Husby saradi
Table 2). It is not practical to omit biopsy whée fpatient is IgA deficient (very slow antibody
decrease on diet).

SCheck for time interval between serology tests siter sample mix-ups and inappropriate TGA
cut-off, consider prozone effect at the EMA test-to recheck with higher serum dilutions
"Predictive value increases if deposited TG2-speeifitibodies are present in the biopsy tissue
*Save frozen specimen at endoscopy in all caseshigithclinical suspicion or malabsorption but

negative EMA/TGA serology known before biopsy



Table 2. Requirementsfor choosing a biopsy-sparing diagnostic option

Obligatory Practical requirements Comments
components
Symptoms Symptoms or signs related to gut | Caution is recommended when only
relevant for CD involvement and/or impaired nonspecific symptoms/signs are present,
absorption, DH proven by skin | e.g. constipation, recurrent abdominal pain
IF study. (T1D still unclear, etc. When symptoms suggest also other
some studies do support)®. gastrointestinal disease, consider endoscopy
and histology evaluation.
Confirmed At least two independently It isimportant to exclude laboratory or
seropositivity for | drawn blood samples positive sample handling errors and mix-ups
CD-specific
antibodies
EMA'TGA™" | Results by well optimized TGA | >10xULN cut-off for high TGA resultsin
result kit and from reliable lab with many commercial kits, but may need to be
expertisein EMA locally adjusted based on histology results.
High DGP' not equivalent at present.
HLA-DQZ2 or HLA testing available Prospective studies will tell if HLA testing
DQ8 background is asignificant addition in the case of
EMA*TGA 9" subjects. Practical
importance is that an incompatible result
may draw attention to incorrect serology
results. In case of non-conventional alleles,
histology is required.
Evaluation and Eligible patients should be Before the final diagnosis gluten intake
decision by a referred to a specialist should not be reduced.

gastroenterol ogist

Acceptance from
the part of the
patient/family

Expert consuelling and
preparation for alifelong
treatment

In case of doubts about the diagnosis either
by the physician or by the patient/parent
proceed to histology evaluation.




Table 3. Common HLA haplotypes associated with CD

Haplotype DQB1 DQAl1 |DRB1 Comment Old name
allele allele allele
DR4-DQ8 *0302 *03(01) | *04(01- | Heterodimer commonly DQ8
11) presenting gliadin peptides
DR3-DQ2.5 | 0201 *0501 *0301 Heterodimer commonly DQ2incisor
presenting gliadin peptides DR3-DQ2
DR7- *0202 *0201 *0701 Heterodimer presenting DR7-DQ2
DQ2.2[" different or restricted set of
gliadin peptidesf]
When DQB1*0202 is present | DQ2in trans
together with DQA1*0505
belonging to haplotype DQ7,
functionally identical to DQ2.5
*0303 *0201 *0701 Variant DQZ2.2, often -
interpreted as DQ2 and DQ8
negative, may have CD (rare)
DR7-DQ2.3 | 0202 *0303 *0701 Similar to DQ2.2, may present-
gliadin in combination with
DQ7, may have CD (common
DR11-DQ7 | *0301 *0505 *11(01- Alone probably not presentihg| DQ7
(DR11- 04) In combination with DQ2.2,
DQ7.5) forms heterodimer functionally
identical to DQ2.5{
DR9-DQ9 *0303 *0301 *0901 Similar to DQ8, may rarel DQ9
present gliadiff]
*0202 *0301 *0901 Similar to both DQ2.2 and -

DQ8, possible association witl
CD

*CD patients only exceptionally have DQ7 alones pdssible that in those cases the other allele is

a variant DQZ2.2 not getting amplified or misintefed as a non-predisposing allele.




Table 4. Causes of small intestinal villous atrophy other than CD

Physical/Drug I nfective Immune Inherited causesin

enterocytes

Mesenteric ischemia Chronic Cow's milk protein (rarely | EpCAM mutation{']

(pancreatic or bacterial other food) enteropathies | (tufting enteropathy)

duodenal overgrowth Eosinophilic gastroenteritis

surgery)f]

Irradiation Giardia Crohn’s disease in small SPINT2 mutation]
lamblia bowel (patchy atrophy) (tufting enteropathy plus
infestation keratitis, choanal atresia)

Cytotoxic drugs, Rotavirus Autoimmune enteropatHy! | MYO5B mutationf?]

antitumor agentsf] | infection (microvillus inclusion

disease)

Azathioprine HIV Graft versus host disease TTC37 mutation (trich
enteropathy hepato-enteric syndrome

1)
Peptic duodenitis / | Whipple’s Rag2 mutation (Omenn Congenital sodium
Zollinger-Ellison disease syndrome) and other primarydiarrhea

syndromel’]

immunodeficiency conditions

Ur

Olmesartan
enteropathyl" 3

Tropical sprue

Foxp3 mutation (IPEX

syndrome)




