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Background:  Despite  a well-established  diagnostic  algorithm  for celiac  disease,  it  remains  unclear  whether
prescriptions  for  celiac  serological  tests  comply  with  the  current  pediatric  guidelines.
Aim:  To  analyze  the  appropriateness  of  test  prescription  in children  investigated  for  celiac  disease  in Italy,
compared  to  the  current  European  pediatric  guidelines.
Methods: All  children  who  had  performed  a first  evaluation  for celiac  disease  were  prospectively  enrolled.
Prescribed  tests  and  related  indications  for testing  were  recorded,  and  compared  to  the  European  pediatric
guidelines.
Results:  Overall,  202 children  were  enrolled  (females  59%, mean  age  7.1  years  ±4.1)  in  two  centers.  The
reasons  for  celiac  disease  testing  were  typical,  atypical  symptoms  or celiac  disease-associated  conditions
in 46.5%,  49%,  and  4.5%  of cases,  respectively.  First-line  tests  were  IgA  and  IgG  anti-transglutaminase
antibodies  in  88.1%  and  29.7%  of children,  IgA  and  IgG anti-deamidated  gliadin  peptide  antibodies  in
43%  and  47%,  IgA  and  IgG  anti  native  gliadin  in  15.8%,  IgA  anti-endomysium  antibodies  in  44.5%,  HLA

predisposing  genes  in  10%  of  patients.  Test  redundancy  was  very  common,  and  the  current  diagnostic
guidelines  were correctly  followed  only  in 23/202  patients  (11.4%).
Conclusions:  Diagnostic  European  guidelines  for celiac  disease  screening  are  often  disregarded  in Italy.
Intervention  to implement  adherence  to these  guidelines  is needed,  with  the  aim  of improving  resource
utilization,  and quality  of patient  care.

© 2019  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Celiac disease (CD) is a systemic immune-mediated disorder
riggered by the ingestion of gluten in genetically susceptible sub-
ects, and characterized by the development of serum specific
utoantibodies (e.g. the IgA class anti-tissue transglutaminase anti-
ody), damage of the small intestinal mucosa, and a variable clinical
icture [1]. It is one of the most common lifelong disorders, affecting
pproximately 1% of the European population [2].

The European Society of Pediatric Gastroenterology, Hepatol-

gy, and Nutrition (ESPGHAN) revised the CD diagnostic algorithm
n 2012. According to this protocol, total serum IgA (tIgA) deter-

ination plus serum class A anti-tissue transglutaminase (tTG),

∗ Corresponding author at: Department of Pediatrics, Via F. Corridoni 11, 60123
ncona, Italy.
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590-8658/© 2019 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All
or IgG anti-deamidated gliadin peptide (DGP) antibodies in chil-
dren with selective IgA deficiency (SIgAD), is the first-line screening
test for CD. IgA class antiendomysial antibody (EMA) and HLA-DQ2
and -DQ8 determinations are second-line (confirmatory) tests to be
performed only in children with IgA anti-tTG positivity. IgG class
anti-DGP test can be included in the initial CD screening of children
younger than 2 years, since data suggest that this test may  occa-
sionally show higher sensitivity than IgA anti-tTG in early-onset CD
[3,4]. Finally, determination of HLA genotype may  be performed in
the initial screening of children belonging to at-risk groups, e.g. CD
first-degree family members, due to the high negative predictive
value (NPV) of this test [5].

Several studies, including a large European, prospective,
multicenter study, recently confirmed the validity and the gen-

eralizability of the ESPGHAN CD diagnostic guidelines, not only
in symptomatic but also in symptomless cases [6,7]. In Italy, the
ESPGHAN protocol has been widely adopted by third-level Centers
of Pediatric Gastroenterology and largely promoted by the Italian
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Fig. 1. First-line tests prescribed in children with suspected CD.
Anti-tTG: anti-tissue transglutaminase; anti-DGP: anti-deamidated gliadin peptide;
EMA: antiendomysial antibody; tIgA: total serum IgA; AGA: anti native gliadin anti-
bodies.
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ociety for Pediatric Gastroenterology (SIGENP). Despite this favor-
ble situation, in our daily practice we got the feeling that blood
esting requests for CD screening were largely inaccurate and often
edundant. For this reason, we decided to undertake a prospective
tudy aimed to analyze test prescriptions for CD screening/case-
nding in children.

. Materials and methods

We  prospectively enrolled children seen at the Celiac Clinic of
wo referral Centers (Pediatric Department of Ancona and Cava
e’ Tirreni, Salerno, respectively) between September 2017 and
eptember 2018. We  included newly seen subjects younger than
8 years who had already performed their first-line CD serological
esting before referral to our celiac clinic. We  excluded (a) children
ith a prescription from a specialized/third-level referral Center,

nd (b) children that were already on a gluten-free diet at the time
f CD serological testing.

For each patient a data sheet including 3 sections was  filled in.
he first section focused on the clinical suspicion leading to test
or CD, divided in 3 main categories: typical symptoms (chronic
iarrhea, failure to thrive, malnutrition), atypical symptoms (iso-

ated short stature, delayed puberty, amenorrhea, iron-deficient
nemia, recurrent abdominal pain, chronic constipation, chronic
atigue, recurrent stomatitis, dermatitis herpetiformis-like rash,
steopenia/osteoporosis, and abnormal liver biochemistry), or CD-
ssociated conditions (type 1 diabetes mellitus, Down syndrome,
utoimmune thyroid disease, Turner syndrome, Williams syn-
rome, SIgAD, autoimmune liver disease) and/or family history of
D. The second section investigated the serological tests performed

or CD testing, that is IgA anti-tTG, IgG anti-tTG, IgA anti-DGP, IgG
nti-DGP, IgA EMA, anti native gliadin antibodies (AGA) of IgA and
gG classes, tIgA and HLA-DQ2 and -DQ8 typing. The third section
ocused on the prescriber (general pediatrician, general practi-
ioner or hospital pediatrician), and patient’s features (gender, age,
nd age at the time of prescriptions).

For the purpose of the study, we evaluated the frequency of each
ingle test prescription and of the combination of prescribed tests.
ccording to the ESPGHAN guidelines [5], we considered appro-
riate the following prescriptions: (a) IgA anti-tTG and tIgA in
hildren aged between 2 and 18 years; (b) IgA anti-tTG and tIgA,
ith or without IgG DGP in children younger than 2 years of age;

c) IgA anti-tTG and tIgA with or without HLA typing in children at
ncreased risk for CD, e.g. first-degree relatives of CD patients.

Costs of the prescribed tests for the National Health Service were
lso calculated, and compared to the estimated cost of ESPGHAN-
ike prescriptions.

The study protocol was approved by the Ethical Committee of
he Marche Polytechnic University. A written informed consent was
sked from the legal guardians of participating children.

.1. Statistical analysis

Data are expressed as mean ± SD and proportions, as required.

. Results

.1. Study population

Overall, we obtained data from 202 children. They were 119 girls

59%) and 83 boys (41%), with an age range of 7 months–16 years
mean age 7.1 years ±4.1). CD tests were performed at a mean age
f 6.7 years ±4.1 SD. Eighteen children were younger than 2 years
f age at the time of CD testing.
Grey-shaded bars: appropriate prescriptions; White bars: inappropriate prescrip-
tions.

3.2. Reasons for CD testing

The reason for CD testing were typical symptoms in 94 cases
(46.5%), atypical in 99 (49%), or belonging to a CD at-risk group in 9
children (4.5%). Reasons for CD testing (cumulative %) were: failure
to thrive (35%), recurrent abdominal pain (32%), chronic diarrhea
(24%), iron deficiency anemia (9%), first-degree relatives with CD
(7%), constipation (5%), poor feeding (5%), abdominal distension
(5%), nausea/vomiting (3%), chronic fatigue (3%), recurrent infec-
tion (2%) recurrent aphthous stomatitis (1%), vitiligo (1%), chronic
urticaria (1%), alopecia (1%), amenorrhea (1%), type 1 diabetes (1%),
and autoimmune thyroiditis (1%).

3.3. Diagnostic tests

Fig. 1 shows the percentage of prescription of each diagnostic
test while Table 1 shows the frequency of combinations of pre-
scribed tests and related costs. As for HLA determination, only 2
out of 20 subjects performing this test belonged to at-risk groups.

3.4. Comparison to ESPGHAN guidelines

The ESPGHAN guidelines were followed in 21 out of 175 chil-
dren (12%) between 2 and 18 years of age; in 2 out of 18 children
(11.2%) younger than 2 years; and none out of 9 children belonging
to at-risk groups. Overall, we found compliance with the ESPGHAN
guidelines in 23 out of 202 children (11.4%).

3.5. Prescribers

The prescriber was the family pediatrician, a general practi-
tioner or a hospital pediatrician in 77.7%, 16.3% and 6.0% of cases,

respectively. Among the prescribers, 13.3% of family pediatricians,
6% of general practitioners and none of hospital pediatricians cor-
rectly applied the ESPGHAN guidelines.



E. Franceschini et al. / Digestive and Liver Disease 51 (2019) 1547–1550 1549

Table  1
First-line tests performed for suspected celiac disease: the more frequent combinations and related costs.

Anti-tTG IgA Anti-tTG IgG Anti-DGP IgA Anti-DGP IgG EMA  tIgA AGA IgA AGA IgG HLA DQ2/DQ8 Prescriptions (%) Cost (euro)

x x 10.4 20.5
x  x x x x 6.4 74.8

x  x 5.0 20.6
x  x x 5.0 43.7
x  x x 5.0 30.8
x  x x x 4.5 59.3
x  4.0 15.5
x  x x x 4.0 51.6
x  x x x x x 3.5 79.8
x  x 3.5 31.0
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nti-tTG: anti-tissue transglutaminase; anti-DGP: anti-deamidated gliadin peptide;

.6. Costs for the National Health System

Overall, the cost of CD prescriptions for the health care system
as 12,382 euros, 108% higher than the ESPGHAN-like prescrip-

ion (5954 euros). The cost per patient was  61.3 ± 57.1 euros
mean ± SD; range: 15.5–260.6), as compared to 29.5 euros of an
SPGHAN-recommended individual prescription.

. Discussion

Despite a high level of CD awareness in Italy, this survey con-
rms that the ESPGHAN diagnostic guidelines, at an early stage
f the diagnostic algorithm, are largely disregarded and that the
isuse of CD screening tests is very common in this country. We

ndeed found that the recommended prescription of anti-tTG IgA
lus tIgA occurred only in a minority of children undergoing a first
D screening (11.4%), while redundancy of test prescription was
ery common in clinical practice.

IgA anti-tissue transglutaminase is an excellent screening
rocedure characterized by high sensitivity (SE) (78%–100%), speci-
city (SP) (90%–100%) and positive predictive value (PPV) (72%),
nd is considered the best serological screening marker for CD in
gA-sufficient individuals [8,9]. Although IgA anti-tTG turned out
o be the most frequently prescribed test in our survey (88% of
hildren), this investigation was sometimes missing at the initial
creening (12%), while more often was inappropriately prescribed
n combination with other serological markers. Since the SE of
gG anti-tTG is lower (45%–95%) than IgA tTG, IgG anti-tTG testing
hould be restricted to the few cases affected by SIgAD [5,8]. IgG
nti-tTG should not replace tIgA determination to rule out SIgAD-
ssociated CD, but this happened quite commonly in our survey
20.8%). Anti-DGP antibodies were prescribed in 47% of our patients
IgG) and 43% (IgA), respectively. Anti-DGP antibodies were devel-
ped in 2006 as an alternative to IgA anti-tTG for CD screening
10], however the performance of this test has been shown to be
ower than anti-tTG, according to most literature data [8–10]. For
his reason, the usefulness of IgG anti-DGP test is limited to chil-
ren younger than two years old or in IgA-deficient individuals.
len et al. found that anti-tTG is superior to anti-DGP and that
ombining the 2 assays would increase both cost and the number
f unnecessary duodenal biopsies with only a minimal increase in
he CD detection rate [11]. Furthermore, Gould and others found
hat isolated positivity of anti-DGP, of either IgG or IgA class, does
ot predict CD in IgA sufficient individuals [12]. Conversely, the
MA test is highly specific for CD (SE 86%–100%, SP 97%–100%, PPV
3%) [8]. However, it should be used only as a confirmatory test

ue to high cost, use of animal substrate (monkey esophagus) and
perator-dependency [9]. According to our data, EMA  testing was
verprescribed (44%) at the first CD screening. First-generation, anti
ative gliadin AGA determination is no longer recommended for
48.7

 antiendomysial antibody; tIgA: total serum IgA; AGA: anti native gliadin antibodies.

identifying individuals with CD, due to their low SE (42%–100%), SP
(47%–94%) and PPV (18–31%) [8,13]. However, AGA test was still
prescribed in a considerable percentage of our cases (16%). Finally,
the HLA genotyping has a strong NPV (close to 100%), but a very
low PPV; therefore, this test is suitable for ruling out CD in children
at increased risk for CD, to avoid further investigation [5,14]. The
HLA test was prescribed in 20 (10%) of our patients; of them, only
two belonged to CD at-risk groups.

The misuse of CD diagnostic test has at least two negative con-
sequences: (a) the specificity of CD screening decreases in cases
undergoing multiple testing, due to simple probability rules, with
the consequence that an unjustified alarm may  arise. For instance,
the EMA  test may  occasionally be positive in a child with a very low
level of IgA anti-tTG antibodies. This is an unlikely situation, mostly
related to a false positivity of EMA, since tTG is the major antigen
responsible for EMA  positivity. Likewise, an isolated IgA anti-DGP
has no clinical relevance in IgA anti-tTG negative subjects, and no
further testing is required in such cases [12]. Worth noting, these
false alarms cause anxiety in the family, are a common reason for
asking a second-opinion by specialized doctors/centers, and gener-
ate increased costs for both patients and the national health system;
(b) increased healthcare costs. According to our data, public health-
care costs secondary to the prescriptions of CD testing turned out
to be more than doubled than correct, ESPGHAN-like prescriptions.
These estimated costs do not include direct and indirect costs such
as referral to pediatric gastroenterologist, parental anxiety, school
or work non-attendance, that were difficult to quantify.

We  are unaware of similar study performed in other European
country, but it is well possible that a similar situation exists else-
where. Salinas and coworkers assessed changes in the requests of
serological markers of CD from 2010 to 2014 in primary care in
Spain, by collection of data from laboratories: the prescription of
IgA anti-tTG per 1000 inhabitants increased significantly over time,
though the demand of IgA DGP did not decrease significantly [15].
Pham et al. ascertained, through a questionnaire, whether French
physicians followed guidelines recommendations in the suspicion
of celiac disease: 90.6%, 30.6% and 64.7% of pediatricians prescribed
IgA anti-tTG, EMA  and tIgA respectively [16].

The present study has limitations. The number of enrolled
patients was  relatively small and our results do not necessarily
reflect the situation on a countrywide basis. Moreover, we  cannot
exclude with 100% confidence that tIgA had previously been tested
in some children, leading to a certain degree of underestimation
of correct prescriptions. Finally we  could not evaluate the possible
influence of reflex testing (e.g. automatic determination of total IgA
level in subjects with a normal value of IgA anti-tTG) and of the so
called “celiac panels” that some laboratories tend to adopt.
In conclusion, our study shows that there is a wide gap between
test ordering practices and correct, ESPGHAN-like prescriptions in
cases undergoing a first-level CD screening. These data reflect the
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talian scenario, a finding that looks particularly unexpected in a
ountry showing a good knowledge and awareness of CD. Further
nterventions aimed to implement knowledge and adherence to
iagnostic guidelines are needed, to improve resource utilization,
est appropriateness and quality of patient care.
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