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Abstract: (1) Background: Changes in the clinical presentation of celiac disease (CD) in children have
been reported. The guidelines of the European Society of Pediatric Gastroenterology, Hepatology
and Nutrition (ESPGHAN) allow esophagogastroduodenoscopy (EGD) with biopsies to be avoided
under specific circumstances. We aimed to assess the clinical picture of pediatric CD patients at
diagnosis and to validate ESPGHAN non-biopsy criteria. (2) Methods: Patients with suspected CD
or undergoing screening from 2004 to 2014 at the University Hospital in Modena, Italy were enrolled.
The accuracy of ESPGHAN non-biopsy criteria and modified versions were assessed. (3) Results:
In total, 410 patients were enrolled, of whom 403 were considered for analysis. Of the patients
considered, 45 were asymptomatic and diagnosed with CD (11.2%) while 358 patients (88.2%) were
symptomatic, of whom 295 were diagnosed with CD. Among symptomatic CD patients, 57 (19.3%)
had gastrointestinal symptoms, 98 (33%) had atypical symptoms and 140 (47.4%) had both. No
difference was found for the presence of gastrointestinal symptoms at different ages. The non-biopsy
ESPGHAN criteria yielded an accuracy of 59.4% with a positive predictive value (PPV) of 100%; 173
out of 308 EGD (56.2%) could have been avoided. The modified 7× and 5× upper limit of normal
cut-offs for IgA anti tissue-transglutaminase reached 60.7% and 64.3% of EGD avoided, respectively.
(4) Conclusions: Over 10 years, late age at diagnosis and increased rates of atypical CD presentation
were found. ESPGHAN non-biopsy criteria are accurate for CD diagnosis and allow half of unneeded
EGD to be avoided. Modified versions allowed sparing a greater number of EGD.

Keywords: celiac disease; ESPGHAN; transglutaminase; esophagogastroduodenoscopy; pediatric age

1. Introduction

Celiac disease (CD) is a chronic small intestinal immune-mediated enteropathy trig-
gered and maintained by dietary gluten in genetically predisposed individuals [1]. In
recent decades, the disease incidence has increased significantly [2–5], constituting a ma-
jor health problem affecting up to 1–3% of children [6,7]. Concurrent with the increasing
incidence, changes in the clinical presentation have been observed since the 1980s [8]. More-
over, differences in CD prevalence and presentation between closely located geographic
areas and fluctuations within the same country have been reported [9,10]. Furthermore,
the average age at diagnosis has risen from <2 to 6–9 years in many developed coun-
tries [2,3,11,12], mainly due to the increasing number of asymptomatic patients diagnosed
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with CD. The main reasons underlying the incidence trend of CD [3] may be due to an
increased awareness among physicians, the screening of at-risk groups [13] and the adop-
tion of new serologic tools [2,11]. Indeed, while the small intestinal biopsy was considered
the gold standard for CD diagnosis in Europe according to the guidelines released by the
European Society for Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN)
since 1969 [14], the revision carried out in 2012 stated that biopsy could be omitted under
specific circumstances [1]. Symptomatic children with serum anti-tissue transglutaminase
(anti-tTG) antibody levels ≥ 10 times the upper limit of normal (ULN) can avoid duodenal
biopsies after positive human leukocyte antigen (HLA) testing and serum anti-endomysial
antibodies (EMAs) positivity [1] with a good accuracy. Indeed, the reported sensitivity
and specificity for the anti-tTG test was 96% and 99%, and 95% and 100% for EMA, re-
spectively [1,15,16]. Several authors tried to validate these criteria in specific geographical
areas with different CD prevalence and clinical presentation [17]. However, data regarding
the clinical presentation of CD in the last decade and the validation of new ESPGHAN
criteria for the non-invasive diagnosis of CD from a large Italian pediatric cohort are still
scarce. Thus, we aimed to characterize trends in the clinical presentation of CD in a large
pediatric cohort from Northern Italy diagnosed over 10 years and to evaluate the diagnostic
performance of new ESPGHAN criteria [1] for the non-invasive diagnosis of CD.

2. Materials and Methods

Data of consecutive patients referred to the Pediatric Gastroenterology Unit of the De-
partment of Pediatrics of the Modena University Hospital in Modena, Italy were collected.
We included all patients aged ≤18 years referred for CD clinical suspicion or screening dur-
ing the study period from 1 January 2004 until 31 December 2014. The study was conducted
following the Helsinki Declaration and approved by the local Ethical Committee.

2.1. Demographics and Clinical Data

The following demographic characteristics from the patients’ medical records were
collected: age, gender, age at first symptoms presentation, year of symptoms presentation,
height and weight, body mass index, date of diagnosis of CD and family history for
CD. Data on the presence and kind of symptoms at presentation were also collected. In
particular, according to ESPGHAN guidelines [1], patients with diarrhea, weight loss,
failure to thrive, anorexia, abdominal distention, abdominal pain, short stature, flatulence,
irritability, increased titers of liver enzymes, constipation and anemia were considered as
symptomatic for CD. On the other hand, asymptomatic children were those without any
symptoms receiving screening for CD if they were first-degree relatives of CD patients or
included in at-risk groups (i.e., other auto-immune diseases, etc.). To obtain reliable results,
we standardized subjective symptoms according to the following definition for chronic
diarrhea (defecation ≥ 3 times a day during at least 14 days) [18], failure to thrive (deflective
weight-to-height curve or being ≤−2 standard deviations (SDs) off on the weight-to-length
curve), short stature (≥2 SDs smaller than children with the same age, or as being ≥2 SDs
under their target height) [19], anemia (based on hematological references for children) [20],
recurrent abdominal pain (intermitting abdominal pain for ≥2 months) [21], constipation
(defecation ≤ 3 times a week or with pain during defecation with the production of hard
stools) [22] and bloating (recurrent sensation of abdominal distention that may or may be
not associated with measurable distention) [23]. When the definitions were not applicable
to the available information, we searched for the description of the symptoms in the
physician’s evaluation paper.

2.2. Serological Tests and EGD Biopsy

The results of the different serological tests for CD (IgA levels, anti-tTG IgA, EMA,
HLA haplotypes) were collected; anti-tTG IgA levels and EMA and serum IgA levels were
measured. When IgA deficiency (defined as <0.20 g/L) was present, IgG levels of anti-tTG
were measured. An anti-tTG level > 10 U/mL was considered positive. IgA anti-tTG
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antibodies were assayed on commercially available ELISA kits (cut-off value > 10 UA/mL
for anti-tTG). We also collected data on biopsy samples taken during EGD; histological
lesions were graded according to the Marsh criteria (0 = normal mucosa; 1 = increased
number of intraepithelial lymphocytes; 2 = crypt hyperplasia; 3 = villous atrophy) [1].

2.3. CD Diagnosis

Positive CD cases were diagnosed until the end of 2011 according to the old ESPGHAN
guidelines [14] and in 2012 according to the new ESPGHAN guidelines [1]. Accord-
ing to the old guidelines [14], every CD serology (anti-tTG/EMA)-positive patient had
to be confirmed histologically by an EGD with duodenal biopsy. The presence of a
Marsh–Oberhuber grade ≥ 2 was diagnostic for CD. On the other hand, according to
the new 2012 ESPGHAN guidelines, children with symptoms with an anti-tTG titer
> 10× ULN, a positive EMA and positive HLA haplotype (DQ2 or DQ8) were diagnosed
for CD and thus, EGD was avoidable. In all other cases, an EGD with a duodenal biopsy
was necessary. In these children, a Marsh grade ≥ 2 allowed CD diagnosis.

2.4. Statistical Analysis

Continuous variables were reported as mean and standard deviations (SD), while cate-
gorical variables were reported as number and percentage. Variables were compared using
the Student T-test, Mann–Whitney U test, Chi2 or Fisher’s exact tests when appropriate.
Trends in the presence of symptoms at CD diagnosis between the period 2004–2009 and
2009–2014 and at different ages (toddler age (0–3 years), primary school age (4–12 years)
and high school age (>12 years)) were evaluated. The accuracy, sensitivity, specificity and
positive and negative predictive values (PPV and NPV) with their 95% confidence intervals
(95% CI) of the new ESPGHAN 2012 criteria for CD diagnosis on the group of symptomatic
patients diagnosed with CD with duodenal biopsies until 2011 were evaluated. Finally, the
number of EGD that could have been avoided using the new ESPGHAN 2012 criteria (IgA
anti-tTG ≥ 10 times ULN) was obtained. Since different cut-offs for IgA anti-tTG have been
previously proposed, we made the same evaluation using previously proposed cut-offs
(5× and 7× ULN). The probability values are two-sided; a probability value (p) less than
0.05 was considered statistically significant. Statistical analysis was performed with STATA
13.0 (College Station, TX, USA: StataCorp LP).

3. Results
3.1. Demographics and Clinical Characteristics

During the study period, of the 410 patients consecutively referred to the Department
of Pediatrics of the Modena University Hospital, 7 patients (1.7%) were excluded for
incomplete data. Among the remaining 403 patients, 45 (11.2%) were asymptomatic and
were evaluated because they were at high risk for CD; all these 45 patients were diagnosed
with CD. The remaining 358 patients (88.2%) were evaluated for the presence of symptoms
suggestive of CD and all of them were diagnosed with CD except for 63 (17.6%) patients
(58 diagnosed with old ESPGHAN criteria and 5 diagnosed with new 2012 ESPGHAN
criteria). Among the 295 symptomatic patients with CD, in all patients the diagnosis was
made with old ESPGHAN criteria except for 45 patients diagnosed according to the new
ESPGHAN criteria from January 2012. Figure 1 reports the detailed enrollment flow chart.
The mean age at CD diagnosis was 76.6 months (SD 44.3). Most of the patients enrolled
were female (223 out of 340 CD patients, 65.6%). The mean BMI percentile at diagnosis was
38.1 (SD 30.4). Anti-tTG antibody levels were correlated to Marsh grade (Marsh 2 mean
25.4 U/mL (SD 19.7) vs. Marsh 3 mean 91.2 U/mL (SD 62.6), p < 0.001) (Figure 2). Other
demographics and clinical characteristics of patients enrolled are reported in Table 1.
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Table 1. Demographic and clinical characteristics of celiac disease patients enrolled into the study.

Patients n = 340,
n (%) or Mean (SD)

Sex (Female) (%) 223 (65.6)

Age at diagnosis (Months) 76.6 (44.3)

Body mass index (BMI) percentile at diagnosis 38.1 (30.4)

Human Leukocyte Antigen (HLA)

DQ2 291 (85.6)

DQ8 20 (5.9)

DQ2/DQ8 29 (8.5)

IgA Anti-tTG antibodies (U/mL) 110.0 (118.8)

IgA deficit 6 (1.7)

EMA+ 304 (86.1)

Esophagogastroduodenoscopy performed 295 (86.8)

Marsh Classification at biopsy

2 51 (15)

3 244 (71.8)

Biopsy not performed 45 (13.2)

Family history of celiac disease 93 (27.4)

3.2. Clinical Presentation

Among the 295 symptomatic patients with CD, 57 (19.3%) reported gastrointestinal
symptoms, 98 (33%) reported atypical extra-intestinal symptoms and 140 (47.4%) reported
both, corresponding to a cumulative prevalence of gastrointestinal and extra-intestinal
symptoms of 66.8% and 80.7%, respectively. The presence of symptoms in CD patients
was higher in the period 2004–2009 compared to 2009–2014, although without statistical
significance (47 (46.5%) vs. 75 (36.6%), respectively, p = 0.095).

Stratifying for symptoms and associated conditions, we found that asthenia was the
only factor more prevalent in the period 2009–2014 (11.2% vs. 3.1%, p = 0.018) (Table 2).

No difference was found for the presence of overall gastrointestinal symptoms at dif-
ferent ages (52.8% vs. 37.5% vs. 30% for toddler, primary and high school age, respectively,
p = 0.086). Abdominal pain was more prevalent in high and primary school age compared
to toddler age (52% vs. 39.5% vs. 18.6%, respectively, p = 0.001). Bloating, slow growth,
weight loss and high transaminase levels were more prevalent in toddler age than primary
and high school age (p < 0.05). On the contrary, in school-age patients, headache, asthenia
and their simultaneous presence were more reported (p ≤ 0.001) (Table 3).

3.3. Accuracy of ESPGHAN Criteria in Symptomatic Patients

A total of 308 patients evaluated for the presence of symptoms with old ESPGHAN
criteria were considered; among 58 patients without CD, 10 patients had positive anti-tTG
IgA, but none had a title of anti-tTG IgA higher than 10× ULN. On the other hand, among
the remaining 250 patients diagnosed for CD with EGD and biopsy, 125 had an anti-tTG
IgA title higher 10× ULN (true positive). Thus, the new ESPGHAN criteria for sparing
EGD in symptomatic patients in our enrolled population reached an overall accuracy of
59.4% (95% CI 53.7–65), with a specificity of 100.0% (95% CI 93.8–100), sensitivity of 50%
(95% CI 43.6–56.4), PPV of 100% and NPV of 31.7% (95% CI 29.1–34.4). Accordingly, 173 out
of 308 EGD (56.2%) could have been avoided in the past with the new ESPGHAN criteria
for sparing EGD in symptomatic patients, with a CD missing rate of 0%.
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Table 2. Symptom pattern and associated diseases in symptomatic celiac disease patients (n = 295) at diagnosis, between
two consecutive five-year enrollment periods.

Total
n (%)
n. 295

2004–2008
n (%)
n. 98

2009–2014
n (%)
n. 197

p

Gastrointestinal symptoms

Diarrhea 24 (8.1) 12 (12.2) 12 (6.1) 0.071

Constipation 18 (6.1) 3 (3.1) 15 (7.7) 0.122

Abdominal pain 105 (35.6) 29 (29.6) 76 (38.8) 0.121

Changes in bowel habits 10 (3.4) 3 (3.1) 7 (3.6) 0.820

Bloating 83 (28.1) 32 (32.7) 51 (26) 0.234

Nausea/Vomit 30 (10.2) 10 (10.2) 20 (10.2) 1

Lack of appetite 32 (10.8) 7 (7.1) 25 (12.8) 0.145

Gastro-esophageal reflux 4 (1.4) 2 (2) 2 (1) 0.476

Extra-intestinal symptoms

Hyposomia 48 (16.3) 21 (21.4) 27 (13.8) 0.094

Anemia 55 (18.6) 18 (18.4) 37 (18.9) 0.916

Slow growth 54 (18.3) 22 (22.5) 32 (16.3) 0.201

Headache 20 (6.8) 4 (4.1) 16 (8.2) 0.190

Epilepsy 4 (1.4) 1 (1) 3 (1.5) 0.722

Asthenia 25 (8.5) 3 (3.1) 22 (11.2) 0.018

Atopic dermatitis 29 (9.8) 14 (14.3) 15 (7.7) 0.072

Dermatitis herpetiformis 18 (6.1) 7 (7.1) 11 (5.6) 0.606

High transaminase levels 16 (5.4) 4 (4.1) 12 (6.1) 0.467

Muscle hypotrofia 4 (1.4) 3 (3.1) 1 (0.5) 0.075

Arthritis 3 (1) 0 3 (1.5) 0.218

Aphtosis 8 (2.7) 1 (1) 7 (3.6) 0.205

Recurrent infections 32 (10.8) 11 (11.2) 21 (10.7) 0.895

Tooth enamel alterations 1 (0.3) 0 1 (0.5) 0.479

Associated diseases

Thiroiditis 2 (0.7) 2 (2) 0 0.045

Down’s syndrome 1 (0.3) 1 (1) 0 0.157

Allergies 40 (13.5) 18 (18.4) 22 (11.2) 0.092

Asthma 10 (3.4) 6 (6.1) 4 (2) 0.069
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Table 3. Symptom’s pattern and associated diseases of symptomatic CD patients (n = 295) at different ages as follows:
toddler age (0–3 years), primary school age (4–12 years) and high school age (>12 years).

Toddler Age
(0–3 Years)

(n = 70)
n (%)

Primary School Age
(4–12 Years)

(n = 200)
n (%)

High School Age
(>12 Years)

(n = 25)
n (%)

p

Gastrointestinal symptoms

Diarrhea 10 (14.3) 13 (6.5) 1 (0.4) 0.091

Constipation 6 (8.6) 12 (6) 0 0.307

Abdominal pain 13 (18.6) 79 (39.5) 13 (52) 0.001

Changes in bowel habits 3 (4.3) 7 (3.5) 0 0.590

Bloating 40 (57.1) 38 (19) 5 (20) <0.001

Nausea/Vomit 10 (14.3) 19 (9.5) 1 (4) 0.299

Lack of appetite 9 (12.9) 21 (10.5) 2 (8) 0.772

Gastro-esophageal reflux 1 (1.4) 3 (1.5) 0 0.827

Extra-intestinal symptoms

Hyposomia 16 (22.9) 29 (14.5) 3 (12) 0.226

Anemia 12 (17.1) 39 (19.5) 4 (16) 0.845

Slow growth 21 (30) 30 (15) 3 (12) 0.015

Weight loss 5 (7.1) 2 (1) 0 0.011

Headache 0 14 (7) 6 (24) <0.001

Epilepsy 1 (1.4) 3 (1.5) 0 0.827

Asthenia 0 19 (9.5) 6 (24) 0.001

Atopic dermatitis 3 (4.3) 21 (10.5) 5 (20) 0.066

Dermatitis herpetiformis 1 (1.4) 3 (1.5) 13 (52) 0.733

High transaminase levels 12 (17.1) 4 (2) 0 <0.001

Muscle hypotropia 1 (1.4) 3 (1.5) 0 0.827

Arthritis 1 (1.4) 2 (1) 0 0.830

Aphtosis 0 8 (4) 0 0.140

Recurrent infections 4 (5.7) 27 (13.5) 1 (4) 0.099

Tooth enamel alterations 0 1 (0.5) 0 0.787

Associated diseases

Thyroiditis 0 2 (1) 0 0.618

Down’s syndrome 1 (1.4) 0 0 0.201

Diabetes type 1 1 (1.4) 2 (1) 1 (4) 0.457

Allergies 9 (12.9) 26 (13) 5 (20) 0.621

3.4. Accuracy of Modified ESPGHAN Criteria in Symptomatic Patients

Among the 58 patients with symptoms but without CD, only 1 patient had a title
of anti-tTG higher than 7× ULN. Among the remaining 250 patients diagnosed for CD,
138 had an anti-tTG IgA title higher than 7× ULN (true positive). Thus, the modified 7×
ULN cut-off for sparing EGD reached an overall accuracy of 63.3% (95% CI 57.7–68.7), with
a specificity of 98.3% (95% CI 90.8–99.7), sensitivity of 55.2% (95% CI 48.8–61.5), PPV of
99.3% (95% 95.2–99.9) and NPV of 33.7% (95% CI 30.6–37). Accordingly, a greater number
of unneeded EGD (187 out of 308 EGD, 60.7%) could have been avoided when compared to
the new ESPGHAN criteria (p = 0.258), with a negligible CD missing rate of 0.3% (p = 0.336).
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When 5× ULN cut-off was considered, among the 58 patients without CD, only
2 patients had a title of anti-tTG higher than 5× ULN. Among the remaining 250 patients
diagnosed with CD, 148 had an anti-tTG IgA title higher than 5× ULN (true positive).
Thus, the modified 5× ULN cut-off for sparing EGD reached an overall accuracy of 66.2%
(95% CI 60.7–71.5), with a specificity of 96.6% (95% CI 88.1–99.6), sensitivity of 59.2%
(95% CI 52.8–65.4), PPV of 98.7% (95% 95–99.7) and NPV of 35.4% (95% CI 31.9–39.1).
Accordingly, a significant number of unneeded EGD (198 out of 308, 64.3%) could have
been avoided when compared to the new ESPGHAN criteria (p = 0.040), with a negligible
CD missing rate of 0.8% (p = 0.116). Figure 3 shows the performance of new and modified
ESPGHAN criteria.
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4. Discussion

Our study aimed to describe the clinical presentation of pediatric CD over 10 years in
a tertiary referral pediatric unit. Most of the patients included were children (4–12 years
old) and symptomatic. No trend in symptom presentation was found between two con-
secutive five-year periods. Interestingly, abdominal pain, headache, and asthenia were
more prevalent in children and teenagers, whereas bloating, slow growth, weight loss and
high transaminase levels were more prevalent in toddlers. Basing on a biopsy-proven CD
population, we showed that the ESPGHAN non-biopsy criteria allow a correct diagnosis
of CD. The efficacy of these criteria was confirmed even when modified cut-offs of IgA
anti-tTG antibodies were employed, since the PPV remained higher than 95% and the CD
missing rate was <1%. Moreover, more than 50% of EGD performed in children may have
been safely avoided, thus reducing the burden of such invasive examination and its cost
for health care. Different IgA anti-tTG cut-offs may allow sparing a greater number of EGD
while maintaining appropriate accuracy.

Changes in the demographics of CD presentation and clinical pattern have been
observed since the 1980s [8]. In the present study, we confirmed previous observations
of an increased prevalence of CD in females [24,25], accounting for more than 60% in our
unselected cohort. Moreover, about 13% of our cohort was diagnosed after screening for
CD family history or other autoimmune diseases. The rate of asymptomatic CD patients



Nutrients 2021, 13, 4131 9 of 12

in our study perfectly traces that reported in the 2000s by a Swedish study assessing
demographics and clinical evolution of CD over the period 1973–2013 [26]. However,
these data are in contrast with the results of a previous study from Spain which reported
only 7% of asymptomatic patients [27]. This discrepancy may underline the effect of
different genetic, environmental and nutritional factors on CD clinical presentation [28–31];
further causes of divergence can be the local screening policies leading to CD diagnosis in
early stages.

In addition, most of our patients were diagnosed with CD at child or toddler age,
which differs from historical data reporting diagnosis at <2 years on average [8]. However,
the median age of our cohort’s diagnosis was about 6 years, in line with several other
reports [2,3,11,12]. This increased age at CD diagnosis may be due to different feeding
practices influencing clinical presentation and the age of diagnosis. Similar to previous
studies from Europe [15,16,32] and the U.S.A. [33], we showed that the clinical spectrum of
CD shifted to an increase in atypical presentation instead of classical symptoms. Among
the symptoms reported, abdominal pain, bloating, slow growth and anemia were the
most frequent. Nevertheless, significant differences were also found for other atypical
symptoms such as headache and asthenia, which were more prevalent in high-school-
age children, confirming previous data from northern Europe [26]. However, the rate of
symptom presentation at different ages can be influenced both by the age-related ability
of the patient to describe the symptoms and by the parents’ assessment, which may also
overestimate the clinical picture. Notably, to partially overcome this limit and standardize
clinical manifestations, we used objective definitions to describe symptoms. We reported a
prevalence of gastrointestinal symptoms of 70%, in line with previous experiences [26,34].
Interestingly, instead of chronic diarrhea, abdominal pain was the most prevalent symptom
of our cohort, similar to a previous Dutch study [15]. Moreover, as part of changing the CD
clinical scenario, slow growth was reported in only 18.3% of our cohort, in contrast to other
studies [26,34]. Similarly, the greater prevalence of anemia reported by the present study
when compared to others [35] may be due to the more intensive screening and awareness
of CD.

Our study also showed an excellent performance of ESPGHAN non-biopsy criteria.
Moreover, we found that the specificity of IgA anti-TG was 98.3% and 96.6% for 7× and
5× ULN, respectively, in line with a previous meta-analysis (range 77.8–100%) [36]. A
recent study from the Mediterranean area including Italy showed that the anti-tTG 10×
ULN PPV was 96.1%, in line with our data [37]. Similar results on anti-tTG 10× ULN
PPV have also been reported in a cohort from New Zealand [38], suggesting that 50–60%
of patients could avoid EGD and biopsy by applying the new ESPGHAN criteria [38].
Moreover, another multicentric study including 412 children from Central Europe reported
that 48.4% of patients could avoid EGD [39]. Lower rates of applicability of the new
ESPGHAN criteria have been reported in southern Europe (154/749, 20.7%), mainly due
to the unavailability of HLA testing [40]. On the contrary, our results are in line with
those of Werkstetter et al. [41], where 399 out of 707 (56.4%) patients were found with an
anti-tTG title > 10× ULN. Moreover, in line with previous studies not including healthy
subjects [42,43], we found that the sensitivity of the new ESPGHAN criteria was rather low,
namely 50% in our cohort, suggesting that these criteria are adequate only for ruling-out
rather than ruling-in CD diagnosis.

While serology’s accuracy and predictive value for the non-invasive assessment of
pediatric CD has been extensively reported, only few studies have focused on the number
of EGD that could have been avoided [38,39,44]. In our cohort, 56.2% of EGD could
have been avoided with a CD missing rate of 0%. The advantage of avoiding invasive
tests as EGD could allow general anesthesia or deep sedation to be eliminated, which are
required to perform EGD in many centers, cancelling out its related risks and decreasing the
costs [45]. For this purpose, lower cut-offs of anti-tTG IgA for symptomatic patients have
been previously proposed. Gidrewicz et al. [44] reported that titers of anti-tTG IgA 3–10×
ULN led to sparing up to 49% of unneeded EGD. We also observed that lower cut-offs of
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anti-tTG IgA 5–7× ULN could safely spare EGD in 60.7% and 64.3% of patients, respectively.
Nevertheless, according to the recent update of non-biopsy ESPGHAN criteria [17], due
to inter-laboratory variability, the employment of anti-tTG IgA levels < 10× ULN would
not be recommended since they are more prone to technical error and are insufficient for
avoiding EGDs and biopsy. However, in their systematic review of the available literature,
even anti-tTG IgA cut-offs from 5× to 7.5× ULN still yielded optimal PPV values, ranging
from 92.3% to 100%. Our study has some limits. Being a tertiary pediatric center, only
patients with high CD suspicion were referred; this may have influenced the high CD
prevalence found in our cohort, biasing the PPV of anti-tTG, which is dependent on
disease prevalence [46]. However, other large studies from tertiary centers have reported
high prevalence of CD [41]. Another limiting factor is the retrospective design, which was
partially overcome by the consecutive enrollment in a pediatric gastroenterology outpatient
facility, thus minimizing the risk of a selection bias.

5. Conclusions

In conclusion, no trend in symptoms presentation was found between two consecutive
five-years period. Over 10 years, we found increased age at CD diagnosis and higher rates
of atypical disease presentation. Finally, ESPGHAN non-biopsy criteria allowed a correct
diagnosis of CD, avoiding more than half of unneeded EGD. The employment of lower
antibody cut-offs for non-biopsy criteria led to sparing a greater number of EGDs. Further
prospective studies should standardize laboratory testing for anti-tissue transglutaminase
antibodies in order to safely apply these new cut-offs.

Author Contributions: Conceptualization, A.R.D.B., G.M. and A.C.; methodology, G.M.; validation,
A.R.D.B., G.M. and A.C.; formal analysis, G.M.; investigation and data curation, A.R.D.B., G.M., F.R.,
L.C., E.D., M.L., E.P., L.V.A., D.F., L.I. and A.C.: writing—original draft preparation, A.R.D.B., G.M.
and A.C.; writing—review and editing, all authors; supervision, D.F., L.I. and A.C. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Modena University Hospital (Prot.
n.880/CE on 13 March 2014).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to Ethics Committee policy.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Husby, S.; Koletzko, S.; Korponay-Szabó, I.R.; Mearin, M.L.; Phillips, A.; Shamir, R.; Troncone, R.; Giersiepen, K.; Branski, D.;

Catassi, C.; et al. European society for pediatric gastroenterology, hepatology, and nutrition guidelines for the diagnosis of coeliac
disease. J. Pediatr. Gastroenterol. Nutr. 2012, 54, 136–160. [CrossRef]

2. McGowan, K.E.; Castiglione, D.A.; Butzner, J.D. The changing face of childhood celiac disease in North America: Impact of
serological testing. Pediatrics 2009, 124, 1572–1578. [CrossRef] [PubMed]

3. White, L.E.; Merrick, V.M.; Bannerman, E.; Russell, R.K.; Basude, D.; Henderson, P.; Wilson, D.C.; Gillett, P.M. The rising incidence
of celiac disease in Scotland. Pediatrics 2013, 132, e924–e931. [CrossRef]

4. Ludvigsson, J.F.; Rubio-Tapia, A.; van Dyke, C.T.; Melton, L.J.; Zinsmeister, A.R.; Lahr, B.D.; Murray, J.A. Increasing incidence of
celiac disease in a North American population. Am. J. Gastroenterol. 2013, 108, 818–824. [CrossRef] [PubMed]

5. Catassi, C.; Gatti, S.; Fasano, A. The New epidemiology of celiac disease. J. Pediatr. Gastroenterol. Nutr. 2014, 59, S7–S9. [CrossRef]
6. Mäki, M.; Mustalahti, K.; Kokkonen, J.; Kulmala, P.; Haapalahti, M.; Karttunen, T.; Ilonen, J.; Laurila, K.; Dahlbom, I.;

Hansson, T.; et al. Prevalence of celiac disease among children in Finland. N. Engl. J. Med. 2003, 348, 2517–2524. [CrossRef]
7. Myléus, A.; Ivarsson, A.; Webb, C.; Danielsson, L.; Hernell, O.; Högberg, L.; Karlsson, E.; Lagerqvist, C.; Norström, F.; Rosén, A.; et al.

Celiac disease revealed in 3% of Swedish 12-year-olds born during an epidemic. J. Pediatr. Gastroenterol. Nutr. 2009, 49, 170–176.
[CrossRef]

http://doi.org/10.1097/MPG.0b013e31821a23d0
http://doi.org/10.1542/peds.2008-2373
http://www.ncbi.nlm.nih.gov/pubmed/19948628
http://doi.org/10.1542/peds.2013-0932
http://doi.org/10.1038/ajg.2013.60
http://www.ncbi.nlm.nih.gov/pubmed/23511460
http://doi.org/10.1097/01.mpg.0000450393.23156.59
http://doi.org/10.1056/NEJMoa021687
http://doi.org/10.1097/MPG.0b013e31818c52cc


Nutrients 2021, 13, 4131 11 of 12

8. Maki, M.; Kallonen, K.; Lahdeaho, M.L.; Visakorpi, J.K. Changing pattern of childhood coeliac disease in Finland. Acta Paediatr.
Scand. 1988, 77, 408–412. [CrossRef]

9. Ivarsson, A.; Myléus, A.; Norström, F.; van der Pals, M.; Rosén, A.; Högberg, L.; Danielsson, L.; Halvarsson, B.; Hammarroth, S.;
Hernell, O.; et al. Prevalence of childhood celiac disease and changes in infant feeding. Pediatrics 2013, 131, e687–e694. [CrossRef]
[PubMed]

10. Kondrashova, A.; Mustalahti, K.; Kaukinen, K.; Viskari, H.; Volodicheva, V.; Haapala, A.; Ilonen, J.; Knip, M.; Mäki, M.;
Hyöty, H.; et al. Lower economic status and inferior hygienic environment may protect against celiac disease. Ann. Med. 2008, 40,
223–231. [CrossRef]

11. Ravikumara, M.; Tuthill, D.P.; Jenkins, H.R. The changing clinical presentation of coeliac disease. Arch. Dis. Child. 2006, 91,
969–971. [CrossRef] [PubMed]

12. Garampazzi, A.; Rapa, A.; Mura, S.; Capelli, A.; Valori, A.; Boldorini, R.; Oderda, G. Clinical pattern of celiac disease is still
changing. J. Pediatr. Gastroenterol. Nutr. 2007, 45, 611–614. [CrossRef] [PubMed]

13. Whyte, L.A.; Jenkins, H.R. The epidemiology of coeliac disease in South Wales: A 28-year perspective. Arch. Dis. Child. 2013, 98,
405–407. [CrossRef]

14. Walker-Smith, J.A.G.S. Revised criteria for diagnosis of coeliac disease. Report of working group of European society of paediatric
gastroenterology and nutrition. Arch. Dis. Child. 1990, 65, 909–911. [CrossRef]

15. Van Kalleveen, M.W.; de Meij, T.; Plötz, F.B. Clinical spectrum of paediatric coeliac disease: A 10-year single-centre experience.
Eur. J. Pediatr. 2018, 177, 593–602. [CrossRef]

16. Roma, E.; Panayiotou, J.; Karantana, H.; Constantinidou, C.; Siakavellas, S.I.; Krini, M.; Syriopoulou, V.P.; Bamias, G. Changing
pattern in the clinical presentation of pediatric celiac disease: A 30-year study. Digestion 2009, 80, 185–191. [CrossRef] [PubMed]

17. Husby, S.; Koletzko, S.; Korponay-Szabó, I.; Kurppa, K.; Mearin, M.L.; Ribes-Koninckx, C.; Shamir, R.; Troncone, R.; Auricchio, R.;
Castillejo, G.; et al. European society paediatric gastroenterology, hepatology and nutrition guidelines for diagnosing coeliac
disease 2020. J. Pediatr. Gastroenterol. Nutr. 2020, 70, 141–156. [CrossRef]

18. Vanderhoof, J.A. Chronic diarrhea. Pediatr. Rev. 1998, 19, 418–422. [CrossRef]
19. Pedicelli, S.; Peschiaroli, E.; Violi, E.; Cianfarani, S. Controversies in the definition and treatment of idiopathic short stature (ISS).

J. Clin. Res. Pediatr. Endocrinol. 2009, 1, 105–115. [CrossRef]
20. Baker, R.D.; Greer, F.R.; Bhatia, J.J.S.; Abrams, S.A.; Daniels, S.R.; Schneider, M.B.; Silverstein, J.; Stettler, N.; Thomas, D.W.;

Grummer-Strawn, L.; et al. Clinical report—Diagnosis and prevention of iron deficiency and iron-deficiency anemia in infants
and young children (0–3 years of age). Pediatrics 2010, 126, 1040–1050. [CrossRef]

21. Plunkett, A.; Beattie, R.M. Recurrent abdominal pain in childhood. J. R. Soc. Med. 2005, 98, 101–106. [CrossRef] [PubMed]
22. Rubin, G.; Dale, A. Chronic constipation in children. Br. Med. J. 2006, 333, 1051–1055. [CrossRef]
23. Longstreth, G.F.; Thompson, W.G.; Chey, W.D.; Houghton, L.A.; Mearin, F.; Spiller, R.C. Functional bowel disorders. Gastroenterology

2006, 130, 1480–1491. [CrossRef]
24. Ivarsson, A.; Persson, L.Å.; Nyström, L.; Hernell, O. The Swedish coeliac disease epidemic with a prevailing twofold higher risk

in girls compared to boys may reflect gender specific risk factors. Eur. J. Epidemiol. 2003, 18, 677–684. [CrossRef] [PubMed]
25. Whitacre, C.C.; Reingold, S.C.; O’Looney, P.A.; Blankenhorn, E.; Brinley, F.; Collier, E.; Duquette, P.; Fox, H.; Giesser, B.;

Gilmore, W.; et al. Biomedicine: A gender gap in autoimmunity. Science 1999, 283, 1277–1278. [CrossRef]
26. Tapsas, D.; Hollén, E.; Stenhammar, L.; Fälth-Magnusson, K. The clinical presentation of coeliac disease in 1030 Swedish children:

Changing features over the past four decades. Dig. Liver Dis. 2016, 48, 16–22. [CrossRef] [PubMed]
27. Cilleruelo, M.L.; Roman-Riechmann, E.; Sanchez-Valverde, F.; Donat, E.; Manuel-Ramos, J.; Martín-Orte, E.; López, M.J.; García-

Novo, D.; García, S.; Pavón, P.; et al. Spanish national registry of celiac disease: Incidence and clinical presentation. J. Pediatr.
Gastroenterol. Nutr. 2014, 59, 522–526. [CrossRef]

28. Marasco, G.; Di Biase, A.R.; Schiumerini, R.; Eusebi, L.H.; Iughetti, L.; Ravaioli, F.; Scaioli, E.; Colecchia, A.; Festi, D. Gut
microbiota and celiac disease. Dig. Dis. Sci. 2016, 61, 1461–1472. [CrossRef]

29. Marasco, G.; Cirota, G.G.; Rossini, B.; Lungaro, L.; Di Biase, A.R.; Colecchia, A.; Volta, U.; De Giorgio, R.; Festi, D.; Caio, G.
Probiotics, prebiotics and other dietary supplements for gut microbiota modulation in celiac disease patients. Nutrients 2020,
12, 2674. [CrossRef] [PubMed]

30. Di Biase, A.R.; Marasco, G.; Ravaioli, F.; Dajti, E.; Colecchia, L.; Righi, B.; D’Amico, V.; Festi, D.; Iughetti, L.; Colecchia, A. Gut
microbiota signatures and clinical manifestations in celiac disease children at onset: A pilot study. J. Gastroenterol. Hepatol. 2021,
36, 446–454. [CrossRef]

31. Marasco, G.; Colecchia, A.; Festi, D. Dysbiosis in Celiac disease patients with persistent symptoms on gluten-free diet: A condition
similar to that present in irritable bowel syndrome patients? Am. J. Gastroenterol. 2015, 110, 598. [CrossRef] [PubMed]

32. Khatib, M.; Baker, R.D.; Ly, E.K.; Kozielski, R.; Baker, S.S. Presenting pattern of pediatric celiac disease. J. Pediatr. Gastroenterol.
Nutr. 2016, 62, 60–63. [CrossRef] [PubMed]

33. Almallouhi, E.; King, K.S.; Patel, B.; Wi, C.; Juhn, Y.J.; Murray, J.A.; Absah, I. Increasing incidence and altered presentation in a
population-based study of pediatric celiac disease in North America. J. Pediatr. Gastroenterol. Nutr. 2017, 65, 432–437. [CrossRef]
[PubMed]

34. Lurz, E.; Scheidegger, U.; Spalinger, J.; Schöni, M.; Schibli, S. Clinical presentation of celiac disease and the diagnostic accuracy of
serologic markers in children. Eur. J. Pediatr. 2009, 168, 839–845. [CrossRef]

http://doi.org/10.1111/j.1651-2227.1988.tb10668.x
http://doi.org/10.1542/peds.2012-1015
http://www.ncbi.nlm.nih.gov/pubmed/23420914
http://doi.org/10.1080/07853890701678689
http://doi.org/10.1136/adc.2006.094045
http://www.ncbi.nlm.nih.gov/pubmed/16887861
http://doi.org/10.1097/MPG.0b013e31814c3d79
http://www.ncbi.nlm.nih.gov/pubmed/18030243
http://doi.org/10.1136/archdischild-2012-303113
http://doi.org/10.1136/adc.65.8.909
http://doi.org/10.1007/s00431-018-3103-4
http://doi.org/10.1159/000227275
http://www.ncbi.nlm.nih.gov/pubmed/19776583
http://doi.org/10.1097/MPG.0000000000002497
http://doi.org/10.1542/pir.19-12-418
http://doi.org/10.4008/jcrpe.v1i3.53
http://doi.org/10.1542/peds.2010-2576
http://doi.org/10.1177/014107680509800304
http://www.ncbi.nlm.nih.gov/pubmed/15738551
http://doi.org/10.1136/bmj.39007.760174.47
http://doi.org/10.1053/j.gastro.2005.11.061
http://doi.org/10.1023/A:1024873630588
http://www.ncbi.nlm.nih.gov/pubmed/12952142
http://doi.org/10.1126/science.283.5406.1277
http://doi.org/10.1016/j.dld.2015.09.018
http://www.ncbi.nlm.nih.gov/pubmed/26520057
http://doi.org/10.1097/MPG.0000000000000446
http://doi.org/10.1007/s10620-015-4020-2
http://doi.org/10.3390/nu12092674
http://www.ncbi.nlm.nih.gov/pubmed/32887325
http://doi.org/10.1111/jgh.15183
http://doi.org/10.1038/ajg.2015.54
http://www.ncbi.nlm.nih.gov/pubmed/25853201
http://doi.org/10.1097/MPG.0000000000000887
http://www.ncbi.nlm.nih.gov/pubmed/26111294
http://doi.org/10.1097/MPG.0000000000001532
http://www.ncbi.nlm.nih.gov/pubmed/28151767
http://doi.org/10.1007/s00431-008-0845-4


Nutrients 2021, 13, 4131 12 of 12

35. Kivelä, L.; Kaukinen, K.; Lähdeaho, M.L.; Huhtala, H.; Ashorn, M.; Ruuska, T.; Hiltunen, P.; Visakorpi, J.; Mäki, M.; Kurppa, K.
Presentation of celiac disease in Finnish children is no longer changing: A 50-year perspective portions of this study were
presented orally at the 47th annual meeting of the European society for pediatric gastroenterology, hepatology and nutrition
(ESPGHAN), June 9–12, 2014, Jerusalem, Israel. J. Pediatr. 2015, 167, 1109–1115. [CrossRef]

36. Giersiepen, K.; Lelgemann, M.; Stuhldreher, N.; Ronfani, L.; Husby, S.; Koletzko, S.; Korponay-Szabó, I.R. Accuracy of diagnostic
antibody tests for coeliac disease in children: Summary of an evidence report. J. Pediatr. Gastroenterol. Nutr. 2012, 54, 229–241.
[CrossRef]
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