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Abstract

Background A celiac disease (CD) diagnosis is based on
duodenal histology, with the exception of children showing
anti-tissue transglutaminase (anti-tTG) serum levels
exceeding ten times the cut-off. Our aim was to reproduce
this simplified approach in adults, identifying an anti-tTG
threshold value useful to diagnose CD without endoscopic
procedures.

Methods A total of 671 adult CD patients were subjected
to blood sampling to determine anti-tTG serum levels, as
well as to endoscopy with biopsy to perform duodenal
histology. The anti-tTG serum levels/cut-off ratio was
compared with the degree of duodenal lesions.

Results  Anti-tTG serum levels/cut-off ratio determined in
patients with type Illc was significantly higher than that
measured in patients with type IIb (p < 0.001), Illa
(p <0.001), II (p <0.05) and O (p < 0.001) of Marsh—
Oberhuber histological classification. A significant corre-
lation (r = 0.297, p < 0.0001) was found between the anti-
tTG serum levels/cut-off ratio and the degree of duodenal
lesions. The anti-tTG serum levels/cut-off ratio was clas-
sified as an accurate parameter (AUC = 0.715,
p < 0.0001), with the best diagnostic performance obtained
considering the threshold value >3.6 (sensitiv-
ity = 76.8 %, PPV = 97.2 %).
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Conclusions The anti-tTG serum levels/cut-off ratio
correlates with the degree of duodenal lesions and, if used
with the threshold value >3.6, could avoid endoscopy with
biopsy in about 75 % of seropositive adults waiting for CD
diagnosis. However, since this procedure could also imply
CD diagnosis in almost 3 % of seropositive patients with
normal villous architecture, a consensus opinion is needed
to suggest its use in the diagnosis of adult CD.

Keywords Adult celiac disease - Anti-transglutaminase -
Diagnosis - Duodenal lesions - Threshold value

Abbreviations

95 % CI 95 % confidence interval

Anti-DGP  Anti-deamidated gliadin peptides

Anti-tTG Anti-tissue transglutaminase

AUC Area under curve

BSG British Society of Gastroenterology

CD Celiac disease

cv Coefficient of variation

ELISA Enzyme-linked immunosorbent assay

EMA Endomysium antibodies

ESPGHAN European Society of Pediatric
Gastroenterology, Hepatology and Nutrition

HE Hematoxylin and eosin

HLA Human leukocyte antigen

IECs Intestinal epithelial cells

1IELs Intraepithelial lymphocytes

ilFA Indirect immunofluorescence analysis

NPV Negative predictive value

PPV Positive predictive value

ROC Receiver operating characteristic

SSP-PCR Sequence-specific primer-polymerase chain
reaction

ULN Upper limit of normal
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Introduction

Celiac disease (CD) is a chronic, immune-mediated small
bowel disorder triggered by the ingestion of wheat gluten
(gliadins and glutenins) and related proteins of rye and
barley in human leukocyte antigen (HLA) DQ2- and/or
DQ8-positive individuals [1].

The gluten-induced duodenal mucosa alterations consist
of intraepithelial lymphocytosis, crypt hyperplasia and
villous atrophy that usually recover after gluten withdrawal
from the diet [2]. Moreover, CD patients develop anti-
bodies against tissue transglutaminase (anti-tTG) and
endomysium (EMA), suggesting an autoimmune mecha-
nism [3], as well as antibodies against deamidated gliadin
peptides (anti-DGP) [4, 5]. Despite that it was previously
thought that CD occurred mainly in white European chil-
dren, up to today, new highly sensitive immunological
assays have identified an increasing number of CD patients
of all ages in many different countries (approximately
0.5-1 % in Western European and North American popu-
lations) [2, 6].

The diagnostic criteria for CD proposed by the European
Society of Pediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) in 1990 were based on clinical case
identification, detection of specific circulating antibodies,
and consequent histological finding of duodenal mucosa
damage (type III according to Marsh—Oberhuber classifi-
cation) [7, 8]. On the basis of current knowledge and
diagnostic tools, the new ESPGHAN guidelines for CD
stress the crucial role that serological and genetic tests can
play in symptomatic and asymptomatic subjects. In detail,
children and adolescents with signs and symptoms sug-
gestive of CD can avoid duodenal biopsy for diagnostic
purposes if presenting anti-tTG serum levels ten times
above the upper limit of normal (10x ULN), supported by
EMA detection and HLA typing. Conversely, symptomatic
patients with positive anti-tTG antibody levels lower than
10x ULN should undergo upper endoscopy. IgA anti-tTG
and total IgA serum determination is recommended in
asymptomatic children and adolescents in case of HLA-
DQ2- and/or DQ8-positive results. If positive anti-tTG
antibody levels are lower than 3x ULN, patients should
undergo EMA confirmation and upper endoscopy. Con-
versely, if anti-tTG are positive with levels higher than 3 x
ULN, patients should undergo upper endoscopy [9].

Since the new ESPGHAN guidelines are focused on the
crucial role of serological tests in the pediatric population,
our aim was to reproduce this simplified diagnostic
approach in adults. For this purpose, we compared the anti-
tTG serum levels with the degree of duodenal lesions to
identify an anti-tTG threshold value useful to diagnose CD
in adults avoiding endoscopic procedures.
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Materials and methods
Patients

Six hundred seventy-one consecutive CD patients [149 male/
522 female (ratio 1:3.5), median age 34, range 18-65 years],
who were referred to our Gastroenterology Unit from Febru-
ary 2009 to October 2014, were evaluated in this retrospective
study. In agreement with the British Society of Gastroen-
terology (BSG) diagnostic guidelines [10], patients before CD
diagnosis were on a gluten-containing diet, were clinically
evaluated and subjected to blood collection in order to detect
serum antibodies and, in those showing discordant results, to
type HLA. All patients also underwent upper endoscopy with
biopsy sampling to perform duodenal histology.

All procedures followed in this study were made for
diagnostic purposes and, therefore, were in accordance with
the ethical standards of the institutional committee respon-
sible for human experimentation. Furthermore, informed
consent was obtained from each participant being studied.

Anti-tissue transglutaminase antibody
determination

IgA anti-tTG antibodies were measured in serum samples
diluted 1:101 by enzyme-linked immunosorbent assay
(ELISA) on microtiter-plate wells coated with recombinant
human tTG (QUANTA Lite R h-tTG IgA; INOVA Diag-
nostics, San Diego, CA; distributed by Instrumentation
Laboratory, Milan, Italy). Results, firstly quantified by an
ELISA plate reader at 450 nm (A4s0nm), Were compared with
a standard reference curve (1.23, 3.70, 11.1, 33.3, 100 U/ml)
and then expressed in U/ml. Samples with a concentration
exceeding the higher standard were further diluted, reana-
lyzed and their results were multiplied by the dilution factor.
According to the manufacturer’s instructions (negative
<4 U/ml; weak positive 4-10 U/ml; positive >10 U/ml),
the antibody level 4 U/ml was used as a cut-off to identify
anti-tTG-positive results. Data were finally expressed as
anti-tTG serum levels/cut-off ratio (absolute number).

To investigate the reproducibility of this ELISA test, we
calculated the intra- and inter-assay coefficient of variation
(CV). For the intra-assay variation, 20 reference samples
were tested four times in the same run; CV (range) was
0.7-3.2 %. For the inter-assay variation, the same 20 ref-
erence samples were tested one time in three different runs;
CV (range) was 1.8-7.9 %.

Endomysium antibody detection

IgA EMA were searched in serum samples diluted 1:5 by
indirect immunofluorescence analysis (ilFA) on cryostat
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sections of monkey esophagus (Eurospital, Trieste, Italy).
Results, expressed as “positive/negative”, were blindly
evaluated by two trained observers (agreement rate
99.6 %). EMA-positive results were identified by the typ-
ical honeycomb-like staining pattern along muscularis
mucosae that marks the collagenous matrix of type 3
connective tissue surrounding the smooth muscle fibers
(endomysium) of the primate esophagus.

DNA extraction and HLA typing

Genomic DNA was extracted from whole blood samples
using a salting-out procedure [11]. Patients showing anti-
tTG-positive but EMA-negative results were typed for
DQA1 and DQBI1 genes by sequence-specific primer-
polymerase chain reaction (SSP-PCR) using commercial
kits according to the manufacturer’s instructions (Dynal
Biotech, Bromborough, UK). Results were expressed as
HLA-DQ2-positive to indicate patients carrying both
DQA1*05 and DQB1%*02 alleles encoding a complete DQ2
molecule in a single or double dose; HLA-DQ8-positive for
patients carrying both DQA1*03 and DQB1*0302 alleles
encoding a complete DQ8 molecule in a single or double
dose; HLA-DQ2/DQ8-positive to indicate patients carrying
DQA1*05 and DQB1*02 alleles in heterozygosis with
DQA1*03 and DQB1*0302 alleles overall encoding com-
plete DQ2 and DQ8 molecules; HLA-DQ2/DQ8-negative
for patients who do not carry the alleles mentioned above.

Upper endoscopy with biopsy sampling

All patients underwent upper endoscopy after fasting for at
least 8 h. In most cases, conscious sedation was obtained
using pharyngeal anesthesia with lidocaine spray 1 % and
midazolam 2 mg i.v. In a few cases, deep sedation using
propofol had to be carried out. At least four biopsy speci-
mens were obtained, including a duodenal bulb biopsy
from each patient using a standard 5-mm biopsy forceps,
correctly oriented on acetate cellulose filters (Bio-Optica,
Milan, Italy), embedded in 10 % formaldehyde, and sub-
jected to histological analysis.

Histological analysis

Duodenal biopsy samples were fixed overnight in 4 %
formalin. After orientation, inclusion in paraffin and cut-
ting, morphologic analysis was performed by hematoxylin
and eosin (HE) staining technique. To better evaluate the
small intestine mucosal architecture, villous height/crypt
depth ratio was measured and values <3:1 were considered
indicative of morphologic alteration. The number of
intraepithelial lymphocytes (IELs) per 100 intestinal
epithelial cells (IECs) was evaluated by the

immunohistochemical staining for CD3 lymphocyte sur-
face marker. The upper limit of the reference interval was
25 IELs/100 IECs. The histological pattern was blindly
evaluated by a trained pathologist according to Marsh—
Oberhuber classification: type 0 indicates a normal histol-
ogy; type I (infiltrative) is characterized by an increased
number of IELs; type II (hyperplastic) also indicates crypt
hyperplasia; type III (destructive) is also characterized by a
partial (ITTa), subtotal (IIlb) or total (Illc) villous atrophy;
type IV is represented by villous atrophy alone [8].

Statistical analysis

Data achieved in this study were firstly analyzed by the
D’ Agostino—Pearson omnibus test to verify the normal
distribution hypothesis within each statistical sample.
Given that some resulting p values were significant
(p < 0.05), it is reasonable to assume that not all data
obtained from every group of patients fall into Gaussian
distributions and therefore, were synthesized as median
value and quartile cut-points (first and third quartile) or
range (maximum and minimum value). For the same rea-
son, data were processed by means of non-parametric tests.

Comparisons among the anti-tTG serum levels/cut-off
ratio obtained from patients grouped according to the
degree of duodenal lesions were performed by using the
Kruskal-Wallis test where, for overall p values <0.05, the
Dunn multiple comparison was used as post test. The
relationship between the anti-tTG serum levels/cut-off ratio
and the degree of duodenal lesions obtained from all
patients in the study was assessed by the Spearman rank
correlation. The analysis of receiver operating character-
istic (ROC) curve was carried out to determine the optimal
threshold value of the anti-tTG serum levels/cut-off ratio,
as well as to evaluate its diagnostic performance through
the assessment of both area under curve (AUC) and You-
den index calculated as (sensitivity + specificity) — 1. In
detail, the optimal threshold value was identified as the
point of the ROC curve where the Youden index assumes
the highest possible value, while the anti-tTG serum
levels/cut-off ratio was classified as not informative if
AUC = 0.50, inaccurate for 0.51 < AUC < 0.70, moder-
ately accurate for 0.71 < AUC < 0.90, highly accurate for
0.91 < AUC < 0.99, perfect if AUC = 1.00. Sensitivity,
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), diagnostic accuracy, and their 95 %
confidence interval (95 % CI) were also calculated.

In all tests applied, the p values <0.05 were considered
significant. The statistical evaluations were performed by
using the GraphPad Prism package version 5.2 (GraphPad
Software Inc., San Diego, CA, USA) for the D’ Agostino—
Pearson omnibus test, Kruskal-Wallis test, Dunn multiple
comparison and Spearman rank correlation, as well as the
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MedCalc Software version 14.8.1 (MedCalc Software
bvba, Ostend, Belgium) for the ROC curve analysis.

Results

Four hundred seventy-eight out of 671 (71.2 %) CD
patients enrolled in the study mainly complained intestinal
symptoms including abdominal pain, swelling, diarrhea,
and dyspepsia (typical presentation). The remaining 193
(28.8 %) patients presented systemic manifestations, such
as iron deficiency anemia, weight loss, osteopenia/osteo-
porosis, and dental enamel hypoplasia (atypical
presentation).

All 671 (100 %) CD patients presented IgA anti-tTG
serum levels over the cut-off, while only 635 of them
(94.6 %) showed IgA EMA-positive results. Of the 36
(5.4 %) patients showing anti-tTG-positive but EMA-neg-
ative results, 33 (91.7 %) tested positive for HLA-DQ?2, 2
(5.5 %) for HLA-DQS and one (2.8 %) for HLA-DQ2/
DQS8.

Six hundred thirty-three out of 671 (94.3 %) CD patients
showed intestinal villous atrophy (98 patients type Illa, 199
type IIb, 333 type Illc, and three type IV according to
Marsh—Oberhuber classification). The remaining 38
(5.7 %) patients presented normal villous architecture and,
accordingly, were classified as having potential CD (12
patients type 0) or mild enteropathy CD (11 patients type I
and 15 type II). Of the 36 symptomatic patients showing
anti-tTG and HLA-positive but EMA-negative results, 30
(83.3 %) presented intestinal villous atrophy (nine patients
type Illa, 14 type IIIb and seven type Illc) and only six
(16.7 %) had normal villous architecture (four patients type
0 and two type I).

All demographic, clinical, serological, and histological
data obtained from CD patients in study are summarized in
Table 1.

Moreover, the anti-tTG serum levels were compared
with the degree of duodenal lesions. As result, the anti-tTG
serum levels/cut-off ratio determined in patients with type
IIlc was significantly higher than that measured in patients
with type IIIb (p < 0.001), IIIa (p < 0.001), II (p < 0.05),
and 0 (p <0.001) (Fig. 1). A significant correlation
(r =0.297, p < 0.0001) was found between the anti-tTG
serum levels/cut-off ratio and the degree of duodenal
lesions obtained from all patients studied (Fig. 2).

According to the ROC curve analysis (Fig. 3), the anti-
tTG serum levels/cut-off ratio was classified as a moder-
ately accurate parameter to identify CD patients with
intestinal villous atrophy (AUC = 0.715, p < 0.0001),
with the best diagnostic performance achieved by consid-
ering the threshold value >3.6 as optimal (sensitiv-
ity = 76.8 %, specificity = 63.2 %, Youden
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Table 1 Demographic, clinical, serological, and histological data of
CD patients enrolled in the study

Gender [male/female (ratio)] 149/522 (1:3.5)

Age [median years (range)] 34 (18-65)
Clinical presentation [no./total no. of pts (%)]
478/671 (71.2 %)

193/671 (28.8 %)

Typical®
Atypical®
Serology [no./total no. of pts (%)]

IgA anti-tTG+ 671/671 (100 %)

IgA EMA+ 635/671 (94.6 %)
HLA typing [no./total no. of pts (%)]°

HLA-DQ2+ 33/36 (91.7 %)

HLA-DQ8-+ 2/36 (5.5 %)

HLA-DQ2 +/DQ8+
Duodenal histology [no./total no. of pts (%)1¢

1/36 (2.8 %)

Type 0 12/671 (1.8 %)
Type I 11/671 (1.7 %)
Type I 15/671 (2.2 %)
Type Illa 98/671 (14.6 %)
Type IIIb 199/671 (29.7 %)
Type Illc 333/671 (49.6 %)
Type IV 3/671 (0.4 %)

Anti-tTG anti-tissue transglutaminase, CD celiac disease, EMA
endomysium antibodies, HLA human leukocyte antigen, IgA
immunoglobulin A, pts patients

* CD patients with predominant intestinal symptoms

" CD patients with systemic manifestations in the absence of
intestinal symptoms

¢ Performed in patients showing anti-tTG-positive but EMA-negative
results

9 Marsh—-Oberhuber classification with types 0, I and II indicating
normal villous architecture; types Illa, IIIb, Illc and IV representing
intestinal villous atrophy

index = 0.399, PPV = 97.2 %, NPV = 14.0 %, diagnos-
tic accuracy = 76.0 %). These data are summarized in
Table 2, in comparison with the diagnostic performance
obtained using the threshold value >10 as the ESPGHAN
guidelines indicate for pediatric population.

Considering the threshold value >3.6, the anti-tTG
serum levels/cut-off ratio was positive in 500 out of 671
(74.5 %) CD patients. Four hundred eighty-six out of these
500 (97.2 %) patients showed intestinal villous atrophy,
whereas the remaining 14 (2.8 %) had normal villous
architecture. On the other hand, using the threshold value
>10, the anti-tTG serum levels/cut-off ratio was positive in
only 216 out of 671 (32.2 %) CD patients, of whom 212
(98.1 %) showed intestinal villous atrophy and the
remaining four (1.9 %) had normal villous architecture
(Fig. 4).
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Fig. 1 Anti-tTG serum
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patients grouped according to
the degree of duodenal lesions.
Data are reported as median
value and quartile cut-points
(first and third quartile). The
degree of duodenal lesions is
expressed according to Marsh—
Oberhuber classification with
types 0, I, and /I indicating
normal villous architecture;
types Illa, IlIb, Illc, and 1V
representing intestinal villous
atrophy. The p values refer to
Dunn multiple comparison
applied as Kruskal-Wallis post-
test between each groups’ pair.
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Fig. 2 Correlation between the anti-tTG serum levels/cut-off ratio
and the degree of duodenal lesions obtained from all CD patients. The
degree of duodenal lesions is expressed according to Marsh—
Oberhuber classification with types 0, I, and II indicating normal
villous architecture; types Illa, Illb, Illc, and IV representing
intestinal villous atrophy. The r and p values refer to Spearman rank
correlation applied between the parameters above mentioned. The
best-fit line (solid line) and its 95 % confidence bands (dashed lines)
are plotted in the graph. Anti-tTG anti-tissue transglutaminase, CD
celiac disease

Degree of duodenal lesions
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Fig. 3 ROC curve analysis of anti-tTG serum levels/cut-off ratio
determined in all CD patients. The solid line corresponds to the ROC
curve with the optimal threshold value marked by an empty circle,
while the dashed line refers to the worst achievable curve
(AUC = 0.50). The optimal threshold value, sensitivity, specificity,
Youden index, AUC and relative p value are reported in the graph.
Anti-tTG anti-tissue transglutaminase, AUC, area under curve, CD
celiac disease, J Youden index, ROC receiver operating characteristic
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Table 2 Diagnostic
performance of anti-tTG serum
levels/cut-off ratio obtained

Diagnostic performance

Anti-tTG serum levels/cut-off ratio

Threshold value >3.6 Threshold value >10

using different threshold values
Sensitivity % (95 % CI)

Specificity % (95 % CI)
Youden index

PPV % (95 % CI)

NPV % (95 % CI)

Diagnostic accuracy % (95 % CI)

76.8 (73.3-80.0)
63.2 (46.0-78.2)

33.5 (29.8-37.3)
89.5 (75.2-97.1)

0.399 0.230
97.2 (95.4-98.5) 98.1 (95.3-99.5)
14.0 (9.2-20.2) 7.5 (5.2-10.3)

76.0 (72.6-79.1) 36.7 (33.1-40.4)

The threshold value >3.6 was identified by the ROC curve analysis, while the threshold value >10 is
currently used in the pediatric population

95 % CI 95 % confidence interval, anti-tTG anti-tissue transglutaminase, NPV negative predictive value,
PPV positive predictive value, ROC receiver operating characteristic

Fig. 4 Overall results of anti-

Threshold value >3.6

tTG serum levels/cut-off ratio
obtained using different
threshold values. Data are
reported as absolute and relative
frequency of patients showing
positive or negative results for
anti-tTG serum levels/cut-off
ratio and, within these, as
relative frequency of cases
presenting positive or negative
histology. The threshold value
>3.6 was identified by the ROC
curve analysis, while the
threshold value >10 is currently
used in the pediatric population.
Anti-tTG anti-tissue
transglutaminase, ROC receiver
operating characteristic
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Discussion

Unlike in the past, CD is universally recognized as a
common condition that involves not only children, but
patients at any age presenting both intestinal and extra-
intestinal manifestations [6]. According to ESPGHAN
guidelines established in 1970 [12], a correct diagnosis of
CD required a first duodenal biopsy showing villous atro-
phy, a second biopsy with histological recovery after glu-
ten-free diet, and a third biopsy showing the histological
relapse after gluten challenge. These criteria have been
modified over time, until serial biopsies and gluten chal-
lenge have been excluded by new guidelines established in
1990. CD diagnosis was indeed based on a combination of
clinical findings, serum-positive results, and histological
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2.8%

Threshold value >10

7.5%

1.9% 92.5%

455/671 (67.8%)

14.0%

98.1%

2161671 (32.2%)

1711671 (25.5%)

Negative Positive Negative

Anti-tTG serum levels/cut-off ratio

B Positive histology O Negative histology

demonstration of intestinal villous atrophy [7]. However,
the latest advances in the field of serology have further
revolutionized the diagnosis and monitoring of CD. An
international, multicenter pediatric study showed that high
anti-tTG serum levels are indicative of severe intestinal
lesions [13]. Even Diamanti and colleagues found a strong
correspondence between anti-tTG serum levels and the
extent of mucosal injury. In particular, anti-tTG values
>5x ULN seemed to be highly predictive of villous
atrophy [14]. A retrospective study showed that pediatric
patients with both symptoms suggestive of CD and very
high anti-tTG serum titers could be considered affected by
CD, even in the absence of a small-bowel biopsy. In detail,
anti-tTG values >5x ULN had a sensitivity and a speci-
ficity of 98 and 97.2 %, respectively [15]. Two other
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studies confirmed that strongly positive anti-tTG serum
levels might be sufficient for CD diagnosis in children,
with anti-tTG values >3x ULN or >10x ULN as highly
predictive of villous atrophy, respectively [16, 17]. On the
basis of a systematic literature review, in 2012, 17 ESP-
GHAN experts produced new guidelines reflecting the
rising role and relevance of serum antibodies, able to
provide CD diagnosis without the need of duodenal biopsy.
Therefore, children and adolescents with signs and symp-
toms suggestive of CD and anti-tTG serum levels >10x
ULN, confirmed by EMA detection and HLA typing, can
get CD diagnosis [9].

Recently, 21 BSG experts recently developed diagnostic
guidelines for adult CD in which duodenal biopsy remains
essential and cannot be replaced by serology. Patients with
coagulopathies and pregnant women are exceptions in
whom duodenal biopsy may not be feasible or should be
postponed until postpartum [10]. However, these guideli-
nes are not universally accepted [18] and recent studies
showed that an appropriate cut-off for anti-tTG antibodies
can allow CD diagnosis in a high proportion of adults with
a PPV of 100 % [19] and that, a combination of serological
tests can avoid duodenal biopsy in 78 % of cases [20].
Although these studies report excellent predictive values
for CD, a standardized anti-tTG threshold value to avoid
duodenal biopsy is still lacking.

On the basis of these considerations, our aim was to
compare the anti-tTG serum levels with the degree of
duodenal lesions to identify an anti-tTG threshold value
able to diagnose CD in adults avoiding endoscopic proce-
dures. For this purpose, we evaluated 671 seropositive CD
patients with intestinal symptoms and/or systemic mani-
festations, who completed the current diagnostic protocol.
The patients’ stratification according to histological clas-
sification of Marsh—Oberhuber was fairly homogeneous
among types 0, I, and II, growing from type Illa to IIlc, and
poor for type IV which is probably associated with
refractory CD that can evolve in enteropathy-associated T
cell lymphoma [21]. In patients with type Illc, the anti-tTG
serum levels/cut-off ratio was significantly higher than in
patients with type IlIb, Illa, II, and 0. The absence of other
significant differences is attributable to the variability
among anti-tTG serum levels found by the omnibus test of
D’ Agostino—Pearson (p < 0.05), as well as to the small
number of patients especially belonging to types 0, I, II,
and IV. A growing trend of the anti-tTG serum levels/cut-
off ratio was however evident in patients with duodenal
lesions from type O to IV. Consistently, the anti-tTG serum
levels/cut-off ratio was significantly correlated with the
degree of duodenal lesions, although with a modest cor-
relation index (r = 0.297). Also, this finding is likely due
to the variability found among anti-tTG serum levels. Our
data thus confirm previous studies showing that anti-tTG

serum levels themselves correlate with the degree of duo-
denal lesions [22, 23].

The ROC curve analysis allowed to classify the anti-tTG
serum levels/cut-off ratio as an accurate parameter in
predicting the intestinal villous atrophy in adult CD
patients (AUC = 0.715, p < 0.0001), with the best diag-
nostic performance achieved by considering the threshold
value >3.6 as optimal, mainly in terms of sensitivity
(76.8 %) and PPV (97.2 %). Using the threshold value >10
as proposed for the pediatric population [9], the sensitivity
decreased to 33.5 % and the PPV remained almost
unchanged (98.1 %), confirming data recently obtained by
Sugai and co-workers [24]. This finding is probably due to
the higher variability and the lower levels of serum anti-
tTG in adults than in children [13, 16], suggesting that two
different anti-tTG threshold values should be chosen for
adult and pediatric populations.

In this scenario, our data suggest a possible simplifica-
tion in the diagnostic protocol of CD according to the flow
chart reported in Fig. 5. Briefly, all adult patients suspected
for CD should be screened by means of serum IgA anti-
tTG antibody determination. Patients showing anti-tTG
negative results should be excluded from the diagnostic
protocol or be screened for selective IgA deficiency in case
of strong clinical suspicion [25, 26].

Those patients presenting anti-tTG-positive results with
levels >3.6x ULN should be subjected to serum IgA EMA
detection as confirmation. In these circumstances, if EMA
test shows positive results, CD can be diagnosed without
duodenal biopsy, so invasive, expensive, and unpleasant
endoscopic procedures can be avoided [18]. In case of
EMA-negative results, HLA typing is mandatory. Patients
showing HLA-negative results in these conditions should
undergo differential diagnosis with illnesses known to be
associated to anti-tTG false-positive results, such as
arthritic diseases [27], inflammatory bowel disease [28],
and cardiovascular disorders [29]. Conversely, if HLA test
is positive, upper endoscopy with duodenal biopsy should
be performed.

Those patients showing anti-tTG-positive results with
levels <3.6x ULN should follow the same above-men-
tioned protocol, except in the case of EMA-positive results
in which endoscopic procedures and histological exami-
nation have to be performed. Moreover, the organ culture
system may support histology in CD diagnosis in case of
patchy atrophy, mild enteropathy, or normal histological
finding as observed in potential CD [30-33].

The major limitation of our study concerns the absence
of asymptomatic patients from serological screening or at-
risk groups (e.g., first-degree relatives). Further studies
also evaluating these patients are needed because the
ESPGHAN diagnostic guidelines describe different algo-
rithms for symptomatic and symptomless individuals [9].
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Fig. 5 Flow chart suggesting
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Moreover, the anti-tTG serum levels were measured using
only a commercial kit. Since it has previously been shown
that the different anti-tTG commercial kits have a high
variability rate [9], further studies evaluating this aspect
would be welcome.

In conclusion, our data show that the anti-tTG serum
levels/cut-off ratio correlates significantly with the degree
of duodenal lesions and accordingly, the anti-tTG
threshold value >3.6x ULN could avoid the upper
endoscopy with biopsy sampling in 74.5 % of seroposi-
tive adults waiting for a diagnosis of CD. According to
this procedure, 2.8 % of them could be, however, diag-
nosed as CD although presenting normal villous archi-
tecture. Our data also show that the anti-tTG threshold
value >10x ULN, currently used in the pediatric popu-
lation, could avoid endoscopic procedures in only 32.2 %
of seropositive adults, with a slightly lower risk of diag-
nosing CD in patients with negative histology (1.9 %).
This finding confirms that two different anti-tTG thresh-
old values should be chosen for adult and pediatric pop-
ulations. However, further investigations are needed to
confirm our data and obtain a consensus opinion before
suggesting this procedure in the diagnostic work-up of
adult CD.
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