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SUMMARY
Background: This study aimed to assess the declared benefits of the new test using antibodies against tissue transglutaminase in complex with gliadin representing a neo-epitope in the IgA and IgG class of immunoglobulins compared with currently used tissue transglutaminase antibodies in the IgA class of immunoglobulins among children.
Methods: In the cross-sectional study (P1 study, n = 406) and two small-size prospective observational studies (P2
study, n = 59 and P3 study, n = 12), serum samples from all children were simultaneously tested for endomysial
antibodies, IgA tissue transglutaminase antibodies, and antibodies against tissue transglutaminase in complex
with gliadin in the IgA and IgG class of immunoglobulins. The exact McNemar test, Wilcoxon test, and Spearman’s correlation coefficient were used to analyze the data.
Results: We found a significant asymmetry of the tissue transglutaminase antibodies test compared with the antibodies against tissue transglutaminase neo-epitope test (P1). More patients (1.5%) had tissue transglutaminase antibodies positive and antibodies against tissue transglutaminase neo-epitope negative results, whereas no patients
had tissue transglutaminase antibodies negative and antibodies against tissue transglutaminase neo-epitope positive results. Of 59 children with tissue transglutaminase antibodies and/or endomysial antibodies positive results
(P2), one (1.7%) did not have celiac disease. In agreement with the P1 study, four patients (6.8%) with confirmed
celiac disease were tissue transglutaminase antibodies positive and antibodies against tissue transglutaminase neoepitope negative. In this group, the sensitivity of the antibodies against tissue transglutaminase neo-epitope test for
diagnosis of celiac disease was 91.4% (95% confidence interval, 81.0 - 97.1%). Among children diagnosed with
functional gastrointestinal disorder (P3), all had negative serological test results, and none was diagnosed with celiac disease.
Conclusions: The results do not indicate that antibodies against tissue transglutaminase neo-epitope test would be
an unambiguously better test than the currently used tissue transglutaminase antibodies.
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n = 59) indicated for endoscopic entero-biopsy based on
positivity of anti-TG-IgA and/or EMA. These patients
were referred by pediatricians for examination on various symptoms or screening in allergy clinics and in
families with CD in 2015 and 2016 (Table 2). None of
the children adhered to a gluten-free diet before the examination. These children were tested for anti-TG-neoIgA + IgG at the time of biopsy. Subjects with IgA deficiency were excluded from the study.
The third study was also designed as a prospective observational pilot study (P3) that involved children (age,
7 - 17 years; n = 12) who underwent gastroscopy in
2015 and 2016 at the Department of Pediatrics due to
symptoms suggestive of functional gastrointestinal disorders without suspicion of CD. Gastroscopy and serological testing (EMA, anti-TG-IgA and anti-TG-neo-IgA
+ IgG) were performed in all patients.

INTRODUCTION
Celiac disease (CD) is currently defined as a systemic
autoimmune disease caused by prolamins and occurring
in genetically susceptible individuals who are carriers of
HLA-DQ2 or HLA-DQ8. The disease is characterized
by various combinations of clinical manifestations that
are dependent on gluten prolamins, including gastrointestinal and extraintestinal symptoms, elevated levels of
CD-specific autoantibodies, and enteropathy in the
small intestine [1]. Currently, antibodies against recombinant human tissue transglutaminase type 2 in IgA
class (anti-TG-IgA) are considered more versatile and
specific for CD diagnosis compared with histological
changes of the mucosa of the small intestine [2]. High
levels of antibodies specific for CD in children have
been shown to have excellent predictive value for the
presence of small intestine villi atrophy, which make
the diagnosis of CD possible in a clearly defined group
of pediatric patients without biopsy. Evidence suggests
that this is realistic, and approximately one third of patients do not need a biopsy [3,4]. Anti-TG-IgA has a
very high sensitivity and specificity for CD [5] and has
therefore become a fundamental serological screening
test for the condition. Recently, reports have been published regarding a new serological test, wherein tissue
transglutaminase in complex with gliadin represents a
neo-epitope resulting from the enzyme-substrate interaction. Antibodies against this neo-epitope, called antiTG-neo, were studied in adults and children separately
in IgA and IgG classes and simultaneously in both immunoglobulin classes [6-11]. In 95 children with CD,
the new antibodies against tissue transglutaminase neoepitope in the IgA and IgG class of immunoglobulins
(anti-TG-neo-IgA + IgG) serological test was declared
to have greater sensitivity (97%) and similar specificity
(99%) for CD compared with those of previously used
anti-TG-IgA antibodies [12]. This study aimed to compare both tests and assess the declared benefits of antiTG-neo-IgA + IgG antibodies for CD diagnosis in children compared with the currently used anti-TG-IgA test.

Laboratory methods
Antibodies
The serum samples were tested for anti-TG-IgA using
an IgA-tTG ELISA Kit (Biosystems S.A., Barcelona,
Spain) and for anti-TG-neo by AESKULISA CeliCheck
New Generation IgA + IgG (AESKU Diagnostics,
Wendelsheim, Germany). The cutoff value was set at 12
arbitrary units/mL by IgA-tTG ELISA Kit and 24 U/mL
by CeliCheck, in accordance with the manufacturer’s
instructions. The samples were further tested for the
presence of IgA-endomysial antibodies (EMA) by using
indirect immunofluorescence on monkey distal esophagus cryostat sections. The serum was diluted to 1:20
(Biosystems S.A., Barcelona, Spain).
Evaluation of “boundary finding” indicates faint but noticeable fluorescence, and “weakly positive” assessment
indicates distinct but weak fluorescence.
Biopsy
The samples of the mucosa of the small intestine were
obtained by using an endoscopic procedure. Based on
the ESPGHAN recommendation, biopsy specimens
should be obtained from the second/third portion of the
duodenum (four samples), and at least one biopsy specimen should be obtained from the duodenal bulb [1].
Histological findings were evaluated based on the
Marsh classification [13].

MATERIALS AND METHODS
Study design
The first study was designed as a cross-sectional study
(P1). The study involved all children (age, 1 - 18 years)
who were screened with anti-TG and EMA as part of a
wider differential diagnosis in 2017 and 2018 (n = 406;
Table 1). At the same time, all children were simultaneously tested with anti-TG-neo-IgA + IgG. Consecutive blood samples were sent to the central immunology
laboratory (in University Hospital Motol) by the physicians of various pediatric disciplines and evaluated
anonymously. Subjects with IgA deficiency were excluded from the analysis (IgA values < 0.2 g/L). The
second study was a prospective observational study
(P2). The study consisted of children (age, 2 - 17 years;

Statistical analysis
The asymmetry of the screening tests for CD was analyzed using the exact McNemar test. The difference and
correlation between continuous variables were evaluated using the Wilcoxon rank-sum test and Spearman’s
correlation coefficient, respectively. We considered p <
0.05 as statistically significant. All data were analyzed
using R statistical software version 3.5.1 [14].
Ethical consideration
The ethics committee of University Hospital in Prague
Motol approved the study, with reference number EK272/16. Informed consent was obtained from a parent or

2

Clin. Lab. 1+2/2020

Transglutaminase Neoepitope in Celiac Disease

had negative serological test results (anti-TG-neo-IgA +
IgG and anti-TG-IgA), and none was diagnosed with
CD (all had Marsh 0, except for one that had Marsh 1).
The final diagnosis in all included children was functional gastrointestinal disorder.

legal guardian for all study participants before endoscopic procedures and laboratory analysis.
RESULTS
P1 study
Out of 406 children examined, 206 (50.7%) were boys.
There were no significant differences in age (p = 0.989),
serum levels of anti-TG-IgA (p = 0.765), and anti-TGneo-IgA + IgG (p = 0.548) between boys and girls (Table 1). The correlations between age and anti-TG-IgA (r
= 0.015, p = 0.761) and age and anti-TG-neo-IgA + IgG
(r = 0.009, p = 0.852) were insignificant.
Figure 1 shows the association between the tests for
CD. Although the results of the anti-TG- IgA and antiTG-neo-IgA + IgG tests were the same at 98.5%, the results were significantly asymmetric in the remaining
1.5% (p = 0.031). No patient was anti-TG-IgA negative
and anti-TG-neo positive. Six anti-TG-IgA positive patients were anti-TG-neo-IgA + IgG negative.
The asymmetry of the assay was even greater when the
EMA results were compared with the results of antiTG-neo-IgA + IgG (p < 0.001). Some children (5.4%)
had anti-TG-neo-IgA + IgG negative and EMA positive
results; however, none had anti-TG-neo-IgA + IgG positive and EMA negative results.

DISCUSSION
Antibodies specific for CD, i.e., EMA and anti-TG-IgA,
are used for screening and diagnosis. Based on previously published data EMA with a sensitivity of 93.0%
(95% CI, 92.1 - 93.8) and specificity of 99.7% (95% CI,
99.5 - 99.8) has a very high predictive value for CD [16,
17], and its measurement is therefore used as the reference standard for the detection of antibodies specific for
CD. EMA also has a very low rate of false positivity.
Anti-TG-IgA specific antibodies can be measured only
in relative units, so numerical values are kit specific and
show considerable variations. However, most tests can
distinguish slightly (4 times ULN), moderately (6 times
ULN), and highly (10 times ULN) positive anti-TG levels (1).
Measurement of anti-TG-IgA is nevertheless currently
considered the best CD screening test for widespread
use, and its positive predictive value can be increased
by simultaneous EMA positivity [21]. To apply the new
ESPGHAN guidelines [1], clinicians must understand
the performance of their celiac serology tests [22].
We considered that a neo-epitope resulting from TG in
complex with gliadin could lead to improvements in the
specificity and sensitivity of the test and reduce false
positive results. This led us to assess the detection of
antibodies against the TG-neo-epitope simultaneously
in both IgA and IgG immunoglobulin classes. Experience with the evaluation of anti-TG-neo antibodies has
been published in several studies. For example, in the
study by Rozenberg [8] in a cohort of 112 children, anti-TG-neo-IgA + IgG had 98% sensitivity and 80%
specificity for CD testing at the cutoff level recommended by the manufacturer.
In another study, anti-TG-neo-IgA and anti-TG-neo-IgG
were evaluated separately in a group of 10 children and
31 adult patients with CD [11]. In the still commonly
used anti-TG-IgA assay, the sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) for CD were 100%, 98.82%, 95.35%, and
100%, respectively. When anti-neo-TG-IgA was tested
with a cutoff level of > 20 U/mL, the sensitivity, specificity, PPV, and NPV were 100%, 97.04%, 89.13%, and
100%, respectively. These values were the same or lower than those of the original anti-TG-IgA assay.
The sensitivity and specificity of anti-TG-IgA, anti-TGneo-IgA, anti-TG-neo-IgG, and anti-TG-neo-IgA + IgG
were compared in 95 children with CD and in the control groups of children with abdominal pain and healthy
children [12]. The results are surprising for very low anti-TG-IgA sensitivity of 55.6%, at a specificity of
100%. The reason for such low sensitivity of the test

P2 study
Table 2 shows the characteristics of the children suspected with CD and with positive anti-TG-IgA and/or
EMA test results. Similar to the P1 study, no significant
differences were found in age (p = 0.271) and serum
levels of anti-TG-IgA (p = 0.263) and anti-TG-neo-IgA
+ IgG (p = 0.601) between boys and girls. The correlation between age and anti-TG-neo-IgA + IgG was insignificant (r = -0.168, p = 0.203). However, a significant
negative correlation was found between age and antiTG-IgA (r = -0.355, p = 0.008).
Figure 2 shows the results of tests for CD in children
who underwent entero-biopsy. Of 59 children suspected
with CD selected based on the anti-TG-IgA and/or
EMA positivity, one (1.7%) did not have CD (Marsh 0).
This patient was EMA negative, anti-TG-IgA positive,
and anti-TG-neo-IgA + IgG negative. One patient
(1.7%) was anti-TG-IgA negative, anti-TG-neo-IgA +
IgG negative, and EMA positive, and histological finding corresponded to the Marsh 3a classification. Four
(6.8%) patients with confirmed CD were anti-TG-IgA
positive and anti-TG-neo-IgA + IgG negative.
The results of the anti-TG-neo-IgA + IgG and anti-TGIgA tests were the same at 91.5%. The sensitivity of anti-TG-neo-IgA + IgG for the diagnosis of CD in this selected group of patients was 91.4% (95% confidence interval [CI], 81.0 - 97.1).
P3 study
The characteristics of 12 children without suspicion of
CD are presented in Table 3. Among these patients, all
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Table 1. Characteristics of patients in the cross-sectional study (P1 study) 1.
Variable
Age (years)
Anti-TG-IgA (units/mL)

2

Anti-TG-neo IgA + IgG (U/mL)

n

Mean

SD

Median

Minimum

Maximum

406

10.7

4.5

11.0

1.0

18.0

397

5.4

11.9

2.4

1.3

90.6

406

29.3

154.6

5.28

3.6

1,685.0

1

Children screened for CD in the departments of endocrinology, pneumology, gastroenterology, immunology, hematology, neurology,
rheumatology and general pediatrics.
In 9 of 406 children, the anti-TG-IgA values were unknown but were > 100.

2

Table 2. Characteristics of patients in the prospective observation study (P2 study) 1.
Variable
Age (years)
Anti-TG-IgA (units/mL)

2

Anti-TG-neo IgA + IgG (U/mL)

n

Mean

SD

Median

Minimum

Maximum

59

8.7

3.7

8.0

2.0

17.0

55

351.4

434.4

208.0

11.5

2,487.0

59

1,320.6

1,280.0

884.0

4.0

3,412.0

1
Exhibiting symptoms: allergic diseases (39.0%), CD family screening (13.6%), abdominal pain (10.2%), growth failure (11.9%), anemia
(5.1%), weight loss (3.4%), anorexia (3.4%), type 1 DM (3.4%), diarrhea/bloating (3.4%), fatigue (1.7%), other: delayed puberty, cystic
fibrosis, elevated liver function tests (5.1%).
2
In 4 of 59 children, the anti-TG-IgA values were unknown but were >100.

Table 3. Characteristics of patients in the prospective observation study (P3 study) 1.

1

Variable

n

Mean

SD

Median

Minimum

Maximum

Age (years)

12

13.4

3.2

14.5

7.0

17.0

Anti-TG-IgA (units/mL)

12

3.4

2.2

2.7

2.2

10.3

Anti-TG-neo IgA + IgG (U/mL)

12

4.1

1.9

3.5

3.1

10.0

Children exhibiting symptoms of functional gastrointestinal disorders.

IgA + IgG was positive, we also found anti-TG-IgA
positivity. On the contrary, there were situations when
only anti-TG-IgA was positive. Anti-TG-neo-IgA + IgG
positivity was less common: anti-TG-IgA was positive
overall at 8.4% and anti-TG-neo-IgA + IgG at 6.9%.
The asymmetry of the assay was even greater when the
EMA results were compared with the results of antiTG-neo-IgA + IgG. EMA was positive overall at
12.3%.
We also compared the performance of both tests when
the information on the gold reference standard (CD diagnosis confirmed by biopsy of the intestinal mucosa)
was available. We found false positivity of anti-TG-IgA
(slightly increased titers) in one patient (n = 59) without
CD (Marsh 0). This patient was both EMA and antiTG-neo-IgA + IgG negative (P2).
Anti-TG-IgA evaluated in a meta-analysis as a screen-

used to measure anti-TG-IgA is unclear, and data in the
literature regarding its explanation are inadequate [5].
For the anti-TG neo-IgA + IgG test, the sensitivity and
specificity were 97% and 99%, respectively.
To appropriately compare both tests (anti-TG neo-IgA +
IgG vs. anti-TG-IgA), the optimal design of the study
would be to prospectively evaluate both tests on a largepopulation based cohort. However, this is extremely difficult to perform in clinical practice. Thus, we focused
on evaluation of anti-TG neo-IgA + IgG advantages declared previously in scientific literature in the setting of
three studies to test asymmetry of both tests and to evaluate their reliability for the diagnosis of CD in patients
with and without suspicion of CD.
We found a statistically significant asymmetry of the
anti-TG-IgA test currently used compared with the antiTG-neo-IgA + IgG (P1). In all cases when anti-TG-neo-
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Figure 1. Results of the cross-sectional study comparing results of anti-TG-IgA, anti-TG-neo-IgA + IgG, and EMA (n = 406,
P1 study).

Figure 2. Biopsy findings and anti-TG-neo-IgA + IgG results in anti-TG-IgA- and/or EMA-positive patients (n = 55, P2 study).
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ly used anti-TG-IgA test. However, a larger sample size
is required to support this finding.

ing test in 3,110 pediatric patients (1,876 with CD,
1,234 without CD) yielded sensitivities and specificities
of ≥ 90% and ≥ 90%, respectively [5]. However, slightly increased titers of anti-TG-IgA are also found in a
number of diseases unrelated to CD, such as autoimmune diseases, tumors, myocardial injury, liver disease,
psoriasis, and EBV infection [19]. Transient increases
in non-specific anti-TG-IgA have also been observed in
acute febrile infectious diseases [20]. The EMA in such
situations is often negative, which was also the case of
our patient. This is explained by the fact that EMA is a
special subset of CD-specific antibodies against tissue
transglutaminase, where the TG protein is offered as the
antigen bound to fibronectin. Antibodies against TG unrelated to CD, arising from tissue damage or inflammation for example, are directed against intracellular TG
or hidden epitopes negative in EMA tests [2]. HLA-DQ
typing is helpful in identifying false-positive anti-TGIgA patients negative for EMA under screening conditions and unmasks possible misdiagnoses of CD [21].
Here, 58 patients had anti-TG-IgA and/or EMA positivity and CD confirmed by biopsy (P2), and four (6.9%)
patients were anti-TG-IgA positive and anti-TG-neo
negative. This result, in fact, is in accordance with the
P1 study. Hence, the sensitivity of anti-TG-neo-IgA +
IgG was lower (91.4%) in this group (95% CI, 81.0%
-97.1%). Despite the wide confidence interval (a larger
sample-size study is needed) and the estimated sensitivity for the selected population (not general), it prevents
us from confirming the previously published superiority
of anti-TG neo test in the diagnosis of CD. It should be
noted that the sensitivity of anti-TG-neo-IgA + IgG was
estimated in children with CD with anti-TG-IgA and/or
EMA positivity, and therefore, the study design did not
allow us to estimate the sensitivity of anti-TG-IgA. The
specificity of tests was explored in pediatric patients
with functional abdominal pain (P3). It is just a model
example wherein duodenal biopsy was performed, followed by anti-TG-IgA and anti-TG-neo-IgA + IgG antibody testing. In all of these children, the mucosa was
normal, and both tests were negative without false positivity. To further investigate specificity, a study with
greater power is needed. For these reasons, conducting
an extensive population study showing histological
findings along with values of two different tests in the
general population is warranted to assess the diagnostic
value of both tests correctly in relation to the degree of
intestinal mucosa atrophy. Nevertheless, owing to ethical problems with endoscopies in asymptomatic subjects, conducting such a study is practically difficult.
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