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Abstract

Background: Celiac disease is one of the most common genetic allergies worldwide. The prevalence of celiac disease in Iran
is similar to or even higher than the global prevalence. Celiac disease is a chronic inflammatory disease that affects the small
intestine. Affected patients are allergic to gluten protein that exists in some grains, such as wheat and barley.

Methods: Serological endomysial IgA antibody (EMA-AB) and tissue transglutaminase IgA antibody (TTG-IgA) tests were performed
on 114 patients aged the ages of 0-18 years with histopathological findings of celiac disease. The results of these tests were
compared to the results of the histopathological study of the duodenal biopsy.

Results: Based on the receiver operating characteristic (ROC) curve and a calculation of the TTG-IgA test’s sensitivity and specificity,
the best diagnostic limit for the TTG-IgA test is 144, which has the best sensitivity and specificity. At this value (cut-off), the test’s
sensitivity was 62%, and the specificity was 93.7%. For the endomysial test, sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were 80%, 93%, 90%, and 75%, respectively.

Conclusion: The diagnostic accuracy of the endomysial test is better than that of the TTG-IgA test in general for diagnosing patients
with celiac disease. In the TTG-IgA test, false-positive cases are high due to a cut-off of 20, reducing the test’s specificity. In these
false-positive cases, the endomysial test helps in better diagnosis.
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Introduction

Celiac diseaseisa chronicinflammatory disease that affects
the small intestine. The affected patients are sensitive to
a protein called gluten, found in some cereals, such as
wheat, barley, rye, etc. It is one of the most common food
allergies worldwide, affecting approximately 1% of the
world’s population. Most cases of celiac disease are not
diagnosed.'*

In celiac disease, the gold standard for diagnosis is
the histopathological study of the sample obtained from
endoscopy and biopsy of the early part of the small
intestine, usually the duodenum.>® Two samples are taken
from each area. The best locations are the bulb and the
second part of the duodenum.

Microscopic findings show a range of changes in
the epithelial surface and structure of the intestinal
mucosa.”® So, celiac disease is not the only disease with
microscopic signs. Other diseases may exhibit the same
histopathological signs. Therefore, in order to diagnose
celiac, we often need the clinical signs, laboratory results,
genetic tests, histopathological findings, and finally, the

patient’s response to a gluten-free diet to be consistent as
pieces of a puzzle.® As was already said, the gold standards
for diagnosing celiac disease are an endoscopy and a
biopsy of the small intestine.

However, endoscopy is an expensive and invasive
examination and requires general anesthesia in
children, with associated risks. In addition, screening is
recommended in susceptible populations, such as first-
degree family members with celiac disease and those with
type I diabetes and autoimmune thyroid disease. As a
result, effective screening tests that can identify suitable
endoscopic candidates are needed. The European Society
of Gastroenterology, Hepatology, and Pediatric Nutrition
has also remarked that serological tests can diagnose celiac
disease without a biopsy.'®" Therefore, patients with celiac
disease can avoid the risks of this invasive test, the cost of
general anesthesia, and other costs by using serological
tests and doing less endoscopy and sampling.'>"?

By looking at the antibodies to endomysial IgA antibody
(EMA-AB) and tissue transglutaminase IgA antibody
(TTG-IgA) in the serum of people who might have celiac
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disease, we hope to compare the results of small bowel
biopsy, which is the gold standard for diagnosing celiac
disease, with the results of these tests and figure out how
sensitive and specific they are.

The role of EMA and TTG-IgA in diagnosing celiac
disease is well established in previous studies.'** The
goal of this study was to determine whether the positive
results of these two tests will be able to correctly diagnose
the disease in people who are likely to have celiac disease
based on clinical findings and eliminate the need for
endoscopy. We calculate the sensitivity and specificity
of this test in quantities of test results and, if possible,
determine which cut-off of the test results is possible to
diagnose celiac correctly. We also want to determine if
there is a link between the amount of antibody titer in the
TTG-AB test and the amount of mucosal damage in the
biopsy.

Materials and Methods

Patient Selection

This study was a retrospective cross-sectional study that
compared the diagnostic power of the TTG test with the
ELISA method and the results of the EMA test with the
indirect immunofluorescent method in the diagnosis of
celiac disease. Children aged 0 to 18 years who had signs
of celiac disease and were referred to Nemazee hospital
and Motahari clinic in Shiraz were included in the study.

Inclusion Criteria

Inclusion criteria were typical clinical signs and symptoms
of celiac disease, including diarrhea, weight loss, fatigue,
abdominal pain, nausea, and vomiting. Due to changes in
the expression of antibodies in people treated for celiac,
patients should not have been on a gluten-free diet before.

Exclusion Criteria

Cases whose microscopic examination of the biopsy
specimen was suspicious or undetectable, and it was
not possible to rule out or confirm celiac disease based
on pathology, were excluded from the study. If the
biopsy result was mild and at the level of Marsh 1 and
2, considering that similar pathology in these people may
be found in other diseases and conditions, these patients
were also excluded. IgA-deficient patients were also
excluded from the study due to the possibility of negative
tests.

Sampling Method

Patients were visited by a pediatric gastroenterologist, and
endoscopy was requested due to the signs and symptoms
of celiac disease, along with elevated or normal TTG-IgA
levels. A sample was taken from the patients during a
routine visit to the endoscopy room. The amount of TTG-
IgA and EMA-AB in the patient’s serum was measured
from this sample. The patient’s form, including name,
age, TTG-IgA level, and signs and symptoms of patients
referred by a gastroenterologist, was completed. Test
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serum should be clear and non-hemolyzed.

Description of the Experiment
We used the indirect immunofluorescence tests from the
EUROIMMUN kit (Germany) to perform an indirect
immunofluorescence test to find IgA antibodies against
endomysial tissue. Positive and negative controls are
needed to ensure that the test steps are performed correctly
and that the mixtures and solutions used in the test are
safe. For positive control, we used a mixture containing
human antibodies against endomysial tissue, and for
the negative control, we used a mixture without these
antibodies. When adding the patient’s serum to the slides,
these mixtures should be in contact with the monkey’s
esophageal tissue instead of the patient’s serum. Both
mixes were provided by the kit manufacturer. Fluorescent-
labeled antibodies find endomysial antibodies that bind to
the endomysium tissue of smooth muscle in the sample
to make a specific fluorescence pattern. Based on the
fluorescence intensity seen and the kit brochure, the test
result can be announced relatively quantitatively. The
level of staining was graded (strong reaction) using a scale
ranging from zero (no reaction) to three (strong reaction)
(i.e.,+ 1 (weak reaction), + 2 (moderate reaction)).
TTG-IgA was measured by AESKULISA ELISA kit
(Germany). Human recombinant tissue transglutaminase
is bound to microwells. The determination is based on
an indirect enzyme-linked immune reaction. Specific
antibodiesin the patient’s sample bind to theantigen coated
on the surface of the reaction wells. After incubation, a
washing step removes unbound and unspecifically bound
serum or plasma components. Subsequently, the added
enzyme conjugate binds to the immobilized antibody-
antigen complexes. After incubation, a second washing
step removes unbound enzyme conjugate. After adding
the substrate solution, the bound enzyme conjugate
hydrolyzes the substrate, forming a blue-colored product.
The addition of an acid stops the reaction, generating a
yellow end-product. The yellow color’s intensity correlates
with the antibody-antigen-complex concentration and
can be measured photometrically at 450 nm. The reference
amount announced by kit:
e Negative: Less than 20 u/mL
e  DPositive: Equal or more than 20 u/mL

Pathological Examination

All patients’ slides were taken out of the file, evaluated
by a pathologist, and re-graded using the Marsh criteria.
Histological findings in this study define celiac disease.
The Marsh type 3 lesion has three subgroups: 3a mild
villous atrophy and pathological increase of intraepithelial
lymphocytes (IEL); 3b moderate villous atrophy and
pathological increase of IEL; 3c¢ total villous atrophy and
pathological increase of IEL.

Statistical Analysis
The SPSS software version 23 was used to analyze the



data, and the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of
EMA-AB and TTG-IgA were calculated using the receiver
operating characteristic (ROC) curve.

Results

The study population included 114 children aged 0 to 18
years with symptoms of celiac disease who were referred
to Nemazee hospital and Motahari clinic in Shiraz. The
mean age of the patients was 8.8 years, and the standard
deviation was 6.7. The average age of female patients was
9.2 years with a standard deviation of 7.6, and the mean
age of male patients was 8.3 with a standard deviation of
7.6. A total of 49 (43%) children had histopathological
changes of celiac disease in the biopsy, and 65 (57%) did
not have such changes in duodenal histology. In terms of
sex, 49 (43%) were boys, and 65 (57%) were girls. In the
celiac group, the ratio of girls to boys was 1.8 (32 girls and
17 boys), and in patients without the disease, this ratio
was 1.06 (33 girls and 32 boys).

Histopathological Findings

Among patients with celiac disease, 15 (13%) had Marsh
3a, 26 (23%) had Marsh 3b, and 8 (7%) had Marsh 3c.
Of these patients, 37 showed two microscopic changes in
the bulb and D2. Regarding this group of patients, where
there is a difference between the degree of celiac disease
in the two parts, D1 and D2, we diagnosed based on the
higher grade of the disease.

TTG-IgA Levels

Based on the information in the kit, values of less than
20 were normal, and those of 20 or above were positive.
In this study, the range of TTG-IgA obtained was 0-436,
with an average of 60.

In our study, the number of false-positive TTG-IgA
cases (values greater than 20 without pathology in the
duodenum) was 48 (42.1%). Of these 48 cases, four
patients had an EMA-AB test (+1), and the number of
false-negative cases (values less than 20 with pathology in
the duodenum) was five. In all these false negatives, the
amount of TTG-IgA was less than 17. Of these five cases,
two patients had a positive EMA-AB test (+1).

The one-way analysis of variance (P value: 0.05) showed
that increasing the amount of TTG-IgA from normal to
celiac is significantly related. However, there was no clear
link between the levels of antibodies and the severity of
the disease in the Marsh 3a, 3b, and 3c celiac groups.

Quantitative values for each level of TTG values are
given in Table 1. For each level of identification of TTG
values and sensitivity and specificity, the number of PPV
and NPV was calculated. According to this curve and also
Table 1 of sensitivity and specificity, the best diagnostic
limit for the TTG-IgA test is 144, in which there is the best
specificity against the best sensitivity. At this value (cut-
off), the sensitivity of the test was 62%, and the specificity
of the test was 93.7%.

Celiac disease

Table 1. Quantitative diagnostic values for each level of TTG cut-off

Positive Negative

TTG Result Sensitivity - Specificity predictive value predictive value

6 100.00 17.19 48.5 100.0
17 90.00 23.44 47.9 75.0
41 84.00 56.25 60.0 81.8
45 80.00 57.81 59.7 78.7
60 74.00 70.31 66.1 77.6
85 66.00 79.69 71.7 75.0
100 64.00 85.94 78.0 75.3
144 63.00 93.7 88.6 75.9
200 50.00 96.87 92.6 71.3
259 46.00 100.00 100.0 70.3

EMA-AB Values

According to the information in the kit brochure, the
positive result of the kit is shown as the presence of a
special fluorescence design in the form of a beehive under
the texture of the mucosa layer, and the mucosa layer,
which lacks fluorescence, is black (Figure 1).

For the endomysial test, sensitivity, specificity, PPV,
and NPV were 80%, 93%, 90%, and 75%, respectively
(Table 2). In an indirect immunofluorescence study, out of
65 people without celiac disease, four had a false-positive
result (+ 1), but no higher amount of fluorescent was seen
in these patients. Two of these patients were female, and
their TTG test results were 295 and 139. The results of
TTG for the other two male patients were 215 and 73.
False-negative results were seen in nine patients. Among
these people, six had a positive result for the TTG test, and
among these, only two cases had TTG values higher than
the cut-off value of 144 and TTG values higher than 340.

Among those with severe disease (3a), three cases
had a negative indirect immunofluorescence test, and
nine, two, and one cases showed +1,+2, and +3 results.
Among those with the 3b stage of celiac disease, five cases
had a negative result, two cases showed a+1 result, 16
out of the 26 patients with grade 3b had a positive result
(+2), and three showed a+3 result. Among those with
grade 3a, one case showed a negative result in indirect
immunofluorescence. The result of+ 1 was not seen; one
person had a result of+2, and six patients showed a+3
result.

The diagnostic accuracy of both EMA and TTG tests
together in the diagnosis of celiac disease

In all patients, if we consider the EMA and TTG IgA cut-
off test 144, patients with either an EMA-AB or TTG-AB
positive result are considered to have celiac disease, and
those with both tests or one test negative are considered to
have celiac disease, the sensitivity will be 93.8%, specificity
93.8%, PPV 93.8%, and NPV 93.8% (Table 3).

Discussion
Celiac disease is a distinct gastrointestinal disorder
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Figure 1. Honeycomb-like fluorescence pattern for EMA-IgA along
muscolaris mucosa of monkey esophagus

because, apart from its clinical and pathophysiological
characteristics, sensitive and specific serological markers
allow its diagnosis. A significant milestone in the history
of celiac disease was the discovery of the EMA serological
biomarker for the disease in 1980. In 1997, Dieterich and
colleagues identified the transglutaminase 2 autoantibody
that targets endomysial antibodies. Then, autoantibodies
to tissue transglutaminase were introduced by ELISA
with high sensitivity and specificity, and as a result, celiac
disease was recognized as a common global disease.'s

This study was performed on children aged 0 to 18 years,
suspected of having celiac disease, who were referred
to the endoscopy department of Motahari Clinic by a
pediatric gastroenterologist. These people were clinically
suspected of having celiac disease.

Regarding the EMA test, the sensitivity was 80%, the
specificity was 93%, and a significant relationship was
found between the severity of the disease based on the
pathology and the amount of fluorescent observed in the
test. Also, regarding TTG-IgA, according to the ROC
curve, for calculating the sensitivity and specificity, the
best diagnostic limit for the TTG-IgA test is 144, in which
there is the best specificity against the best sensitivity. At
this value (cut-off), the test’s sensitivity was 62%, and the
specificity of the test was 93.7%.

Although the TTG test is widely used by laboratories as a
first-line due to its high sensitivity and repeatability, false-
positive TTG tests are usually seen in low values of the
titer of this antibody and in titrations up to about twice the
diagnostic cut-off. Therefore, due to false positive results
that are relatively common due to the high specificity of
reverse immunofluorescence for the detection of EMA
antibodies, the EMA test for patients with suspected celiac
disease is often performed as a confirmatory test before
biopsy in individuals who have a TTG-positive test.'” The
sensitivity and specificity of the TTG test in the diagnosis
of celiac disease when the EMA test is also positive is about
100%." Reverse immunofluorescence detection causes
problems for EMA antibody observation due to different
levels of observer skill, interference with anti-nuclear
or anti-smooth muscle antibodies, as well as different
standards from laboratory to laboratory in interpreting
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Table 2. Sensitivity, specificity, positive predictive value, and negative
predictive value for IgA endomysial test

Positive
predictive value

Negative

Test Sensitivity Specificity predictive value

EMA-AB %80 93.75% 90.9% 75.7%

Table 3. Sensitivity, specificity, positive predictive value, and negative
predictive value for EMA- IgA and TTG-AB

s e Positive Negative
Test Sensitivity - Specificity predictive value predictive value
EMA-AB . . . .
and TTG-AB %93.8 93.8% 93.8% 93.8%

EMA testing. Also, there are ethical questions about how
the endomysial tissue bed from the monkey’s esophagus
is prepared.”

In our study, with increasing disease severity, the mean
Marsh as well as the upper and lower limits of the TTG
test result, increase to grade 3b in proportion to the
severity of the disease, but these values decrease in more
severe diseases (Marsh 3c¢).

TTG test results in other studies’* show different
sensitivity and specificity values. Table 4 shows that even
though the PPV of the TTG test varies and is sometimes
low (between 70% and 99%), In our study, the sensitivity
and specificity stood at 63% and 93.7%, respectively. The
specificity is close to one, but the inconsistency between
the sensitivities might be related to the difference in the
volume of samples, the sensitivity of kits, or the difference
in the stage of the disease.

De Chaisemartin et al in 2015% assessed 100 patients
with celiac disease who were under treatment and showed
that endomysial testing was best associated with villi
atrophy and Marsh grading compared with TTG-IgA and
TTG-IgG and a few lesser-known serological markers. In
this study, the cut-off was 17.9, with a sensitivity of 53.1
and a specificity of 96.2.

Ganjiand colleagues conducted a study in northeast Iran
and found a linear relationship between increased TTG-
AB titers and disease severity. The highest mean TTG-AB
titer was seen among patients with Marsh 3. Also, based
on the ROC curve, the TTG-AB test at a cut-off of 140 had
a sensitivity of 83% and a specificity of 56%.%

In another study by Donaldson et al, the TTG-AB test
was more than 98% specific for the diagnosis of celiac
disease, and the EMA test with a titer above 1:1280 was
more than 98% specific. They showed that higher TTG-
AB values, as well as high EMA titers, were more likely to
be associated with atrophy of the gastrointestinal villi.?®

The results of the EMA test in other studies®?* show
different sensitivity values ranging from 64% to 100%.
The specificity of this test also varies from 93% to 100%
(Table 5). In our study, the sensitivity and specificity stood
at 80% and 93.7%. The specificity is close to one, but the
inconsistency between the sensitivities might be related to
the difference in the volume of samples, the sensitivity of
kits, or the difference in the stage of the disease.

Based on the positive results of the EMA test and the



Table 4. TTG test results in other studies

Celiac disease

TG
Study Test cut-off Year sensitivity specificity Positiv:a;l);zdictive Negati\:,eal;:j reedictive
Abdollahi et al" Not stated 2008 28% 95% -
Alessio et al® 100 U/mL 2012 98% 97% 97.9% 98%
Lodhi et al 25 U/mL 2017 91% 29% 76% 57%
Taneja et al2 84.6 U/mL 2021 91.7% 68.4% 94.2% 50%
Bansal et al 70 U/mL 2018 83.9% 56.1% 86.8 50.2
Tortora et al* 62 U/mL 2014 69% 100% 100% 31%
Meena et al*® 115 U/mL 2019 76% 100% 100% 17%
Our study 144 U/mL 2022 93.7% 88.6% 75.9%
Table 5. The results of the EMA test in other studies in Comparison with each test alone.?® As seen in our
EMA results, the sensitivity and specificity increased. However,
Study Positive Negative it does not eliminate the need for endoscopy, and patients

Sensitivity Specificity predictive value predictive value

Abdollahi et al'® 64% 96% - -
Carroccio etal®  100% 100% 100% 100%
Baudon et al*® 90% 100% 100% 97%
Tesei et al*! 86% 100% 100% 83%
Wolters et al*? 92% 90% - -
Dickey et al*® 80.8% 96.6% - -
Dahele et al** 86.8% 100% - -
Our study 80% 93% 90% 86%

severity of celiac disease, none of the people without
celiac disease show fluorescence higher than +2, and also,
among people whose disease was grade 3a, 64% (9 out of
14 people) had a test of + 1. In cases with grade b3, this test
was +2 positive in 61% of patients (16 out of 26 people),
and 75% of patients with severe disease (6 out of 8)
showed + 3 positive results. So, in most cases, the severity
of a positive test is related to how bad the disease is.

Serological screening for celiac disease is usually based
on anti-TTG-IgA.*** These antibodies are the most
sensitive for celiac disease.” On the other hand, EmA-IgA
is used to confirm a positive TTG test because it is more
specific.”?

False positives for TTG have been observed in patients
with inflammatory bowel disease, food allergies, irritable
bowel syndrome, anemia, giardiasis, other intestinal
infections, and autoimmune disorders.** These false
positives are not always addressable, as EMA test results
are only reliable in laboratories with skilled personnel with
experience in immunofluorescence assays. Commercial
ELISA assays for TTG may vary depending on antigen
quality, and there are differences between different kits
in cut-off values. False negatives can be seen in celiac
serological tests in children under two years of age, use of
a gluten-free diet, IgA deficiency, use of corticosteroids,
and laboratory error.””?

The diagnostic accuracy of both the EMA and TTG
tests together in the diagnosis of celiac disease increases

with positive serology will still require a confirmatory
endoscopy.

The current study has limitations, including a small
sample size, an incomplete examination of patients’
clinical symptoms, and the exclusion of asymptomatic
patients. But there were some strengths, like looking at
the samples’ pathology, doing TTG and endomysial
serological tests together, figuring out the cut-off based on
the samples’ pathology, and having patients of different
ages, from 0 to 18 years.

Conclusion

According to the results, the sensitivity and specificity of
the endomysial test are better than the TTG-IgA test to
identify those individuals who require an intestinal biopsy
examination to diagnose CD while avoiding unnecessary
biopsy examinations in those who do not have the
condition. In the TTG-AB test, false-positive cases are
higher. In these cases, the endomysial test helps better
diagnose, especially when the TTG-IgA is between 18 and
100, which includes false positives of TTG-IgA. It is better
to check the endomysial antibody. Also, in cases where
we are clinically suspected of having celiac disease but the
TTG-IgA level is negative, checking the endomysial test
has a high PPV. Finally, according to the obtained results,
checking both of these tests for patients with suspected
celiac disease will increase the diagnostic accuracy of
serological tests to diagnose these patients. However, it
does not eliminate the need for endoscopy, and patients
with positive serology will still require a confirmatory
endoscopy.
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