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Abstract

Background: Celiac disease is an immune-mediated inflammation of the small intestine caused by sensitivity to dietary gluten in 
genetically sensitive individuals.
Objectives: In this study, we aimed to evaluate the predictive value of tissue transglutaminase (tTG) antibodies for the diagnosis of celiac 
disease in a pediatric population in order to determine if duodenal biopsy can be avoided.
Patients and Methods: The subjects were selected among individuals with probable celiac disease, referring to a gastrointestinal clinic. 
After physical examinations and performing tissue transglutaminase-immunoglobulin A (tTG-IgA) tests, upper endoscopy was performed 
if serological titer was higher than 18 IU/mL. Therapy started according to pathologic results.
Results: The sample size was calculated to be 121 subjects (69 female and 52 male subjects); the average age of subjects was 8.4 years. A 
significant association was found between serological titer and pathologic results; in other words, subjects with high serological titer had 
more positive pathologic results for celiac disease, compared to others (P < 0.001). Maximum sensitivity (65%) and specificity (65.4%) were 
achieved at a serological titer of 81.95 IU/ml; the calculated accuracy was lower in comparison with other studies. As the results indicated, 
lower antibody titer was observed in patients with failure to gain weight and higher antibody titer was reported in diabetic patients.
Conclusions: As the results indicated, a single serological test (tTg-IgA test) was not sufficient for avoiding intestinal biopsy.
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1. Background
Celiac disease (CD) is an immune-mediated inflamma-

tion of the small intestine caused by sensitivity to dietary 
gluten in genetically sensitive individuals. The disorder 
is common, occurring in 0.5 to 1 percent of the general 
population in most countries (1). Overall, the global dis-
tribution of the disease seems to parallel the distribution 
of HLA genotypes that predispose to CD, provided that the 
population is also exposed to gluten (2). The Naspghan 
recommends serologic screening of CD be performed in 
the following groups of children with a gluten-contain-
ing diet (1). Patients with failure to thrive, persistent diar-
rhea, chronic constipation, recurrent abdominal pain, or 
vomiting, Dental enamel hypoplasia of permanent teeth, 
idiopathic short stature, significant pubertal delay, iron 
deficiency anemia not responsive to supplementation, 
dermatitis herpeticformis-like rash, recurrent aphthous 
stomatitis, fracture not explained by the level of trauma, 
abnormal liver biochemical tests, chronic fatigue, and all 
members of the following high-risk groups: first-degree 
relatives of patients with CD, autoimmune thyroiditis, 
type 1 diabetes, Down syndrome, Turner syndrome, Wil-
liams syndrome, selective IgA deficiency, and autoim-
mune hepatitis (3).

Diagnosis of CD for most patients is recommended with 
measuring IgA antibodies to human recombinant tissue 
transglutaminase (tTG). This test is highly specific and 
sensitive. With using second-generation ELISA technol-
ogy, the sensitivity and specificity of anti-tTG antibod-
ies for biopsy-proven CD are generally above 96 percent 
(1). Measurement of IgA antibodies to endomysium are 
equally accurate, but this test is more expensive and 
somewhat dependent on operator interpretation (4). 
Approximately 2 percent of children with CD have pre-
viously unrecognized IgA deficiency. Therefore, total IgA 
should be measured in children with negative results of 
IgA-tTG but a high clinical suspicion of CD (5).

All individuals with positive tTG antibodies or anti en-
domysial antibodies should have an intestinal biopsy to 
establish the diagnosis of CD. Multiple biopsies should be 
taken from the distal duodenum and duodenal bulb and 
interpreted by an expert pathologist; the disease may 
have a patchy distribution (6).

The assessment of intestinal biopsies requires a certain 
level of expertise and skill, and the diagnostic accuracy can 
be affected by variability in sample quality and subjective 
interpretation (7). As the difficulties in histological diagno-
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sis of CD in clinical practice have been well documented 
(8), the appropriate use of simpler and more accurate 
tools would add reliability to the diagnosis of CD. A new 
diagnostic standard based on serology alone, which could 
accurately detect patients in any clinical setting, has been 
previously suggested (9). Thus, based on the very high 
positive predict values (PPVs) of reliable serological tests, 
some authors have proposed that intestinal biopsy could 
no longer be mandatory for the diagnosis of CD in some 
patients.

2. Objectives
Our aim in this prospective study was to explore the 

performance of serology-based algorithms that can po-
tentially obviate the need for intestinal biopsies for diag-
nosis.

3. Patients and Methods
The subjects were selected among individuals with sus-

pected CD (with symptoms such as chronic diarrhea (3 
cases), chronic abdominal pain (3 cases), failure to gain 
weight (52 cases), and short stature (32 cases), referring 
from other clinics, and high-risk individuals, namely cas-
es with type 1 diabetes (24 cases) and first-degree relatives 
of patients with CD (1 case). The subjects were evaluated 
after physical examinations.

In total, 121 subjects (69 female and 52 male subjects) 
within the age range of 2 to 18 years were included in 
the study. Patients under the age of 2 years were elimi-
nated from the study, given the low accuracy of serologic 
screening with tTG-IgA at this age.

In patients, tTg-IgA and total IgA tests were performed 
in a single laboratory. The new generation of Aeskulisa 
kit (Germany), along with ELISA method, was applied for 
all patients. A titer of 18 IU/mL or higher was considered 
positive. Upper endoscopy, along with duodenal biopsy 
(biopsy from bulb and discrete sites of duodenum), was 
performed on 5 samples. The samples were interpreted 
by an expert pathologist and findings were classified 
based on Marsh-Oberhuber categorization. According to 
pathologic findings, therapy was started.

We used the area under the receiver operating char-
acteristic (ROC) curve to investigate the hypothesis and 
SPSS (Ver.11) for the statistical analyses.

4. Results
The subjects included 121 individuals within the age 

range of 2 - 18 years. The number of male and female sub-
jects was not significantly different (P = 0.804).

Among 121 cases, 40 subjects (33.1%) had positive patho-
logic results for CD and 81 (66.9%) had negative patholog-
ic results. The lowest tTG-IgA titer was 19 mL/IU and the 
highest was 980 mL/IU (Table 1).

Table 1. Characteristics of Suspected and High Risk Patientsa

Variables Suspected Group High Risk Group

Gender

Female 56 (58.33) 13 (52.00)

Male 40 (41.67) 12 (48.00)

Age (mean ± SD) 8.22 ± 3.82 9.16 ± 3.24

Chronic diarrhea

No 93 (96.88) 25 (100.00)

Yes 3 (3.13) 0 (0)

Failure to gain weight

No 44 (45.83) 25 (100.00)

yes 52 (54.17) 0 (0)

Chronic abdominal pain

No 93 (96.88) 25 (100.00)

Yes 3 (3.13) 0 (0)

Short stature

No 64 (66.67) 25 (100.00)

Yes 32 (33.33) 0 (0)

Pathology result

Negative 65 (61.71) 16 (66.94)

Positive 31 (32.29) 9 (33.06)

Serology titer 109.142 ± 133.217 183.524 ± 185.182
aValues are presented as frequency (%).
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Among 121 patients, 25 cases were in the high-risk group, 
which included patients with diabetes mellitus (24 cases) 
and first-degree relatives of patients with CD (1 case). In 
the high-risk group, 9 patients had positive pathologic 
results, with mean serological level of 217I U/mL and 
standard deviation 129.6, while 16 subjects had negative 
pathologic results with mean serological level of 164.6I U/
mL and SD 211. Despite the lowert TG-IgA titer in subjects 
with negative pathologic results, compared to those with 
positive pathology, the difference was not statistically 
significant (P = 0.121).

The serological titer was higher in the high-risk group 
(mean = 183 and SD 185.1), compared to other subjects 
(mean = 109 and SD 133.2); also, the difference between 
the high-risk group and other patients was statistically 
significant (P = 0.007). In the high-risk group, by using 
receiver operating characteristic (ROC) curve, the cut-off 
point for serological titer was 126 IU/mL (sensitivity 7% 
and specificity 75%).

According to ESPGHAN guidelines (5), a serological titer 
of ≥ 3 upper limit normal (ULN) is considered for avoid-
ing biopsy in the high-risk group. So with serology titer of 
54 (≥ 3 ULN, normal: 18), sensitivity 88.9% and specificity 
9% was concluded. The area under ROC curve was 0.694 
and p value was estimated at 0.113.

A statistically significant relation was observed between 
serological titer and positive pathologic results in patients 
with suspected CD. In other words, patients with positive 
pathologic results had higher serological titers (mean = 
190 IU/mL and SD 180.5) and P < 0.001.

According to ROC curve, the area under the curve was 
0.073 (P < 0.001).

Maximum sensitivity and specificity were estimated 
at 65% and 65.4% with a serological titer of 81.9 IU/mL, 
respectively (serologic titers above and lower this titer 
(81.9 IU/mL) were not suitable for maximum sensitivity 
and specificity). Among patients with positive patho-
logic results (40 individuals), 26 (65%) cases had a sero-
logical titer of ≥ 81.95 IU/mL; if the titer was higher or 
equal to 81.95 IU/mL, pathologic results were considered 
positive.

Intestinal biopsy could be avoided in 21.48% of cases 
witha positive predictive value (PPV) of 48.15% and a nega-
tive predictive value (NPV) of 79.10%.

According to ESPGHAN guidelines (5), a serological titer 
equal to or higher than 10 ULN eliminates the need for bi-
opsy in individuals suspected for CD. Therefore, based on 
a titer of 180, intestinal biopsy could be avoided in 14.4% 
of cases with PPV = 70.8 and NPV = 76.29; titer sensitivity 
was estimated at 42% and specificity was found to be 14%.

On the other hand, a significant correlation was ob-
served between failure to gain weight and serological ti-
ter in patients. In fact, subjects with failure to gain weight 
had lower serological titer (mean serological titer of 93.4 
with SD 95), compared to subjects without problems in 
gaining weight (mean serological titer of 147.9 with SD 
174.9) (P = 0.045).

1.0

0.8

0.6

0.4

0.2

0.0
Se
n
si
ti
vi
ty

0.0 0.2 0.4 0.6 0.8 1.0

Specificity

Figure 1. Statistical Analysis in Patients With Symptoms Suggestive of Ce-
liac Disease in ROC Curve.

Figure 2. Comparison Between Serological Titer and Positive Pathologic 

Findings in ROC Curve
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Serological titer was not significantly correlated with 
chronic diarrhea or chronic abdominal pain in patients. 
Moreover, no significant relationship was observed be-
tween short stature of patients and serological titer.

However, serological titer in patients with diabetes mel-
litus (mean = 182.83 with SD 189) was higher than that re-
ported in other subjects (mean = 110 with SD 132.8); this 
difference was statistically significant (P = 0.012).

Evaluation of serological titer in first-degree relatives 
of celiac patients did not indicate any significance, given 
the low number of these subjects.
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No meaningful association was found between serolog-
ical titer and type of pathology according to Kruskal-Wal-
lis test; however, higher serological titer was correlated 
with higher pathologic grading.

The mean serological titer in patients with Marsh grade 
2 (1 case) was 60.5 IU/mL and 174 - 182 IU/mL with SD 147 - 
109.8 in patients with Marsh grade 3 (39 cases) (P = 0.722).

Moreover, serological titer and pathology grading were 
not significantly associated in patients with short stat-
ure, type 1 diabetes, or failure to gainweight.

Additionally, no statistically significant relation was ob-
served between positive pathological results and short 
stature, chronic diarrhea, failure to gain weight, chronic 
abdominal pain, or type 1diabetes and first-degree rela-
tives of patients with CD.

5. Discussion
Final diagnosis of CD is established via small bowel bi-

opsy. In fact, this procedure is still considered the gold 
standard, despite the fact that morphological features 
are non-specific and other conditions can produce simi-
lar findings (10). However, according to conducted stud-
ies, diagnosis of CD can be made using serological titer 
to avoid intestinal biopsy; via this method, results can 
be obtained more rapidly and invasive operations can be 
avoided.

In previous studies, for the diagnosis of this condition, 
serological results were compared in cases with positive 
pathology in order to avoid biopsy in patients. In these 
studies, evaluation was performed using only one sero-
logical test (or several tests), combined with genetic stud-
ies. Intestinal biopsies could be avoided in 65% to 92% of 
cases in these studies (11).

In our study, one serological test (tTg-IgA), along with 
positive pathologic results, was used; therefore, in com-
parison with previous studies, fewer serological tests 
were performed (12). By selecting one serological test (tTg-
IgA), with higher (> 95%) sensitivity and specificity were 
obtained and other tests such as endomysial antibodies 
(EMA) could be avoided. In fact, in comparison with EMA, 
the obtained results were equally accurate, though EMA 
test is more expensive and somewhat dependent on the 
operator’s interpretation (13).

In our study, a statistically significant relation was ob-
served between higher serological titers and positive 
pathologic results; however, in our study, higher serologi-
cal titers had lower sensitivity and specificity, compared 
to other studies. With a serological titer of 81 IU/mL, speci-
ficity and specificity were estimated at 65% and 65.4%, re-
spectively; this finding suggests that further studies are 
required.

In our study, application of a single serological test (tTg-
IgA) for the diagnosis of CD was controversial, contrary to 
other studies (11, 14).

A statistically significant relation was found between 
positive pathologic results and serological titers. In fact, 

patients with positive pathologic results had higher sero-
logical titer (mean 190 IU /mL and SD 180.5), compared to 
patients with negative pathologic results (mean 91 IU/mL 
and SD 116.4) (11).

The high-risk group (patients with diabetes mellitus 
and first-degree relatives of patients with CD) had higher 
serological titers, compared to others; moreover, a signif-
icant relation was found. This finding (higher serologi-
cal titers) was in match with ESPGHAN guidelines, which 
indicate that in high-risk individuals with lower serologi-
cal titers (≥ 3 ULN) in comparison with other patients 
suspected for CD (≥ 10 ULN), biopsy can be avoided (5).

Patients with failure to gain weight (mean 93 IU/mL) 
had lower serological titers, compared to other subjects 
(mean 147 IU/mL); this finding suggests that more inter-
ventions are required for the diagnosis of CD in these in-
dividuals. A similar finding was reported in patients with 
chronic diarrhea; however, considering the low number 
of these patients, confirmation of the findings needs fur-
ther analysis.

Also, considering the low number of patients with 
chronic abdominal pain and chronic diarrhea, and first-
degree relatives of patients with CD, further analysis is re-
quired. Moreover, in the high-risk group, serological titer 
in subjects with positive pathologic findings was higher 
than in patients with negative pathology; however, the 
difference was not statistically significant.

5.1. Conclusion
In our study, considering the lower sensitivity and spec-

ificity of serological titers and lower success in avoid-
ing intestinal biopsy, in contrast with other studies, the 
utility of one serological test for the accurate diagnosis 
of CD is not sufficient and further analysis is required. 
To obtain the best serological algorithm, future studies 
need to evaluate as many tests and test combinations as 
possible. Furthermore, a diversity of patient populations 
needs to be evaluated by taking different relevant aspects 
(e.g., disease prevalence and the magnitude of intestinal 
mucosal damage) into consideration.
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