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Abstract
Background and aim. As there are little data about 

the sensitivity of the IgA anti-tissue transglutaminase (IgA 
anti-tTG) antibody test in the clinical practice setting, we 
evaluated the sensitivity of this serologic test in a group of 
patients who were suspected of having coeliac disease and 
had serologic testing performed at commercial laboratories. 
Patients and methods. The study was performed at Poursina 
Hakim Research Institute in Isfahan-Iran. A total number of 
350 consecutive patients were enrolled in our study. They 
were divided into 3 groups: classical mode of presentation, 
atypical mode of presentation and patients with non specific
prolonged gastrointestinal symptoms. Upper gastrointestinal 
endoscopy, histopathologic examination of biopsies from 
the second part of duodenum and serologic evaluation 
were performed for every patient. Biopsy specimens were 
evaluated according to Marsh (1992, revised in 1997). 
Results. The overall sensitivity and specificity of IgA
anti-tTG antibody were 38% and 98%. The positive and 
negative predictive values for the anti-tTG antibodies were 
57% and 96%, respectively. The sensitivity was 80% in 
patients with Marsh IIIC. Conclusion. In contrast to other 
reports suggesting a diagnostic accuracy of more than 90% 
for anti-tTG antibody in coeliac disease patients, our data 
showed that we are still far from an ideal screening serologic 
tool which can rely on the antibody test as the sole way of 
identifying patients with coeliac disease. This could result in 
many missed diagnoses, in particular in patients with lesser 
degrees of Marsh classification.
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Introduction
Coeliac disease (CD) is a genetically determined 

autoimmune-like disorder induced by gluten, the storage 
protein of wheat and by similar proteins found in barley and 
rye [1, 2]. It has a strong genetic background, as suggested 
clearly  by studies on first-degree relatives of coeliac patients,
on twins and on HLA genes associated with the susceptibility 
for the disease [3, 4]. Serological screening in healthy 
volunteers around the world has estimated the prevalence 
of CD to be about 0.5-1.0% [1, 3, 5-11]. Prevalence of CD 
is also shown to be as high as 1/166 among healthy blood 
donors in Iran [11]. Although the diagnosis of CD may be 
suspected on clinical or laboratory grounds, including the 
result of serological tests, the histology of the small intestinal 
mucosa is still the diagnostic gold standard [12, 13]. The 
presence of a Marsh III lesion (villous atrophy) on duodenal 
biopsy together with a positive antibody test is internationally 
accepted as CD, although antibody negative CD does exist 
[14-16]. Patients known to have CD have to undergo a 
life-long gluten free diet (GFD), and gluten withdrawal 
from the diet generally leads to complete recovery of the 
morphological changes [17]. Over the past few decades, 
population based serological studies have changed our 
knowledge on both the clinical pattern and epidemiology of 
CD. Monosymptomatic, oligosymptomatic, atypical (without 
gastrointestinal symptoms), silent and latent forms of CD 
have been identified [3, 4, 18, 19]. Clinical presentation can
be diarrhea predominant, the so called classical presentation, 
atypical with patients presenting in many atypical ways 
or it may be asymptomatic, the so called silent cases 
[20-22].  Because CD now often presents atypically, it is 
underdiagnosed. It is suggested that the detection rate may 
be increased by 12% if serology is used to identify cases 
of occult enteropathy [23, 24]. Several serologic tests have 
been developed to detect patients with CD: antigliadin IgG 
antibodies have a poor specificity, antigliadin IgAantibodies
a poor sensitivity. The detection of anti-endomysial IgA 
antibodies (EMA) by immunofluorescence, although
considered as the “gold standard” of serological CD markers, 
can not be automated, depends on a subjective fluorescence
display, and may be limited by the degree of the observer 
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training [25]. The enzyme tissue transglutaminase (tTG) 
was recently identified as the major autoantigen in CD [2,
26. 27] and the antigenic target recognized by EMA [28]. 
A human-recombinant form of tTG was used to develop 
an ELISA to measure anti-tTG serum antibodies for the 
diagnosis of CD. Preliminary retrospective reports suggest 
that the human tTG-based ELISA could identify coeliac 
patients missed by the IgA EMA test [29, 30]. Systematic 
review of the available studies revealed that the IgA tTG 
antibody test has greater than 90% sensitivity and specificity
for CD [2, 31-33] but most sensitivity and specificity data
for CD serologic tests have been generated from studies 
conducted in a research setting. It is possible that the tests 
may perform less well in the clinical setting [34]. Some 
studies showed that coeliac serologic tests have a history of 
not performing as well in the clinical setting as the original 
research studies suggested they should [2, 35-38]. There 
are little data about the sensitivity of the IgA anti-tTG test 
in the clinical practice setting, because most of the studies 
on anti-tTG assay have considered pre-selected groups of 
patients and not consecutive subjects with suspected CD. 
Therefore we determined the sensitivity of IgA anti tTG in 
a group of patients who were suspected of having CD using 
commercial referral laboratories not research laboratories, 
D2 biopsy, histology study and serologic tests as well as 
clinical response to GFD.  

Material and method
Patients
We identified 350 consecutive patients, suspected for

CD, seen between April 2004 and October 2006 at Pour 
Sina Hakim Research Institute in Isfahan, Iran. Patients were 
selected for this study if they had IgA anti-tTG antibody 
testing performed before upper gastrointestinal endoscopy. 
Data including age, gender, complete clinical history and 
mode of presentation were collected. The clinical mode of 
presentation was classified into three groups as follows:
group 1, patients with the classical mode of presentation 
including diarrhea, weight loss or iron deficiency anemia;
group 2, patients with non specific prolonged gastrointestinal
symptoms like abdominal pain, abdominal bloating, 
constipation, and steatorrhea, and group 3, patients with 
atypical mode of presentation determined during screening 
of high risk groups. Informed consent was obtained from 
patients before entering into the study and the study was 
approved by the ethical committee of  the Pour Sina Research 
Institute.

IgA anti-tissue transglutaminase antibody assay
IgA anti-tTG antibody was determined by a human 

recombinant enzyme-linked immunosorbant assay (ELISA) 
method, using a commercially available Kit (ORG540 A, 
ORGENTEC Diagnostica GmbH). It was designed for 
quantitative measurement of IgA autoantibodies directed 
against tTG. The assay is based on microplates coated 
with highly purified tTG. The microplates can be divided
into 12 modules of 8 wells each or can be used complete 

for 96 determinations. Anti-tTG ELISA is an easy to use, 
non-invasive assay that provides an efficient alternative to
the immunoflurescent method and is ideal for screening
of clinically suspected children or adults of CD. Materials 
supplied are divisible microplate consisting of 12 modules 
of 8 wells, coated with human recombinant tTG. The sample 
material is serum or plasma and the required sample size is 
10µl of sample to be diluted 1:100 with sample buffer 100µl 
prediluted sample per single determination. Total incubation 
time is 60 minutes at room temperature (20-28ºC). The solid 
phase is coated with human recombinant tTG. Therefore 
the anti-tTG test kit recognizes only autoantibodies specific
for tTG. In a normal range study with serum samples from 
healthy blood donors the Cut-off of 10 U/ml have been 
established with the anti-tTG test. In all patients we measured 
serum levels of IgA to exclude a condition of selective serum 
immunoglobulin A deficiency.

Endoscopy and histology
After oropharyngeal anesthesia, a Pentax “EPM-3300; 

EG 2940 scope” endoscope was used and at least 4 biopsies 
were taken with sterilized forceps from the second part of the 
duodenum in all patients. Duodenal biopsy specimens were 
fixed in buffered formalin and embedded in paraffin wax.
Standard 3 µm thick sections at three levels were stained with 
hematoxylin and eosin and reported routinely. The biopsies 
were read by two expert histopathologists who were blinded 
to the serological results of patients. They graded villous 
atrophy according to the modified Marsh classification.

Marsh classification
Biopsy specimens were evaluated according to Marsh 

(1992, revised in 1997). However, in the revised one, 
Marsh III comprised a large spectrum ranging from minor 
to severe villous atrophy. Marsh III was classified into three
subgroups as follows: Marsh IIIa, IIIb and IIIc [35]. Other 
possible causes of villous atrophy or duodenal damage, 
such as Giardia lamblia infection, collagenous sprue, food 
protein hypersensitivity (cow milk, egg, fish, rice, chicken)
and tropical sprue were considered according to patient’s 
history and clinical presentation [39].

Diagnosis
Diagnosis of CD was based on small intestinal biopsy 

specimens showing the appropriate histopathological 
features and clinical improvement on a GFD according to 
the recently revised diagnostic criteria [17]. We classified
the Marsh III patients as CD and the Marsh I/II patients as 
lymphocytic enteritis. As we did not have data on DQ2/8 
and EMA in these patients, we did not know for sure that 
these were true coeliacs. We classified patients with villous
atrophy and a negative antibody profile as having antibody
negative CD only if they fulfilled previously described
criteria [17, 40-42].

Statistical analysis
Statistical analysis was performed by using χ2 or Fisher 
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exact tests for categorical variables and 2-sided t tests for 
continuous variables. Statistical analyses were carried out 
using a statistical software package (SPSS 11.5; SPSS, 
Chicago, IL, USA).

Results
We recruited 350 patients [195 (55.7%) women], mean 

age 31.44, and range 2-83 years. Ninety-eight patients were 
under 18 years old. No patient refused to participate in the 
study. None of the subjects with negative anti-tTG results 
was IgA deficient. We categorized 130 patients into group
1 (37%), 97 into group 2 (27%) and 123 into group 3 (35%) 
according to their indications for evaluation; the classical 
mode of presentation was seen in 71.4%, whereas 4.7% of 
patients presented with atypical CD and 23.8% with non 
specific prolonged gastrointestinal symptoms (Table I). In
total, 21 patients were newly diagnosed with CD and their 
characteristics are shown in Table II. All patients were on 
GFD at follow-up. The overall prevalence of CD in patients 
suspected to have CD was 6% (21/350). Prevalence of CD 
in group 1, 2 and 3 was 11.53% (15/130), 1.03 % (1/97) 
and 4.06 % (5/123), respectively. Ten percent (10/98) of 
the patients under 18 years old were diagnosed to have CD. 
The histology of the small bowel biopsies was consistent 
with Marsh IIIa in 8, Marsh IIIb in 8 and Marsh IIIc in 5 
patients. Eight patients were diagnosed to have lymphocytic 
enteritis (4 patients with Marsh I and 4 patients with Marsh 
II). IgA anti-tTG was negative in all of them and we did 
not have data on DQ2/8 and EMA in these patients. Overall 
the majority of the patients had partial degrees of villous 
atrophy (76%). 

Among CD patients, 38% (8/21) tested positive for anti-
tTG and 62% (13/21) tested negative for anti-tTG whereas 
98% (323/329) of the non–CD group were negative and 
2% (6/329) were positive for the antibody. The overall 
sensitivity and specificity of anti-tTG antibody was 38%
and 98%, respectively. The positive and negative predictive 
values for the anti-tTG antibodies were 57% and 96%, 
respectively. Within the CD group, 80.0% (4/5) of patients 
with total villous atrophy on initial biopsy and 25.0% (4/16) 
of patients with partial villous atrophy had positive anti-tTG 
antibodies (p< 0.05). The anti-tTG antibody was positive in 
53% (8/15) of patients with classic CD, 0% (0/1) of patients 
with non specific GI symptoms and 0% (0/5) of patients with
atypical CD (p< 0.05). Sensitivity and specificity of anti-
tTG antibody for different degrees of Marsh classification
and different mode of presentations are shown in Tables III 
and IV. 

Table I. Indications for serologic and endoscopic evaluation
Number Percent

Classical mode of presentation

Chronic diarrhea 48 13.1%

Weight loss 15 4.2%

Iron deficiency anemia 41 11.7%

More than one symptom 26 7.4%

Non specific prolonged gastrointestinal symptoms

Abdominal pain 29 8.2%

Constipation 14 4%

Bloating 35 10%

Flatulence 19 5.4%

Atypical mode of presentation

Irritable bowel syndrome 71 20.2%

Liver disorder 3 0.85%

Diabetes 2 0.57%

Epilepsy 1 0.28%

Rheumatologic disorder 1 0.28%

Crohn‘s disease 2 0.57%

Failure to thrive in children 43 12.2%

350 100%

Table II. Characteristics of patients (n=21)
Age 23.6±14.0 years

Range 7-51 years

Gender

Female 62%

Male 38%

Presentation

Children (under 18 years old)

Classical 72.7% (8/11)

Failure to thrive 27.2% (3/11)

Adults

Classical 70%(7/10)

Non specific prolonged 10% (1/10)

gastrointestinal symptoms

Atypical

IBS 20% (2/10)

Histopatohologic findings according to Marsh

Marsh IIIa 38%

Marsh IIIb 38%

Marsh IIIc 24%

Table III. Anti-tTG antibody sensitivity by degree of Marsh 
classification

Sensitivity (%) Specificity (%)

Marsh IIIC (TVA) 80 98

Marsh IIIA and IIIB (PVA) 36.8 98

TVA: total villous atrophy; PVA: partial villous atrophy.

Table IV. Anti-tTG antibody sensitivity by mode of 
presentation

Sensitivity (%) Specificity %)

Classical 47.9 96.4

Non specific prolonged
gastrointestinal symptoms

0.0 100

Atypical 0.0 98.2
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Discussion
Our study of consecutive patients undergoing serology 

and biopsy for the diagnosis of CD showed that the sensitivity 
of the serum IgA anti-tTG was 38%. This is considerably 
lower than the value of 70-90% reported by Lewis et al in 
their systematic review [43]. The lower sensitivity is partly 
due to the differences of commercial laboratory tests as 
opposed to those of a research laboratory. However, this does 
not account for the marked difference in sensitivity between 
patients with total and partial villous atrophy, because the 
pathologist was blinded to the serologic test results. The 
test had a sensitivity of 80% when total villous atrophy was 
present as compared with 37% in the presence of partial 
villous atrophy. This has been noted previously for tTG, too 
[44-46]. The low sensitivity of serologic tests in the diagnosis 
of CD in the clinical practice setting has been described 
before [35-38]. Rostami et al showed an overall sensitivity of 
60% for EMA in a group of coeliac patients [35]. Dickey et al 
also reported that EMA-negative CD is common and reliance 
on EMA testing to select patients for biopsy will result in 
significant underdiagnosis [36]. However these studies had
selection bias because they included selected patients with 
partial and total villous atrophy and developed their serologic 
assays in the research laboratories. In one study from New 
York, Julian et al identified 122 patients with suspected CD
and reported sensitivity, specificity, PPV and NPV of 70%,
65%, 91% and 30% of the anti-tTG antibody; however 84% 
of the patients were ultimately diagnosed with CD [2].

In our study, 6% of the patients were ultimately diagnosed 
with CD considering that patients with Marsh I/II lesions 
were diagnosed to have lymphocytic enteritis because we 
did not have data on DQ2/8 and EMA in these patients. This 
high percentage comparing with those reported in apparently 
healthy Iranian blood donors to be 1/166 (0.6%) was due to 
the fact that we are a referral gastrointestinal clinic in our area, 
so our patient population may not be reflective of that seen by
other gastroenterologists or general practitioners. Regarding 
this fact, interpretation of the positive and negative predictive 
values should be done with caution, because these values 
are influenced by disease prevalence in the population being
studied. However, the fact that this study was carried out at a 
referral center should have no impact on the sensitivity and 
specificity, because these values are independent of disease
prevalence. We found positive predictive value and negative 
predictive value of anti-tTG antibody to be 57% and 96% 
for confirmed CD; this shows that CD is unlikely when IgA
anti-tTG is absent and we have lots of false positive cases 
as Robert et al concluded in their study [47]. However, 
61% (13/21) of our patients were seronegative and this 
conflict may be due to a high proportion of seronegativity
(336/350) of patients that referred to our clinic comparing 
with low proportion of seropositivity (14/350). We also had 
6/14 (42%) false positive IgA anti-tTG antibody. There are 
many reports of the IgA anti-tTG test being positive in the 
absence of CD [48-50], even when human tTG is used as the 
antigen in the tests. Lewis et al in their systematic review of 

the use of serology in CD reported that the rhtTG antibody 
test performed better more often with regard to sensitivity 
but not specificity comparing with EMA [33]. We found a
significant difference in the sensitivity of the tTG antibody in
patients with classical, atypical and nonspecific CD, but Brar
et al showed that the degree of villous atrophy in duodenal 
biopsies did not correlate with the mode of presentation 
[51]. Therefore, the mode of presentation did not affect the 
sensitivity of anti-tTG, but in our study anti-tTG was more 
sensitive in patients presenting with classical symptoms of 
malabsorption. 

We concluded that the test sensitivity for the tTG 
antibody is significantly lower in patients with lesser degrees
of histologic damage and also that we have many patients 
who are seronegative. The clinician should therefore have 
a very low threshold for obtaining biopsies in any patient 
with a negative anti-tTG and a moderate clinical suspicion 
for CD. A significant proportion of patients with CD and
a negative antibody will be missed if there is no further 
work-up. Relying on the antibody tests as the sole means 
of identifying patients with CD will result in many missed 
diagnoses, in particular in patients with lesser degrees of 
Marsh classification.
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