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Introduction

Coeliac disease (CD) is an autoimmune condition that occurs
in genetically susceptible individuals and causes lifelong
intolerance to dietary gluten.1–3 Affecting as many as one in
87 people in the UK population,4–6 it is controlled by strict
adherence to a gluten-free diet that allows the small
intestinal mucosa to recover.7 The disease often goes
undiagnosed in many countries where this small bowel
enteropathy is most prevalent.8,9

Since the mid-1950s,9 CD has been diagnosed by
performing small intestinal biopsy to identify characteristic
mucosal lesions.10 This highly invasive procedure called for
an improvement in diagnostic technique and thus an
enzyme-linked immunosorbent assay (ELISA) to the wheat
protein gliadin was developed in the 1970s.11 In the late
1980s, the use of an indirect immunofluoresence technique
to identify IgA-endomysial antibodies (EMA; usually
performed on distal sections of primate oesophagus) was
implemented and proved to have greater sensitivity and
specificity for CD.5

In 1997, tissue transglutaminase (tTG) was identified as
the primary target antigen recognised by EMAs in CD.10

Since this discovery, IgA-tTG ELISA has been developed and
has been shown to have high sensitivity and specificity for
CD.12 IgA-tTG has become the initial serological screen for
CD in the majority of diagnostic laboratories, often
‘confirmed’ by EMA and followed by duodenal biopsy. 

First-generation assays using guinea pig liver tTG lacked
sensitivity and specificity10 and were soon replaced by
recombinant or purified human tTG (h-tTG), which
performed with vastly improved diagnostic accuracy.13

Various studies have compared second-generation tTG
assays but draw contradictory conclusions. One study of 
10 commercially available kits reports excellent diagnostic
performance with minor differences in sensitivity and
specificity.10 Another reports high diagnostic accuracy
between normal and abnormal test samples but refutes
published cut-off values associated with the kits.14

Selective IgA deficiency is found in approximately one in
600 of the population,15 although it is reported to be 
10–20 times more common in patients with coeliac disease.16

Hence, it is suggested6,13,14 that total serum IgA should be

measured to exclude a co-existing IgA deficiency that could
lead to false-negative IgA-tTG results. Local observations,
and those of others,16,17 suggest that it may be possible to
identify IgA-deficient patients by observing the results from
the IgA-tTG assay. Establishing that patients with IgA
deficiency have extremely low IgA-tTG results, due to the
lack of background interference from serum IgA, should
minimise the false-negative rate without the need to
‘blanket’ measure IgA concentration.

Equally, false-positive anti-tTG results are also seen in
cases that are EMA- and biopsy-negative, with no other
indication of CD. Often, these sera have raised IgA levels,
which suggests that abnormal/polymeric IgA may be
interfering, leading to false-positive results. One study18

reported that the degree of false positivity due to
hypergammaglobulinaemia is highly variable between
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This study concludes that there is significant variability
between the commercial tTG assays in the diagnostic
market. Laboratories should be aware of their kit’s
limitations and may need to adjust cut-off values to
maximise sensitivity. It is possible to identify IgA deficiency
from the tTG values, but the ability to do this varies
between manufacturers. Raised IgA levels continue to
affect the specificity of IgA-tTG assays and interference by
polyclonal and monoclonal IgA should be considered in
samples with positive tTG and negative endomysial
results.
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Anti-tTG Anti-endomysial IgA concentration (g/L)

Group 1 Negative Negative Within normal range 
for age

Group 2 Positive Negative Raised IgA (>4)

Group 3 Negative Negative Low IgA (<0.25)

Group 4 Positive Positive Within normal range 
for age

Table 1. Four predefined subgroups chosen for the study.

commercial kits. There is also much debate surrounding
interference of IgA-tTG assays from patients with liver
diseases such as primary biliary cirrhosis (PBC). One study
reports 26 false-positive IgA-tTG results out of 105 PBC
patients tested.19,20

The majority of IgA in the circulation is IgA1, which
consists of approximately 90% monomeric IgA and 10%
polymeric IgA. The amount of polymeric IgA in the
circulation has been shown to increase in liver disease.18

Formulating a link between raised IgA and false-positive
anti-tTG results could reduce the number of unnecessary
small-intestinal biopsies.

At present, a number of patients are still subjected to
duodenal biopsy to aid the diagnosis and confirmation of
CD; however, following the introduction and continued
improvement of anti-tTG assays, the need to biopsy patients
may be diminishing. It is therefore necessary to assess the
reliability of anti-tTG assays for diagnostic use. 

Hence, despite the high diagnostic accuracy of IgA-tTG
assays, various factors affect clinical interpretation. This
study investigates the strengths and weaknesses of a sample
of commercially available kits.

Materials and methods

Although small-intestinal histology is the current gold
standard diagnostic test for CD it is widely recognised that
relying on duodenal biopsies may be problematic.21

Serological tests have a role in the diagnostic algorithm, 
with the combination of IgA-tTG and IgA-EMA 
conferring 98% diagnostic accuracy.22 For the purpose of 
this evaluation, IgA-EMA was considered the laboratory
gold standard.

Study population
Eighty serum samples received in the laboratory for routine
CD screening between February and July 2007 were
included in the study. Clinical details varied and 
included suboptimal weight, irritable bowel syndrome,
fatigue and liver disease. The majority of patients had
clinical suspicion of CD although 28 requests gave no clinical
details. 

The study population consisted of 46 females and 34 males
(age range: 1–79 years). The 80 study samples were selected
according to four agreed, predefined subgroups using 
the laboratory’s current methodology (detailed below). The
first subgroup consisted of 20 serologically negative sera
(tTG-negative, EMA-negative, normal IgA [Group 1]). 
The second subset consisted of 20 sera with raised IgA
concentration (tTG-positive, EMA-negative, IgA >4 g/L
[Group 2]). The third subset consisted of 20 sera with low
IgA (tTG-negative, EMA-negative, IgA <0.25 g/L [Group 3]).
The fourth subset consisted of 20 serologically positive
samples (tTG-positive, EMA-positive, normal IgA level
[Group 4]) (Table 1). All 80 samples were categorised and
anonymised. During sample collection the sera were
aliquoted and stored at –35˚C.

IgA-tTG ELISA 
All 80 samples had previously been analysed on the Triturus
analyser (Grifols, Cambridge, UK) using the D-tek IgA-tTG
kit (Mons, Belgium). Six commercial companies supplied

IgA-tTG kits for the study: Immco (Buffalo, NY, USA),
Euroimmun (Lubeck, Germany), Aeskulisa (Wendelsheim,
Germany), Celikey (Phadia, Uppsala, Sweden), Orgentec
(Orgentec Diagnostika, Mainz, Germany) and The Binding
Site (Birmingham, UK). The Triturus analyser was
programmed according to the manufacturer’s instructions
for each of the six IgA-tTG ELISA kits. All 80 sera had tTG
measured and quantified using the individual cut-off values
stated by the suppliers. 

IgA concentration
The IgA concentration of each of the 80 samples was
measured by rate nephelometry (BN Prospec, Dade
Behring) with results reported in g/L. Following satisfactory
calibration and quality control measurements, the IgA
concentrations were established for all but four (low-
volume) samples. 

IgA-EMA and IgG-EMA
Anti-EMA antibody tests were performed by indirect
immunofluorescence. Samples were diluted (1 in 5) in
phosphate-buffered saline (PBS, pH 7.2). Slides with primate
oesophagus sections were used as the substrate (Immco) and
incubated with IgA anti-human polyclonal rabbit conjugate
(Dako, Ely, UK), diluted (1 in 20) with PBS or IgG anti-
human polyclonal rabbit conjugate (Dako) diluted (1 in 80)
with PBS. The samples were evaluated for the presence of
positive ‘chicken wire’ staining in the muscularis mucosae
by two experienced biomedical scientists who were unaware
of the tTG results. 
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Fig. 1. Anti-EMA-positive (chicken wire pattern) staining of the
muscularis mucosae on distal primate oesophageal tissue (Atlas of
tissue antibodies 3rd edn. The Binding Site).



Kit Units Manufacturer Sens. Spec. Amended Sens. (amended Spec. (amended 
advised cut-off for EMA for EMA cut-off cut-off) cut-off)

Immco Eu/mL 25 100 83

D-tek u/mL 20 100 90

Phadia u/mL 5 90 92 3 100 90

Orgentec u/mL 9 76 98 3.5 100 91

Aesku u/mL 14 90 90 7 100 72

Euroimmun Ru/mL 19 95 90 18 100 90

TBS u/mL 4 100 95

Table 2. Sensitivity and specificity for each of the seven kits using the manufacturer’s cut-off value and amended cut-off value.

IgG-tTG/IgG-gliadin ELISA
The 80 samples were analysed for IgG-tTG antibodies using
the same instrumentation using The Binding Site IgG-tTG
kit. Study samples with an IgA concentration <0.25 g/L were
reflex-tested for the presence of IgG-gliadin antibodies by
ELISA on the Triturus analyser using the D-Tek IgG-gliadin
kit. This commercial kit was programmed to run according
to the manufacturer’s recommendations.

Data analysis
Data were stored in Excel spreadsheets (Microsoft Office 
XP Professional, version 10). Quantitative and qualitative
results were recorded to aid comparison of data and
identification of trends. Sensitivity and specificity results
were calculated using the electronic patient record (EPR)
toolkit (www.hutchon.net/EPRval.htm).

External quality assurance
The laboratory participates in the UK NEQAS schemes for
total IgA concentration, IgA-tTG, IgA-EMA and IgG-gliadin
assays.

Results

Diagnostic performance of tTG ELISA
Diagnostic sensitivities and specificities were calculated for
each tTG assay using the EPR-validity test calculator. The
IgA-EMA results were used to define serological positivity
(Table 2) and this is represented in Figure 2. 

All 20 serologically negative control samples (Group 1)
were negative for IgA-tTG with all seven kits. Only three of
the seven kits identified all 20 EMA-positive samples (Group
4) using the suggested cut-off. Of the four kits that failed to
identify the EMA-positive sera, false negativity ranged from
1/20 (5%) to 5/20 (25%). 

Based on the premise that IgA-tTG kits are used as a
screening tool, four of the published cut-off values were
lowered in order to achieve 100% sensitivity for all methods.
The corresponding effects on assay specificity are shown in
Table 2. Adjustment of the cut-off achieved 100% sensitivity
to EMA for all kits; however, one kit (Euroimmun) showed
no decrease in specificity. In two kits (Phadia and Orgentec),
sensitivity was greatly improved with only a moderate
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Fig. 2. Raw data from the 80 samples for seven kits. These data
were used to calculate sensitivity, specificity and PPV.

Fig. 3. IgA concentration against IgA anti-tTG result obtained from
the Immco kit (r2 = 0.7532, P=0.056).
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decrease in specificity (2% and 6%, respectively), with
Orgentec dramatically increasing its sensitivity from 76% to
100%. The remaining kit (Aesku) forfeited its specificity (90%
decreased to 72%) in order to achieve 100% sensitivity 
(Table 2). 

Detecting IgA deficiency
Nineteen out of the 20 sera with low IgA concentration gave
a negative IgA-EMA and were negative for IgA-tTG by all
seven kits. The remaining sample was interpreted as tTG-
positive in one of the trial kits (Aesku), which was the only
kit to have gliadin peptides incorporated in the antigen
preparation. This patient also had an IgG-gliadin result of
>400 iu/mL (normal range: 0–50 iu/mL). 

The hypothesis that low IgA level could be identified
using the absorbance (A) results of the assays was tested by
studying the values from the 20 low-IgA samples and
selecting the highest A within that group and translating this
into a unit value. The selected level for each kit was then
used to calculate the sensitivity and specificity of using that
value to screen for IgA deficiency (Table 3). Figure 2 shows
the unit values for each of the kits below which IgA
deficiency was considered. 

The IgA-tTG assays showed variability in their ability to
detect IgA deficiency by using a selected unit value. Table 3
demonstrates the effectiveness of employing this method for
each of the assays. The breadth of results indicates that low
IgA detection is possible using some commercial kits but not
others. Samples identified as having a low IgA concentration
would benefit from further investigation using IgG assays. 

Interference from raised IgA
Of the 20 samples with raised IgA, one (previously recorded
as negative) gave a weak-positive IgA-EMA result and was

therefore reclassified as having positive serology (Group 4).
In the remaining 19 samples, false positivity ranged from
1/19 (5%) to 10/19 (53%). These data suggest that there may
be a linear relationship between IgA concentration and
positive IgA-tTG value. Figure 3 illustrates this relationship
using IgA concentration and anti-tTG results taken from the
Immco kit and shows only partial linearity (r2=0.7532,
P=0.056).23 Other kits gave similar results (and r2 values) to
the example used here (data not shown).

Global agreement between the different methods was low,
demonstrating that false positivity is related to different
factors. Indeed, only one of the 20 sera was positive by all
methods. 

IgG assays
The IgG-tTG assay was positive for 2/20 (10%) of the
negative sera (Group 1), both of which were negative for
IgG-gliadin and IgG-EMA assays. Twelve (60%) of the
positive sera (Group 4) were positive for IgG-tTG. 
The low-IgA group and high-IgA group gave 2/20 and 
4/20 positives, respectively, for IgG-tTG. It is notable 
that one of the samples from the low-IgA group had a 
strong positive  IgG-gliadin (>400 iu/mL) and was also
positive for IgA-tTG in the kit containing tTG and gliadin
peptides, but was negative with the IgG-tTG and IgG-EMA
assays. 

Discussion

This study evaluated seven commercially available IgA-tTG
ELISA kits. Unexpectedly, a huge variation in sensitivity and
specificity was found (sensitivity 76–100%, specificity:
83–98%) using manufacturers’ suggested cut-offs. Crucially,
as IgA-tTG kits are used as a screening tool for CD,
sensitivities below 100% were considered unacceptable. In
four of the seven kits, the cut-off value was reduced in order
to achieve 100% sensitivity with the IgA-EMA assay (Table 2).
Contrary to previous reports,9,10 concordance between
methods was poor. These findings have highlighted the
need for laboratories that perform IgA-tTG to evaluate their
kit and consider whether or not the manufacturer’s stated
cut-off value may need to be altered. 

In order to exclude co-existing IgA deficiency, it is
suggested5,24 that a total serum IgA concentration be
measured. An objective of the present study was to identify
sera with low IgA using the A results from the IgA-tTG
ELISA. IgA measurements are expensive and incur
significant additional cost to the laboratory, and reliable
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Kit Units Cut-off value for low IgA detection Sensitivity for low IgA (%) Specificity for low IgA (%)

Immco Eu/mL <4 100 98

D-tek u/mL <5 94 93

Phadia u/mL <0.5 85 93

Orgentec u/mL <1 95 85

Aesku u/mL <2 85 80

Euroimmun Ru/mL <1 75 80

TBS u/mL <0.25 95 95

Table 3. Sensitivity and specificity of low IgA detection for each kit.

Kit Positives (n=19) False-positive rate (%)

D-tek 6 32

Immco 10 53

Phadia 5 26

Euroimmun 6 32

Orgentec 1 5

TBS 3 16

Aesku 5 26

Table 4. Number of samples identified as IgA-tTG-positive by each kit
employed and the false-positive rate as a percentage.



identification of this subpopulation should be undertaken
using IgG-gliadin, tTG or EMA assays to aid the diagnosis. 

A cut-off value for each assay was determined and
sensitivity/specificity data for detection of low IgA were
calculated. Some kits were able to identify sera with low IgA
concentrations, while others struggled (sensitivity for low
serum IgA: 75–100%). These data are in agreement with
previous studies5,15 and illustrate that it is possible to utilise
ELISA results to identify samples which require further
investigation, but accuracy varies between kits. 

It can be argued that not every sample in the reduced IgA
subgroup was clinically IgA-deficient; however, a level <0.25
g/L (criterion for inclusion) was considered low enough to
achieve the objective. One sample with clinical details of
‘suboptimal weight’ had an IgA concentration <0.25 g/L,
negative anti-EMA and a negative tTG on all but one of the
kits (Aesku; incorporating gliadin peptides). A very strong
IgG-gliadin result was obtained on this sample (>400 iu/mL,
normal range: 0–50 iu/mL). Clinical follow-up identified 
this patient as probable CD, but small-intestinal biopsy will
be required to confirm the diagnosis. 

Although studies indicate the potential of gliadin peptide-
enhanced tTG assays,25 this must be considered in view of
the relatively poor specificity (Table 2) of this kit. A sample
received from a 38-year-old female with a history of
diarrhoea was selected for Group 4 (tTG/EMA-positive), and
had a history of strong-positive IgA-EMA with a previous
IgA-tTG >400 iu/mL (normal range: 0–50 iu/mL). All the
commercial kits used in this study identified this sample as
anti-tTG-positive, including the IgG-tTG kit. For completion
of the database, an IgA concentration was performed on this
sample and gave an IgA <0.25 g/L. Sensitive IgA assays
confirmed the actual IgA concentration as 0.24 g/L. Although
not truly IgA-deficient, it is possible that the majority of the
0.24 g/L IgA was coeliac-specific26,27 and resulted in strongly
positive coeliac serology despite a relatively low level of
circulating IgA. 

Conversely, raised IgA levels were also found to interfere
with IgA-tTG assays and can yield false-positive results.18,28,29

In comparison to EMA, false positivity in the raised IgA
group (Group 2) ranged from 1/19 (5%) to 10/19 (53%). This
subgroup of samples clearly poses a problem (to varying
degrees) to the IgA-tTG assays assessed. Kit manufacturers
have attempted assurance that the new-generation assays
are superior to their predecessors in minimising interference
from raised IgA levels and liver disease, but the findings of
the present study show that raised IgA remains a problem. 

Despite the diagnostic sensitivity of EMA, some studies
have reported cases of antibody negative CD and tTG-
positive, EMA-negative CD. In this study, one sample with
raised IgA gave a positive tTG result with each of the seven
kits and, despite being negative for IgG-tTG, gliadin and
IgA-EMA, it must be considered that this patient is a possible
CD. However, in contrast with a previous study,10 we
conclude that any positive IgA-tTG results will benefit from
confirmatory IgA-EMA testing, as this will assist in the
identification of false-positive IgA-tTG sera. 

With regard to negative anti-EMA results, it has been
suggested that negative serum EMA may be associated with
advanced CD because transglutaminase 2 autoantibodies
(TG2) are deposited in the small bowel mucosa.30–33 Other
opinions10 dispute the need to perform IgA-EMAs; however,
in the present study and another18 the laboratory gold

standard test has proved invaluable in confirming tTG
serology and identifying possible false-positive reactions. 

One limitation of the present study was the size of the
sample population. Study size was restricted as it relied
heavily on the generosity of commercial companies to
provide kits. The broad objectives of this study
compromised the sample size of each group. A further
restriction to this study was that members of the subgroup
selected for low IgA concentration were recruited when the
laboratory technology was unable to measure IgA
concentration accurately below 0.25 g/L. Viewed positively,
being able to identify samples with low IgA concentration
automatically ensures that true IgA deficiency will not be
missed. The context of IgA concentration should also be
considered, as an individual who is in a post-viral state may
show transient IgA immunodeficiency.19,34,35

In conclusion, this study has highlighted the fact that low
IgA concentration and raised polyclonal IgA concentration
can influence the output from second-generation anti-tTG
assays. Therefore, when considering a new assay, it is
imperative that each laboratory identifies its quality targets
and the kit’s ability to achieve them. Hence, our experience
suggests that a thorough and robust inspection of any new
methodology is required to examine clinical utility.
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