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The aim of this study was to compare the efficiencies of six reference laboratories for serologic testing for
celiac disease. Serum from 20 patients with untreated celiac disease and from 20 controls was thawed, divided,
and distributed to each participating laboratory, which performed endomysial antibody tests. Five laboratories
also performed antigliadin antibody tests. Sensitivity for endomysial antibody immunoglobulin A (IgA) varied
from 57 to 90%. In all laboratories, the specificity for celiac disease was 100%. The sensitivity and specificity
for both IgA and IgG antigliadin antibody varied significantly. When results from all three tests were combined
in each laboratory, sensitivity was 90 to 100%. The specificity for endomysial antibody was 100% in the labor-
atories. Sensitivity was less than reported previously. Standardization of these tests is needed in the United States.

Celiac disease is a permanent intolerance to gluten that
results in damage to the mucosa of the small intestine. This
damage consists of mucosal inflammation and loss of absorp-
tive surface area and is manifested by a broad spectrum of
symptoms and nutritional deficiencies (7, 15, 23). For almost
30 years, intestinal biopsy has been the standard for the diag-
nosis of this disease. Although the mucosal damage is primarily
cellular, untreated celiac disease is also associated with a hu-
moral immune response that consists of both secreted intesti-
nal and circulating serologic antibodies (14, 20) directed
against the reticulin and endomysium of connective tissue,
“endomysial antibodies” (EMAs), and against various peptides
derived predominantly from wheat, “antigliadin antibodies”
(AGAs). EMAs have been proposed as the most reliable se-
rologic marker for celiac disease (8, 25).

Most studies that have examined the usefulness and accu-
racy of these tests were performed in European laboratories
(1, 2, 9–13, 16, 18, 20, 26). Many large studies may be subject
to a positive selection bias because of the wide use of serologic
tests to refer patients for subsequent biopsy to confirm the
diagnosis of celiac disease. The selection bias incurred would
overestimate the sensitivity and specificity of the serologic test-
ing in a subsequent retrospective analysis using stored sera
from these subjects.

EMAs. The EMA test is an indirect immunofluorescence
assay that uses monkey smooth muscle esophagus as a sub-
strate (Fig. 1). Many variables may affect the test, including the
light source, level of ambient light, training and experience of
the operator, substrate used, and the initial screening dilution.
Published results suggest that the endomysial immunoglobulin
A (IgA) indirect immunofluorescence assay is the most accu-
rate test available, with a reported sensitivity of 95 to 100% and
a specificity of 99 to 100%.

In the United States, serologic testing for celiac disease is
performed largely by commercial reference laboratories and
laboratories in a few academic institutions, including our own.
It is not known how reliable these tests are in the clinical
setting in the United States. The aims of our study were (i) to

compare the proficiency of EMA-IgA, AGA-IgG, and AGA-
IgA antibody tests in detecting celiac disease in a U.S. popu-
lation that was not preselected by serologic results and (ii) to
identify the variability in testing results among laboratories by
using a control group with biopsy-proven celiac disease.

MATERIALS AND METHODS

Residual sera from patients and controls were stored at 270°C and thawed
once for the study. Eight reference laboratories known to provide EMA testing
were invited to participate, and two declined. The organizing institution (Uni-
versity of Iowa) was excluded from the comparison study to avoid any apparent
conflict of interest. The six participating laboratories were Mayo Medical Lab-
oratories (Rochester, Minn.), IMMCO Diagnostics (Buffalo, N.Y.), MRL Ref-
erences Laboratories (Cypress, Calif.), Specialty Laboratories (Santa Monica,
Calif.), University of Maryland (Baltimore, Md.), and ARUP (Salt Lake City,
Utah).

Each laboratory received a small aliquot of each serum specimen from all 40
subjects. The aliquots were shipped at 4°C. The laboratories were asked to
perform the endomysial IgA immunofluorescence assay according to their usual
methods. Five of the six laboratories also performed AGA-IgG and AGA-IgA
enzyme-linked immunosorbent assay tests by their usual methods. The studies
were performed in a single-blind manner by each laboratory.

Patient groups. The 40 subjects (20 patients and 20 controls) had been eval-
uated for gastrointestinal symptoms, mainly diarrhea. The evaluation included at
least three endoscopic duodenal biopsy samples taken from the second, or more
distal, portion of the duodenum. All biopsy samples were evaluated by an expe-
rienced gastrointestinal pathologist (F.M.). Either serologic tests were not per-
formed before biopsy or the results were not available at the time of biopsy. For
the 20 patients, biopsy samples from the small bowel had a histologic pattern
typical of celiac disease, with subtotal villous atrophy, and all the patients had a
complete response (histologic or clinical) after the institution of a gluten-free
diet. The patients with celiac disease were monitored at 6 and 12 months, and 18
of the 20 patients underwent repeat biopsy, which demonstrated complete res-
olution of intestinal damage. The two patients who did not have a repeat biopsy
had complete resolution of their malabsorptive symptoms. The biopsy samples
from all the controls were histologically normal. At the time that the biopsy and
blood samples were obtained, all patients were following a normal gluten-con-
taining diet. Of the 20 patients with celiac disease (mean age, 50 years; range, 3
to 80 years), 18 were adults.

This study was approved by the Human Subjects Review Board of the Uni-
versity of Iowa.

Statistical analysis. Contingency tables were generated from the results from
each laboratory. Sensitivity and specificity between laboratories were compared
by x2 analysis. The k coefficient was calculated to examine the agreement among
laboratories.

RESULTS

Overall comparison of laboratory results. The overall k co-
efficient for agreement among laboratories on all tests, con-
trolled for biopsy, was 0.842 (95% confidence interval, 0.779 to
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0.907). The test for equal k coefficient showed that one labo-
ratory differed from the others, with a lower degree of agree-
ment with the biopsy-proven diagnosis (P , 0.03). This differ-
ence was accounted for by the lower sensitivity of the EMA
testing for celiac disease.

EMAs. The method used for EMA testing was broadly sim-
ilar among laboratories. Each laboratory used monkey esoph-
agus as the substrate for the indirect immunofluorescence as-
say. The serum dilution used for screening varied from 1:20 to
1:2. The primary interpreter of the test varied, from a technol-
ogist to a pathologist. Each laboratory required the demon-
stration of the staining pattern typical of connective tissue
surrounding smooth muscle bundles. The specificity of the
EMA-IgA test was 100% in all laboratories. The mean sensi-
tivity was 75% (range, 57 to 90%).

The k coefficient for EMA-IgA tests was 0.739 (95% confi-
dence interval, 0.639 to 0.838), with no significant difference
among laboratories. Comparison of titers was not possible
because of the different dilution strategies used in the labora-
tories, and the low volume of serum samples precluded serial
dilutions in most laboratories.

Gliadin antibodies. Five of the six laboratories performed
AGA-IgA and AGA-IgG antibody tests on the samples. Each
laboratory used a different assay system and method for the
AGA tests. The reference ranges and units also varied, making
quantitative comparison impossible. The specificity and sensi-
tivity of both the AGA-IgA and AGA-IgG tests varied among
laboratories (Table 1).

The AGA-IgA tests had the greatest variability and the
poorest agreement when controlled for the actual diagnosis
and among laboratories (Fig. 2). Two of the 20 patients with
celiac disease had selective IgA deficiency. The IgA-based tests
were negative for these two patients in all laboratories. One
laboratory measured total IgA and detected EMA-IgG in sera

from the two IgA-deficient patients. AGA-IgG tests were pos-
itive for the two IgA-deficient patients.

Of the three tests for celiac disease, the overall sensitivity of
any positive test of the three done did not differ among labo-
ratories; however, the false-positive rate varied significantly
(Fig. 3). This was primarily due to the low specificity of the
gliadin IgG and IgA tests in most laboratories.

DISCUSSION
The data from this study confirm the high degree of speci-

ficity of the EMA test for celiac disease. It could be argued that
a larger control group is needed to test the positive predictive
value in a population with a low prevalence of celiac disease. If
this degree of positive predictive power is confirmed in broader
clinical use, biopsy of the small intestine may not be needed to
diagnose celiac disease when the clinical presentation suggests
the disease and the EMA test is positive (25). It should be
noted that our patients were mainly adults, and it has been
suggested that the specificity of this test is lower in children (4).

The coefficient of agreement among the laboratories was
high for the EMA test, but the sensitivity varied, with one
laboratory having a result statistically different from that of all

FIG. 1. Endomysial antibody staining of the connective tissue around smooth
muscle bundles.

FIG. 2. Receiver operating characteristic showing variability among labora-
tories and the two tests in the (true-positive) sensitivity versus false-positive (1 2
specificity) for gliadin IgA (a) and IgG (b).

TABLE 1. Variation of sensitivity and specificity of AGA
and EMA testing among laboratories

Antibody test Sensitivity (%) Specificity (%)

AGA-IgA 55–68.4 63.5–100
AGA-IgG 68.4–95 80–100
EMA-IgA 57.9–90 100
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the others. The laboratory with the different result used the
greatest serum dilution for the initial screen, 1:20. The initial
screening dilution may affect both the sensitivity and specificity
of the test (21). Our data suggest that a negative EMA-IgA test
alone is insufficient to rule out the diagnosis of celiac disease.
Our 20 patients with celiac disease all had subtotal villous
atrophy, a situation in which the EMA test is thought to be
most sensitive; it may be less sensitive in patients with lesser
degrees of mucosal damage (19, 24). These results in general
are lower than those reported in the literature. Why this is so
cannot be explained from our data. The single laboratory that
had the lowest sensitivity used a higher dilution for the screen-
ing dilution. Other factors such as interpreter variability, buffer
conjugates used, and substrate preparation may all affect the
accuracy of the tests.

The sensitivity and specificity of AGA tests are known to
vary. Our study confirms the results of previous studies that
indicated that the specificity of AGA-IgA and AGA-IgG tests
does not approach that of the EMA test. Unexpectedly, AGA-
IgG tests were more sensitive and more specific than AGA-
IgA tests. This difference may be due partly to the two patients
with IgA deficiency, but this would not explain the poor spec-
ificity. Extrapolating these results to a population with a much
lower prevalence of celiac disease (for example, 0.5%), the
false-positive tests would greatly outnumber the true-positive
tests. Larger studies are under way to examine this question. A
positive AGA-IgA test does not replace the need for a more
accurate test to make the diagnosis of celiac disease.

The inclusion of the two patients with IgA deficiency did
contribute to the decreased sensitivity of the IgA-based tests in
all laboratories. However, even after these were excluded, the
sensitivity was less than 95% in most laboratories. Screening
for IgA deficiency has been suggested as part of the evaluation
for celiac disease (5). The AGA-IgG test was positive for two
patients who were IgA deficient. These patients were also
EMA-IgG positive. The estimated prevalence of selective IgA
deficiency in celiac disease varies from 1 to 5% (3, 15); how-
ever, if serologic tests are used to detect most cases, then the
true prevalence of IgA deficiency in celiac disease may be
underestimated. Of unselected persons with selective IgA de-
ficiency, 7.7% had celiac disease (17). It may be prudent to
consider including a rapid test for IgA deficiency for patients

who are either completely negative for AGA and EMA or are
positive only for AGA-IgG. The lack of AGA-IgG in an IgA-
deficient patient does not rule out the possibility of celiac
disease (5, 17). It seems necessary to combine AGA-IgA,
AGA-IgG, and EMA-IgA testing to maximize sensitivity (Fig.
3). This may be especially important when the suspicion of
celiac disease is high; however, when clinical suspicion is very
low, there likely will be an unacceptable level of false-positive
AGA-IgA and AGA-IgG tests. However, if all three tests are
negative, the likelihood of celiac disease is reduced further. In
many situations, intestinal biopsies will continue to be required
to diagnose celiac disease. Certainly, in patients with symptoms
suggestive of malabsorption, intestinal biopsy is mandated not
only to diagnose celiac disease but also to identify other mu-
cosal diseases that could result in malabsorption.

The degree of correlation among the laboratory results was
unexpected, considering the complete lack of uniformity of
testing methods and standards and in the training of the per-
sons who interpreted the EMA tests. This illustrates the robust
specificity of this test in clinical practice. The methods for the
AGA tests need to be standardized, as do the assay units and
reference ranges. Such standards are desirable to both labora-
tories and clinicians requesting the tests. Standardization will
reduce confusion about the interpretation and the use of these
tests in clinical practice.

Although commercial contracting for specialized testing has
cost advantages and decreases the need for specialized training
in many laboratories, it puts distance between the physician
and the laboratory performing the test. This makes clinical
feedback almost impossible and reduces the likelihood of on-
going validation of the tests. Serologic testing for celiac disease
should be included in the College of American Pathologists
validation system. The European Union has sponsored an on-
going effort to standardize testing and has an agreed-upon
methodology for EMA testing and basic requirements for
AGA testing (22). A similar effort is needed in North America.
The lack of standardization of these tests, especially the AGA
tests, will likely restrict their clinical usefulness.

It has been suggested recently that tissue transglutaminase is
the antigen recognized by endomysial staining (6). Enzyme-
linked immunosorbent assay tests are being developed to iden-
tify antibodies to tissue transglutaminase. However, our expe-
rience suggests that these tests (and any others that may be
developed) should be validated not only against other serologic
tests but also against biopsy-based diagnoses, which include a
significant proportion of patients who were not referred for
biopsy because of positive findings on serologic testing. Those
responsible for performing these tests or for selecting a refer-
ence laboratory would be advised to carefully validate the test
method. How positive sera are selected may influence the
apparent accuracy of the validation process. Using sera that
are positive for other serologic tests of celiac disease may not
be sufficient to predict the sensitivity of the test. Verifying the
serologic test by histologic abnormality would be a valuable
check, but correlation usually is not available to the reference
laboratory. Often only the requesting physician may be aware
of the disparity between serologic and subsequent biopsy (if it
is done) results. Recurring disparity will often cause the pri-
mary physician to discard the use of the test because of the
perception that it is ineffective or inaccurate.

Our observation was that although a combination of all
three tests maximized the sensitivity, the specificity of this
strategy was low. The clinician faced with a subject in whom
the probability of celiac disease is high (.10%) probably
should consider an intestinal biopsy. If the pretest likelihood of
disease is approximately 5%, it may be reasonable to infer a

FIG. 3. Receiver operating characteristic using “any positive test,” showing
an increased false-positive rate when gliadin IgA and IgG results are combined
with those of endomysial IgA antibodies to maximize the sensitivity of the
screening method. The numbers on the data points correspond to the true
positive, where 1.0 is 100%.
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strong negative predictive value if all three tests are negative,
but if any one test is positive, biopsy is needed. Although this
approach may be acceptable for a patient with symptoms, it
would not be feasible in a population-based screening project
with an unacceptably high rate of normal biopsy findings.

The sera in the present study and in most validation studies
of serologic tests were from patients with subtotal villous at-
rophy. The accuracy of the tests must be studied for patients
with less than total villous atrophy, because the results of their
tests may differ from those of patients with classic celiac dis-
ease as defined by total villous atrophy.

The results of our study support the high specificity of the
EMA-IgA test for identifying celiac disease in the United
States. However, these results must be confirmed in a larger
study group before small-bowel biopsy may be deemed un-
necessary for patients with suggestive symptoms and positive
EMA test results. In the present study, the sensitivity of the
EMA-IgA test was less than that reported previously and var-
ied greatly among laboratories.
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