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Serological screening of coeliac disease: choosing
the optimal procedure according to various
prevalence values

G Corrao, G R Corazza, M L Andreani, P Torchio, R A Valentini, G Galatola
D Quaglino, G Gasbarrini, F di Orio

Abstract
The aim of this study was to select the
best approach for screening coeliac
disease patients among populations with
different grades ofdisease prevalence. The
diagnostic performance was assessed of
class A and G antigliadin antibodies and
class A antiendomysium antibodies in 93
consecutive outpatients with suspected
malabsorption, 44 of whom (47%) had
coeliac disease according to duodenal
histological tests. Class G antigliadin
antibodies provided the worst diagnostic
values, whereas a high diagnostic validity
was found for the other two tests. The
positive predictive value corrected for the
disease prevalence expected in coeliac
disease relatives (5%) and the general
population (0.20/o) fell to 30% and <2%
respectively for class A antigliadin anti-
bodies, whereas it remained 100% for
antiendomysium antibodies in both
situations, providing an optimal value
for their use as a screening test and as a
valid alternative to duodenal biopsy when
this is not feasible. The high cost of anti-
endomysium antibodies and the invasive
nature of duodenal biopsy prevent them
being used widely as screening pro-
cedures. A cost effective two step approach
was simulated measuring class A anti-
gliadin antibodies in all subjects of the
target population (first step), and per-
forming a confirmation test (antiendo-
mysium antibodies or duodenal biopsy)
only in subjects positive for antigliadin
antibodies. The results show that such a
procedure should be recommended only
for subjects with an expected low disease
prevalence - that is, 5% for coeliac disease
relatives and 0O2% for the general
population - as the positive predictive
value was always 100% with an acceptable
false negative rate (6% and 11% respec-
tively), irrespective of which of the
two confirmation tests was used. This
approach avoids the use of the con-
firmation test in 63% and 89% of subjects
respectively for the two levels of preva-
lence, resulting in a considerable
reduction of the cost. Patients seen for
suspected malabsorption with an expected
high prevalence of coeliac disease should
not have such a serological screening
procedure. In conclusion, antigliadin
antibodies are useful to screen for asym-
ptomatic coeliac disease in non-hospital
communities if antiendomysium anti-

bodies are used as a confirmation test: the
latter is a reasonable valid alternative to
duodenal biopsy.
(Gut 1994; 35: 771-775)

Coeliac disease is a condition characterised by
villous atrophy of the small intestine induced
in predisposed subjects by the ingestion of
gluten containing gliadins and prolamins. Its
prevalence in European countries based on
symptomatic cases, has been calculated to
be between 1:300 and 1:1000 subjects.' 2The
classic clinical presentation, however, with
weight loss and diarrhoea3 4 is now not often
encountered, thus the diagnosis of coeliac
disease is often missed,5 and its actual
prevalence is probably higher.
The definitive diagnosis of coeliac disease is

based on finding specific histological hallmarks
on jejunal or duodenal biopsy specimens.6
Serum antigliadin antibodies (AGA) and
antiendomysium antibodies (EMA) have been
found to provide specific and sensitive tests for
identifying patients with coeliac disease.7 8 The
diagnostic performance, however, of such tests
has not yet been clarified because previous
studies aimed only at defining their best cut off
value. This fact is a limit to their use and to the
interpretation of their results.9

Furthermore, the actual predictivity of a test
may vary according to the prevalence of the
disease that the test should diagnose. We have
reasoned that, on the one hand, the high
predictive values reported for AGA in diag-
nosing coeliac disease may fall when these tests
are implemented as a screening procedure in
subjects with low prevalence of coeliac disease,
making them unsuitable for this purpose. On
the other hand, the high cost of EMA is itself
a limiting factor for its wide use in screening
programmes.

Thus, our aims were: (1) to estimate the
diagnostic performance of AGA and EMA for
diagnosing coeliac disease; (2) to estimate the
diagnostic performance of various combina-
tions of tests, to find out ifwe could identify an
optimal two step screening procedure for
coeliac disease in subjects with progressively
decreasing values of disease prevalence. The
procedure used the cheaper test with high
sensitivity as a first step and the most expensive
but highly predictive test as the confirmation
test in patients selected as positive by the
first step test. For this purpose we used
the receiver operating characteristic analysis,
which evaluates the performance of a diagnos-
tic or screening test, and calculates cut off
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values taking into account both the prevalence
of the disease in various target populations and
the comparative weight of misclassification
error. 10

Suojects and methods

PATIENTS
During the period September 1990 to
December 1991 we studied 93 consecutive
patients (24 males, 69 females; mean age 39
years, range 14-71) referred to the outpatient
clinic of the I Department of Medical
Pathology at the University of Bologna, Italy
for clinically suspected coeliac disease. Coeliac
disease was diagnosed in 44 patients according
to the classic duodenal histological findings.
After extensive diagnostic examination that
included duodenal biopsy in all patients,
the remaining final diagnoses were: Crohn's
disease (n=7), ulcerative colitis (n=5), small
intestine bacterial overgrowth (n=3), giar-
diasis (n=3), Whipple's disease (n=2), small
intestine lymphoma (n= 1), gastric lymphoma
(n= 1), and irritable bowel syndrome (n= 27).

SEROLOGICAL ANALYSIS
A serum sample was collected from all patients
at the time of their first visit to the clinic and
then stored at -200C. AGA and EMA were
measured in the serum using the same methods
throughout the study, by a single pathologist
who did not know the diagnoses. Class A and G
AGA (IgA-AGA, IgG-AGA) were measured
using a previously described microenzyme
linked immunosorbent assay (ELISA).7 Briefly,
200 pAl serum diluted samples were added to
microtitre plates (Dynatech, Billinghurst, UK)
precoated with commercial crude gliadin
suspension incubated at 200C for three hours.
After washing, alkaline phosphatase conjugated
antihuman IgA and IgG were added and the
plates incubated again at room temperature for
three hours, then washed. The reaction was
detected by reading the absorbance at 405 nm
after addition of a substrate solution ofp-nitro-
phenyl-phosphate in diethanolamine magne-
sium chloride buffer.
IgA-EMA were detected using an indirect

immunofluorescence technique" on com-
mercial sections of monkey oesophagus
(Biosystems, Milan, Italy). IgA specific for the
endomysial lining of myofibrils were identified
by their reticulin like staining of smooth
muscle bundles. Serum samples containing
antibodies at any titre were considered
positive.

PREDICTIVE ABILITY OF IgA-AGA AND IgG-AGA
The receiver operating characteristic analysis
was used to compare the predictive ability
of IgA-AGA and IgG-AGA. This analysis
summarises the possible sets of 2X2 classifi-
cation tables that result when the cut off point
is varied from the smallest to largest possible
figure.'2 The model plots sensitivity (the pro-
portion of coeliac disease patients attributed by

the test to the coeliac group) v 1-specificity
(the proportion of control patients attributed
by the test to the coeliac group) for each
possible value of the test. The receiver
operating characteristic curve shows the
discriminative ability of the screening test. The
curve for a perfect test is as far upward and to
the left as possible; a diagonal line is indicative
of a non-informative test. The area under the
receiver operating characteristic curve is con-
sidered the best index for detection.'3 14 The
area under curve represents the probability
that the test correctly classifies two randomly
paired normal and coeliac disease subjects.'5 16
Several methods have been proposed for
estimating area under curve, according to the
underlying distributions.'5 17 In this study, we
used a method based on the maximum likeli-
hood estimate,1 developed as a statistical pro-
gram (LABROC-1 and CLABROC) by Metz
et al.'8 Results were subsequently confirmed
on a subset of the analysis using the non-para-
metric approach described by Delong et al.'9
The receiver operating characteristic

analysis was also carried out to find out if using
the two tests simultaneously results in a greater
discriminant ability than using either test
alone. For this purpose, we obtained a dis-
criminant function using a linear discriminant
analysis model, where the dependent variable
was the diagnostic category (presence or
absence of coeliac disease) and the indepen-
dent variables were serum IgA-AGA and IgG-
AGA. The receiver operating characteristic
curve was obtained from the a posteriori
probability of the discriminant function, and
area under curve was calculated as described
above.

CHOICE OF THE SCREENING PROCEDURE
The performance of a screening test should
be assessed in empirical conditions, where half
of the sample carries the disease and the other
half does not. For any cut off point of the
test, the predictive ability is affected by
the prevalence of the disease in the target
population, thus, whenever the test is applied
to a community sample, an adjustment for
the prevalence should be considered.'0
Furthermore, utilising a single test for screen-
ing purposes often results in a poor test
performance. For this reason, in our study we
considered the use of a first step screening test
applied to the whole sample, and a con-
firmation second step test applied to subjects
positive to the first step test. Because detection
of AGA is less costly and easier to perform
than detection of EMA, we used the first as
the first step test and the second as the con-
firmation test. We simulated the impact of
this procedure in various conditions, by
looking at: (a) the first step test (estimates
of receiver operating characteristic validity
at different AGA cut off points were con-
sidered); (b) the conformation test (biopsy v
IgA-EMA); (c) various target populations in
which the prevalence of coeliac disease would
vary.
The predictivity of such a procedure has
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TABLE I Distribution of coeliac and control patients
according to various classes ofIgA-AGA and IgG-AGA
values

IgA-AGA IgG-AGA

Coeliac Control Coeliac Conitrol
ELISA patients patients patients patienits
units no (0/o) nlO (%) no (0) no (%/)

000-2 4 (9-1) 41 (83.7) 11 (25 0) 42 (85 7)
0-2-0-4 2 (4.5) 8 (16-3) 3 (6.8) 1 (2.0)
0-4-0-6 1 (2-3) 0 (-) 7 (15-9) 1 (2.0)
0-6-0-8 2 (4.5) 0 (-) 2 (4-5) 2 (4-1)
0-8-1-0 4 (9-1) 0 (-) 2 (4-5) 1 (2-0)
10-2-0 12 (27-3) 0 (-) 13 (29.5) 1 (2-0)
2-0-3-0 4 (9-1) 0 (-) 1 (2-3) 1 (2-0)
3-0-4-0 5 (11-4) 0(-) 1 (23) 0(

¢4.0 10 (22-7) 0() 4 (91) 0()
Total 44 (100-0) 49 (100.0) 44 (100.0) 49 (100-0)

TABLE II Sensitivity and specificity ofIgA-AGA for
various cut offpoints estimated by the fitted receiver
operating characteristic curves

Cut off (ELISA units) Specificity Sensitivity

0-08 0-66 0-96
009 075 095
0 10 0-83 093
0-12 0-89 0 91
0-17 0-96 0-88
039 099 0-79
0-52 1.00 070

TABLE III Positive and negative predictive values of IgA-
AGA according to various cut offpoints and vanrous
prevalence values of coeliac disease

Expected prevalenice
Cult off
(ELISA unlits) Predictivzty 47% 5% 022%

008 PPV 0-71 0.13 00056
NPV 0.95 1.00 0-9998

0 10 PPV 0-83 0-22 00108
NPV 0.93 1.00 0.9998

0-12 PPV 0-88 0-30 0.0163
NPV 0-91 0 99 1.0000

PPV=positive predictive value; NPV=negative predictive
value.

TABLE IV Distnrbution ofIgA-EMA titres in coeliac and
control patients

Antibodies Coeliac patients Conitrol patienits
titre (i =44) (i =49)

Negative (1:1) 1 49
Positive (1:5) 5 0
Positive (1:50) 2 0
Positive (1:100) 1 0
Positive (1:200) 5 0
Positive (1:500) 30 0

been estimated under the assumption that the
validity of serological tests for coeliac disease is
independent of the presence or absence of
symptoms.

Results

IgA-AGA AND IgG-AGA
Table 1 shows the distribution of coeliac
disease and control patients according to the
results of IgA-AGA and IgG-AGA. All 49
control patients and six coeliac disease patients
(13.6%) had IgA-AGA below 0.4 ELISA
units. Forty three control patients (87.8%) and
14 coeliac disease patients (31.8%) had IgG-
AGA values below this threshold.

False positive rate (1-specificity)
Empirical points andfitted curves showing receiver operating characteristic curves for
IgA-AGA (closed squares) and IgG-AGA (open circles). The curve relative to IgA-AGA
is shifted leftward, showing improved sensitivity and a reduced false positive rate of the test

in the discrimination between coeliac disease and control patients.

The Figure shows the receiver operating
characteristic curves for IgA-AGA and IgG-
AGA. The best predictive ability was found
for IgA-AGA. The area under curve values
(SE) were 0.9599 (0-0214) for IgA-AGA and
0-8933 (0.0327) for IgG-AGA, the two values
being significantly different (z= 318; two
tailed p value=000 15). The area under curve
obtained by the a posteriori probability accord-
ing to the linear discriminant analysis model
was 0-9611 (0.0297), and it did not differ from
the area under curve of IgA-AGA (z=0.18;
two tailed p value=0.8572).

Table II shows that, for IgA-AGA, sensi-
tivity decreases and specificity increases at
increased cut off values.

Table III shows the positive and negative
predictive values of IgA-AGA calculated for
three cut off points, simulating three different
prevalence values of coeliac disease. The
positive predictive value increases at increased
cut off points and at increased prevalence
values. The best cut off point (positive pre-
dictive value=88%) was 0-12 ELISA units in
the setting of a 47%/o prevalence of coeliac
disease; poorer positive predictive values were
seen for lower prevalence values. The negative
predictive value was high throughout the
simulation, the worse figure (91%) being seen
at the 0-12 ELISA units cut off point in the
case of the highest prevalence of coeliac
disease.

EMA-IgA
Table IV shows the distribution of control
and coeliac disease patients according to the
IgA-EMA titres. In all 49 controls and one
coeliac disease patient no IgA-EMA were
detectable in the serum. The serum samples in
which IgA-EMA were detectable were con-
sidered as positive, thus sensitivity was 97.7%/n
and specificity 1 00%. At increased IgA-EMA
dilutions, sensitivity decreased but specificity
remained 100%.
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TABLE V Sensitivity of the two step screening procedure
according to various IgA-AGA cut offpoints and to the
confirmation test used

Cut off (ELISA units)
forfirst step test Confirmation
(IgA-AGA) test Sensitivity

0 08 Biopsy 0-96
IgA-EMA 0-94

0-10 Biopsy 0 93
IgA-EMA 0-91

0-12 Biopsy 0 91
IgA-EMA 0-89

TWO STEP PROCEDURE (IgA-AGA+IgA-EMA OR
BIOPSY)
Both the specificity and positive predictive
value of the two step procedure remained
100%, because no false positive results
resulted from duodenal biopsy (gold standard
test) or IgA-EMA. Table V shows that sensi-
tivity was greater when biopsy was used as the
confirmation test, and when lower IgA-AGA
cut off points were chosen.

Table VI shows high negative predictive
value throughout the simulation, particularly
in the case of a low prevalence of coeliac
disease. The worse negative predictive value
(92%) was seen when IgA-EMA were assessed
in subjects with higher than 0d12 ELISA units
IgA-AGA, in the case of 47% prevalence of
coeliac disease. The proportion of subjects
positive for the first step test, in whom the
second step confirmation test was carried out,
was higher at increased values of disease
prevalence and at decreased IgA-AGA cut off
points.

Discussion
Early withdrawal from gluten intake in patients
with coeliac disease prevents the complications
resulting from long standing disease and
reduces the incidence of gastrointestinal malig-
nancies, which occur with higher incidence
than expected in coeliac disease patients.202'
The implementation of screening programmes
to detect asymptomatic coeliac disease patients
is, however, hampered by the fact that duode-
nal biopsy, which is the gold standard diagnos-
tic procedure, is comparatively invasive and
time consuming and cannot be used for some
purposes, particularly in children.
The availability of improved techniques for

measuring AGA in serum as markers for
coeliac disease has provided the feasibility of
screening programmes on wide series of
high risk subjects22-27 and in the general

TABLE VI Negative predictive value andfrequency of use of the comfirmation test in two
step screening procedure according to various IgA-AGA cut offpoints and to the
confirmation test used, in three different prevalence values of coeliac disease (CD)

Expected prevalence ofCD
Cut off
(ELISA units) 47% 5% 0-2%
forfirst step test Confirmation
(IgA-AGA) test NPV FREQ NPV FREQ NPV FREQ

0-08 Biopsy 0-97 0 70 1-00 0-37 1-00 0 34
EMA 0-94 1-00 1-00

0-10 Biopsy 0.95 0-52 1-00 0 21 1-00 0-17
EMA 0-93 1-00 1 00

0-12 Biopsy 0 93 0-48 1-00 0-15 1-00 0-11
EMA 0-92 0.99 1-00

NPV=negative predictive value; FREQ=use of the confirmation test.

population.28 29 Different techniques have,
however, been used in such studies and the
lack of standardisation of the test and in-
sufficient knowledge on its diagnostic ability,
generates difficulty in choosing the optimal
method and interpreting its result.
We have confirmed that IgA-AGA have a

better discriminant ability than IgG-AGA,
whatever cut off point is considered.30 The
sequential use of both tests did not increase the
discriminant ability of the single use of IgA-
AGA. For this reason, only IgA-AGA has been
considered in the following analysis. Despite
the fact that IgA-AGA were 91% sensitive and
89% specific, their positive predictive value
corrected for a 0-2% prevalence of coeliac
disease was below 2%, showing that this test is
not suitable for screening coeliac disease in the
general population.
The detection of serum EMA provides an

alternative possibility for a sensitive and
specific serological test for the diagnosis of
coeliac disease.31 Our results confirm pub-
lished works, showing that EMA provide 98%
sensitivity and 100% specificity.8 11 31 Further-
more, by contrast with our results on IgA-
AGA, the positive predictive value of EMA
corrected for a 0/2% prevalence of coeliac
disease remained 100%. This represents the
optimal prerequisite for a screening procedure
to be used in the general population. Thus,
EMA may become a valid non-invasive alter-
native to duodenal biopsy, particularly in
children and where endoscopic facilities are
not available. The high cost of this test,
however, discourages its implementation on a
wide scale.

Thus, to try and limit the use of EMA to a
smaller selected population, we considered a
two step procedure, using the cheaper and
easier test (IgA-AGA) as a first step, and carry-
ing out the most expensive but highly predic-
tive confirmation test (EMA or biopsy) only in
IgA-AGA positive subjects, simulating also
three different conditions of coeliac disease
prevalence.
When we considered a 47% prevalence,

which was characteristic of subjects in our
gastroenterology outpatient clinic, the positive
predictive value according to an IgA-AGA cut
off point of 0-08 ELISA units was 71%.
Because a duodenal biopsy is justified in all
positive patients, screening with IgA-AGA
would result in a 29% rate of negative biopsies,
entailing an overall 30/o false negative rate and
avoiding a negative biopsy in 29% of the
cases. By increasing the IgA-AGA cut off point
to 0- 12 ELISA units, a greater proportion
of biopsies will be avoided (52%), but the
diagnosis would be missed in 7% of the cases.
Thus, considering the risk of missing the
diagnosis of coeliac disease, we do not recom-
mend such a procedure in a gastroenterology
clinic, but suggest that a duodenal biopsy is
carried out as the first and definitive test in all
patients referred for suspected coeliac disease.
We then simulated the screening of

asymptomatic high risk subjects, in whom
coeliac disease prevalence should be between 2
and 8%.2627 Considering an intermediate 5%
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prevalence of coeliac disease, IgA-AGA at a
0-08 ELISA units cut off point resulted in 13%
positive predictive value, and 100% negative
predictive value. This setting cannot justify a
duodenal biopsy in asymptomatic IgA-AGA
positive subjects especially when it is expected
that there is low compliance to the test by such
subjects. The detection of EMA as a second
step confirmation test in IgA-AGA positive
subjects would be the optimal procedure,
causing a negligible reduction of the overall
sensitivity (from 96 to 94%), but a consider-
able increase in specificity (from 66 to 100%),
entailing a 6% false negative rate and avoiding
the EMA test in 63% of the cases.
When we considered a 0-2% coeliac disease

prevalence, simulating the expected preva-
lence in the general population,2 IgA-AGA at
a 0-08 ELISA units cut off point resulted in a
positive predictive value below 1%. In IgA-
AGA positive subjects, duodenal biopsy is
clearly not feasible, whereas detection ofEMA
is again the procedure of choice. If we used a
higher cut offvalue for IgA-AGA (0- 12 ELISA
units), the detection ofEMA resulted in 100%
positive predictive value and a near 100%
negative predictive value, entailing an 11%
false negative rate, and avoiding EMA in 89%
of the cases. This approach had the advantage
of saving 87% of the cost by comparison with
the use of EMA as a single step screening
test.
The estimated diagnostic values of the two

step procedure are affected by the design of our
study, which used a sample of coeliac disease
patients and a group of control patients with
other gastrointestinal diseases. Because anti-
gliadin antibodies can be found in patients
with inflammatory bowel disease,32 we can
hypothesise that the actual specificity of IgA-
AGA would have been higher than we
estimated, had we considered asymptomatic
patients or subjects from the general popula-
tion. Thus, both the overall false negative rate
and the frequency of use of costly confirmation
tests, such as EMA, should be actually lower
than we estimated in running a screening
programme based on the two step procedure
that we have examined.

In conclusion, we have shown that the best
diagnostic approach to the diagnosis of coeliac
disease using serological screening tests
changes according to the target population. In
a gastroenterology clinic we suggest a single
step procedure (duodenal biopsy) in patients
with clinically suspected coeliac disease. In
screening asymptomatic high risk relatives or
subjects in the general population we suggest
the use of IgA-AGA followed by the detection
of EMA only in IgA-AGA positive subjects.
This approach represents a compromise
between the poor predictivity ofAGA, the high
cost of EMA, and the invasive nature of
duodenal biopsy.
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