Papers in Press. Published December 17, 2009 as doi:10.1373/clinchem.2009.128132
The latest version is at http://www.clinchem.org/cgi/doi/10.1373/clinchem.2009.128132

Clinical Chemistry 56:3
000—000 (2010)

IgG Antibodies against Deamidated
Gliadin Peptides for Diagnosis of Celiac
Disease in Patients with IgA Deficiency

Danilo Villalta," Elio Tonutti,®> Christian Prause,3
Sibylle Koletzko,* H. Holm Uhlig,® Pieter Vermeer-
sch,® Xavier Bossuyt,® Martin Stern,” Martin W.
Laass,® Julia H. Ellis,® Paul J. Ciclitira,® Thomas Rich-
ter,'® Cornelia Daehnrich,'" Wolfgang Schlum-
berger,"” and Thomas Mothes®*

! Allergy and Immunology Unit, Azienda Ospedaliera
“San Maria degli Angeli,” Pordenone, Italy; > Allergy
and Immunopathology Unit, Azienda Ospedaliero-
Universitaria “San Maria della Misericordia,” Udine,
Italy; ® Institute of Laboratory Medicine, University
Hospital, Leipzig, Germany; *von Haunersches
Kinderspital, University, Munich, Germany; > Univer-
sity Children’s Hospital, Leipzig, Germany; ° Depart-
ment of Laboratory Medicine, University Hospital,
Leuven, Belgium; 7University Children’s Hospital,
Tuebingen, Germany; ® University Children’s Hospi-
tal, Dresden, Germany; 9 Division of Nutritional Sci-
ences, King’s College, London, UK; 10 Municipal Chil-
dren’s Hospital “Sankt Georg,” Leipzig, Germany;
I EUROIMMUN Medizinische Labordiagnostika,
Luebeck, Germany; *address correspondence to this
author at: Institute for Laboratory Medicine, Univer-
sity Hospital and Medical Faculty of the University,
Liebigstrasse 27, D-04103 Leipzig, Germany. E-mail
mothes@medizin.uni-leipzig.de.

BACKGROUND: Assays for IgG antibodies against deami-
dated gliadin (IgG-anti-dGli) are comparable in per-
formance with tests detecting IgA antibodies against
tissue transglutaminase (IgA-anti-tTG) in diagnosing
celiac disease (CD). IgA-anti-tTG are absent in IgA de-
ficiency, a condition often associated with CD. In IgA
deficiency, IgG-anti-tTG, which have a lower overall
diagnostic accuracy, are routinely measured. We ex-
amined whether IgG-anti-dGli would be useful for di-
agnosing CD patients with IgA deficiency.

METHODS: We studied 34 IgA-deficient CD patients,
185 IgA-competent newly diagnosed children with CD,
316 children without CD, 400 adult blood donors, and
6 control IgA-deficient individuals without CD. Anti-
dGli and anti-tTG were measured by ELISA, and en-
domysium antibodies (EmA) were measured by im-
munofluorescence on monkey esophagus (IgA as well
as IgG class for all antibodies). We calculated diagnos-
tic sensitivity (percentage of patients above cutoff with
95% Cls) according to age-specific cutoffs for 95% di-
agnostic specificity and according to cutoffs proposed
by the manufacturer of the assays.

Brief Communications

REsULTS: No IgA-deficient CD patients were positive
for any IgA-based antibody assay. Diagnostic sensitiv-
ity of IgG-anti-tTG was 91.2% (95% CI 76.3%-97.7%)
according to age-specific cutoffs and 82.4% (66.1%—
92.0%) according to manufacturer cutoffs. The diag-
nostic sensitivity of IgG-EmA was 75.8% (58.8%—
87.4%) and the sensitivity of IgG-anti-dGli was 88.2%
(72.8%-95.9%) according to both cutoffs.

concrusions: [gG-anti-dGli and IgG-anti-tTG have
comparable diagnostic sensitivities for IgA-deficient
celiac patients. IgG-anti-dGli may be useful for diag-
nosing CD in IgA-deficient patients.

Patients with celiac disease (CD)'* do not tolerate glu-
ten in their diet (1). CD patients produce antibodies
against gliadin and autoantibodies against histological
structures called endomysium and its dominant anti-
gen tissue transglutaminase (tTG). IgA-class antibod-
ies against endomysium (EmA) and IgA-class antibod-
ies against tTG (anti-tTG) have higher diagnostic
accuracy than antibodies against native gliadin. In-
creased concentrations of IgA-class anti-tTG or EmA
are an important indication for duodenal biopsy and
subsequent histological confirmation of the diagnosis
(I). Normalization of anti-tTG and/or EmA concen-
trations after introduction of a gluten-free diet is a fur-
ther criterion for diagnosis of CD (1 ). However, CD is
associated with selective IgA deficiency (sIgAD) (2).
To avoid false-negative serologic testing, IgA deficiency
should be excluded in all patients suspected for CD.
Two testing algorithms have been proposed: either all
patients are screened for IgA deficiency (3 ) or total IgA
is measured in only those patients with IgA-anti-tTG
below an established cutoff (4,5). 1gG antibodies
against tTG (IgG-anti-tTG) have high diagnostic sen-
sitivity for CD in IgA deficiency (6-9 ); however, their
diagnostic sensitivity in IgA-competent CD patients is
low (10, 11).

In addition to antibodies directed against native
gliadin, assays for antibodies against deamidated glia-
din (anti-dGli) have recently been described for sero-
logical diagnosis of CD (10—16). The immune re-
sponse to dGli in IgA-competent CD patients was
found not to be restricted to IgA, but could be demon-
strated also for the IgG class of these antibodies
(13, 15, 16 ). Interestingly, in IgA-competent children,
the IgG-anti-dGli appear to have a higher diagnostic

"2 Nonstandard abbreviations: CD, celiac disease; tTG, tissue transglutaminase;
EmA, endomysium antibodies; anti-tTG, antibodies against tTG; sIgAD, selec-
tive IgA deficiency; anti-dGli, antibodies against deamidated gliadin.
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accuracy than the respective IgA-anti-dGli (10, 11).
Assays for [gG-anti-dGli were superior to tests measur-
ing antibodies to native gliadin and comparable in per-
formance with IgA-anti-tTG in diagnosis of CD. A
combination of the new test for IgG-anti-dGli with the
assay of IgA-anti-tTG increases the fraction of patients
in whom the diagnosis of CD can be confirmed or ex-
cluded with very high probability (10, 11).

The high diagnostic accuracy of the IgG class of
anti-dGli makes them a potential tool for diagnosis of
CD in IgA-deficient patients. Recently, 8 IgA-deficient
CD children were described (11, 17, 18) who all had
low concentrations of IgA-anti-tTG and IgA-anti-dGli
but high concentrations of IgG-anti-dGli. Two further
studies, each including 20 IgA-deficient CD patients,
revealed higher accuracy of IgG-anti-dGli detection
compared with antibodies against native gliadin
(9, 19). However, 1gG-anti-dGli did not achieve as
high a diagnostic accuracy as IgG-anti-tTG. In this
study, we retrospectively compared the IgG-anti-dGli
test with IgG-anti-tTG and IgG-EmA assays using sera
from 34 IgA-deficient CD patients (Table 1).

All sera were provided by the contributing clini-
cians without further selection. The patients included
24 children (mean age 10 years, range 2—16 years, 20
girls) and 10 adults (mean age 42 years, range 21-67
years, 7 women). Sera from 30 patients (Table 1) were
obtained at time of diagnostic duodenal biopsy while
on a normal (gluten-containing) diet. Also included
were 4 celiac patients with dietary transgressions
(gluten-containing diet despite recommendations).
Diagnosis was based on histological analysis of duode-
nal biopsies performed according to the revised criteria
of the European Society of Pediatric Gastroenterology,
Hepatology, and Nutrition (1 ). Intestinal pathology of
all patients was in accordance with Marsh II/III criteria.
The concentration of total IgA, measured nephelomet-
rically, was <0.05 g/L in 29 patients, and defined as
sIgAD. In the other 5 patients, IgA concentrations were
below age-specific cutoffs, but >0.05 g/L (patients with
low IgA concentrations). We also investigated 6 sub-
jects (3 female, 3 male; 3 children, 3 adults) with sIgAD
and normal biopsy (no CD) as controls. All patients
gave informed consent. The study protocol was ap-
proved by the Ethics Committee of the Medical Faculty
of the University of Leipzig.

In all sera, we measured both IgA- and IgG-class
anti-dGli, anti-tTG, and EmA by means of commer-
cially available test systems (Euroimmun). We mea-
sured anti-dGli by anti-gliadin (GAF-3X)-ELISA
(detects antibodies reactive to deamidated gliadin-
analogous fusion peptides composed of 3 repetitive
dimers representing synthetic analogs of deamidated
gliadin nonapeptides) (10); anti-tTG by antitissue
transglutaminase ELISA, coated with recombinant in-
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sect cell-expressed tTG; and EmA by indirect immu-
nofluorescence analysis using a combination of pri-
mate esophagus, primate small intestine, and primate
liver. Diagnostic sensitivity was calculated using (1)
age-specific cutoffs for 95% specificity, derived from
316 biopsy-controlled children without CD as reported
(11) and 400 adult blood donors, and (2) cutoffs pro-
posed by the manufacturer of each test kit. We com-
puted 95% ClIs according to the modified Wald
method.

Irrespective of the different cutoffs, none of the 34
IgA-deficient CD patients was positive for IgA-anti-
tTG, IgA-EmA, or IgA-anti-dGli. All 3 IgG-based as-
says (IgG-anti-tTG, IgG-EmA, IgG-anti-dGli) were
negative for only 1 patient (Table 1). Applying age-
specific cutoffs, 31 of the 34 IgA-deficient patients were
positive for IgG-anti-tTG, 25 of 33 for IgG-EmA, and
30 of 34 for IgG-anti-dGli. This corresponds to diag-
nostic sensitivities of 91.2% (95% CI 76.3%—-97.7%),
75.8% (58.8%—-87.4%), and 88.2% (72.8%-95.9%),
respectively. Applying kit manufacturer cutoffs, 28 of
34 patients were positive for IgG-anti-tTG, 25 of 33 for
IgG-EmA, and 30 of 34 for IgG-anti-dGli. This corre-
sponds to diagnostic sensitivities of 82.4% (66.1%—
92.0%), 75.8% (58.8%—87.4%), and 88.2% (72.8%-—
95.9%), respectively.

If only 28 patients with sIgAD under normal diet
(Table 1) were considered (applying age-specific cut-
offs), 26 of 28 patients were positive for IgG-anti-tTG,
21 of 27 for IgG-EmA, and 26 of 28 for [gG-anti-dGli.
This corresponds to diagnostic sensitivities of 92.9%
(76.3%-99.1%), 77.8% (58.9%—89.7%), and 92.9%
(76.3%-99.1%), respectively. Applying kit manufac-
turer cutoffs, 24 of 28 patients were positive for IgG-
anti-tTG, 21 of 27 for IgG-EmA, and 26 of 28 for IgG-
anti-dGli. This corresponds to diagnostic sensitivities
of 85.7% (67.9%-94.9%), 77.8% (58.9%—89.7%), and
92.9% (76.3%—-99.1%), respectively.

If only 20 CD children with sIgAD under normal
diet (Table 1) were considered (applying age-specific
cutoffs), 18 patients were positive for [gG-anti-tTG, 15
for IgG-EmA, and 18 for IgG-anti-dGli, with diagnos-
tic sensitivities of 90.0% (68.7%-98.4%), 75.0%
(52.8%—-89.2%), and 90.0% (68.7%—-98.4%), respec-
tively. Applying kit manufacturer cutoffs, 17 patients
were positive for IgG-anti-tTG, 15 for IgG-EmA, and
18 for IgG-anti-dGli. This corresponds to diagnostic
sensitivities of 85.0% (63.1%-95.6%), 75.0% (52.8%—
89.2%), and 90.0% (68.7%—98.4%), respectively.

These results show that the diagnostic sensitivity
of IgG-anti-dGli is comparable with that of IgG-anti-
tTG for CD in IgA deficiency. Assays of IgG-anti-tTG
and IgG-anti-dGli appear important not only for
avoiding false-negativity in sIgAD, but also in patients
with low IgA concentrations. These assays may also



Table 1. Comparison of different antibody assays in diagnosis of IgA-deficient CD patients.®

Patient Anti-dGli, RU/mL Anti-tTG, RU/mL EmA, titer
No Age Sex Diet IgA status IgA lgG IgA lgG IgA l9G
1 @ F N sIgAD 0.4 68.0° 0.3 5.5 Neg Neg
2 C F N slgAD 0.6 27.2¢ 0.4 147.3¢ Neg 1:320¢
3 C F N sIgAD 0.5 332.2¢ 0.5 337.5¢ Neg 1:320¢
4 C F N sIgAD 0.5 51.2¢ 0.4 368.0° Neg 1:1000°¢
5 C F N sIgAD 0.7 74.5¢ 1.2 320.2¢ Neg 1:320¢
6 C F N sIgAD 0.7 216.7¢ 0.4 460.0° Neg 1:1000°
7 C F N sIgAD 1.0 278.6° 1.2 439.1¢ Neg 1:1000°
8 C M N slgAD 0.3 2.6 0.5 5.1 Neg Neg
9 C M N sIgAD 0.6 365.2¢ 0.6 456.2¢ Neg 1:1000°
10 C F N sIgAD 0.5 34.2¢ 0.8 122.9¢ Neg Neg
1 C F N sIgAD 0.3 127.4¢ 0.6 307.3¢ Neg 1:320¢
12 C F N sIgAD 0.6 180.1¢ 0.2 250.0¢ Neg 1:32¢
13 C F N sIgAD 0.4 488.7¢ 0.3 406.4° Neg 1:100¢
14 C F N slgAD 0.0 443.9° 0.3 505.0¢ Neg 1:320¢
15 C M N sIgAD 2.0 420.8° 1.3 435.9¢ Neg 1:100¢
16 C F N sIgAD 0.3 14.5 0.3 104.3¢ Neg 1:320°¢
17 C F N sIgAD 0.4 312.9° 0.9 374.7¢ Neg 1:32¢
18 C F N sIgAD 0.3 66.2¢ 0.3 34.8¢ Neg Neg
19 C F N sIgAD 0.5 36.1¢ 0.5 103.8¢ Neg Neg
20 C F N slgAD 1.0 244.3¢ 0.3 378.3¢ Neg 1:32¢
21 C F N LowlgA 0.9 412.2¢ 0.3 371.7¢ Neg 1:32¢
22 C F DT LowlgA 0.4 0.6 0.5 1.2 Neg 1:100¢
23 C M DT LowlgA 0.3 1.3 0.4 360.4¢ Neg 1:100¢
24 C F DT LowlgA 0.6 154.2¢ 0.3 398.0° Neg 1:100¢
25 A F N sIgAD 1.0 283.1¢ 0.6 401.0° Neg 1:1000°
26 A F N slgAD 0.9 290.7¢ 0.6 373.5¢ Neg 1:320¢
27 A F N slgAD 0.8 248.9° 0.3 381.6° Neg 1:1000¢
28 A M N sIgAD 0.5 194.6¢ 0.5 232.3¢ Neg 1:1000°¢
29 A F N sIgAD 1.2 69.0° 0.7 380.4¢ Neg 1:1000°
30 A M N sIgAD 0.3 26.2¢ 0.2 158.8¢ Neg 1:320¢
31 A M N sIgAD 1.1 143.4¢ 0.8 354.3¢ NM NM
32 A F N slgAD 0.9 481.2¢ 0.8 56.8° Neg Neg
33 A F N LowlgA 0.4 28.0° 03 139.8° Neg Neg
34 A F DT sIgAD 0.1 35.2¢ 0.1 7.4¢ Neg Neg
Overall diagnostic sensitivity, %
Age-specific cutoffs 0.0 88.2 0.0 91.2 0.0 75.8
Manufacturer cutoffs 0.0 88.2 0.0 82.4 0.0 75.8

2 Cutoffs for ELISA (95% specificity for children, 95% specificity for adults, manufacturer cutoff) in relative units (RU)/mL: IgA-anti-dGli, 21.2, 17.1, 25.0;
IgG-anti-dGli, 15.9, 13.8, 25.0; IgA-anti-tTG, 30.9, 10.4, 20.0; IgG-anti-tTG, 25.5, 4.6, 100.0. Common cutoff for immunofluorescence assays (IgA- and IgG-EmA)

is 1:10.

b ¢, child; A, adult; N, normal diet; DT, dietary transgression; sIgAD, selective IgA deficiency; LowlgA, low IgA concentration; Neg, negative; NM, not measured.

¢ Antibody concentrations higher than age-specific cutoff for 95% specificity.
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detect IgA-deficient patients in dietary transgressions
(Table 1). Among the 6 control subjects with sIgAD
(no CD), the concentrations of IgG-anti-tTG and IgG-
anti-dGli were within the reference range (data not
shown).

Our results show that IgG-anti-dGli are valid
markers for CD in IgA deficiency. The high diagnostic
sensitivity obtained with the IgG-anti-dGli assay is
comparable with results of previous smaller studies on
IgA-deficient CD patients (9, 19) and with reports on
individual IgA-deficient cases (17, 18) applying an-
other test based on dGli as the antigen.

It is worth mentioning that not only sIgAD can
cause false-negative test results in IgA-based assays;
they may also occur in patients with low age-specific
IgA concentrations, which do not strictly fulfill the cri-
teria of sIgAD.

IgA deficiency does not always cause false-
negative IgA-autoantibody concentrations in CD
(3, 20). Our IgA-deficient patient group comprised
only individuals with low IgA-anti-tTG concentration.
This represents a bias, since patients with low total IgA
but increased (true-positive) IgA-anti-tTG were not
considered. The retrospective nature of our study and
the nonsequential character of our data may represent
further sources of bias.

The IgG-anti-dGli test has high diagnostic sensi-
tivity not only in IgA-competent but also in IgA-
deficient CD patients. This is in contrast to the IgG-
anti-tTG assay, which is specific for CD only in IgA
deficiency. As recently described (11) in IgA-competent
CD children, the 96% diagnostic sensitivity (at 95%
specificity) of IgG-anti-dGli is comparable to that of
IgA-anti-tTG (also 96%) but substantially higher than
that of IgG-anti-tTG (62%). Use of manufacturer cut-
offs maintained this relationship (11).

We conclude that increased concentrations of
IgG-anti-tTG are informative only after estimation of
total IgA. However, IgG-anti-dGli specifically indicate
CD irrespective of total IgA concentration. Therefore, a
combined evaluation of IgA-anti-tTG and IgG-anti-
dGli, as already suggested for IgA-competent CD

(10, 11, 16 ), seems to be adequate for serodiagnosis of
CD irrespective of IgA deficiency and without the need
for estimating total IgA concentrations.

Inspection of duodenal biopsy remains the gold
standard in CD diagnosis (1 ). IgA-deficient symptom-
atic patients with negative serological tests (such as pa-
tient 8, Table 1) should undergo duodenal biopsy for
evaluation of CD and other intestinal diseases associ-
ated with IgA deficiency.
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