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BACKGROUND: AGA IgA II and AGA IgG II have recently
been suggested as reliable tools for celiac disease (CD)
diagnosis. We compared their utility for diagnosis and
monitoring CD in children with that of tTG IgA, an
established CD marker.

METHODS: We studied a cohort of 161 CD and 129 con-
trol children in whom CD was histologically confirmed
or ruled out. We followed 37 children with CD on a
gluten-free diet for 12– 84 months. In fasting sera, we
measured AGA IgA II, AGA IgG II, and tTG IgA using
ELISAs.

RESULTS: The best sensitivity (92.5%), specificity
(97.6%), positive predictive value (98%), and negative
predictive value (91.2%) were obtained using tTG IgA.
AGA IgG II correctly identified 3 of 3 children with CD
with total IgA deficiency who had negative AGA IgA II
and tTG IgA results. In children �2 years old without
total IgA deficiency, AGA IgG II and tTG IgA per-
formed equally well (sensitivity 96.4% and specificity
100%). AGA IgA II, AGA IgG II, and tTG IgA concen-
trations diminished significantly (P � 0.0001) after 1
year of a gluten-free diet, reaching values below the
cutoff in 87%, 70%, and 51% of cases, respectively.

CONCLUSIONS: The best available index for diagnosing
CD in children was tTG IgA. In infants �2 years old,
AGA IgG II performed as well as tTG IgA in cases with-
out total IgA deficiency and allowed detection of CD
when total IgA was �0.06 g/L. Gluten-free diet moni-
toring can be achieved using any of the studied serum
markers.
© 2008 American Association for Clinical Chemistry

Celiac disease is a common medical problem, its esti-
mated prevalence being 0.5% and 1.26% (1:200 and
1:79) in North America and Western Europe popula-
tions, respectively (1, 2 ). Although in Northern Euro-
pean countries the prevalence of celiac disease is high,
in Italy it is reported to range from 0.2% to 0.94% (3 ).
Although fully developed gluten-induced villous atro-
phy associated with clinical symptoms of malabsorp-
tion (classic celiac disease) is frequently found in pa-
tients with celiac disease, atypical or silent disease is not
uncommon in children or adults (4, 5 ). In the absence
of overt clinical signs, celiac disease may escape diag-
nosis and therefore may not be treated appropriately,
with a consequent increase in morbidity and mortality
(6, 7 ).

The gold standard for diagnosing celiac disease is
histology. Patients with this condition have an in-
creased intraepithelial lymphocyte (IEL)5 count, crypt
hyperplasia, and villous atrophy in the duodenal mu-
cosa. The development of mucosal lesions, a dynamic
process, covers a broad spectrum of histologic forms,
including normal mucosa with increased intraepithe-
lial lymphocytes on the one hand and classic flat mu-
cosa on the other (8, 9 ). Histology is the first tool in the
diagnosis of this condition, and serological tests are the
second (1, 2, 10 –14 ). Serological tests comprise a se-
ries of assays, including antigliadin antibodies, antien-
domysial antibodies (EMA), antitissue transglutami-
nase antibodies (tTG) of the IgA class, and the recently
introduced antibodies antisynthetic deamidated glia-
din peptides (AGA) (10 –29 ). Antigliadin antibodies
have a sensitivity and specificity of about 80%, which is
lower than that of EMA or tTG IgA, thus allowing the
clinical laboratory counselor to avoid antigliadin anti-
body measurement for celiac disease diagnosis
(10, 12, 21 ). Several researchers have found that tTG
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IgA overlap with, or even surpass, EMA sensitivity and
specificity, which are close to 95%–100% (12, 15, 17–
21, 24, 25 ); such findings are to be expected, given that
the dominant antigen of endomysial antibodies is
transglutaminase, and both methods measure anti-
transglutaminase antibodies (30 ). Some authors, in-
cluding ourselves, suggest that tTG IgA alone might be
used in the flow chart of celiac disease diagnosis, be-
cause this type of measurement is accurate and not op-
erator-dependent (20, 21, 25, 31–33). A diagnostic ELISA
for celiac disease, which uses a synthetic deamidated pep-
tide derived from gliadin as its antigen, has recently been
suggested as a reliable tool for celiac disease diagnosis
(22, 26–29). However, it has yet to be established whether
this test has a role in the diagnosis and monitoring of
celiac disease independent of tTG IgA.

The aim of the present study was to ascertain the
diagnostic utility of tTG IgA and of antibodies of the
IgA and IgG classes directed against synthetic deami-
dated gliadin peptides (AGA IgA II and AGA IgG II) in
the diagnosis and follow-up of celiac disease in
children.

Materials and Methods

We conducted this retrospective cohort study of 290
children [110 boys, 180 girls; mean age (SE) 7.65 (0.26)
years, median 8, range 1–17] on a regular diet who
consecutively underwent upper gastrointestinal endos-
copy in 2002–2007, during which multiple gastric and
duodenal biopsies were obtained for histology. A diag-
nosis of celiac disease (CD) based on histology was
made in 161 patients [56 boys, 105 girls, age 6.5 (0.35)
years, median 6, range 1–17] and excluded in the other
129 patients [54 boys, 75 girls; age 9.0 (0.39) years,
median 9 years, range 1–17 years]; the latter patients
made up the control group. By the Marsh–Oberhuber
classification of celiac lesions (8 ), 8 children were clas-
sified as type 1 (normal villous architecture and in-
crease in IEL), 2 as type 2 (normal villous architecture
and increase in IEL and crypt hyperplasia), 50 as type
3a (mild villous flattening), 20 as type 3b (marked vil-
lous flattening), and 81 as type 3c (total villous flatten-
ing). In all cases, a fasting blood sample was obtained
before performing endoscopy. After centrifugation at
3000g for 5 min, sera were stored at �20 °C until bio-
chemical assays were performed. Fully written in-
formed consent was obtained in writing from the par-
ents of all children included in the study, and the study
protocol was approved by the institutional review
board committee.

Of the 161 children diagnosed as having CD, 47
[19 boys, 28 girls; age 6.0 (0.54) years; median 5; range
1–14] were followed for 30 (2.63) months, median 24,
range 12– 84. All of these children were on a gluten-free

diet (GFD) and in clinical remission. Compliance with
the diet was ascertained through interviews conducted
by an expert dietitian. A further group of 13 children
underwent a second endoscopy: 5 were CD children
without clinical remission and 8 were non-CD children
with persistent abdominal discomfort, which was asso-
ciated with increased serum levels of antibodies in 5
cases (see Table 3 for details).

We performed the following ELISA serum assays:
AGA IgA II (Quanta Lite Gliadin IgA II), AGA IgG II
(Quanta Lite Gliadin IgG II), and tTG IgA (Quanta Lite
h-tTG IgA) (INOVA Diagnostics). Total IgA were
measured using an immunonephelometric assay
(Dade Behring GmbH). In a subgroup of 16 control
and 28 CD children, we also measured tTG IgG
(Quanta Lite h-tTG IgG; INOVA Diagnostics).

We carried out the statistical analysis of data using
1-way ANOVA, repeated-measures ANOVA, Student
t-test for unpaired data, and ROC curve analysis (SPSS
statistical software, version 9.0). From ROC curves, we
identified the cutoff values associated with the highest
sensitivity and specificity by calculating the differential
positive rate (DPR) for each cutoff value from the for-
mula DPR � sensitivity � (1 � specificity). Areas un-
der the ROC curves were compared with �2 test using
Stata statistical software, version 9.2 (Stata Corp.). The
following formulas were used to calculate posttest
probability: positive likelihood ratio (LR�) � sensitiv-
ity/(1 � specificity); negative likelihood ratio (LR–) �
(1 � sensitivity)/specificity; posttest odds � pretest
odds � LR; posttest probability � posttest odds/(1 �
posttest odds) � 100.

Results

The individual values of AGA IgA II, AGA IgG II, and
tTG IgA in children with (CD) or without (control) a
proven histological diagnosis of celiac disease are
shown in Fig. 1. The mean values observed in CD chil-
dren were significantly higher than those of controls
for all 3 assays (t � 15.5, P � 0.0001 for AGA IgA II; t �
14.9, P � 0.0001 for AGA IgG II; and t � 20.2, P �
0.0001 for tTG IgA). Two children with normal histol-
ogy and high antibody levels had a second histological
evaluation, which revealed the presence of typical ce-
liac disease lesions (for details, see Table 3). These 2
children with latent celiac disease were excluded in
subsequent analyses since their data might introduce a
bias in the calculation of test sensitivity and specificity.

The areas under the ROC curves for tTG IgA
[mean (SE) 0.976 (0.01) 95% CI 0.959 – 0.993] and of
AGA IgG II [0.960 (0.01); 95% CI 0.939 – 0.980] were
significantly higher than those for AGA IgA II [0.929
(0.02); 95% CI 0.897– 0.961] (�2 � 14.95, P � 0.001
and �2 � 4.32, P � 0.05, respectively). The cutoff val-
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ues, identified on the basis of the best DPR, were 20
absorbance units (AU) for all 3 indices and corre-
sponded to those established by the manufacturer.
Considering AGA IgA II, AGA IgG II, and tTG IgA
individually, sensitivity was 80.7%, 80.1%, and 92.5%;
specificity was 92.9%, 96.9%, and 97.6%; positive pre-
dictive value (PPV) was 93.5%, 97.0%, and 98.0%; and
negative predictive value (NPV) was 79.2%, 79.4%,
and 91.2%. Table 1 reports the sensitivity, specificity,
PPV, and NPV of various combinations of the 3
markers.

LR� values for AGA IgA II, AGA IgG II, and tTG
IgA were 11.37, 25.84, and 38.54, respectively, and the

LR– values were 0.208, 0.205, and 0.077. We assumed
the pretest probability of CD in the pediatric popula-
tion of our geographic area to be 0.26%, corresponding
to the reported disease prevalence (34 ). The posttest
probability of CD for a positive test result was 2.88%
for AGA IgA II, 6.31% for AGA IgG II, and 9.13% for
tTG IgA. The posttest probability of CD for a negative
test result was 0.05% for AGA IgA II and AGA IgG II
and 0.02% for tTG IgA.

Three children with CD in our series had an abso-
lute IgA deficiency (�0.06 g/L). All 3 children had low
AGA IgA II (1.28, 2.70, and 1.10 AU) and low tTG IgA
(1.3, 3.0, and 3.0 AU), but high AGA IgG II (147.42,
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Fig. 1. Individual values of AGA IgA II, AGA IgG II, and tTG IgA measured in the sera of children with (CD) or without
(CS) typical celiac disease duodenal histology.

Each dot represents a single child, each triangle represents 5 children, and each square represents 15 children. Open squares
represent the 2 children who developed CD-typical histological lesions after 12 and 18 months (latent celiac disease). AU,
arbitrary units.

Table 1. Sensitivity, specificity, PPV, and NPV of the combined evaluation of AGA IgA II, AGA IgG II,
and tTG IgA.a

Positive result Sensitivity Specificity PPV NPV

AGA IgA II and tTG IgA 80.7 (74.0–86.1) 100 (97.1–100) 100 (97.1–100) 80.4 (73.5–85.8)

AGA IgA II or tTG IgA 92.5 (87.4–95.7) 90.6 (94.2–94.5) 92.5 (87.4–95.7) 90.6 (84.2–94.5)

AGA IgG II and tTG IgA 77.6 (70.6–83.4) 99.2 (95.7–99.9) 99.2 (95.6–99.9) 77.8 (70.8–83.5)

AGA IgG II or tTG IgA 95.0 (90.5–97.5) 95.3 (90.0–97.8) 96.2 (92.0–98.3) 93.8 (88.2–96.8)

AGA IgA II and AGA IgG II and tTG IgA 72.0 (64.7–78.4) 100 (97.1–100) 100 (96.8–100) 73.8 (66.8–79.8)

AGA IgA II or AGA IgG II or tTG IgA 95.0 (90.5–97.5) 89.8 (83.3–93.9) 92.2 (87.7–95.8) 93.4 (87.6–96.6)

a Data are % (95% CI). Each test was considered positive if �20 AU and negative if �20 AU.
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45.35, and 193.80 AU) or tTG IgG (45.65, 27.65, and
44.27 AU) levels. This latter assay, performed in a total
of 16 control children and 28 CD children, was �20 AU
in 2 other CD patients, both of whom also had high tTG
IgA and normal total IgA levels. All controls and the
remaining 23 CD children had tTG IgG levels �10 AU.
A reevaluation was made by considering only patients
who were not IgA deficient, and this left 127 control
and 158 CD children. Fig. 2 illustrates the ROC curves
for AGA IgA II, AGA IgG II, and anti tTG IgA calcu-
lated in this series of patients. tTG IgA discriminated
CD from control significantly better than AGA IgA II
(�2 � 13.01, P � 0.001) or AGA IgG II (�2 � 4.82, P �
0.05).

The mean age of children with CD [mean (SE) 6.5
(0.4)] was slightly lower than that of children without
CD [9.0 (0.4)]. To verify whether the 3 CD markers
exert a different performance in the different age
classes, we divided our series into the following age
groups: �2 years (16 controls and 30 CD); �2 and �4
years (10 controls, 33 CD); �4 and �10 years (47 con-
trols, 66 CD); and �10 years (54 controls, 32 CD).
ROC curves were made for each biochemical parame-
ter in each age group; the results obtained are shown in
Table 2. The best cutoff for AGA IgA II and tTG IgA
was confirmed to be 20 AU for each age class; for AGA
IgG II the best cutoff was 10 AU for children of �2
years and 20 AU for the other age groups. Because 2 of
the 3 CD children with total IgA deficiency were �2
years old, we reevaluated the diagnostic performance
of the 3 studied indices in this age class after these 2
cases were excluded from the analysis. The results are

reported in Table 2. The areas under the ROC curves
did not statistically differ considering children �4
years old, with or without total IgA deficiency. tTG IgA
allowed distinguishing CD from control better than
AGA IgA II (�2 � 3.84, P � 0.05) or AGA IgG II (�2 �
4.54, P � 0.05) in children 4 –10 years old. This was
confirmed only in part in children older than 10 (�2 �
6.46, P � 0.05 and �2 � 2.44, P � 0.12, respectively).

Subsequently, we evaluated the association be-
tween serum measurements and histological grade.
The 2 children with Marsh–Oberhuber type 2 lesions
were grouped with the 8 children with type 1 lesions. In
this enlarged group, lower levels of both AGA IgG II
and tTG IgA were found compared with children with
type 3a, 3b, or 3c lesions (1-way ANOVA: F � 3.85, P �
0.05 and F � 6.11, P � 0.01, respectively). The highest
AGA IgA II levels were found in children with type 3c
lesions compared to those with type 1–2 or 3a lesions
(F � 7.79, P � 0.001). Fig. 3 shows median values and
interquartile ranges for children with Marsh–Oberhu-
ber type 1–2, 3a, 3b, and 3c lesions.

All CD patients were given a GFD after diagnosis.
Among children who were in compliance with the diet,
tTG IgA levels were available at 1-year follow-up in 47
cases; in 33 of these cases, values were also available at
6-month follow-up. Data on AGA IgA II and AGA IgG
II were available in 43 CD children at 1-year follow-up
and in 30 after 6-month follow-up. The levels of all 3
indices significantly diminished over time (repeated-
measures ANOVA: F � 93, P � 0.0001; F � 45, P �
0.0001; and F � 54, P � 0.0001, respectively) (Supple-
mental Fig. 1, which accompanies the online version of
this article at www.clinchem.org/content/vol55/issue1).
After 1 year of GFD, levels �20 AU were reached in
51% of the cases for tTG IgA, 87% for AGA IgA II, and
70% for AGA IgG II, but the percentage of reduction in
titers did not differ between the 3 tests (1-way ANOVA:
F � 0.23, NS).

Biochemical and histological details of 13 children
who were subjected to repeated endoscopies are given
in Table 3. Of these 13 children, 5 had CD without
clinical remission and persistent histological lesions
paralleled by persistently increased serum levels of
AGA IgA II, AGA IgG II, and tTG IgA (Table 3, patients
1–5). Two children with persistently increased serum
levels of antibodies had histological evidence of CD
only at the second endoscopy (Table 3, patients 6 and
7). The remaining 6 children always had a negative his-
tology for CD, despite an uncertain serology in 3 cases
(Table 3, patients 10 –12).

Discussion

Celiac disease, diagnosed on the basis of histological
findings in duodenal or jejunal biopsies, presents with
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Fig. 2. ROC curves of AGA IgA II, AGA IgG II, and tTG
IgA in distinguishing celiac disease from control chil-
dren without total IgA deficiency.

AUC, area under the ROC curve.
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classic symptoms in the majority of cases, but in some
cases, its presentation may be insidious. Some atypical
clinical manifestations, such as abdominal pain and/or
abdominal distension, are extremely common in adults
and children with or without celiac disease (1, 2, 4, 5 ).
To avoid overlooking CD, endoscopy could be per-
formed in all patients with a suspicious clinical picture,
but this would place a heavy diagnostic burden on
healthcare facilities. Serologic markers are an eco-
nomic and noninvasive tool in helping clinicians iden-
tify patients for whom a duodenal biopsy is required
(13, 33 ). On the basis of tTG IgA determination alone,
celiac disease may be suspected or reliably ruled out,
the sensitivity and specificity of this test being 95% to
98% in subjects without total IgA deficiency. The mea-
surement of IgA and IgG class antibodies against glia-
din-derived peptides has recently been reported to be a
reliable tool for celiac disease diagnosis, even better
than tTG IgA in adult patients (26 ). In the present
study, we evaluated these new assays in a pediatric pop-
ulation and compared the results with those obtained
with tTG IgA. The serum levels of all 3 tests, as ex-

pected, were significantly higher in patients with CD
than in controls, thus confirming the association be-
tween serology and disease. Interestingly, in 2 children
with normal histology and high antibody levels (open
squares in Fig. 1), typical celiac histology was revealed
at a second endoscopy. These 2 children, classified as
having latent CD, were therefore excluded from the
data set to avoid any bias in the calculation of sensitiv-
ity, specificity, and predictive values of these tests.
Based on the best DPR, obtained from ROC curves, the
cutoff level for each test was 20 AU, and this was equal
to the cutoff set by the manufacturer, derived from
large series of controls. By using this cutoff value,
among the 3 tests, the most sensitive and specific CD
marker was confirmed to be tTG IgA. Because the sen-
sitivity of AGAs was lower than that of tTG IgA, their
negative predictive values were also lower (�80%).
Positive and negative predictive values calculated in the
present series indicate, respectively, the probability of
disease presence or absence when the test is employed
in selected patient cohorts, with a high pretest proba-
bility of disease (prevalence 55.5%). For screening pur-

Table 2. ROC curves of AGA IgA II, AGA IgG II, and tTG IgA.a

Age class and test Mean AUC (SE) (95% CI)b Sensitivity Specificity PPV NPV

�2 years

AGA IgA II 0.852 (0.066) (0.723–0.981) 80.0 93.8 96.0 71.4

AGA IgG II 0.979 (0.021) (0.938–1.021) 96.7 100 100 94.1

tTG IgA 0.933 (0.041) (0.854–1.013) 90.0 100 100 84.2

�2 years with no IgA deficit

AGA IgA II 0.895 (0.061) (0.776–1.014) 85.7 93.8 96.0 78.9

AGA IgG II 0.978 (0.023) (0.933–1.022) 96.4 100 100 94.1

tTG IgA 0.987 (0.015) (0.958–1.015) 96.4 100 100 94.1

2–4 years

AGA IgA II 0.988 (0.012) (0.964–1.012) 87.9 100 100 71.4

AGA IgG II 0.973 (0.027) (0.919–1.026) 93.9 100 100 83.3

tTG IgA 0.997 (0.005) (0.987–1.007) 97.0 100 100 90.9

4–10 years

AGA IgA II 0.970 (0.013) (0.946–0.995) 84.8 93.6 94.9 81.5

AGA IgG II 0.971 (0.012) (0.947–0.995) 77.3 97.9 98.1 75.4

tTG IgA 0.995 (0.005) (0.985–1.005) 97.0 97.9 98.5 95.8

�10 years

AGA IgA II 0.881 (0.040) (0.802–0.960) 65.6 90.7 80.8 81.7

AGA IgG II 0.901 (0.035) (0.832–0.971) 62.5 94.4 87.0 81.0

tTG IgA 0.948 (0.022) (0.904–0.992) 81.3 96.3 92.9 89.7

a ROC curves are based on distinguishing children with CD from control children subdivided according to their age classes. Because 2 of 3 CD children with total
IgA deficiency were �2 years old, the diagnostic performance of the 3 studied indices was reevaluated in this age class after these 2 cases were excluded from
the analysis. The best cutoff value for any test and for any age class calculated on the basis of the best differential positive rate for AGA IgG II in children �2
years old was 10 AU; in all the other conditions it was 20 AU.

b AUC, area under the ROC curve.
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poses, CD prevalence (i.e., pretest probability of dis-
ease) in the population to be investigated must be
considered. With this in mind, we compared AGA IgA
II, AGA IgG II, and tTG IgA in suggesting CD in an
unselected pediatric population coming from our geo-
graphic area, which prevalence was previously esti-
mated to be 2.6 per 1000 (34 ). Once again, the best
performance was that of tTG IgA: a positive result en-
hances CD probability from 0.26% to 9.13%, whereas a
negative result reduces the probability of CD to 0.02%.
Overall, these results clearly show that tTG IgA should
be preferred to AGAs in the diagnosis of CD. However,
since tTG IgA determination alone did not allow a cor-
rect classification of all patients, we evaluated whether
tTG IgA used in combination with AGAs might pro-
vide more satisfactory results. Only AGA IgG II was
shown to add information to tTG IgA: when children
were considered positive by either of the 2 tests, the
NPV of their combination was higher (93.8%) than
that obtained with any single test. The improvement in
results obtained by combining AGA IgG II with tTG
IgA may depend on the fact that different Ig class anti-
bodies are measured with the 2 assays. In particular,
AGA IgG II may be helpful in identifying CD children
with a total IgA deficiency (35–37 ), whose prevalence
was 1.8% in the present series. In effect, 3 of 12 CD
children with false-negative tTG IgA findings had total

IgA deficiency. These 3 children also had, as expected,
false-negative AGA IgA II results. In contrast, the AGA
IgG II levels were above the cutoff, as were tTG IgG
levels. Therefore, as observed by other authors (35–
37 ), the measurement of tTG IgG, or of AGA IgG II,
appears to be of real utility for the diagnosis of CD in
the presence of total IgA deficiency. Although efficient
in detecting CD children with total IgA deficiency, tTG
IgG had an overall low sensitivity (17.9%), in agree-
ment with previous finding by Agardh (29 ). These re-
sults indicate that tTG IgG determination should be
confined to patients with total IgA deficiency, and any
other application (i.e., in screening programs) should
be considered inappropriate. The 9 children with false-
negative tTG IgA but without total IgA deficiency also
had normal AGA IgA II levels and, in 8 of 9 cases, nor-
mal AGA IgG II levels. It remains to be elucidated
whether these cases might be identified by using serum
markers other than tTG IgA or AGAs. Thus, in the
absence of total IgA deficiency, tTG IgA remains the
most accurate available CD serum marker, as shown in
Fig. 2. AGA IgG II or tTG IgG should be used as an
alternative to enhance sensitivity in patients with total
IgA levels �0.06 mg/L.

tTG IgA is reported to be of limited diagnostic util-
ity in infants �2 years old, for whom antigliadin mea-
surement is preferred (21 ). Our findings on comparing
the diagnostic performances of the studied markers in
children of different age classes confirm that tTG IgA is
the best available marker in subjects �4 years old,
whereas AGA IgG II allowed the correct classification
of almost all infants �2 years old. This better perfor-
mance of AGA IgG II, however, was consequent to the
fact that in this age class 2 children had total IgA defi-
ciency. When they were excluded from the analysis,
tTG IgA performed as well as AGA IgG II.

Inconclusive data (25, 38, 39 ) are available in the
literature regarding the correlation between the degree
of intestinal mucosal atrophy and the levels of circulat-
ing antibodies. In the present study tTG IgA or AGAs
levels were higher in patients with (Marsh–Oberhuber
type 3a-3c) than in patients without (type 1–2) villous
atrophy (Fig. 3). Only AGA IgA II showed a mild cor-
relation with the degree of villous atrophy. Although
this issue is open to debate, the lack of association
found is not surprising given that many patients with
positive serology have no signs of histological lesions
(potential celiac disease) and can develop them later, as
borne out by the demonstration that tTG deposits in a
morphologically normal jejunum are predictive of
forthcoming overt celiac disease with villous atrophy
(40 ). The present finding thus further stresses the clin-
ical significance of tTG IgA measurement, since it can
suggest the presence of CD before any severe damage
occurs to the intestinal mucosa.

Fig. 3. Median values, interquartile range, and out-
liers of AGA IgA II, AGA IgG II, and tTG IgA of children
with CD subdivided according to Marsh–Oberhuber
classification.

1 (normal villous architecture and increase in IEL), 2 chil-
dren; 2 (normal villous architecture and increase in IEL and
crypt hyperplasia), 8 children; 3a (mild villous flattening),
50 children; 3b (marked villous flattening), 20 children; 3c
(total villous flattening), 81 children. AU, arbitrary units.
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All the studied markers were found to be associ-
ated with a GFD, titers declining progressively after 6
months and 1 year of therapy. At 1 year of a gluten-free
diet, 24 of 47, 41 of 47, and 33 of 47 children had levels
�20 AU for tTG IgA, AGA IgA II, and AGA IgG II,
respectively. Although not statistically significant,
overall tTG IgA disappeared more slowly than AGA
IgA II or AGA IgG II in celiac disease children on GFD,
and this finding is in agreement with previous results
from Liu et al. (27 ). Notably, persistently increased se-
rum levels of any marker correlated with low compli-
ance to the GFD and with the persistence of histological
lesions, further stressing their utility in follow-up.

In conclusion, the findings of the present study
demonstrate that, in the absence of total IgA deficiency,
the best available marker for making a diagnosis of ce-
liac disease in children of �2 years of age is tTG IgA. In
infants �2 years old, tTG IgA and AGA IgG II are
equally reliable. In cases of total IgA deficiency, the
measurement of tTG IgG or AGA IgG II is equally ef-
fective in identifying children with celiac disease. Glu-
ten-free diet monitoring can be achieved using any of

the studied serum markers. In clinical practice, it must
be borne in mind that tTG IgA levels decline slowly and
may still be above the cutoff level even after 1 year on a
gluten-free diet.
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Table 3. Individual serum values of AGA IgA II, AGA IgG II, and tTG IgA in a series of 13 children.a

Patient no., age in years, sex
Follow-up,
monthsb

Histology evaluationc AGA IgA II, AU AGA IgG II, AU tTG IgA, AU

First Second First Second First Second First Second

CD patients with persistent
typical histological lesions

1. 5, F 11 1 1 20 21 29 10 88 99

2. 12, F 5 3c 3a 101 22 104 58 150 70

3. 13, M 22 3c 3b 101 140 14 78 150 145

4. 7, F 17 3a 3a 21 33 11 25 33 112

5. 5, F 12 3a 3a 118 118 58 42 216 236

CD patients with follow-up
appearance of CD-typical
histological lesions

6. 9, F 18 0 3b 106 94 88 107 326 152

7. 7, F 12 0 1 47 36 48 41 101 88

Children without any evidence
of CD

8. 12, M 29 0 0 7 8 1 1 3 2

9. 9, F 4 0 0 5 4 11 10 3 3

10. 8, M 7 0 0 10 106 10 16 5 7

11. 6, M 5 0 0 21 21 7 8 2 2

12. 13, F 9 0 0 19 12 23 13 83 76

13. 7, F 20 0 0 2 2 1 1 3 2

a Measurements were made in conjunction with 2 (first and second) consecutive endoscopies and duodenal histological assessment. Children 1 to 5 had typical CD
at both evaluations; children 6 and 7 were negative for CD at the first evaluation and presented with typical CD histology at the second; children 8 to 13 had
persistently negative histology.

b Time interval between the first and second histological evaluations.
c Histological classification according to Marsh–Oberhuber criteria.
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