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Abstract
Objective To find out correlation between serum anti-tissue
transglutaminase immunoglobulin-A (tTGA) levels and
Marsh grading on duodenal histopathology in Celiac disease
(CD).
Methods In a prospective cohort study, a total of 52 symptom-
atic patients between age group of 2–18 y were enroled. All
enroled patients were subjected to upper GI endoscopy by an
experienced endoscopist. Two biopsies each from the bulb
(D1) and second part (D2) of the duodenum were taken and
Marsh grading was performed by a single experienced pathol-
ogist. Serum tTGA levels were also performed to find out
correlation between serum tTGA levels and Marsh grading.
Results The mean age of the patients was 8.21 ± 3.45 y
(Range: 2–16 y). Anemia was the most common non-
gastrointestinal (GI) sign and was present in 73% of the cases.
However the authors could not find out any significant asso-
ciation between Marsh grading and hemoglobin levels
(r = 0.32, p > 0.05). Serum tTGA levels were found to be
positively correlated with Marsh grading (Spearmen correla-
tion coefficient ρ = 0.74, p 0.000). Significant differences
were found in tTGA levels between different Marsh gradings
(ANOVA test) (p 0.000). Receiver-operator curve (ROC)
analysis cut-off value of serum tTGA for predicting villous
atrophy was 178.8 (nine times of cut-off value) with sensitiv-
ity of 100% and specificity of 85.7%.

Conclusions Serum tTGA levels can be used to predict vil-
lous atrophy and biopsy may be avoided in strongly suspected
cases with more than 9 times of cut-offs.
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endoscopy . Tissue transglutaminase

Introduction

Celiac disease (CD) is a chronic immunologically determined
form of enteropathy affecting the small intestine in genetically
predisposed children and adults. The ingestion of gluten-
containing foods precipitates it [1, 2]. It is considered as an
autoimmune condition because of the presence of serum anti-
tissue transglutaminase immunoglobulin-A (tTGA) and its as-
sociation with other autoimmune diseases (thyroid, liver, dia-
betes, adrenal) [3].

As per the current practice, diagnosis of CD hinges on a
diagnostic intestinal biopsy and the concomitant presence of a
positive CD specific serology [4–8]. With increasing number
of cases of CD there are certain limiting factors for histolog-
ical diagnosis of CD specially in resource limited countries
like India; some of these are limited number of pediatric en-
doscopic centers, lack of expert pathologists, risk and incon-
venience associated with procedure, high cost and it may not
lead to firm conclusions because of inadequate quality or
patchy disease or orientation of the biopsy specimen and thus
research work now-a-days is shifting towards finding out non-
invasive markers for diagnosis of CD [9–11]. Indeed, new
ESPHAGEN guidelines for the diagnosis of CD state that a
confirmatory small intestine biopsy is no longer a requirement
in case of individuals who are genetically predisposed and
symptomatic and who have a tTGA of atleast 10 times the
upper limit of normal range, who have a positive endomysial
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antibodies (EMA) and those exhibiting a positive response to
gluten free diet [12]. However, it is essential to mention here
that said observations are exposed to the risk of selection bias
as these recent guidelines for children are based upon retro-
spective data [13, 14]. A CD diagnosis simply implies lifelong
gluten free diet for the patient and thus diagnosis of CD must
be based upon serology only when chance of a false positive
result is almost zero. Thus this study has been planned to
evaluate prospective correlation between serum tTGA
and modified Marsh grading and to determine that
whether relatively high serum tTGA levels can be used
for predicting villous atrophy or not. The secondary aim
was to determine the correlation of clinical profile with
the Marsh grading and to find out the role of abdominal
ultrasonography in CD, if any.

Material and Methods

The present study was a prospective cohort study carried out
in the Department of Pediatrics, Umaid Hospital for Women
& Children, Dr. S.N. Medical College, Jodhpur, over a period
of twelve months. Sample size was calculated at power 80%,
confidence interval (CI) 95%, precision error 3% and assum-
ing prevalence of Celiac disease 1% as observed in a previous
study by Makharia et al. in 2011 [15]. The resulting value of
sample size came out to be 42. A total of 81 symptomatic
children (anemia, diarrhea, bloating, abdominal pain, weight
loss, short stature, anorexia, vomiting, constipation) between
age group of 2–18 y were enroled from the outdoor and indoor
wards of this tertiary care center as potential participants
(Fig. 1). Patients with stool positive for Giardiasis (n = 5),
IgA deficiency (n = 2) and who were already diagnosed with
CD and were on gluten free diet (n = 7) were excluded from
the study. A total of 67 patients (58 patients exhibiting positive
tTGA serology and 9 patients showing negative serology but
with consistent clinical suspicion fulfilled the eligible criteria
for biopsy. Out of them 15 patients did not give consent for
biopsy and were excluded from the study. Finally, a total of 52
cases were subjected to upper GI endoscopy by an experi-
enced endoscopist, using a predefined endoscopy protocol
[16]. Two biopsies each from the bulb (D1) and second part
(D2) of the duodenum were taken [17]. Both specimens were
processed and stained with H&E, and mucosal morphology
was determined under light microscopy by a single trained
pathologist without knowledge of serologic or clinical find-
ings. Poorly oriented sections were dissected again until they
were of good quality. Furthermore, the mucosal specimens
were graded independently according to the Marsh–
Oberhuber classification as follows: Marsh 0 denotes normal
villi and crypt depth with no excess of intraepithelial lympho-
cytes (IEL), Marsh I–II denotes normal villi but intraepithelial
lymphocytosis without (I) or with (II) hyperplastic crypts, and

Marsh IIIa–c denotes varying villous atrophy with hyperplas-
tic crypts [18]. Type 3 specimens (any degree of villous atro-
phy) were considered characteristic of CD. Marsh 1 and 2
lesions were considered nonspecific but consistent with CD
diagnosis with positive serology. Anti-tTG IgA antibodies
were tested in all patients using an enzyme-linked immuno-
sorbent assay (ELISA) technique by a commercially available
kit (Oscar EA 1910–9601 A). Antibody levels above 20 Au/
ml were considered positive, as per the manufacturers’ recom-
mended tTG cut-off value. Laboratory data including
complete blood count (CBC), liver, and thyroid function
tests, ferritin, iron, Total iron binding capacity (TIBC),
and abdominal ultrasonography along with demographic
and anthropometric data, clinical symptoms (general,
gastrointestinal, extra-intestinal manifestations) and med-
ical history of all the patients were recorded. Serum
samples were collected at the time of endoscopic biopsy
in most cases and always within one month before
biopsy.

Approval for the study was obtained from the S. N. Medical
College’s Institutional Research Review Board. Written in-
formed consent was obtained from the parents or guardians.
The nature, purpose and possible risks of the study were ex-
plained to the parents in detail before consent was obtained.

SPSS version 20.0 was used for analysis of the data.
Numbers and percentages were used to denote categorical
variables and mean + SD for denoting quantitative variables.
Chi-square test was used for the analysis of categorical vari-
ables; similarly, student’s t test or ANOVAwas used to assess
quantitative variables. Spearman rank correlation test was
used to assess associations between quantitative variables.
Two-tailed test was used to reject null hypothesis using
P < 0.05. For evaluating cut-off points for tTG antibodies as
a predictor of Marsh scores, an analysis of receiver operating
characteristics (ROC) curve was used.

Results

Twenty-seven (51.9%) boys and 25 (48.1%) girls were includ-
ed in the study population. The mean age of the patients was
8.21 ± 3.45 y (Range: 2–16 y). The demographic characteris-
tics of the patients are summarized in Table 1.

As shown in Table 1, the overall prevalence of anemia was
73.08% and anemia was the most common non-
gastrointestinal (GI) sign. However, the authors could not find
any significant association between Marsh grading and hemo-
globin levels (r = 0.32, p > 0.05). Statistically no significant
difference was noticed in GI symptoms between different
Marsh gradings (p > 0.05). Serum tTGA levels were found
positively correlated with Marsh grading (Spearmen correla-
tion coefficient ρ = 0.74, p 0.000). Total seven patients had
discordance between the serology and biopsy findings. Six
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patients had high tTGA titers (>100) and low biopsy grade
(grade I & II) and one patient had low tTGA titers (<100) and
higher biopsy grade (grade III). Significant differences were
found in serum tTGA levels between differentMarsh gradings
(ANOVA test) (p 0.000). However when post hoc test was
applied, significant differences were found between grade I

and II (mean difference − 41.4, 95% CI:-66.6–16.28, p
0.002), grade II and IIIa (mean difference − 50.6, 95% CI:-
93.44–7.7, p 0.02) and grade IIIa and IIIb (mean differ-
ence − 60.7, 95% CI:-119.6–1.83, p 0.04) while lost between
grade IIIb and IIIc (mean difference − 34.45, 95% CI:-87.66 +
8.26, p 0.19). Figure 2 shows the increasing trend ofmean tTG

Study Flow Chart
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bloating, abdominal pain, weight loss, short stature, 
anorexia, vomiting, constipation 
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Fig. 1 Graphic representation of
patients’ distribution. tTGA Anti-
tissue transglutaminase immuno-
globulin-A; MOMarsh–
Oberhuber grade; IgA
Immunoglobulin-A

Table 1 Descriptive characteristics of the patients in different Marsh stagings

Variables Modified Marsh Classification

Normal and
Marsh I

II IIIa IIIb IIIc Marsh >2

Frequency (%) 21 (40.38) 17 (32.69) 4 (7.69) 3 (5.76) 7 (13.46) 14 (26.91)

Age (years) Mean ± SD 8.16 ± 3.48 8.88 ± 3.53 10.14 ± 1.07 7.53 ± 4.16 5.86 ± 3.22 7.44 ± 3.36

Male (%) 11 (21.15) 8 (15.38) 3 (5.76) 2 (3.84) 3 (5.76) 8 (15.38)

Anemia (%) 15 (28.84) 10 (19.23) 4 (7.69) 3 (5.76) 6 (11.53) 13 (25)

Diarrhea (%) 9 (17.30) 6 (11.53) 1 (1.92) 2 (3.84) 1 (1.92) 4 (7.69)

Bloating (%) 4 (7.69) 6 (11.53) 2 (3.84) 1 (1.92) 4 (7.69) 7 (13.46)

Abdominal pain (%) 4 (7.69) 5 (9.61) 0 0 0 0

Weight loss (%) 3 (5.76) 7 (13.46) 3 (5.76) 1 (1.92) 3 (5.76) 7 (13.46)

Short stature (%) 3 (5.76) 2 (3.84) 0 2 (3.84) 2 (3.84) 4 (7.69)

Anorexia (%) 1 (1.92) 2 (3.84) 1 (1.92) 0 4 (7.69) 5 (9.61)

Vomiting (%) 2 (3.84) 2 (3.84) 0 1 (1.92) 2 (3.84) 3 (5.76)

Constipation (%) 3 (5.76) 1 (1.92) 2 (3.84) 0 1 (1.92) 3 (5.76)
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antibody titers from normal duodenal histology to complete
atrophy.

Receiver-operator curve (ROC) analysis was used to find a
cut-off point for tTGA to discriminate, absence (Marsh ≤ III)
vs. presence (Marsh IIIa-c) of villous atrophy (Fig. 3). Area
under the curve (AUC) for graph was; AUC = 0.94 (Std. error
0.046 and 95% CI 0.84–0.98). Optimal cut-off points and
corresponding sensitivity and specificities were calculated ac-
cording to Youden index (J) = maximum {sensitivity – spec-
ificity - 1}. Cut-off value of serum tTG for predicting villous
atrophy was 178.8 (nine times of cut-off value) with sensitiv-
ity of 100% and specificity of 85.7%.

The most common finding on abdominal ultrasound was
distended bowel loops which were present in fifteen (28.84%)
cases. Among co-morbidities, diabetes mellitus was the most
common (11.3%), followed by hypothyroidism (7.69%).

Discussion

An increasing evidence has been found in support of the fact
that serum tTGA level positively correlates with duodenal
damage and a small intestinal biopsy has not been a require-
ment for diagnosis of CD, as these increased levels are highly
suggestive of the disease. Further as per recent ESPGHAN
guidelines for the diagnosis of CD in pediatric population,
for those symptomatic individuals who show tTGA levels of

at least 10 times the upper limit of normal range and who
respond positively to the gluten free diet, histological confir-
mation is not needed [12]. As the guidelines are based on
retrospective data, the possibility of selection bias cannot be
completely overruled and thus there was a need for a prospec-
tive study to evaluate whether relatively high serum tTGA
levels can be used to predict villous atrophy in clinical
practice.

A prospective clinical CD diagnosis was the base for the
study population in the present study and a positive correlation

Fig. 2 Box plot between tissue
transglutaminase IgA and Marsh
staging. Marsh grading encoded
as 1 = grade I, 2 = grade II,
3 = grade IIIa, 4 = grade IIIb,
5 = grade IIIc
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Fig. 3 Receiver operating characteristic (ROC) curve between anti-tissue
transglutaminase IgA and Marsh staging
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was found between tTGA levels and degrees of duodenal
damage. Cut-off value of serum tTGA for predicting villous
atrophy was 178.8 (nine times of cut-off value) with sensitiv-
ity of 100% and specificity of 85.7%. The complete reliance
on serology for the diagnosis of CD is a correct method only if
the positive predictive value (PPV) is near to 100%. It was
prospectively shown in the study that all 14 out of 14 patients
with a tTGA greater than 178.8 U/ml did indeed suffer from
CD, giving a PPVof 100%.

A study by Mubarak and co-workers also confirms similar
diagnostic approach that a small intestinal biopsy can be avoided
in symptomatic pediatric patients with tTGA ≥100 U/ml.
However, it can be questioned whether this perfect PPVwill also
be observed in asymptomatic patients due to the underrepresen-
tation of asymptomatic patients in this cohort [19].

Concomitant to this, reference is made to other prospective
study which was performed in a mix of pediatric and adult
population. This study shows that 1 of the 72 patients, with a
tTGA of at least 11.4 times the upper limit of normal, had a
normal small intestinal biopsy, yielding a PPV of 98.6%,
which has been considered by the author as insufficient for
omission of biopsy. However, in this study, instead of the
presence of symptoms, positive tTGA serology was taken as
inclusion criteria for study population and which may have
influenced the PPV [20]. Data were also prospectively collect-
ed by Onyeador and co-workers in 126 symptomatic children
and findings were that 98.3% children with tTG > 100 U/ml
(>10ULN) had histologically confirmed CD, however, total
villous atrophy was associated more frequently with tTG level
of >200 U/ml [21].

In an another prospective cohort study by Vivas and col-
leagues a comparison was made between adult and pediatric
CD population. Their results show less severe histopathology
(26% vs. 63%, P < 0.0001) and lower tTG antibody titers in
adults than children. Strongly positive tTG antibody titres
>30 U/ml might be sufficient for CD diagnosis in children with-
out biopsy, however, it cannot be avoided in adults because of
difference in disease presentation and monitoring [22].

In previous retrospective studies, similar comparable re-
sults have been noticed, showing that high tTGA levels are
associated with histological lesions compatible with CD [13,
14]. Barker et al. showed that 48 of 49 mostly symptomatic
children with a tTGA level ≥ 100 U/ml had positive biopsy
results with 98% sensitivity and 97% specificity [23].
Comparably, Donaldson et al. showed that 38 of the 38 pedi-
atric patients with tTGA ≥100 U/ml had Marsh III histopa-
thology [24]. A subsequent retrospective study, also in a pe-
diatric population, showed that all symptomatic patients with
tTGA of at least 100 U/ml, in whom symptoms improve upon
consuming a gluten free diet may not need a small intestine
biopsy to confirm CD (n = 111), thereby reaching a PPV of
100% [25]. Recently a retrospective study in pediatric popu-
lation showed that, a biopsy sparing protocol seems applicable

to both symptomatic and asymptomatic patients with anti tTG
titre ≥10 times ULN [26].

The current study has several methodological strengths.
First, it is one of the few which implements a prospective,
longitudinal design and therefore it is more likely that the
results presented in this study are more easily generalized to
other populations than those based on retrospective laboratory
results. Second, in this study all patients were studied accord-
ing to the same clinical, laboratory and histological protocol.

A limitation was that the authors had no information on
those factors that may have affected the severity of histologi-
cal lesions in CD, the genetic background, and the amount of
gluten in the diet. Another possible limitation of index study is
that it is likely to give false high sensitivities because of as-
certainment bias, the possibility of previous serological testing
performed by outside physicians to identify whom to refer for
biopsy. In authors’ opinion, these two points deserve specific
testing in future research activities.

Conclusions

The results of the present study show that serum tTGA level can
be used to predict villous atrophy and biopsy may be avoided in
strongly suspected cases with more than 9 times of cut-offs
which will not only reduce the stress and inconveniences associ-
ated with the diagnosis, but will also save time and costs.
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