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The aim of this study was to evaluate the diagnostic potential of gastric antrum 
histology in children suspected of having celiac disease (CD).
The present retrospective study was performed on 224 patients who were suspected 
of having CD and had several duodenal and one gastric antrum biopsies. They were 
divided into 2 groups based on the definite diagnosis of CD. The statistical analysis 
was performed using SPSS version 22 software. Receiver operating characteristic 
(ROC) curves were drown and the area under the curves (AUCs) was calculated.
Based on MARSH criteria, out of 224 patients, 124 were diagnosed as definite CD 
and 100 patients comprised the non-celiac group. The AUC for the mean of all 
pathological tests was estimated to be 0.90 (p < 0.001). The pooled AUC for the 
combination of 3 pathologic findings with the highest AUCs (cell, crypt, and gland 
size) was estimated to be 0.89 (p < 0.001).
We observed that the histological changes we found in the gastric antrum were 
identical to those found in the duodenum of paediatric CD patients. Because pro-
viding a biopsy from the gastric antrum is easier than getting multiple biopsies 
from the duodenum, we suggest using the criteria mentioned in this study in other 
studies with larger sample sizes.
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Introduction 

Celiac disease (CD) is an autoimmune disease cha-
racterized by damage to the tissues of the small intes-
tinal mucosa following the consumption of gluten- 
containing foods [1]. CD is one of the most common 
chronic diseases of the gastrointestinal tract, with 
a prevalence of 1–3% [2–4]. Most patients with CD 
are either completely asymptomatic or show nonspe-
cific gastrointestinal symptoms such as dyspepsia, 
abdominal pain, bloating, and disorders of bowel 

movements, which make it difficult to diagnose [5]. 
Because the proximal part of the small intestine is 
the main site of CD, the diagnosis is made by his-
topathological examination of duodenal biopsies; 
hence, sampling is considered as a gold standard of 
CD diagnosis [6, 7]. Because intestinal involvement 
in CD is patchy, the location, number, and quality of 
sampling affect the diagnostic performance. There-
fore, to maximize diagnostic accuracy, more than  
5 duodenal biopsies should be collected, which can 
be highly invasive, especially in children [8]. Histolo-
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gical features of this disease include an increase in 
intraepithelial lymphocytes, with or without villi at-
rophy [7]. However, in several studies, signs of gas-
tritis and lymphocytic gastritis have been observed in 
patients with celiac disease [9]. Studies have shown 
that about 16% of patients with celiac disease have 
lymphocytic gastritis that had not been related to 
Helicobacter pylori infection [10]. The presence of lym-
phocytic gastritis is associated with the severity of the 
disease (in terms of clinical symptoms and laboratory 
findings) and the severity of duodenal lesions, espe-
cially villous atrophy [11, 12]. Therefore, because  
the diagnosis of CD is challenging, collecting multi-
ple biopsies is invasive, and taking biopsies from the 
duodenum is difficult in some children, it seems that 
if gastric antrum biopsy has the required accuracy, it 
could be used as a replacement in these cases. There-
fore, in this study, we decided to investigate the his-
tological features of antral biopsy specimens of chil-
dren suspected of having celiac disease.

Material and methods 

In this retrospective cross-sectional (descriptive- 
analytical) study all endoscopic biopsy samples from 
300 patients who were suspected of having CD based 
on clinical manifestations were obtained from the pa-
thology archives of Ali Ibn Abitaleb Hospital, Za-
hedan University of Medical Sciences, Zahedan, Iran. 
Gastric and duodenal biopsy specimens were taken 
at the time of the CD diagnosis by both a paediatric 
gastroenterologist and hepatologist during the period 
2017–2019. Histological endoscopy specimens from 
all patients were re-examined, and the appropriate 
samples were selected. Celiac diagnosis was done based 
on histological changes in the duodenum. Appropri-
ate gastric antral specimens were available for 224 pa-
tients. Based on these results the patients were divid-
ed into 2 groups including celiac patients (n = 124) 
and non-celiac ones (n = 100). Inclusion criteria in-
cluded age under 18 years and diagnosis based on 
at least one measured antibody (anti endomysium) 
(EMA and/or anti-transglutaminase 2 [TTG]), and 
individuals with systemic disorders, family history of 
inflammatory diseases, and a history of gluten-free 
diet were excluded from the study.

Histological parameters that were associated 
with specific duodenal alterations at biopsy, such as 
increased intraepithelial lymphocytes (IELs), crypt 
hyperplasia, and villous atrophy, according to Marsh 
classification were considered as follows: type 1 – in-
creased IELs, type 2 – increased IELs and crypt hy-
perplasia, type 3 – villous atrophy with increased 
IELs and crypt hyperplasia [13, 14]. Patients without 
these findings were classified as having normal duo-
denal biopsies and entered into our non-celiac group. 

In this morphometric study, antrum microscopic 
slides that were stained with haematoxylin eosin, 
from celiac and non-celiac specimens, were analysed 
by an expert histologist (Z.H.). She examined all the 
slides under a light microscope at high-power magni-
fication (400×). In each slide, 5 fields were selected 
using systematic uniform random sampling (SURS) 
method by moving the microscope’s stage in the X and 
Y directions with the aid of a vernier scale in the tis-
sue section, as described previously [15–17]. To count 
the intraepithelial and lamina propria lymphocytes, 
a frame of 70 × 69 mm was superimposed onto the 
histologic images on the computer monitor in the 
SURS fields, with a 40× magnification objective lens 
and 1130× linear magnification. Lymphocytes were 
recognized by their basophilic nuclear chromatin pat-
tern, irregular nuclear outline, and clear perinuclear 
halo. All lymphocyte cells were counted in the cor-
responding frame area in the gastric antrum epithe-
lium and then in connective tissues. Image analysis 
software (Digimizer 5.3.5) was used on a Leica digital 
photomicroscope (ICC50 HD, Wetzlar Germany), 
for cell counting and for measurement of epithelial 
cell and gland dimensions. To measure the size of 
the epithelial cells a 100× objective lens was used.  
The dimension of the longest gland in the frame was 
also measured on the same frame with a magnifica-
tion of 280×. These results were entered into a data 
sheet for each patient. This project was approved by 
the Ethics Committee of Zahedan University of Med-
ical Sciences (IR. ZAUMS. REC.1397.23).

Receiver operating characteristic (ROC) curves 
were used to assess which test is more useful in pre-
dicting whether patients have celiac disease. The area 
under the curve (AUC) for all continuous tests were 
designed and compared with each other. The greater 
the area under the ROC curve, the more useful the 
test was in predicting the patients who had celiac dis-
ease. We also determined the optimal cut-point for 
each test for predicting celiac disease with the high-
est sensitivity and specificity. In addition, the cut-
off values with highest sensitivity and cut-off values 
with the highest specificity were calculated to select 
the best cut-off points for screening and diagnosis 
of celiac disease, respectively. In the next step, new 
measurements were designed using the average of all 
pathological tests as well as the 3 pathological tests 
with the highest AUC. Then, the results of the ROC 
curves of these new measurements were compared 
with those of the other pathological tests. We also con-
verted the continuous pathological tests to categori-
cal measurements using the optimal cut-off values. 
Then, a new measurement was designed, which was 
defined as positive (when all pathological tests were 
positive) or negative (when at least one of the patho-
logical tests was negative). Finally, sensitivity, spec-
ificity, and positive and negative predictive values 
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for the new test were calculated. The correlation be-
tween categorical variables was estimated using the 
Spearmen correlation coefficient. All statistical ac-
tions were performed using SPSS version 22 software.  
All data were presented as mean ± SD. Statistical 
differences between 2 independent groups were as-
sessed using the independent sample Student’s t-test. 
The significance level was set at p < 0.05. The prog-
nostic value was expressed as the risk ratio (RR) and 
corresponding 95% confidence interval (CI).

Results

In this cross-sectional study, 224 patients were en-
rolled including 124 patients with CD and 100 pa-
tients with negative results regarding celiac disease. 
Of these patients, 138 (61.6%) were female, and the 
mean age of the patients was 6.91 (±4.26) years.  
The youngest and oldest patients were aged one and 
17 years, respectively. The prevalence of patients 
with MARSH I, II, and III lesions were 11 (13.7%), 
10 (8.1%), and 97 (78.2%), respectively. Among 
children in the Marsh III group, 38 (39.1%) had 
mild villus atrophy (subgroup a), 27 (27.8%) showed 
marked villus atrophy (subgroup b), and 32 (33.1%) 
had developed complete villus atrophy (subgroup c). 

The rate of lymphocyte infiltration in the antral 
epithelial tissue of children with CD compared to the 
non-celiac group showed a statistically significant 
difference (p ≤ 0.001) (Fig. 1). Also, a significant dif-
ference was observed in the rate of lymphocyte infil-
tration in the lamina propria of the antrum of chil-
dren with CD compared to the non-celiac children  
(p < 0.001) (Fig. 2). However, no significant differ-
ence was observed in the size of antrum epithelial 
crypts between the celiac and non-celiac groups. 

As illustrated in Figure 3 and Table I, the AUC of 
the pathological tests varied from 0.615 (p = 0.003) 
for lymphocyte infiltration in lamina propria to 0.887 
(p < 0.001) for the gland size in the antrum tissue. 
The AUC for the mean of all pathological tests was 
estimated to be 0.90 (p < 0.001). The pooled AUC 
for combination of 3 findings with the highest AUCs 
(epithelial cell, crypt, and gland size) was estimated 
to be 0.89 (p < 0.001).

The optimal cut-off values for gland size, epithelial 
cell size, and epithelial crypt size were 434.25, 16.50, 
and 4.65, respectively. The best cut-off values for 
screening of CD by these 3 tests were 318.55, 14.30, 
and 3.40, respectively. Sensitivity, specificity, and the 
best diagnostic cut-off values for each of these tests 
are shown in Table II. Considering the 3 pathologic 
measurements with the largest AUCs (glands, epi-
thelial cells, and crypts of the antrum), sensitivity, 
specificity, and positive and negative predictive val-
ues of having all 3 positive tests were 44.4%, 100%, 
100%, and 59.2%, respectively (Fig. 5–7). 
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Fig. 1. Comparison of lymphocyte infiltration in the antral 
epithelial tissue of the celiac children based on MARSH 
classification

Fig. 2. Comparison of lymphocyte infiltration in the antral 
lamina propria in celiac patients based on MARSH classi-
fication
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We also considered MARSH III as a gold standard 
measure for detecting patients with and without CD. 
The AUCs for diagnosis of MARSH III celiac dis-
ease varied between 0.64 (p<0.001) for lymphocyte 
infiltration in lamina propria and 0.90 (p<0.001) 
for gland size (Table III, Fig. 4). Considering the 
MARSH III as the gold standard for detecting celiac 
patients, the optimal cut-off values for gland, epithe-
lial cell, and crypt sizes were estimated to be 434.25, 
16, and 4.50, respectively (Table IV). The sensitiv-
ity, specificity, and positive and negative predictive 
values of having all 3 positive pathological measure-
ments (glands, epithelial cells, and crypts of the an-
trum) were calculated to be 55.7%, 99%, 98.2%, 
and 69.7%, respectively. 

The correlation of coefficients between the TTG 
test and all pathological measures were estimated 
among all celiac patients as well as among those with 
MARSH III. TTG was directly correlated only with 
epithelial cell size (r = 0.304, p = 0.047) among all 
celiac patients. There was no significant correlation 
between TTG and other pathological measurements 
(Table V).

Table I. The area under the ROC curve for different pathological measurements of the antrum

paThOlOgical measuremenTs auc p-value 95% cOnfidence inTerval

lOwer bOund upper bOund

Lymphocyte infiltration in epithelial tissue 0.625 0.001 0.553 0.698

Lymphocyte infiltration in lamina propria 0.615 0.003 0.542 0.688

Epithelial cell size 0.854 0.000 0.805 0.904

Crypt size 0.768 0.000 0.705 0.830

Gland size 0.887 0.000 0.846 0.929

Mean of cell, crypt, and gland size 0.893 0.000 0.853 0.933

Mean of all parameters 0.900 0.000 0.861 0.940

Table II. Cut-off values and diagnostic utility of different pathological tests for identifying patients with celiac disease

paThOlOgical measuremenTs purpOse cuT-Off value sensiTiviTy specificiTy

Gland size Screening 318.55 0.99 0.25

Optimal 434.25 0.85 0.79

Diagnostic 568.85 0.54 0.97

Epithelial cell size Screening 14.30 0.98 0.48

Optimal 16.50 0.77 0.76

Diagnostic 19.70 0.28 0.98

Crypt size Screening 3.40 0.99 0.08

Optimal 4.65 0.65 0.77

Diagnostic 5.50 0.18 0.97

Fig. 4. ROC curves for different pathological measure-
ments of the antrum for diagnosis of MARSH III celiac 
patients
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Discussion

In this study, gastric antrum biopsies from children 
with CD and non-celiac children were used, and the 
histological changes of antrum in the 2 groups were 
compared. For this comparison, 5 pathological criteria 
were used, including lymphocyte infiltration in epi-
thelial and lamina propria, gland size, epithelial cell 

size, and epithelial crypt size. In addition, all biopsy 
specimens were evaluated according to MARSH cri-
teria, and MARSH III lesions were considered as con-
firmation of CD definite diagnosis. The present study 
showed that the same CD group that had the most 
histological changes in the duodenum had the highest 
sensitivity and specificity observed in their gastric an-
trum histological changes. Use of the above 5 patho-

Fig. 5. Antral cell size in patients with celiac disease (400×)

Fig. 6. Antral cell size in non-celiac patients (400×)
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Fig. 7. Comparison of gland sizes in patients with celiac (upper figures) and healthy controls (lower figures) (100×)

Table III. Area under the curve for pathological parameters for diagnosis of MARSH III celiac patients

paThOlOgical measuremenTs auc p-value 95% cOnfidence inTerval

lOwer bOund upper bOund

Lymphocyte infiltration in epithelial tissue 0.646 0.000 0.568 0.723

Lymphocyte infiltration in lamina propria 0.644 0.000 0.567 0.721

Epithelial cell size 0.856 0.000 0.805 0.908

Crypt size 0.769 0.000 0.703 0.836

Gland size 0.898 0.000 0.856 0.939

Table IV. Cut-off values and diagnostic utility of different pathological tests for identifying patients with MARSH III 
celiac disease

paThOlOgical measuremenTs purpOse cuT-Off value sensiTiviTy specificiTy

Gland size Screening 318.55 0.99 0.25

Optimal 434.25 0.85 0.79

Diagnostic 568.85 0.54 0.97

Epithelial cell size Screening 14 0.98 0.46

Optimal 16 0.84 0.72

Diagnostic 19.70 0.30 0.98

Crypt size Screening 3.60 0.97 0.13

Optimal 4.50 0.77 0.66

Diagnostic 5.50 0.19 0.97
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logical criteria had the highest AUC subtype for the 
diagnosis of CD (AUC = 900, p ≤ 0.000). 

The results of this study showed that the rate of 
lymphocyte infiltration in epithelial tissue and also 
in lamina propria was increased significantly in celi-
ac patients compared to non-celiac cases (p ≤ 0.000). 
These findings were similar to those in the study by 
Bhatti, which examined 304 patients with CD for gas-
tric mucosal involvement and identified lymphocytic 
gastritis associated with CD [11]. Lebwohl et al. [8] 
also found a strong association between CD and lym-
phocytic gastritis, especially in association with more 
severe signs of villi atrophy. In fact, lymphocytic gas-
tritis reflects host immunity in response to dietary 
gluten, similarly to that seen in the small intestine 
of patients with CD [18]. The pattern of gastric mu-
cosal involvement in lymphocytic gastritis is closely 
related to duodenal pathology [19]. Numerous stud-
ies have shown that lymphocytic gastritis is a part of 
diffuse lymphocytic gastroenteropathy that is more 
common in the gastric antrum due to its extension 
to the duodenum [11, 20, 21]. Hayat et al. [19] also 
confirmed this, and they found lymphocytic gastritis 
lesions mostly in the gastric antrum of celiac patients. 
Involvement of the gastric mucosa is common in CD 
because mucosal involvement is prevalent in other parts 
of the gastrointestinal tract such as the mouth [22] 
and colon [23]. In fact, in addition to the small intes-
tine, gluten intolerance also affects other parts of the 
gastrointestinal tract. Numerous studies have shown 
the effect of gastric epithelial cells on inflammato-
ry and autoimmune diseases of the gastrointestinal 
tract. Louise [24] examined the effects of autoim-
mune gastritis on gastric cells in animal specimens 
and showed that inflammatory cell infiltration alters 
gastric mucosa, which indicates the importance of 
the role of CD4+ T cells in the pathology of gastri-
tis. In inflammatory diseases of the gastrointestinal 
tract, the proliferation of inflammatory cells is stim-
ulated by various factors [25]. Many studies have 
considered the role of TTG antibodies in the high 
proliferation rate observed in crypts of the antrum 
of celiac patients [26]. TTG autoantibodies, in inter-
action with membrane-bound TTG, activate cellular 
responses, stimulate cell cycle progression, and play 

an important role in epithelial cell proliferation in 
CD [27]. Tissue transglutaminase 2 (TG2) has the 
highest expression in the family of transglutaminase 
proteins. The biological role of TG2 is affected by the 
presence of antibodies against it [28, 29]. Because 
TG2 is involved in the differentiation of epithelial 
cells via TGF-β, its antibodies can reduce the differ-
entiation of epithelial cells, increase the permeability 
of intestinal cells, and cause intestinal damage (espe-
cially villous atrophy and crypt hyperplasia). TG2 is 
present in almost all cell types, so the morphology of 
antral epithelial cells can also be affected by CD due 
to its location along with the duodenum. Therefore, 
the dimensions of antral epithelial cells were com-
pared between celiac and non-celiac cases, and it was 
found that the dimensions of the epithelial cells of ce-
liac children are significantly increased compared to 
the size of these cells in healthy children (p ≤ 0.000). 
Epithelial cell size alone or in combination with oth-
er criteria can be considered as one of the most effi-
cient pathological criteria of antrum for the diagnosis 
of CD. The epithelial cell size was 98% specific for 
the diagnosis of MARSH III as the gold standard for 
the CD diagnosis, which was the highest specificity 
among other criteria. 

Also, because one of the pathological changes and 
symptoms that lead to the CD diagnosis is epitheli-
al tissue hyperplasia and changes in the sizes of the 
glands of the duodenum, in the present study we 
compared the size of the glands between the 2 groups. 
The results showed that the size of the glands of the 
antrum of children with CD were significantly in-
creased compared to the antrum of non-celiac chil-
dren. Considering MARSH III as the gold standard 
criterion for CD diagnosis, the size of the antrum 
glands had the highest AUC for the diagnosis of 
MARSH III celiac disease. Also, among other patho-
logical criteria, the size of the glands had the highest 
sensitivity and specificity for the CD diagnosis using 
optimal cut-off values. Hyperplasia of epithelial crypts 
of the duodenum is another pathological change con-
sidered in the MARSH classification of CD. In fact, 
crypt hyperplasia refers to an increase in the size of 
Lieberkuhn crypts, a process that occurs before vil-
lous atrophy and is followed by increased production 

Table V. Correlation coefficients between anti-transglutaminase 2 and pathological measurements

TTg lymphOcyTe 
infilTraTiOn in 

epiThelial Tissue

lymphOcyTe 
infilTraTiOn in 
lamina prOpria

epiThelial 
cell size

crypT size gland size

All celiac 
patients

r* –0.028 –0.112 0.304* 0.043 0.027

p-value 0.861 0.475 0.047 0.785 0.863

MARSH III 
celiac patients

r –0.071 –0.053 0.287 –0.015 0.036

p-value 0.681 0.758 0.090 0.932 0.833
*Correlation coefficient (Spearman)
TTG – anti-transglutaminase 2
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of immature epithelial cells and an influx of inflam-
matory cells [30]. In the present study, the sizes 
of antrum epithelial crypts of the 2 groups were com-
pared. However, we found no significant difference 
between the size of epithelial crypts of antrum in 
celiac and non-celiac patients. Meanwhile, epithe-
lial crypt size along with other pathological criteria 
showed high sensitivity and specificity for diagnosis 
and screening of CD. The pathologic measurements 
of gland size and epithelial cell size detected the celiac 
patients more accurately than the other pathologic 
criteria. Of these, epithelial cell size was the most ac-
curate because the area under its ROC curve was the 
largest. However, the overlapped confidence inter-
vals between these 2 tests suggests that both of them 
are useful diagnostic tests for CD. Although combin-
ing the results of the pathological measurements as 
new diagnostic criteria for CD provided larger AUCs, 
overlapping the confidence intervals suggested no 
difference between these 2 combined criteria and the 
primary pathological criteria (epithelial cell size and 
gland size). The highest sensitivity and specificity for 
diagnosis of CD by the optimal cut-off values was 
observed for the optimal cut-off values of gland size. 
Our results showed that for diagnostic purposes, the 
best cut-off values for gland size, epithelial cell size, 
and epithelial crypt size were 568.55, 19.70, and 
5.50, respectively, which can detect celiac patients 
with the lowest false positive rates. While, for screen-
ing of the celiac patients within the community, it is 
recommended that 318.55, 14.30, and 3.40 be con-
sidered as the best cut-off values. Such cut-off points 
distinguish patients with and without celiac disease 
with the lowest false negative rate. It should be noted 
that considering MARSH III as the gold standard cri-
terion for detecting patients with and without celiac, 
gastric antrum gland size and epithelial cell size were 
found to have the highest accuracy, which was sim-
ilar to the results obtained when all grades of celiac 
were considered as the gold standard. In addition, we 
found that combining the results of the 3 measure-
ments provides the best specificity and positive pre-
dictive value for detecting CD. It means that positive 
results of all 3 measurements (gland, epithelial cell, 
and crypt of the antrum) can be the best criteria for 
the diagnosis of celiac disease with the lowest false 
positive rate, which was similar to the findings in 
which MARSH III criteria were applied for detecting 
celiac patients. We observed that out of all pathologi-
cal measurements, only epithelial cell size had a weak 
positive correlation with TTG. Therefore, it seems 
that TTG cannot be a strong predictor for CD.

Conclusions

We observed that the histological changes that we 
found in the gastric antrum were identical to those 

found in the duodenum of paediatric CD patients. 
The pathological criteria of gland size and epithelial 
cell size in gastric antrum biopsy were the most accu-
rate in CD diagnosis, with the fewest false positive or 
false negative results. Since providing a biopsy from 
the gastric antrum is easier than obtaining multiple 
biopsies from the duodenum, we suggest using the 
criteria mentioned in this study in studies with larger 
sample sizes.
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