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Abstract
Objectives: Duodenal bulb specimens are recommended for the diagnostic
evaluation of celiac disease (CeD). However, it remains unclear if their quality
and histomorphometry measures are comparable to samples obtained from the
distal duodenum. We investigated this issue, as well as the diagnostic appli-
cability of morphometry and advanced immunohistochemistry methods, in a
prospective pediatric cohort using validated morphometric readouts.
Methods: One hundred ninety‐four children with CeD autoantibodies under-
went systematic sampling at diagnosis from bulb and distal duodenum. Mor-
phometric evaluation included measurements of villous height (VH), crypt
depth (CrD), and VH:CrD. Mucosal CD3+ and γδ+ intraepithelial lymphocytes
(IEL) densities and transglutaminase‐2‐targeted immunoglobulin A (IgA) de-
posits were measured from frozen biopsies. Sixteen seronegative non‐CeD
children served as controls.
Result: Bulb specimens were frequently of inadequate quality, with paired
comparisons to distal samples feasible in only 112 patients. Mean VH and
VH:CrD were lower in the bulb than in the distal duodenum (168 vs. 239 μm,
p < 0.001; 0.73 vs. 1.01, p = 0.027, respectively), while CrDs and IEL densities
were comparable. Twelve patients had reduced VH:CrD consistent with CeD in
the bulb only. Eight seropositive children exhibited normal VH:CrD in both bulb
and distal duodenal samples, but the presence of positive γδ + IELs and IgA
deposits indicated incipient CeD. Overall, 96.4% of the patients and none of the
controls had IgA deposits in both bulb and distal samples.
Conclusions: A subgroup of patients had diagnostic lesions only in the bulb,
but discretion is needed, as these specimens may be of poorer quality and
different histomorphometric measurements compared to distal samples. The
determination of IgA deposits is valuable at both duodenal sites.
Trial Registration: This study is registered at ClinicalTrials.gov (registration
number NCT02072590). The study was registered in February 2014, while
patient enrollment began in January 2012. At the time of study initiation,
mandatory prospective trial registration was not yet widely enforced for non-
pharmaceutical, investigator‐initiated clinical studies.
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1 | INTRODUCTION

Detection of gluten‐induced histological damage in the
distal duodenal mucosa has been the foundation of
celiac disease (CeD) diagnosis for decades. This par-
adigm is shifting as the revised European Society for
Pediatric Gastroenterology, Hepatology, and Nutrition
(ESPGHAN) guidelines now allow noninvasive diag-
nosis of CeD for a subgroup of children with serum
transglutaminase 2 antibody (TGA) levels >10x the
upper limit of normal (ULN) and positive endomysial
antibodies (EmA).1,2 However, identification of the
small‐intestinal lesion is still required in patients pre-
senting with negative or low positive TGA values.2,3 In
fact, the role of precise histopathological evaluation is
as important as ever, as subjects with TGA <10x ULN
usually also present with less conclusive duodenal
findings.3,4

To increase the diagnostic yield in CeD, the most
recent ESPGHAN guidelines also recommend obtain-
ing biopsies from duodenal bulbs.1,5 The use of these
samples has traditionally been discouraged as the
proximal duodenum is prone to nonspecific histological
changes and contains abundant Brunner's glands,
which may lead to naturally blunted villi.6,7 It is thus
possible that the bulb mucosa displays different mor-
phology and reduced specificity for CeD compared to
more distal duodenal specimens.8 However, the
research on this issue is limited and the interpretation
of results is hindered by significant intraobserver and
interobserver variation in the widely used graded his-
topathological classifications for CeD.9,10

We previously reported that quantitative histomor-
phometry provides more accurate and reproducible
readouts for CeD diagnosis.3,9,11 Morphometric eva-
luation is also the primary histological measurement in

clinical and pharmaceutical trials, but comparable his-
tological data from the bulb are lacking. We compared
the histological findings between bulb and distal duo-
denal mucosa by applying validated morphometry to
samples obtained from children with CeD participating
in a prospective multicenter study. Additionally, sam-
ples from non‐CeD controls were included to establish
normal reference ranges for morphometric analysis
and immunohistochemistry, and to further evaluate the

What is Known

• According to the literature, children with
celiac disease (CeD) may have histological
lesions limited to the duodenal bulb.

• It remains unclear whether the biopsies from
the bulb yield histomorphometric measures of
similar quality to those obtained from the
distal duodenum.

What is New

• Up to one‐third of the bulb samples were
unsuitable for reliable morphometric evalua-
tion despite having been assessed by a local
pathology unit.

• Among the readable samples, one in five bulb
biopsies yielded a different outcome in his-
tomorphometry from the less quantitatively
grouped histological classification used in the
local evaluation.

• Bulb samples should be evaluated with cau-
tion, using clinical discretion in the diagnostic
workup of CeD.
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diagnostic applicability of histomorphometry and
advanced immunohistochemical methods.

2 | METHODS

2.1 | Ethics statement

The study protocol and patient recruitment were
approved by the Ethics Committee of Pirkanmaa Hos-
pital District, Tampere, Finland, and the Ethics Com-
mittee of the University of Medicine and Pharmacy
“Carol Davila” and the National Institute for Mother and
Child Health “Alessandrescu‐Rusescu” Bucharest,
Romania. All participating families gave written in-
formed consent.

2.2 | Patients and study design

Patient enrollment and data analysis for the study were
carried out in three centers, namely Tampere Univer-
sity Hospital, Tampere, Finland; Hämeenlinna Central
Hospital, Hämeenlinna, Finland; and the National
Institute for Mother and Child Health, Bucharest,
Romania, in 2012–2024. Consecutive immunoglobulin
A (IgA) class TGA and/or EmA‐positive children re-
ferred due to CeD suspicion were prospectively en-
rolled before their first diagnostic upper gastrointestinal
endoscopy. The study recruitment was conducted
before the ESPGHAN no‐biopsy criteria were intro-
duced in Finland and Romania. All voluntary partici-
pants underwent systematic collection of relevant
medical data and blood sampling for serology. In
addition, mucosal samples from both the duodenal bulb
and distal duodenum were obtained during endoscopy.
Exclusion criteria were refusal to participate, age
>16 years, dietary gluten restriction before the endo-
scopy, and presence of immunodeficiency or medica-
tion that might affect the small‐intestinal histology. After
exclusions, the final study group comprised 194 sero-
positive children. A subcohort of 16 seronegative chil-
dren who underwent endoscopy and had no
histological findings indicative of CeD or other gastro-
intestinal diseases served as non‐CeD controls.

2.3 | Clinical data

Comprehensive demographic and clinical data, includ-
ing possible presence of CeD‐associated and other
chronic co‐morbidities, were collected from all study
participants at diagnosis. The main clinical presentation
was further classified as gastrointestinal (e.g., diarrhea,
abdominal pain), extraintestinal (e.g., anemia, arthral-
gia), and screen‐detected (e.g., relatives of CeD pa-
tients, individuals with another autoimmune condition).

2.4 | Duodenal histology and
immunohistochemistry

At least two bulb and four distal duodenal forceps
samples were taken using standard endoscopic meth-
odology and equipment. The specimens obtained were
next either formalin‐fixed and embedded in paraffin or
freshly embedded in optimal cutting temperature com-
pound (Tissue‐Tec, Miles) and stored at −70°C. The
participants were classified in the local clinical centers
as CeD or not based on characteristic inflammatory
and morphological changes in the duodenal mucosa
(either in distal duodenum or bulb, or both) according to
the ESPGHAN 2012 guidelines for CeD.1

An additional morphometric analysis and immuno-
histochemistry of the duodenal specimens of the same
biopsy sites was carried out centralized at the Celiac
Disease Research Center, Tampere University. All
evaluations were performed blinded, without previous
knowledge of the clinical or serological findings of the
participants or of the results of histopathological
analyses conducted by the local hospital pathologists.

Mucosal morphology was evaluated from 5‐μm‐
thick hematoxylin‐eosin‐stained sections cut from the
paraffin‐embedded biopsies as previously described.11

In brief, villous‐crypt units sectioned perpendicular to
the luminal surface were identified and measured for
villous heights (VH, μm) and crypt depths (CrD, μm),
and VH‐CrD ratios (VH:CrD) were calculated. In case
of tangential sectioning of the biopsy, recutting was
done if sample quantity permitted so as to obtain an
acceptable orientation for precise measurements. Ac-
cording to our validated standard operating procedures
(SOP), a minimum of three different VH and CrD units
is needed to achieve a reliable result for global mean
VH:CrD.11 Cut‐off for decreased VH:CrD was set at
<2.0.11–13 After applying our SOPs for readable sam-
ples, the morphometric measurements were analyzed
from the biopsies using the most advanced part of
mucosal morphological injury and separately using the
average of the mucosal measurements. Only the
average value was calculated in the controls. Mor-
phometric analysis was performed solely for research
purposes and was not utilized in the diagnostic eva-
luation of CeD.

The severity of mucosal inflammation was assessed
from frozen biopsies with immunohistochemistry. CD3+
and γδ+ intraepithelial lymphocytes (IELs) were stained
using monoclonal antibody Leu‐4 (Becton Dickinson) and
the TCRγ antibody (Endogen) respectively on 5‐μm‐thick
frozen biopsy sections. IEL density was expressed as
cells/mm of epithelium after measuring at least 30
microscope ×100 flat field corresponding to 1.6mm
epithelial length. The cut‐off values for increased
density have previously been set at 37 cells/mm for CD3+
IELs and 4.3 cells/mm for γδ + IELs, respectively.14 In
addition, the presence of small‐bowel mucosal tissue
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transglutaminase‐specific IgA class autoantibody depos-
its was evaluated for 192 patients from the frozen sec-
tions using direct immunofluorescence as described
elsewhere.9,15,16

2.5 | CeD serology

Serum IgA class TGA was measured using commercial
enzyme‐linked immunosorbent assay (Celikey, Phadia,
cut‐off >7.0 U/l). Serum IgA class EmA was measured
by indirect immunofluorescence using human umbilical
cord as antigen as described elsewhere.17,18 A titer of
1:5 for EmA was considered positive and the positive
sera were further diluted 1:50, 1:100, 1:200, 1:500,
1:1000, 1:2000, and 1:4000. Serum total IgA was
measured for all children with standard laboratory
methods to identify possible IgA deficiency, in which
case the corresponding IgG class tests for TGA and
EmA were performed.19

2.6 | Statistics

Quantitative data are expressed as numbers of sub-
jects (n), percentages, means with 95% confidence
intervals, or medians with upper and lower quartiles
and ranges as appropriate. Independent samples t‐test
was used to compare the mean values between
groups, considering a p‐value of <0.05 statistically
significant. Statistical analyses were performed using
SPSS software Version 25.0 (IBM Corp.).

3 | RESULTS

3.1 | Clinical data

The median age of the 194 seropositive participants
was 6.8 years (quartiles 4.3–11.4 years) and 67.8%
were females. The corresponding figures for controls
were 8.8 (1.3–14.8) years and 43.8%. The main
demographic and clinical characteristics of the study
groups are presented in Table 1.

3.2 | Morphometric measurements

Of the locally evaluated biopsies, only 75.1% of distal
duodenal and 67.8% of bulb samples from seropositive
children and respectively 81.2% and 62.5% of those
from controls met our SOPs for acceptable VH:CrD
reading even after repeated cuttings. Reliable paired
morphometric comparisons of the bulb and distal duo-
denal biopsies from the same subjects were possible in
112 (57.7%) out of 194 seropositive children. The
samples from the 82 nonreadable cases contained, for

example, only overlapping, convoluted villi and no
longitudinally cut crypts which serve an intact villus.

Altogether 24 (21.4%) of the 112 seropositive sub-
jects with readable biopsies from both duodenal sites
received an outcome different from that of the local
histopathology. These included 17 children with normal
mucosal structure in local reports but reduced VH:CrD
at least one site based on morphometric analysis and
seven children with diseased mucosa in local but nor-
mal VH:CrD in morphometry.

The mean VH and VH:CrD of the seropositive
children were significantly lower in the bulb biopsies
than in the distal duodenal samples when evaluating
the most advanced mucosal lesion, whereas no dif-
ference was seen in CrD (Table 2, Figure 1). The

TABLE 1 Clinical characteristics and biopsy outcomes assessed
by local pathologists in seropositive participants and seronegative
controls.

Participants
n = 194

Controls,
n = 16

Age, median (quartiles),
years

6.8 (2–15.8) 8.8 (1.3–14.8)

Girls, % 67.8 43.8

Local pathological assessment, %

Celiac disease in
biopsy

174 0

Excluded for celiac
disease

20 16

Main clinical presentation, %

Gastrointestinal
symptoms

72.0 100

Extraintestinal
symptoms

20.4 0

Screen‐detected 6.6 0

Specific symptoms, %

Abdominal pain 36.7 37.5

Heartburn 2 43.8

Diarrhea 23.6 18.8

Poor growth 24.2 6.3

Anemia 12.4 12.5

Constipation 12 6.3

Nausea or vomiting 0.6 18.8

Chronic co‐morbidities, %

Celiac disease‐
associateda

4.3 0

Otherb 29.8 25.0

aType 1 diabetes, autoimmune thyroidal disease.
bInflammatory bowel disease, asthma, and allergies.
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results remained unchanged when averages were
used instead of the most advanced lesion in the bulb,
while there were minor nonsignificant changes in distal
duodenal measurements (VH 258 vs. 235 μm, CrD 318
vs. 326 μm and VH:CrD 1.10 vs. 0.98, respectively).

There was no significant difference in VH, CrD, or
VH:CrD between the bulb and distal duodenal biopsies
of the non‐CeD controls (Table 3). However, readable
samples for precise paired comparisons with mor-
phometry were only available from 6 of the 16 subjects.

3.3 | Immunohistochemistry

The degree of mucosal inflammation was assessed by
immunohistochemistry in the 132 available paired frozen

samples from the duodenal bulb and distal duodenum of
seropositive participants, and in all available samples
from controls. There was no significant difference in
mean CD3+ IELs or γδ + IELs densities between the bulb
and distal duodenum samples in the seropositive
(Table 2) and control (Table 3) children. Altogether 185
(96.4%) of the 192 seropositive participants with frozen
samples available had positive mucosal IgA deposits in
both bulb and distal duodenum samples, whereas none
of the controls had positive deposits.

3.4 | Seropositive children with normal
VH:CrD in bulb and/or distal duodenum

Among the seropositive children with readable biopsies
from both bulb and distal duodenum, eight showed

TABLE 2 Morphometric measurements and degree of mucosal
inflammation in the most damaged bulb compared to distal duodenal
samples in all measurable paired samples from seropositive
participants.

Bulb Duodenum
Mean 95% CI Mean 95% CI p value

Morphometrya

VH, µm 168 139–192 239 206–265 <0.001

CrD, µm 321 302–340 326 303–350 0.752

VH:CrD 0.73 0.54–0.91 1.01 0.82–1.14 0.024

IELs, cells/mm

CD3 + IEL 75.7 70.0–81.4 71.7 65.5–77.9 0.350

γδ + IELs 27.7 24.8–30.6 24.5 22.1–26.8 0.092

Abbreviations: CI, confidence interval; CrD, crypt depth; IEL, intraepithelial
lymphocytes; VH, villous height; VH:CrD, villous height‐crypt depth ratio.
aPrecise measurement possible from 112 out of 194 subjects.

F IGURE 1 Villous height (A), crypt depth (B), and villous height‐crypt depth ratio (C) in duodenal bulb and distal duodenum samples from
seropositive children included in the present study.

TABLE 3 Morphometric measurements and degree of mucosal
inflammation in all measurable paired bulb and duodenal samples
from seronegative controls.

Bulb Duodenum
Mean 95% CI Mean 95% CI p value

Morphometrya

VH, µm 399 335–465 397 299–495 0.946

CrD, µm 233 118–349 155 130–180 0.118

VH:CrD 2.00 1.17–2.83 2.58 1.96–3.21 0.180

IELs, cells/mm

CD3 + IEL 27.7 18.3–37.1 29.6 18.7–40.4 0.783

γδ + IEL 4.2 3.0–5.4 4.2 2.7–5.8 0.962

Abbreviations: CI, confidence interval; CrD, crypt depth; IEL, intraepithelial
lymphocytes; VH, villous height; VH:CrD, villous height‐crypt depth ratio.
aPrecise measurement possible from 6 out of 16 subjects.
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normal VH:CrD at both sites, 12 had a decreased ratio
only in the bulb, and three had a decreased ratio only in
the distal samples (Table S1). Of the cases with a
decreased ratio only in the bulb, seven had gastro-
intestinal symptoms and five extraintestinal symptoms.

Children with normal VH:CrD at both sites exhibited
lower mean TGA values and were less likely to have a
local CeD diagnosis and positive IgA deposits than
those with reduced VH:CrD at either site, whereas
positivity for CD3+ IELs was less dependent on the
biopsy site or the presence of a morphological lesion
(Table S1). The distribution of abnormal histology in the
bulb or duodenum was similar in the centralized and
local analyses, although they were only partially in
agreement. All autoantibody‐positive children with
normal VH:CrD also showed increased densities of
γδ + IELs and 5/8 also positive IgA deposits (Table S1).

4 | DISCUSSION

To the best of our knowledge, no studies have so far
compared the quantitative morphometric and inflam-
matory findings of paired anatomical bulb and distal
duodenal biopsies in children or adults suspected of
having CeD. As in our earlier findings, the bulb biopsies
were often of poor quality and superficial, making reli-
able interpretation unfeasible.9 In fact, as many as 30%
of biopsies could not be appropriately evaluated due to
inadequate quality of biopsies and the impossibility of
obtaining an acceptable orientation for precise mor-
phometric evaluations even after recutting. Of the
readable biopsies, roughly one‐fifth had outcomes that
differed from the local pathologists' evaluations, which
were based on qualitative grouped classifications. This
corroborates earlier evidence that grouped classifica-
tions are significantly observer‐dependent. This is
particularly obvious when the duodenal lesion falls
between clear negative and positive outcomes, name-
ly, completely normal villi and flat mucosa.2,20–22 It
must be emphasized that sufficient sample quality and
correct orientation should also be ensured in graded
histological evaluation. Unfortunately, this may not
always be feasible in clinical settings. The quantitative
morphometry used in the present study demonstrated
markedly better replicability and has thus been applied
in CeD research and the ongoing drug trials.3,9,23–30

It must, however, be emphasized that the
optimal degree of structural damage to the mucosa villi/
VH:CrD remains debatable in both qualitative grouped
classifications and in quantitative morphometry, par-
ticularly as these may vary along the length of the
duodenum. The seropositive subjects here showed
significantly more severe villous blunting in the bulb
compared to the paired distal duodenum samples,
resulting in a significantly lower VH:CrD ratio in the
former. In the 1970s, there was already speculation

that villous blunting within the duodenal bulb con-
stitutes a normal variation.31 We were unable to detect
any similar phenomenon in our controls, but the results
should be interpreted with caution as paired samples
for acceptable morphometry were only available from a
small subgroup. In theory, it is possible that the histo-
logical lesion in CeD progresses more rapidly in bulbs
than in the distal duodenum area; however, this issue
remains to be ascertained in future studies. Of note,
Daveson et al.27 recently reported that adult CeD pa-
tients on long‐term GFD exhibited a lower mean
VH:CrD in the bulb (ratio 1.4) than in the distal duo-
denum (2.1). Whether this is related to slower mucosal
recovery or lower baseline VH:CrD at bulb remains to
be elucidated.

Exploiting bulb samples in the diagnosis of CeD has
traditionally been discouraged as the presence of
Brunner's glands and lymphoid follicles may induce
villus artifacts and hamper the histological analy-
sis,32,33 particularly since crypt hyperplasia should also
be proven. Nevertheless, several studies over the past
decade have reported that villous atrophy may be
found only in the proximal duodenum5,34–36 leading to
the inclusion of bulb biopsies in the current CeD diag-
nostic guidelines.1,37 In principle, our findings agree
with earlier reports and emphasize the benefits of bulb
sampling; approximately 10% of the readable paired
samples exhibited architectural changes of the mucosa
solely in the bulb. This aligns with the concept of
ultrashort CeD, even when using quantitative histo-
morphometry.38 Again, these findings should be
viewed with caution, particularly in individuals with
negative CeD serology, given the technical challenges
observed now and previously9 in the analysis of the
bulb specimens, as well as the potential variation in
morphometric measures along the duodenum. The
interpretation of the bulb histology should include the
assessment of longitudinally cut crypts, a hallmark of
correctly oriented sectioning of biopsies, and CeD
diagnoses based solely on villus blunting are
discouraged.

Measurement of mucosal cell densities as a marker
of inflammation is independent on the biopsy orienta-
tion,11 enabling a larger number of samples available
for paired results than in morphometry. Here, both
CD3+ and γδ + IELs were elevated in seropositive
children, reaching levels reported in untreated
CeD,11,14,39 while in the controls the levels were con-
sistent with those previously observed in non‐CeD pa-
tients.14 No difference was observed between the bulbs
and the distal duodenum. Similarly, in line with our
earlier findings,9 the mucosal IgA deposits were inde-
pendent of biopsy orientation and distinguished sero-
positive patients from controls, all of whom had
negative deposits in both the bulb and distally.
Increased density of γδ + IELs and especially positivity
of the CeD‐specific deposits could serve as a valuable
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indicator of CeD in cases with inconclusive histol-
ogy.40,41 This also includes individuals with potential
CeD showing normal histology even in morphometric
analysis in whom positive deposits provide additional
evidence of underlying CeD.25,42

The main strengths of the present study include
its prospective design, a significant number of sero-
positive individuals with suspected CeD, and the use
of well‐validated serological tests and histological
methods. As a limitation, the number of individuals in
the control group was relatively small. Moreover, only
a minority of them had readable samples suitable for
precise morphometric analysis. This may reflect, in
addition to our particularly strict requirements for
biopsy quality, the possibility that somewhat less
emphasis was placed on adequate duodenal sam-
pling in individuals who were seronegative. An addi-
tional limitation was that only 132 frozen samples for
immunohistochemistry were available from the duo-
denal bulb and distal duodenum of seropositive
participants.

5 | CONCLUSIONS

To conclude, consistent with earlier studies, a sub-
group of patients exhibited mucosal lesions diagnostic
for CeD exclusively in the duodenal bulb, even when
assessed using quantitative morphometry. However,
discretion is needed, as these specimens may exhibit
poorer quality and histomorphometric measures dif-
ferent from distal samples. In contrast, there was no
difference in the severity of mucosal inflammation
between the bulb and distal samples. Transglutami-
nase 2 ‐targeted IgA deposits appear to be particularly
valuable in distinguishing early‐stage CeD from non-
specific histopathology at both duodenal sites.
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