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ABSTRACT
Objective A considerable proportion of patients with
irritable bowel syndrome (IBS) may be wheat-sensitive
and respond to a gluten-free diet (GFD) although they
do not have coeliac disease. However, a diagnostic test
for wheat sensitivity (WS) is missing. Our study evaluated
the diagnostic accuracy (sensitivity and specificity) of
confocal laser endomicroscopy (CLE) for the identification
of WS as primary outcome.
Design In this prospective, double-blind diagnostic
study 147 non-coeliac patients fulfilling the Rome
III criteria for IBS were tested by CLE for duodenal
changes after wheat (index test), soy, yeast or milk
exposure. Patients with IBS responding to 2 months of
GFD were classified as having WS (reference test) using
response criteria recommended by regulatory bodies for
pharmaceutical trials of patients with IBS. After 2 months,
CLE results were unblinded and patients were advised
to exclude those food components that had led to a
positive CLE reaction. The clinical response was assessed
at follow-up after 6 and 12 months.
Results Of 130 patients who completed the study
per protocol, 74 (56.9%) responded to GFD and were
classified as WS after 2 months, and 38 of these 74
patients were correctly identified by CLE (sensitivity
51.4%; 97.5% CI: 38.7% to 63.9%). A total of 38 of
56 patients without WS were correctly identified by
CLE (specificity 67.9%; 97.5% CI: 52.9% to 79.9%).
At 6 months follow-up, CLE correctly identified 49 of 59
food-sensitive patients (sensitivity 83.1%; 97.5% CI:
69.9% to 91.3%) but specificity was only 32% (97.5%
CI: 15.7% to 54.3%).
Conclusion In light of the high proportion of patients
with IBS responding to GFD, the diagnostic accuracy of
CLE is too low to recommend widespread use of this
invasive procedure.
Trail registration number This study was registered
as clinical trial in the German Registry for Clinical Studies
(DRKS00010123).

INTRODUCTION

The irritable bowel syndrome (IBS) is a common
functional gastrointestinal disorder characterised by
abdominal pain or discomfort in combination with
altered bowel movements and a lack of biochemical

Significance of this study
What is already known on this subject?

►► Recent studies suggested that confocal laser

endomicroscopy (CLE) may be useful for the
detection of hypersensitivities or atypical
allergies to food in patients with irritable bowel
syndrome (IBS).

What are the new findings?

►► Our prospective, double-blind multicentre

diagnostic study aimed to determine the
diagnostic accuracy of CLE for the diagnosis of
wheat sensitivity in patients with IBS.
►► Results of CLE as index test were compared
to the response to a gluten-free diet (GFD) as
reference standard for the diagnosis of wheat
sensitivity.
►► More than half of our patients with IBS
including those with constipation responded to
GFD. However, not only CLE-positive patients,
but a large proportion of CLE-negative patients
also responded to GFD. Thus, the diagnostic
accuracy of CLE for wheat sensitivity was
unsatisfactory.
How might it impact on clinical practice in the
foreseeable future?
►► In light of the high proportion of patients with
IBS responding to GFD, the diagnostic accuracy
of CLE is too low to recommend widespread
use of this invasive procedure.
►► A rather practical approach with an 8-week
GFD period may be more beneficial to patients
with IBS suspicious of suffering from food
intolerances.

or structural abnormalities when applying conventional diagnostic procedures.1 Systematic reviews
reported an IBS prevalence of 10%–15% in the
general population2 and about 12% in Northern
Europe.3 In Germany, 12.5% of the population
complain about IBS symptoms and half of those
affected seek medical help.4 Incidence rates of IBS
are largely unknown, a 12-
year survey from the
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Prospective, double-blind diagnostic multicentre
study of confocal laser endomicroscopy for wheat
sensitivity in patients with irritable bowel syndrome

Endoscopy

METHODS
Patients/inclusion criteria

Outpatients suffering from IBS with daily symptoms were
invited to participate. The presence of the Rome III criteria was
determined and a run-in observation period of 4 weeks was used
to ascertain daily symptoms and to exclude pre-
intervention
improvement. Eligible patients were screened and at the final visit
the following inclusion criteria had to be met: Age ≥18 years,
fulfilment of Rome III criteria for IBS, daily symptoms worsening
after meals, score ≥50 of the IBS-36 questionnaire, ≥175 points
of the IBS-Symptom Severity Scale (IBS-SSS), normal gastroscopy including duodenal histology, assessment and confirmation
of duodenal histology by a reference pathology centre, normal
colonoscopy within the last 5 years, ability and will to follow an
8-week GFD period, capability of understanding and availability
2

of a signed informed consent form. In addition, the following
conditions had to be excluded: Chronic gastrointestinal or
pancreatic disease, elevated anti-
tissue transglutaminase IgA
(or, in case of IgA deficiency, anti-tissue transglutaminase IgG),
elevated wheat-specific IgE, abnormal lactose hydrogen breath
test (25 g lactose), antidepressant drug treatment, involuntary
weight loss of more than 10% of body weight within the last 6
months, known allergy against fluorescein, fever (body temperature >38°C), erythrocyte sedimention rate >30 mm/hour,
C-reactive protein >5 mg/L, white blood cell count ≥10∧9/L,
elevated levels for serum creatinine, serum lipase, thyroid stimulating hormone, lowered faecal elastase, chronic heart failure
(NYHA III and IV), pregnancy. Expression of the coeliac disease-
associated alleles HLA-DQ2 and -DQ8 was determined in all
study patients.
Baseline measurements of the IBS-SSS,24 IBS Quality of Life
(IBS-QoL) Score, European Quality of Life 5 Dimensions (EQ-
5D) Score, stool frequency, stool consistency and type,25 flatulence, pain, bowel movement were collected.
Informed consent in writing was obtained from all patients.

Index CLE with duodenal antigen provocation

Patients included into the study were examined with CLE
(EG-
3870CIK, EC-
3870CIFK, Pentax, Tokyo, Japan) under
propofol sedation. The endoscope was introduced to the
duodenum. After injection of 2.5 mL 10% fluorescein intravenously (Fluorescein, Alcon Pharma) confocal images were
recorded to determine a baseline status. Standardised suspensions
of commercially available food antigens (wheat flour DIN 10355
type 405 (Weizenmehl Type 405, Aurora Mühlen, Hamburg,
Germany), dry yeast (Bio Hefe, RUF Lebensmittelwerk KG,
Quakenbrück, Germany), skimmed milk powder (Magermilchpulver, J. M. Gabler-
Saliter Milchwerk, Obergünzburg,
Germany) and natural soy flour (Bio Soja-Mehl, Berief Food,
Beckum, Germany)) were then applied through the working
channel of the endoscope in the specified order: 3 g wheat flour,
3 g soy, 1 g yeast and 1.5 g milk, each diluted in 30 mL 0.9%
sodium chloride solution. The centres received tubes with dry
substances and diluted them immediately before endoscopy.
Any remaining particles were resuspended by vigorous shaking
immediately before use. The first substance was applied in the
distal part of the descending duodenum and for the application
of consecutively applied substances the endoscope was retracted
approximately 5 cm to ensure that the mucosa was not in contact
with high dosages of food before. Five minutes after application of each substance re-evaluation of the mucosa with CLE
continued with documentation of at least four different sites
with 10–20 pictures for each site according to the protocol
described elsewhere21 (online supplemental figure). If the CLE
reaction was positive as described below, the operating physician
terminated the examination and no further antigen solutions
were applied during the same CLE session. Because WS was
our primary research question, wheat was always applied as the
first food substance. To avoid bias, the pictures were recorded to
hard disk and separately documented in pseudonymised folders.
All participating study centres sent their image folders with the
CLE pictures to the study centre in Berlin for blinded evaluation. All authors had access to the study data and reviewed and
approved the final manuscript.
During the baseline CLE and after food provocation testing,
we used the following criteria for defining the CLE test result
as previously described by Fritscher-
Ravens et al21: Fluorescein leakage was a major criterion and increased intraepithelial
Bojarski C, et al. Gut 2021;0:1–10. doi:10.1136/gutjnl-2021-325181
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USA estimated an annual incidence between 1% and 2%.5 After
exclusion of structural and systemic gastrointestinal pathologies, an empiric therapy is introduced to relieve symptoms in
patients with IBS but results are often unsatisfactory,6 although
numerous studies evaluated treatment options such as cognitive
behavioural therapies as well as classical pharmacological therapies with a variety of substances in the treatment of IBS.7
Over the last decades, the relation between gastrointestinal
symptoms in patients without coeliac disease and symptom
relief after gluten-
free diet (GFD) was examined in several
trials.8 9 In 2001, we reported symptomatic improvement after
GFD in a subgroup of patients with IBS.10 This condition,
initially described as non-coeliac gluten sensitivity (NCGS) in
1978,11 could be the most common gluten-related disorder and is
now widely discussed as wheat sensitivity (WS) and several other
designations.12 13 Reliable biomarkers for WS, however, are still
missing and it is clear that the response to GFD could also result
from reduced intake of wheat ingredients apart from gluten, for
example, the pest resistance molecules amylase trypsin inhibitors14 and fructans as poorly absorbed fermentable, oligosaccharides, disaccharides, monosaccharides and polyols (FODMAPs)
which may induce symptoms in susceptible patients.13 In fact,
both, a low FODMAP diet (LFD) and GFD have been considered as dietary treatment of IBS.15
Confocal laser endomicroscopy (CLE) generates high-
resolution images of the gastrointestinal tract after intravenous
injection of fluorescein during ongoing endoscopy. CLE was
introduced in 200416 and demonstrated clinical impact in a
variety of gastrointestinal diseases.17–20
In 2014, a pilot study reported the accurate identification
by CLE of patients with IBS responding to specific exclusion
diets, in particular 13 of 13 patients with IBS responding to
dietary wheat exclusion.21 In a later study the same group found
CLE-reactions to food antigens in 76 (70%), and to wheat in
46 (43%) of 108 patients with IBS.22 Thus, CLE may represent
a diagnostic tool to identify wheat-sensitive patients and could
improve IBS therapy by offering causative treatment options.
Based on these uncontrolled data, our prospective, double-
blind multicentre diagnostic study therefore examined whether
CLE can identify patients responding to wheat exclusion by
means of a standard GFD using response criteria recommended
by European Medical Agency (EMA) for pharmaceutical trials of
patients with IBS.23 Results of CLE as index test were compared
with the response to GFD as a reference standard for the diagnosis of WS. We found evidence for a high proportion of patients
with IBS with WS, however, the diagnostic accuracy of CLE was
unsatisfactory.

Endoscopy

Trial visits after inclusion

Following CLE, patients received a detailed 1-hour dietary counselling in the hospital by a trained nutritionist and were started
on a GFD as established for coeliac disease, that is, a diet free of
wheat, rye and barley.
After 2 weeks, another dietary counselling ascertained that
patients have been following the GFD and if required further
dietary guidance was provided. During the next 8 weeks of
GFD weekly interviews were performed to evaluate symptoms
and assess improvements, and patients were asked to provide a
stool and symptoms diary. The study visit after 2 months of GFD
served to determine the presence or absence of WS as primary
endpoint and to apply secondary outcome measures as described
below.
At this time point, CLE results were unblinded and patients
received another dietary counselling including recommendations
to specifically exclude those additional food components that
had led to a positive reaction in CLE. The patients’ diet was
recorded and the clinical response as defined below was assessed
at follow-up visits after 6 and 12 months. A full overview of the
screening and study visits is shown in figure 1.

Primary and secondary outcomes

The diagnostic accuracy (sensitivity and specificity) of CLE for
the identification of WS was the primary outcome. Index test:
Patients who were CLE-positive after administration of wheat
topically were classified as WS by CLE. Reference standard:
blind
There is no standard for the diagnosis of WS. Double-
placebo-controlled challenges with wheat or gluten have been
suggested but have not been standardised, and several studies
applying food challenges have revealed conflicting results with
highly variable response rates to placebo and verum.26 27 Because

it is not even clear at present which wheat ingredients cause
symptoms in sensitive patients, the clinical response to a GFD
served as reference test to identify WS patients using response
criteria recommended by the EMA for pharmaceutical trials of
patients with IBS.23 Patient-reported outcomes have also been
recommended by the FDA for IBS studies.28 Thus, patients with
IBS responding clinically to a GFD were classified as having WS.
A patient-
defined global assessment of IBS symptoms in
combination with an abdominal pain score is recommended
as primary endpoint for studies examining more than one IBS
subtype.23 Accordingly, our primary outcome measurement
was first the patient’s global assessment of improvement using
a seven-point scale.29 This measure is a validated tool for the
primary assessment of outcome in clinical studies of IBS.30 It
consists of one question (‘Please consider how you felt this past
week with regard to your IBS, in particular your overall wellbeing, and symptoms of abdominal discomfort, pain and altered
bowel habit. Compared with the way you usually felt before
entering the study, how would you rate your relief of symptoms
during the past week?’) and offers seven different answers: (1)
completely relieved, (2) considerably relieved, (3) somewhat
relieved, (4) unchanged, (5) somewhat worse, (6) considerably
worse or (7) extremely worse. Second, abdominal pain was
evaluated using an 11-point Numeric Rating Scale that has been
partially validated31 and is therefore currently recommended.23
Patients who reported (1) the highest two improvement grades
and (2) an abdominal pain score that improved at least 30%
compared with baseline on at least 50% of weeks over the last
2 months of treatment were defined as responders.
Changes in QoL were evaluated by specific (IBS-QoL) and
general (EQ-5D) scales and the severity of gastrointestinal symptoms in all patients was evaluated by the IBS-SSS.29 Patients were
asked to provide a daily stool diary to give information on stool
form (Bristol Stool Scale25) and pain perception, urgency of
defecation and bloating to analyse frequency of defecation, stool
consistency, and number of days with pain, urgency or bloating
in patients according to their IBS subtype as recommended.32

Statistics

The determination of the diagnostic accuracy of CLE for the
diagnosis of WS was the main aim of this study. Although 13/13
patients who were CLE-positive after wheat challenge showed a
long-term response to an exclusion diet in the feasibility study,21
we conservatively assumed a specificity of approximately 90%.
In our previous study 34% (12/35) non-constipated patients
with IBS responded to GFD,33 and an Italian study found WS
in 30% (276/920) patients with IBS.26 In the feasibility study,

Figure 1 Time schedule for patient’s study visits. CLE, confocal laser endomicroscopy; GFD, gluten-free diet.
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lymphocytes (IEL) and intervillous spaces were minor criteria. A
positive CLE test result (CLE+) was stated, if at least one major
and one minor criterion were documented. Following these
criteria,21 the quantification of the density of IEL during ongoing
endoscopy was not found suitable for determination during the
first 20 index endoscopies and therefore was not used for further
CLE evaluations.
The findings of both blinded reviewers were required to be
concordant in order to be defined as positive. If the results of
both reviewers were discordant an open discussion with re-evaluation of the CLE pictures was done. The results were then
marked as concordant otherwise as unclear. The result of the
CLE index test was not disclosed to the patient or other study
personnel in contact with the patient.

Endoscopy

36% (13/36) patients were CLE-positive after wheat challenge21
suggesting that the majority of WS patients with IBS was identified by CLE.
A diagnostic test with sensitivity and specificity above 80%
can be considered a good test for discrimination of WS patients.
Thus, a 20% width of the confidence intervals for the expected
sensitivity and specificity was chosen to assure the discriminative
ability of CLE. A total number of 130 patients were required to
simultaneously construct a 97.5% CI with length 20% for an
expected sensitivity and specificity of 90% and a prevalence of
WS of approximately 35%.32 Based on a drop-out rate of 10%,
144 patients had to be included into the study while 179 patients
were required to be assessed for eligibility when assuming a 20%
screening failure rate.
For evaluation of the predictive value of CLE in the diagnosis
of WS, sensitivity and specificity including 97.5% CIs as well as
positive and negative predictive value, and positive and negative
likelihood ratio including 95% CIs were determined. Descriptive statistics were used to define the proportion of patients with
and without WS. Further variables (eg, changes in IBS-QOL
score, EQ-5D score, IBS-SSS, stool frequency, stool consistency)
were analysed using appropriate parametric and non-parametric
statistical methods.

RESULTS
Patients

A total of 190 patients entered the screening process and 147
(77%) of them were finally recruited (figure 2). Of 147 study
patients 34 (23%) were male, 113 (77%) were female, 72 (49%)
had IBS-M, 60 (41%) IBS-D and 15 (10%) IBS-C.
The age of the study patients among IBS-subtypes was similar
(mean age ranging from 34.5 to 36.5). Details on patient demographics including lifestyle habits and social status are depicted
in table 1.

CLE performance and safety

CLE as index test was safely performed in all 147 patients. Minor
adverse events were documented in five patients (tonsillitis n=2,
exanthema n=1, common cold n=1, enteritis n=1, 3.4%) and
4

medium adverse events in two patients (serology positive for
rheumatoid factor, Yersinia spp and rotavirus n=1, influenza
n=1, 1.4%) were observed after CLE. None of these adverse
events were classified as related to CLE or dietary intervention.
Positive CLE reactions were usually clear, and there were no
discordant results in blinded review. Positive reactions were
observed after topical application of wheat in 68 (46.3%) out
of 147 patients, soy in 20 (19.4%) out of 103 patients, yeast
in 20 (22%) of 91 patients and milk in nine (12.2%) out of 74
patients.

Wheat sensitivity
Blinded to the CLE findings patients with IBS followed a GFD
for 2 months. In 17 out of 147 patients, no reference standard
was achievable, and therefore, 130/147 (88%) patients finally
completed the study per protocol (figure 2). Seventy-four (57%)
out of 130 patients fulfilled the response criteria after 2 months
of GFD and were classified as having WS. Gender, IBS-type
and HLA-DQ 2 or 8 were not significantly associated with the
proportion of responders to GFD (table 2).
In addition to the composite endpoint, secondary endpoints
assessing improvement in several gastrointestinal symptoms in
response to GFD were determined and are shown in figure 3.
After 2 months of GFD, the median number of days with flatulence was lower in all IBS subtypes (figure 3A), the median stool
type according to Bristol Stool Scale decreased from six to four
in IBS-D and increased from two to three in IBS-C (figure 3B),
the median number of days without abdominal pain increased
in all IBS-subtypes (figure 3C). The median number of bowel
movements per day decreased in IBS-D and increased in IBS-C
(figure 3D), the median number of days with bowel movement
increased in IBS-C (figure 3E), the median number of days with
stool type 6 or 7 decreased in IBS-M and IBS-D (figure 3F) and
the median number of days with urge of bowel movements per
week was reduced in IBS-M (figure 3G). Overall, these changes
demonstrate specific symptomatic improvements in all IBS
subtypes and support the high proportion of patients with IBS
classified as responders to GFD by the composite endpoint.
Bojarski C, et al. Gut 2021;0:1–10. doi:10.1136/gutjnl-2021-325181

Gut: first published as 10.1136/gutjnl-2021-325181 on 20 September 2021. Downloaded from http://gut.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Figure 2 Diagram of the patient flow through the study. One hundred and forty-seven patients were examined by CLE after wheat challenge
(index test), and the responder status after 2 months of GFD (reference test) was available in 130 patients. GFD, gluten-free diet; IBS, irritable bowel
syndrome.

Endoscopy
Table 1

Patients’ demographics
IBS with diarrhea
(IBS-D)

IBS with constipation
(IBS-C)

Total

72 (49)

60 (41)

15 (10)

147 (100)

 Mean±SD

35.3±9.6

37±10

34±10

35.7±9.9

 Range

22–59

21–60

20–53

19–60

 Male

17 (24)

15 (25)

2 (13)

34 (23)

 Female

55 (76)

45 (75)

13 (87)

113 (77)

 Smoker

11/72 (15)

13/59 (22)

0/15 (0)

24/146 (16)

 Ex-s moker

2/72 (3)

6/59 (10)

1/15 (7)

9/146 (6.2)

 Non-s moker

59/72 (82)

40/59 (68)

14/15 (93)

113/146 (77)

 Coffee consumption

55/68 (81)

37/51 (73)

11/14 (79)

103/133 (77)

 No coffee consumption

13/68 (19)

14/51 (27)

3/14 (21)

30/133 (23)

 Alcohol consumption

36/72 (50)

32/58 (55)

5/15 (33)

73/145 (50)

 No alcohol consumption

36/72 (50)

26/58 (45)

10/15 (67)

72/145 (50)

 Full-t ime job

42/72 (58)

42/59 (71)

10/15 (67)

94/146 (64)

 Part-time job

10/72 (14)

7/59 (12)

3/15 (20)

20/146 (14)

 Incapable of working

2/72 (3)

0/59 (0)

0/15 (0)

2/146 (1.4)

 Unemployed

4/72 (6)

1/59 (2)

0/15 (0)

5/146 (3.4)

 Student

14/72 (19)

9/59 (15)

2/15 (13)

25/146 (17)

IBS type (n, %)
Age (years)

Gender (n, %)

Lifestyle habits (n/total, %)

Employment (n/total, %)

IBS, irritable bowel syndrome.

IBS-SSS did not differ significantly between IBS-types. After 2,
6 and 12 months, IBS-SSS was significantly reduced in all IBS-
types (figure 3H).
Interestingly, symptomatic improvement was most prominent
during the first 2 months of blinded GFD. Only minor additional
improvements which can be attributed to specific exclusion diets
were seen after 6 months in CLE-positive patients .

Accuracy of CLE for WS

Diagnostic accuracy measures of CLE for the diagnosis of WS are
presented in table 3. Of the 74 patients with WS at the primary
endpoint after 2 months of GFD, 38 were correctly identified
by CLE resulting in a sensitivity of 51.4% (97.5% CI: 38.7%

to 63.9%). A total of 38/56 patients without WS were correctly
identified by CLE showing a specificity of 67.9% (97.5% CI:
52.9% to 79.9%). Both diagnostic accuracy values were below
the prespecified limit of 80%. The accuracy parameters of CLE
assessed by the two blinded reviewers and by the CLE performing
physicians for the detection of WS were not statistically different
(table 3). The proportion of patients with WS in CLE-positive
patients was 67.9% (95% CI: 54.8% to 78.6%) while the
proportion of patients without WS in CLE-
negative patients
was 51.4% (95% CI: 40.2% to 62.4%). Of 79 patients who
were negative for wheat in CLE 36 patients (46%) responded to
GFD, 38 patients (48%) were considered as non-responders and
5 patients (6%) were lost to follow-up. Accuracy of CLE for WS

Table 2 Responders to GFD after 2, 6 and 12 months in relation to gender, IBS types (IBS mixed subtype, IBS-M; IBS with diarrhea IBS-D; IBS with
constipation IBS-C) and HLA-DQ2/8 expression
Responders to GFD after
2 months

6 months

12 months

No

Yes

No

Yes

No

Yes

56 (43)

74 (57)

25 (30)

59 (70)

21 (24)

67 (76)

 Female, n (%)

40 (40)

60 (60)

18 (28)

47 (72)

19 (27)

52 (73)

 Male, n (%)

16 (53)

14 (47)

12 (63)

2 (12)

15 (88)

 IBS-M, n (%)

33 (49)

34 (51)

18 (38)

29 (62)

15 (33)

31 (67)

 IBS-D, n (%)

16 (32)

34 (68)

6 (19)

26 (81)

5 (15)

29 (85)

 IBS-C, n (%)

7 (54)

6 (46)

1 (20)

4 (80)

1 (13)

7 (87)

 DQ2/DQ8 negative, n (%)

36 (54)

31 (46)

16 (35)

30 (65)

14 (32)

30 (68)

 DQ2/DQ8 positive, n (%)

20 (37)

34 (63)

9 (27)

24 (73)

7 (19)

30 (81)

N (%)
Gender*

7 (37%)

IBS type*

HLA-DQ2 or -DQ8 expression*

*No significant differences in the proportion of responders.
GFD, gluten-free diet; IBS, irritable bowel syndrome.
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IBS mixed subtype
(IBS-M)

Endoscopy

was also determined at 6 and 12 months of follow-up, excluding
patients who changed their diets after 2 months due to CLE
reactions to other food antigens. Compared with the primary
endpoint, sensitivities at follow-up were higher, but specificities
were lower (table 3). Overall, patients with IBS who were CLE-
positive after application of wheat were about twice as likely
to have WS compared with those who were CLE negative after
6

wheat exposure (positive likelihood ratio: 1.65, 95% CI: 1.04
to 2.6 vs negative likelihood ratio: 0.72, 95% CI: 0.54 to 0.96).

Food sensitivities

After 2 months of GFD, CLE results were unblinded, patients
received recommendations to specifically exclude additional
food components that led to a positive reaction in CLE, and
Bojarski C, et al. Gut 2021;0:1–10. doi:10.1136/gutjnl-2021-325181
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Figure 3 Evaluation of secondary study endpoints after screening and at 2, 6 and 12 months according to IBS type. (A) Number of days with
flatulence/bloating per week, (B) median stool type (according to Bristol Stool Scale), (C) number of days without pain per week, (D) number of bowel
movements per day, (E) number of days with bowel movements per week, (F) number of days with stool type 6 or 7 (according to Bristol Stool Scale),
(G) number of days with urge of bowel movement per week. (H) IBS-SSS. IBS-SSS, irritable bowel syndrome-Symptom Severity Scale.

Endoscopy
Table 3

Accuracy of CLE for the detection of wheat sensitivity and for any food sensitivity after 2, 6 and 12 months
For wheat sensitivity

For any food sensitivity

2 months
Blinded CLE
evaluation

CLE evaluation by
examiner

Sensitivity (97.5% CI)

51.4% (38.7% to
63.9%)

50% (37.4% to 62.6%) 72.2% (53.6% to
85.4%)

70% (52.3% to 83.2%) 83.1% (69.6% to
91.3%)

Specificity (97.5% CI)

67.9% (52.9% to
79.9%)

69.6% (54.7% to
81.3%)

40% (20% to 64%)

36.8% (17.4% to
61.8%)

Positive predictive value
(95% CI)

67.9% (54.8% to
78.6%)

68.5% (55.3% to
79.3%)

68.4% (52.5% to
80.9%)

70% (54.6% to 81.9%) 74.2% (62.6% to
83.3%)

79.7% (68.8% to
87.5%)

Negative predictive value
(95% CI)

51.4% (40.2% to
62.4%)

51.3% (40.3% to
62.2%)

44.4% (24.6% to
66.3%)

36.8% (19.1% to 59%) 44.4% (24.6% to
66.3%)

36.8% (19.1% to 59%)

Positive likelihood ratio
(95% CI)

1.6 (1.03 to 2.48)

1.65 (1.04 to 2.6)

1.2 (0.8 to 1.82)

1.11 (0.74 to 1.65)

1.22 (0.91 to 1.64)

1.23 (0.89 to 1.7)

Negative likelihood ratio
(95% CI)

0.72 (0.53 to 0.96)

0.72 (0.54 to 0.96)

0.69 (0.33 to 1.47)

0.81 (0.38 to 1.73)

0.53 (0.24 to 1.18)

0.54 (0.24 to 1.19)

Time point

6 months

12 months
6 months

12 months
82.1% (69.5% to
90.2%)

32% (15.7% to 54.3%) 33.3% (15.6% to
57.5%)

CLE, confocal laser endomicroscopy.; .

the patients who responded to the recommended exclusion diet
after six and twelve months (figure 2) were classified as food
sensitive. After 6 months, 59 (70.2%) of 84 patients and after
twelve months 67 (76.1%) of 88 patients had responded to the
dietary intervention. There was no significant association of the
proportion of food sensitive patients at 6 or 12 months with
gender or IBS-type (table 2).
IBS-SSS and IBS-QoL decreased in both, patients with any or
no CLE reaction to food antigens mainly after 2 months of GFD
and, to a lesser extent, in CLE-positive patients at follow-up
(figure 4). EQ5D increased only in CLE-positive patients after
2 months of GFD and remained stable afterwards (figure 4). A
specific dietary response should have become visible by symptomatic improvements following unblinding and exclusion of
food antigens inducing a CLE reaction. Such an effect may be
seen in patients who showed reactions to milk. Only minor
decreases of IBS-
SSS were observed at 6 and 12 months of
follow-up in patients who were CLE-positive after wheat, soy, of
yeast challenge (figure 5).
Accuracy data of CLE for the diagnosis of any food sensitivity (ie, wheat, soy, yeast or milk) are presented in table 3.
The proportion of food sensitive patients correctly identified by
CLE was 49/59 patients (sensitivity 83.1%; 97.5% CI: 69.9%
to 91.3%) at 6 months and 55/67 patients (sensitivity 82.1%;
97.5% CI: 69.5% to 90.2%) at 12 months. However, high
proportions of CLE-negative patients were also found to be food
sensitive at 6 months (10/18, 55.6%) and at 12 months (12/19,
63.2%) of follow-up, resulting in low sensitivities of the CLE.

DISCUSSION

WS has been described as NCGS more than 40 years ago.11 As
a possible cause of widespread gastrointestinal symptoms, it
has received considerable attention in recent years.8 13 26 IBS
is a frequent gastrointestinal disorder and more than 80% of
patients report symptoms related to food ingestion34 indicating
an overlap between WS and IBS. In fact, about one-third of
patients with IBS seem to respond to GFD,26 33 and 50%–75% to
a LFD.35 Self-reported WS is also common and associated with
IBS.36
In the absence of objective diagnostic criteria for WS an
expert group suggested 2015 a double-blind gluten challenge to
clearly establish the diagnosis.12 In such a controlled study 14%
Bojarski C, et al. Gut 2021;0:1–10. doi:10.1136/gutjnl-2021-325181

of patients responding to GFD showed a relapse of symptoms
during gluten challenge and were identified as having NCGS.37
However, a Norwegian study of patients with self-
reported
gluten sensitivity showed considerable overlap in their responses
to fructan, gluten or placebo bars indicating that gluten challenge may not be a reliable diagnostic method to identify WS in
patients with IBS.38
CLE was proposed as a diagnostic instrument to demonstrate food-related mucosal reactions in patients with IBS.21 22
However, the extraordinary diagnostic performance of CLE for
detecting food sensitivities reported in these studies was not
confirmed in our prospective controlled diagnostic multicentre
study. Sensitivity and specificity for WS were well below the
threshold of 80%, which we deemed acceptable for such an invasive procedure. CLE has not been proposed to identify gluten
sensitivity, so our study did not address the question whether
patients had NCGS as defined by the Salerno criteria,12 13 or
whether the response to GFD was due to reduced intake of other
wheat components as FODMAPs like fructans or ATIs. Wheat
FODMAPS, such as fructans, are not expected to elicit any of
the changes detected on CLE, so FODMAP-sensitive patients
with IBS would probably respond to GFD in the absence of CLE
reactivity to wheat and may in part explain this disappointing
result. Diagnostic sensitivity for any of the four investigated
food sensitivities was found to be >80% at follow-up after 6
and 12 months. However, at these time points specificities
were <35% and therefore too low as to recommend widespread
use or general diagnostic application of such technique.
To define a positive CLE reaction, we used the criteria
described previously21 except the real-time quantification of
IEL. In our experience semiquantitative assessment of IEL
requires topical acriflavine application.39 Another study also
showed that CLE alone was not able to identify IEL.20
More than half of our patients with IBS including those
with constipation responded to GFD. This proportion was
even higher than reported earlier 33 and well in line with
responses to LFDs which have been recommended by some
associations for patients with IBS,15 although a German
study reported low patient adherence. 40 The detection rate
of WS among patients with IBS in our study is in good
accordance with the proportion of patients described elsewhere.21 22 However, not only CLE-positive patients, but a
7
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large proportion of CLE-n egative patients also responded to
GFD in our study.
Although CLE did not seem to significantly contribute to
the final diagnosis of WS, the large proportion of responders
to GFD may justify the practical approach recommending
this diet to patients with IBS symptoms. The efficacy of a
GFD should certainly be examined in further controlled
clinical studies.
The underlying pathophysiology of food-related duodenal
alterations is mostly unknown so far. Whereas an increase
in paracellular permeability might be a possible pathway
for fluorescein leakage in the small intestinal mucosa,41 42
transcellular permeability changes43 or an impairment of
the gut vascular barrier with downregulation of the endothelial barrier may also play a role.44 Recent data identified
claudin-2 increase, occludin decrease and eosinophil degranulation, indicating an atypical food intolerance, as causes
for the barrier defects in patients with food-related positive
CLE findings.22
8

Figure 5 Box plots of IBS-SSS at screening and 2, 6 and 12 months
after initiating dietary treatment comparing patients with CLE
reactions (grey) to wheat (A), soy (B), yeast (C) or milk (D) to patients
without (white) any CLE reaction to food antigens. CLE, confocal laser
endomicroscopy; IBS-SSS, irritable bowel syndrome-Symptom Severity
Scale.

To summarise, CLE cannot currently be recommended as an
initial diagnostic test in patients with IBS suspicious of having
WS. Nevertheless, CLE may help to further elucidate the underlying pathomechanism contributing to mucosal and submucosal
changes during food-induced alterations in the gastrointestinal
tract. A rather practical approach with an 8-week GFD period
may be more beneficial to patients with IBS.
Bojarski C, et al. Gut 2021;0:1–10. doi:10.1136/gutjnl-2021-325181
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Figure 4 Box plots of EQ-5D (A), (B) and IBS-SSS (C) at screening and
2, 6 and 12 months after initiating dietary treatment (GFD) in patients
with (grey) or without (white) any CLE reaction to food antigens. CLE,
confocal laser endomicroscopy; EQ-5D, European Quality of Life 5
Dimensions; GFD, gluten-free diet; IBS-SSS, irritable bowel syndrome-
Symptom Severity Scale; QoL, quality of life; VAS, visual analogue scale.

Endoscopy
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