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OBJECTIVES: Anti-cytolethal distending toxin B (CdtB) and anti-vinculin antibodies have been proposed as

biomarkers that discriminate irritable bowel syndrome (IBS) diarrhea from inflammatory bowel disease;

however, it is unknown whether they can also discriminate patients with IBS and IBS subtypes and

functional dyspepsia (FD) from healthy individuals in the general population. We aimed to determine

whether anti-CdtB and anti-vinculin can discriminate IBS and FD from health and from organic

gastrointestinal (GI) disease.

METHODS: Adults were enrolled from 2 Australian studies: (i) a random, population-based study (n5 331) with

subjects diagnosed with IBS (n 5 63) or FD (n 5 61) by modified Rome III criteria or healthy

control subjects (n 5 246) who did not meet criteria for IBS and/or FD and (ii) an outpatient-based

study with subjects diagnosed with IBS (n5 256) and/or FD (n5 55) or organic GI disease (n5 182)

by an independent clinician. Serum levels of anti-CdtB/anti-vinculin antibodies were determined by

enzyme-linked immunosorbent assay.

RESULTS: There was a significantly higher mean value of anti-CdtB in FD vs healthy controls (mean 5 2.46

[SD 5 0.72] vs mean 5 2.14 [SD 5 0.77]; P 5 0.005) and IBS/FD overlap vs healthy controls

(mean 5 2.47 [SD 5 0.78] vs mean 5 2.14 [SD 5 0.77]; P 5 0.02). There were no significant

differences in anti-CdtB in IBS and FD outpatients or IBS/FD subgroups compared with

patients with organic GI disease. In terms of anti-vinculin, there were no significant differences

between IBS and FD and healthy controls or between IBS and FD and organic GI disease

controls.

DISCUSSION: We did not confirm that anti-CdtB/anti-vinculin discriminated IBS diarrhea from organic GI disease in

Australian subjects. However, we did find higher anti-CdtB in FD and IBS/FD overlap vs healthy

controls. Postinfectious FD may be more common than currently recognized.
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INTRODUCTION
Irritable bowel syndrome (IBS) and functional dyspepsia (FD) are
the most common functional gastrointestinal (GI) disorders, each
affectingup to15%of thepopulationandoverlapping inone-thirdof
cases (1). In the absence of a cure, these disorders are associatedwith
a reduced quality of life (2) and impose a significant burden on the

healthcare system(3), due in large part to expensive andunnecessary
diagnostic testing (4). Recent breakthroughs in the understanding of
the underlying pathophysiology of these disorders in terms of im-
mune activation and the microbiome (5–10) have resulted in an
increased interest in the development of cost-effective, reliable,
blood-based biomarkers to positively diagnose these conditions.
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Currently, the diagnosis of IBS and FD relies on symptom-
based Rome criteria (11). The Rome criteria were developed by
expert clinical consensus and remain the currently accepted gold
standard (albeit an imperfect standard based on symptoms not
pathology or biomarkers). The development of a reliable, cost-
effective biomarker for IBS and FD has been hindered by the lack
of a clear understanding of the pathophysiology of these con-
ditions. Earlier biomarker panels have had some success in dif-
ferentiating IBS fromnon-IBS (12,13). Lembo et al. (12) found the
sensitivity and specificity of a 10-biomarker algorithm for dif-
ferentiating IBS from non-IBS to be 50% and 88%, respectively.
The positive predictive value was 81%, but the negative predictive
value was only 64% at 50% IBS prevalence in the validation co-
hort. Jones et al. (13) found that the performance of a 35-
biomarker panel was good in differentiating IBS fromhealth (area
under the receiver operating characteristic curve [AUC]5 0.81)
but was markedly improved with the addition of 4 psychological
markers (combined AUC 5 0.93). However, only patients with
IBS seeking health care were assessed.

The emergence of new evidence for the role of acute gastro-
enteritis (14,15) and microbiome dysfunction (16) in functional
GI disorders (FGIDs), particularly in IBS diarrhea (IBS-D) but
also FD, has resulted in the identification of potential new bio-
markers. Cytolethal distending toxin B (CdtB), which is produced
by Gram-negative bacteria that causes acute gastroenteritis, and
vinculin, which cross-reacts with anti-CdtB antibodies in post-
infectious animal models of IBS, are 2 biomarkers currently of
interest in the field (17,18). Pimentel et al. (18) evaluated circu-
lating anti-CdtB and anti-vinculin antibodies in 2,375 subjects
aged between 18 and 65 years with IBS-D derived from a clinical
trial cohort, compared with 142 subjects with inflammatory
bowel disease (IBD), 121 subjects with celiac disease, and 43
healthy controls. They found that anti-CdtB titers were signifi-
cantly higher in subjects with IBS-D compared with subjects with
IBD, healthy controls, and subjects with celiac disease (P ,
0.001). Anti-vinculin titers were also significantly higher in sub-
jects with IBS compared with the other groups. The AUCs were
0.81 and 0.62 for the diagnosis of IBS-D against IBD for anti-CdtB
and anti-vinculin, respectively. Limited confirmatory data are
available, but these antibodies have been commercialized into
a diagnostic test (17).

However, it is unknown whether these biomarkers can also
discriminate IBS and IBS subtypes fromhealthy individuals in the
general population and whether these antibodies may also be
useful in diagnosing FD.

Thus, the aim of the current study is to extend the novel and
important previous biomarker work by testing serum biomarkers
anti-CdtB and anti-vinculin to determine whether they can dis-
criminate IBS and FD from both health and organic GI disease in
hospital outpatients and community subjects.

METHODS
In a multicenter study, participants were recruited from both the
general population and hospital outpatient clinics (Figure 1). The
study was approved by the Hunter New England Human Re-
search Ethics Committee (approval reference number 16/11/
16/4.04).

Community population-based study arm

A total of 331 subjects aged 18 years and above who had pre-
viously enrolled in a population-based arm of a biobank study

were included in this study. Participantswere originally randomly
recruited from the electorates of Newcastle and Hunter New
England, Australia, and are representative of the Australian
population sociodemographically. Most subjects provided a fas-
ted blood sample of up to 1 mL for use in the current study.
Clinical information on IBS, FD, and organic disease diagnosis,
basic demographics, and the presence of anxiety and depression
was extracted from validated questionnaires, and where available
was confirmed by medical interviews and/or medical records.
Participants were diagnosed according to modified Rome III
criteria (11) based on their responses to a previously completed
validated questionnaire.

Irritable bowel syndrome.

• Defined as the presence of pain or discomfort anywhere in the
abdomen on at least 1 day per week in the last 3 months, and
• the pain was sometimes/often/most of the time or always
made better by having a bowel movement, or

• the following features were associated with the pain when it
began (sometimes/often/most of the time or always):
• more bowel motions than usual
• less bowel motions than usual
• harder bowel motions than usual, or
• looser bowel motions than usual.

IBS subtypes.

· All IBS subtypes fulfilled the above criteria for a diagnosis of
IBS, in addition to the following symptoms being present in
the last 3 months.

Constipation-predominant IBS-C.

· Lumpy or hard stools sometimes/often/most of the time or
always.

· Loose or watery stools never or rarely.

Diarrhea-predominant IBS-D.

· Lumpy or hard stools never or rarely.

· Loose or watery stools sometimes/often/most of the time or
always.

Mixed constipation and diarrhea IBS-M.

· Lumpy or hard stools sometimes/often/most of the time or
always.

· Loose or watery stools sometimes/often/most of the time or
always.

Undifferentiated IBS.

· Lumpy or hard stools never or rarely.

· Loose or watery stools never or rarely.

Functional dyspepsia.

· Fulfill criteria for either the postprandial distress (PDS) or
epigastric pain syndrome (EPS) subtypes as detailed below.
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FD—PDS subtype.

· Defined by the presence of one of the following being present
on more than 1 day per week in the last 3 months:
◦ inability to finish a regular-sized meal or
◦ feeling uncomfortably full after a regular-sized meal.

FD—EPS subtype.

· Defined as the presence of pain or burning in the epigastrium
being present on 1 ormore days per week in the last 3 months.

Healthy controls.

· Defined as not meeting criteria for IBS and/or FD.

Psychological markers.

A subset of people in the population arm of the study completed
the valid Hospital Anxiety and Depression Scale (HADS) (19).
The questionnaire contains 14 items that assess anxiety (7 items)
and depression (7 items). Each item is rated on a 4-point scale
ranging from 0 to 3, such that each subscale has amaximum score
of 21. Higher scores on the HADS indicate depression or anxiety
in a patient, with a score of 7 or less on either subscale indicating
a “non-case,” a score of 8–10 as a “doubtful case,” and a score of 11
or more as a “case” of anxiety or depression.

HOSPITAL OUTPATIENT CLINIC STUDY ARM
A total of 460 patients aged above 18 years enrolled in pre-
vious patient-based studies had provided serum for this study.
All patients were recruited from primary care, gastroenter-
ology outpatient clinics, and GI endoscopic procedure facili-
ties from Newcastle and Brisbane, Australia. Most subjects
provided a fasted blood sample of up to 1 mL for use in the
current study. Clinical information on IBS, FD, and organic
disease diagnosis, and basic demographics were based on
medical records.

Diagnoses were made by an independent Board-certified
physician at each site based on the findings frommedical records
and diagnostic questionnaire data where available. Gastro-
enterologists determined the primary diagnosis for the presenting
symptoms. Patients were classified into IBS-D predominant, IBS
constipation predominant, and FD. GI control groups included
an organic GI disease group, including celiac disease (n5 7), IBD
(n 5 41), and other organic GI diseases (n 5 74) that included
GERD (n 5 45) and diverticular disease (n 5 14).

BIOMARKER TESTING PANEL
Anti-CdtB and anti-vinculin were run on the complete set of
serum samples (n 5 791). Enzyme-linked immunosorbent
assays were performed using complete recombinant Cam-
pylobacter CdtB protein (Creative Biomart, Shirley, NY) and
full-length human vinculin protein (Novoprotein, Short Hills,
NJ) as antigens at a concentration of 1.2 mg/mL by Com-
monwealth laboratories (13). Antigens were immobilized
overnight at 4 °C onto high-binding 96-well plates (Grenier
Bio-One, Monroe, NC) in borate buffered saline (Medicago,
Uppsala, Sweden) at a pH of 8.2. Wells were alternately coated
with antigen or left uncoated in borate buffered saline to allow
determination of nonspecific binding of serum. Wells were
blocked with 3% bovine serum albumin in 13 PBS for 1 hour at
room temperature. Coated and uncoated wells were then in-
cubated with a 1:512 dilution of serum for CdtB and a 1:32
dilution of serum for vinculin for 1 hour at room temperature.
Antibodies to CdtB and vinculin were used as positive controls.
This was followed by 1 hour of incubation with horseradish
peroxidase-conjugated secondary antibodies (Jackson Immu-
noResearch, West Grove, PA). Each step was followed by
a series of washes using 0.05% PBS-Tween 20. Finally,
a 3,39,5,59-Tetramethylbenzidine substrate solution (Pierce,
Rockford, IL) was used for visualization and immediately read
on a BioTek Synergy HT plate reader (Winooski, VT). The
optical densities (ODs) were read for 90minutes at 370 nm and
will be used to compare levels of anti-CdtB or anti-vinculin.
Raw OD values were used for the data analysis.

Figure 1. Participant sample recruitment into the biomarkers for functional gut disorders Australian study. FD, functional dyspepsia; IBS, irritable bowel
syndrome.
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A “consistent” result signifies that either antibody is above the
indicated OD reference ranges of$2.80 for anti-CdtB and$1.68
for anti-vinculin based on the data from Pimentel et al. (18). An
“inconclusive” result signifies that both antibodies are below these
ranges.

STATISTICAL ANALYSIS
The clinical effect size and statistical significance of the utility of
biomarkers in discriminating disease states were based on un-
conditional logistic regression, with probability of a given disease
state as the outcome and biomarkers and psychological markers
as the predictive variables. A separatemodel was fitted to evaluate
discrimination of disease states listed in the study primary
objectives, using only biomarkers and additionally incorporating
psychological markers that have been shown to provide in-
cremental utility in previous studies (13). The magnitude of
discrimination of each biomarker (and psychological marker)
was characterized by its odds ratio (OR), which is reported with
95% confidence interval. The overall performance of the combi-
nation of biomarkers was evaluated using standard methods for
the evaluation of diagnostic tests. In particular, overall discrimi-
nation performance was measured via the AUC.

Statistical power.

Because this study is based on the sample available, a retrospective
power analysis has been undertaken based on these subject counts
and clinically meaningful effect sizes.

Aim (a): For discriminating IBS-D from health, assuming an
OR of 1.5 per SD of a marker and a 5 0.01 statistical power is
.0.9 based on the available sample sizes ignoring other markers
and 0.8 if the correlation with other markers is as high as 0.5.

For discriminating IBS-D from organic disease, statistical
power is 0.89 or greater under the same conditions, although
a larger effect size is required (OR 5 1.75). Statistical power for
smaller effect sizes and/or more conservative statistical signifi-
cance is generally below 0.8.

Aim (b): For discriminating FD from health and FD from IBS,
assuming anOR of 1.5 per SD of amarker anda5 0.01 statistical
power is.0.9 based on the available sample sizes ignoring other
markers and if the correlation with othermarkers is as high as 0.5.

For discriminating FD from organic disease, statistical power
is 0.9 or greater under the same conditions, although a larger
effect size is required (OR 5 1.75). Statistical power for smaller
effect sizes is generally below 0.8.

Aim (c): The power calculations for aims (a) and (b) are
measure independent so also apply to the psychological markers.

All statistical analyses were prespecified, and all P values were
2 tailed.

RESULTS
Disposition of study sample

A total of 791 samples were included in this study. Of these, 331
were population-based samples collected from Newcastle; 460
clinic samples were also included, with 126 from Newcastle and
334 from Brisbane (Figure 1).

Demographic characteristics of the sample

In terms of the demographics, the population-based sample from
Newcastle had a mean age of 62 years (SD 5 12), and 49% were
female patients. In clinic samples, in Newcastle, themean age was
44 years (SD 5 17), and 67% were female patients, whereas in

Brisbane the mean age was 50 years (SD 5 16), and 62% were
female patients.

Diagnostic characteristics of the sample

Figure 1 shows the number of people whometmodified Rome III
criteria for an FGID and healthy controls in the population armof
the study. There was a similar number of people with IBS and FD
and approximately 250 healthy controls. In terms of the clinic
arm of the study, there were more IBS-D diagnosed in the Bris-
bane clinic sample, although other diagnoses were evenly spread
across the 2 sites. The most common organic GI conditions were
gastroesophageal reflux disease and diverticulitis.

Anti-CdtB results (OD)

Community population-based sample.We found a significantly
highermean value of the anti-CdtB biomarker in FD (P5 0.005)
vs healthy controls (Figure 2) and IBS and FD overlap vs healthy
controls (P 5 0.02) (Figure 3 and Table 1). The effect sizes,
however, were quite low. The mean value of the anti-CdtB
biomarker was higher in the IBS vs healthy control group, but
this just failed to reach significance (P 5 0.06). There were no
significant differences between other FGID comparisons in-
cluding IBS from FD, IBS-D from IBS-C, or FD-EPS from
FD-PDS.

Hospital outpatient clinic-based sample.We did not find any of
the comparisons between IBS-D, IBS, FD, and organic disease
including celiac and IBD to be significant in terms of the anti-
CdtB biomarker. There were also no significant differences with
respect to the anti-CdtB biomarker between FGID subgroups
including IBS and FD overlap and organic disease, IBS from FD,
or IBS-D from IBS-C (Table 2).

Anti-vinculin results (OD)

Community population-based sample. Although there was
a trend for higher mean values of anti-vinculin in IBS, FD, and

Figure 2. Anti-cytolethal distending toxin B dot plot for FD vs HC in
a representative random, population-based sample. CDT, cytolethal
distending toxin; FD, functional dyspepsia; HC, healthy control.
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overlap IBS and FD compared with healthy controls, this did not
reach significance (Table 1). Similarly, there was no significant
difference between other comparisons with respect to anti-
vinculin including IBS from FD, IBS-D from IBS-C, and FD-PDS
from FD-EPS.

Hospital outpatient clinic-based sample. There were no signifi-
cance differences between IBS-D, IBS, FD, and organic disease
including celiac and IBD in terms of the anti-vinculin biomarker.

The following comparisons between overlap IBS and FD and
organic disease, IBS and FD, IBS-D, and IBS-C were also not
significantly different with respect to the anti-vinculin biomarker
(Table 2).

Overall diagnostic outcome

Applying the commercial cut-off values for the diagnosis of IBS,
in terms of the overall diagnostic outcome, there were no sig-
nificance differences between FGIDs and either healthy controls
(Table 3) or organic GI disease controls (Table 4).

Addition of psychological markers. In a subset of 267 samples
obtained from the population, we examined the performance of
anti-CdtB biomarker and anti-vinculin biomarkers and whether
adding psychological markers would improve discrimination.

The best performance of the anti-CdtB and anti-vinculin
biomarkers were for IBS and FD overlap differentiating from
health (receiver operating characteristic curve [ROC] 5 0.62),
which improved considerably with the addition of 2 psycholog-
ical markers (combined ROC 5 0.78), indicating good discrim-
ination of IBS/FD overlap from health.

We also found that the performance of anti-CdtB and anti-
vinculin biomarkerswasmodest in differentiating FD fromhealth
(ROC 5 0.63) but was improved considerably with the addition
of 2 psychological markers (combined ROC 5 0.76). There was
an adequate discrimination (ROC5 0.58) for IBS and healthwith
anti-CdtB and anti-vinculin biomarkers, which was improved to
ROC 5 0.7 with 2 psychological markers. The differentiation of
IBS-D from IBS-C and IBS from FD was only modest (ROC 5
0.59 and 0.63, respectively), and this did not improve sub-
stantially with psychological markers (ROC 5 0.65 and 0.65,
respectively).

DISCUSSION
There is an unmet need for cost-effective reliable biomarkers to
positively identify FGIDs. Such a biomarker or panel of markers

Table 1. Mean (SD) anti-CdtB (OD) and anti-vinculin (OD) results in the population sample

Population sample

Anti-CdtB results (OD) Anti-vinculin results (OD)

FGID, mean (SD) Healthy controls, mean (SD) P value FGID, mean (SD) Healthy controls, mean (SD) P value

IBS

IBS (n5 63) vs healthy controls

(n 5 245)

2.36 (0.72) 2.14 (0.77) 0.06 1.37 (0.86) 1.31 (0.93) 0.6

FD

FD (n5 61) vs healthy controls

(n 5 245)

2.46 (0.72) 2.14 (0.77) 0.005 1.44 (0.95) 1.31 (0.93) 0.3

Overlap IBS/FD

IBS/FD (n5 38) vs healthy controls

(n 5 245)

2.47 (0.78) 2.14 (0.77) 0.02 1.36 (0.84) 1.31 (0.93) 0.7

FGID subgroups

IBS (N5 25) vs FD (n 5 23) 2.19 (0.59) 2.44 (0.61) 0.1 1.39 (0.90) 1.58 (1.11) 0.5

IBS-D (n 5 24) vs IBS-C (n5 12) 2.38 (0.79) 2.27 (0.74) 0.8 1.34 (0.80) 1.07 (0.95) 0.2

PDS (n5 28) vs EPS (n5 11) 2.34 (0.72) 2.61 (0.65) 0.3 1.47 (1.0) 1.41 (0.93) 0.9

P values , 0.05 are presented in bold. CdtB, cytolethal distending toxin B; EPS, epigastric pain syndrome; FD, functional dyspepsia; FGID, functional gastrointestinal
disorder; IBS, irritable bowel syndrome; IBS-D, irritable bowel syndrome diarrhea; OD, optical density; PDS, postprandial distress.

Figure 3. Anti-cytolethal distending toxin B dot plot for irritable bowel
syndrome/functional dyspepsia overlap vs HC in a representative random,
population-based sample. CDT, cytolethal distending toxin; HC, healthy
control.
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could reduce the substantial costs and patient anxiety associated
with unnecessary and expensive diagnostic testing for these
conditions such as colonoscopy (3,4) in low-risk patients. This
study extended previous biomarker work (12,13,17,18) by

assessing 2 biomarkers, anti-CdtB and anti-vinculin in IBS and,
for the first time to our knowledge, FD and their respective
subgroups. We hypothesized that these biomarkers would use-
fully discriminate these conditions from both healthy controls in

Table 2. Mean (SD) anti-CdtB (OD) and anti-vinculin (OD) results in the outpatient clinic sample

Clinic sample

Anti-CdtB results (OD) Anti-vinculin results (OD)

FGID, mean (SD)

Organic disease,

mean (SD) P value FGID, mean (SD)

Organic disease,

mean (SD) P value

IBS-D

IBS-D (n 5 97) vs organic disease

(n 5 182)

2.55 (0.77) 2.45 (0.75) 0.2 1.37 (0.89) 1.29 (0.89) 0.5

IBS-D (n 5 97) vs celiac disease (n5 7) 2.55 (0.77) 2.14 (0.91) 0.2 1.37 (0.89) 1.56 (0.59) 0.4

IBS-D (n 5 97) vs IBD (n5 41) 2.55 (0.77) 2.57 (0.70) 0.9 1.37 (0.89) 1.23 (0.81) 0.5

IBS

IBS (n5256) vs organic disease (n5182) 2.51 (0.77) 2.45 (0.75) 0.3 1.34 (0.90) 1.29 (0.89) 0.6

IBS (n5 236) vs celiac disease (n 5 6) 2.50 (0.78) 2.02 (0.93) 0.2 1.33 (0.90) 1.55 (0.64) 0.4

IBS (n5 237) vs IBD (n 5 41) 2.50 (0.78) 2.57 (0.70) 0.8 1.33 (0.90) 1.23 (0.81) 0.6

FD

FD (n5 55) vs organic disease (n5 182) 2.48 (0.73) 2.45 (0.75) 0.9 1.30 (0.91) 1.29 (0.89) 0.9

FD (n 5 32) vs celiac disease (n5 6) 2.41 (0.78) 2.02 (0.93) 0.3 1.20 (0.95) 1.55 (0.64) 0.2

FD (n 5 33) vs IBD (n5 41) 2.42 (0.77) 2.57 (0.70) 0.4 1.21 (0.94) 1.23 (0.81) 0.7

FGID subgroups

IBS (n5 223) vs FD (N 5 22) 2.48 (0.79) 2.20 (0.78) 0.09 1.35 (0.90) 1.36 (0.90) 0.9

IBS/FD (n 5 33) vs organic disease

(n 5 182)

2.45 (0.75) 2.66 (0.65) 0.2 1.29 (0.89) 1.26 (0.92) 0.9

IBS-D (n 5 97) vs IBS-C (n 5 60) 2.55 (0.77) 2.48 (0.86) 0.7 1.37 (0.89) 1.34 (0.86) 0.9

FD, functional dyspepsia; FGID, functional gastrointestinal disorder; IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; IBS-D, irritable bowel syndrome
diarrhea; OD, optical density.

Table 3. Overall diagnostic outcome (consistent) in the population sample

Population sample

Overall diagnostic outcome (consistent/inconclusive)

% Consistent

FGID % Healthy controls % P value

IBS

IBS (n5 63) vs healthy controls (n5 245) 50.79 47.76 0.7

FD

FD (n5 61) vs healthy controls (n5 245) 57.38 47.76 0.8

Overlap IBS/FD

Overlap (n 5 38) vs healthy controls

(n 5 245)

57.38 47.76 0.2

FGID subgroups

IBS (n5 25) vs FD (n5 23) 40.0 56.52 0.3

IBS-D (n 5 24) vs IBS-C (n 5 12) 50.0 33.30 0.3

PDS (n5 28) vs EPS (n5 11) 57.14 63.64 0.7

EPS, epigastric pain syndrome; FD, functional dyspepsia; FGID, functional gastrointestinal disorder; IBS, irritable bowel syndrome; IBS-D, irritable bowel syndrome
diarrhea; PDS, postprandial distress.
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the general population and from patients with organic GI
diseases.

Contrary to the previous work, we did not confirm in our
clinic-based study Pimentel et al.’s (18) findings that anti-CdtB
and anti-vinculin discriminated IBS-D from IBDor other organic
GI disease. This may have been due to methodologic differences
between the 2 studies. The current study was not specifically
powered for differentiating IBS from IBD. In Pimentel et al.’s (18)
study, IBS was diagnosed in patients recruited to a clinical trial
program aged 18–65 years according to Rome criteria, whereas
the current study recruited unselected patients applying clinician
diagnoses for both IBS and FD; Rome criteria in outpatients were
not routinely applied, and therefore, the population of patients
was likely broader and more representative of routine clinical
practice. Subjects with IBD and celiac disease were recruited
based on the presence of intestinal complaints and histologic
confirmation of chronic inflammatory changes in the colon or
small intestine. Subjects with celiac disease were also required to
have an elevated tissue transglutaminase and biopsy. In the cur-
rent study, these diseases were similarly diagnosed by a clinician
based on the predominant presenting symptoms after a thorough
review of medical records was undertaken. Comorbidities in the
patient population may also be a confounding factor as a recent
study suggests that anti-vinculin antibodies are increased in
patients with systemic sclerosis (20), which is commonly asso-
ciated with bowel dysfunction (21). This same study also identi-
fies higher anti-vinculin antibodies in patients with high body
mass index.

Pimentel et al. (18) assessed plasma levels of anti-CdtB and
anti-vinculin antibodies, whereas serum levels were assessed in
the current study. Blood sample preparation and storage con-
ditions can influence the detection of low-concentration proteins,
and while some biomarker proteins such as C-reactive protein
show good correlation between serum and plasma (22), other
biomarkers such as the tumor marker beta-2-microglobulin (23)
and some cytokines show poor agreement, and this may be at-
tributed to the use of anticoagulant or clotting factors present in
plasma (24,25). Storage of plasma samples can also be important,
and clotting proteins such as fibrin, present in plasma, can po-
lymerize and precipitate, influencing immunoassay sensitivity.

Although titers of these antibodies were higher in IBS-D vs
IBS-C in the current study, the differences were not significant.
This was at odds with the Rezaie et al.’s study (17) that found
plasma levels of anti-CdtB and anti-vinculin antibodies to be
significantly higher in IBS-D and lowest in IBS-C and healthy
controls (P , 0.001), whereas levels in subjects with IBS-C were
not statistically different from controls (P . 0.1). Again sub-
groups of IBS were determined via Rome III criteria vs clinician
diagnoses in the current study. However, we also did not find
these antibodies to differentiate IBS-C from IBS-D or between FD
subgroups defined using Rome III criteria in our population-
based sample. Further validation studies of these antibodies as
potential biomarkers for discriminating IBS and FD from organic
GI disease will now be required.

Notably, we did find anti-CdtB discriminated Rome III FD
and IBS/FD overlap from health and this was borderline

Table 4. Overall diagnostic outcome (consistent) in the outpatient clinic sample

Clinic sample

Overall diagnostic outcome (consistent/inconclusive)

% Consistent

FGID % Organic GI % P value

IBS-D

IBS-D (n 5 97) vs organic disease

(n 5 182)

64.95 59.34 0.4

IBS-D (n 5 97) vs celiac disease (n5 7) 64.95 71.43 0.7

IBS-D (n 5 97) vs IBD (n5 41) 64.95 58.54 0.5

IBS

IBS (n5 256) vs organic disease (n5 182) 63.67 59.34 0.4

IBS (n5 236) vs celiac disease (n5 6) 64.41 66.67 0.9

IBS (n5 237) vs IBD (n5 44) 64.56 58.54 0.5

FD

FD (n5 55) vs organic disease (n5 182) 58.18 59.34 0.9

FD (n5 32) vs celiac disease (n 5 6) 62.50 66.67 0.8

FD (n5 33) vs IBD (n 5 41) 63.64 58.54 0.6

FGID subgroups

IBS (n5 223) vs FD (n5 22) 64.57 59.09 0.6

IBS/FD (n 5 33) vs organic disease

(n 5 182)

59.34 57.58 0.9

IBS-D (n 5 97) vs IBS-C (n5 60) 64.95 75.0 0.2

CdtB, cytolethal distending toxin B; FD, functional dyspepsia; FGID, functional gastrointestinal disorder; GI, gastrointestinal; IBD, inflammatory bowel disease; IBS, irritable
bowel syndrome; IBS-D, irritable bowel syndrome diarrhea.
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significant in IBS. The overall risk of developing IBS is 4.2 times
higher in individuals exposed to infectious enteritis, particularly
bacterial enteritis (26). Cytolethal distending toxin (Cdt) is
a powerful bacterial virulence factor that disrupts epithelial bar-
riers, suppresses acquired immunity, and promotes proin-
flammatory responses, weakening host defenses (17). Cdt allows
early infection and contributes to persistence by impairing host
elimination of the bacteria (17,27). The most common gut bac-
terial pathogens are Gram-negative bacilli such asCampylobacter
jejuni, Salmonella, Escherichia coli, and Shigella (17). The Cdt
toxin is commonly produced by these pathogens, and CdtB is the
active subunit (17).

Vinculin, a cytoplasmic actin-binding protein, regulates ad-
hesion by directly binding to actin. If vinculin is reduced or ab-
sent, cell-matrix and cell-cell adhesion are severely weakened
(17). Vinculin is also present in myenteric ganglia and the in-
terstitial cells of Cajal (ICC), controlling gut motility, and after an
infection in rats withC. jejuni, ICCnumbers in the small intestine
are significantly reduced, which may contribute to dysmotility,
bacterial overgrowth, and thus IBS-like symptoms (28). After
infectious enteritis, antibodies to CdtB are present, and due to
molecular mimicry, these may cross-react with vinculin, leading
to anti-vinculin autoantibody production and subsequent dam-
age to ICC and development of IBS symptoms (28).

Postinfectious FD is thought to be uncommon, but where
outbreaks of acute gastroenteritis have occurred, the risk de-
veloping FD is one in 7 over 12 months (29). Furthermore, some
affected subjects developed IBS alone, or both FD and IBS (29).
Other studies have identified duodenal microinflammation in-
cluding eosinophils in FD (9), and in postinfectious FD in Japan
also increased CCR2-/CD68-double positive cell compared with
healthy volunteers (30). Our data suggest that postinfectious FD
may be more common than currently recognized and anti-CdtB
serves as a new biomarker for this condition, but the prevalence of
duodenal microinflammation and FD with anti-CdtB remains to
be established.

In line with a previous study by Jones et al. (13), we found
that the performance of anti-CdtB and anti-vinculin was only
modest but was improved when 2 psychological markers
(HADS-anxiety and HADS-depression) were added, especially
for discriminating IBS/FD overlap from health (ROC 5 0.78)
and FD from health (ROC5 0.76). We speculate that low-grade
intestinal inflammation after bacterial gastroenteritis and an
altered microbiome may drive psychological distress in a subset
with FGIDs (gut-brain disease), explaining the findings ob-
served (31,32). However, as psychological distress is known to
be comorbid with FGIDs, it is possible that psychological
markers would improve discrimination of any biomarker panel
no matter how poorly the markers perform. There were several
strengths of this study. The inclusion of both people with IBS
and FD from the general population and those seeking health
care is an extension of previous work that only examined people
seeking health care for these conditions which may be subject to
selection biases. The limitations include Rome III was not spe-
cifically used for the diagnosis among outpatients, although this
is generally consistent with clinical practice where Rome criteria
are rarely used (33), and in our hands Rome diagnoses signifi-
cantly correlate with clinical diagnostic measures in patient
studies (34).

In conclusion, we did not confirm that anti-CdtB or anti-
vinculin discriminated IBS-D from organic GI disease in

Australian subjects using either the commercially applied cut-offs
or rawODvalues. Thismay relate to the use of serumover plasma
in our study; it is unclear whether plasma induces false-positive
findings. However, we did observe higher anti-CdtB in FD and
IBS/FD overlap vs healthy controls in serum. We conclude that
postinfectious FD may be more common than currently recog-
nized. Both antibodies tested are commercially available for
clinical use. Based on the results from this study, we conclude that
the diagnostic utility of testing is currently insufficient to guide
clinical practice. However, with further refinement, serologic
testing in our view is likely to have a place in the diagnostic
algorithm in the future, especially if testing is found to influence
treatment decisions (e.g., if specific therapy becomes available for
postinfectious IBS or FD).
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Study Highlights

WHAT IS KNOWN

3 Current diagnosis of IBS and FD relies on symptom-based
Rome criteria.

3 Anti-CdtB and anti-vinculin antibodies have been found in
a study to discriminate IBS diarrhea from IBD.

WHAT IS NEW HERE

3 Higher anti-CdtB in FD and IBS/FD overlap vs healthy
controls.

3 Anti-CdtB/anti-vinculin did not discriminate IBS-D from
organic GI disease in Australian subjects.

TRANSLATIONAL IMPACT

3 Further study is needed to determine if anti-CdtB and anti-
vinculin antibodies can be translated to clinically useful
diagnostic tests.
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