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Objectives

• Provide a brief clinical overview of irritable bowel syndrome (IBS)
• Describe current diagnostic and therapeutic strategies in IBS and 

their limitations
• Discuss (peripheral) biomarker-based approaches for evaluation 

and management of IBS
• Review clinical utility of available and investigational biomarkers 
• Summarize what we know, and what is on the horizon



Irritable Bowel Syndrome (IBS)

• Symptom-based diagnostic 
criteria (Rome III/IV criteria)

– Recurrent abdominal pain ≥ once 
weekly associated with ≥ 2 of the 
following during the last 3 months 
(onset at least 6 months prior)

• Related to defecation 
• Associated with change in 

frequency of stool 
• Associated with change in form 

of stool
– Subgroups based on predominant 

bowel patterns

Lacy et al. Gastroenterology 2016;150:1393-1407



Conceptual Advancements in Understanding the 
Pathophysiology of IBS

Intestinal Fluid Secretion
Motility &Transit

Gut microbiota
Barrier Function
Mucosal Immunity

CNS Signaling
Visceral Hypersensitivity

Fiber
Rifaximin

Low FODMAP Diet

Linaclotide
Lubiprostone
Plecanatide

5-HT4 agonists
5-HT3 antagonist

Eluxadoline
Peppermint oil

5-HT3 antagonist
Eluxadoline

TCA, neuromodulators
CBT

Peppermint oil
Antispasmodics

Camilleri M. N Engl J Med 2012;367:1626-35



Our Current Guide to Diagnosis

• Phenotypically heterogeneous group, no single diagnostic algorithm
• May mimic other conditions (e.g. IBD, celiac disease, lactose/fructose 

intolerance, microscopic colitis)
• Diagnosis based on 3 key features:

– Clinical History
– Physical Exam
– Minimal testing/investigation 



Clinical Evaluation & Diagnosis of IBS

History & Exam: Abdominal pain, bowel patterns, diet, psychosocial, 
alarm symptoms (FH colon cancer, bleeding, weight loss, anemia). 

Exclude ascites, organomegaly, abdominal mass, anorectal exam to 
identify dyssynergic defecation

Laboratory Studies: CBC, fecal 
calprotectin or lactoferrin (exclude IBD), 

TSH, celiac serologies (IBS-D and IBS-M), 
stool tests (Giardia)

Endoscopic evaluation: Upper 
endoscopy (celiac disease), colonoscopy 
(>50 y, bleeding, FH of colorectal cancer, 

persistent diarrhea)

Initiate IBS Treatments Based on Symptoms

Positive Symptom-Based 
Diagnosis (e.g., Rome 

Criteria)



Smalley et al. Gastroenterology 2019;157:851-854
AGA. Gastroenterology 2010;157:855

AGA Clinical Decision Support Tool (IBS-D)



Clinical Management of IBS: An Overview

• Education and reassurance
• Tailored to symptom-type and severity
• Lifestyle modifications: exercise, stress-reduction, 

attention to sleep
• Dietary approaches
• Pharmacologic agents
• Psychological Treatments
• Complementary and Alternative Therapies



Predominant Symptoms May Guide Treatment 
Strategies

Camilleri M. JAMA 2021;325:865-877



Current biomarkers designed to identify 
mimickers of IBS: the rule-out approach

• Laboratory markers discussed by current guidelines: 
– fecal calprotectin
– serologic testing for celiac disease
– test for giardia



How can IBS-specific biomarkers help?

• Clinically useful information that can be used to: 
(1) Support a positive diagnosis of IBS
(2) Identify pathophysiologic features that could be targeted to offer 
specific therapies for an individual patient
(3) Monitor treatment adherence and response
(4) Allow for cost-effective approach for evaluation and 
management



What IBS biomarkers do we have and what 
biomarkers are in the pipeline?

Anti-CdtB and Anti-vinculin
Breath Testing for Bacterial 

Overgrowth

Intestinal Permeability

Tests for Bile Acid 
Malabsorption

Colonic Transit Time

Rectal Sensation Serotonin

Mucosal Mast Cells



Anti-CdtB and anti-vinculin

• Cytolethal distending toxin B (CdtB); bacterial toxin 
(Campylobacter jejuni)

• Anti-CdtB cross react with vinculin
• Validation study:

– Participants with IBS-D from TARGET 3, Healthy Controls, IBD, Celiac 
Disease (total N=2681 including n=2375 with IBS-D) 

– Plasma sample for ELISA testing
– Optical densities read at 90 minutes
– Constructed ROC
– Sensitivity, specificity, and likelihood ratios determined

Pimentel et al. PLoS One 2015;10:e0126438



Anti-CdtB and anti-vinculin levels higher in IBS-D 
vs. other groups

Pimentel et al. PLoS One 2015;10:e0126438



Anti-CdtB and anti-vinculin levels differentiate 
IBS-D from IBD

Pimentel et al. PLoS One 2015;10:e0126438

• IBS-D vs. IBD threshold:
– Anti-CdtB ≥2.80 (sensitivity 

43.7%, specificity 91.8%)
– Anti-vinculin ≥1.68 (sensitivity 

32.6%, specificity 83.8%)



Anti-CdtB and anti-vinculin for IBS and 
overlapping disorders

• Schmulson et al: Positive in 58.8% with IBS-D/IBS-D Overlap, 33.3% IBS-M; no sig 
difference between PI-IBS (71.4%) and non-PI IBS (41.7%) 

• Talley et al: Anti-CdtB higher in FD and IBS/FD overlap vs. healthy; but no differences 
between FGID vs. healthy or FGID vs. organic GI disease using published cutoffs

Schmulson et al. Rev Gastroenterol Mex 2016;81:236-239
Talley et al. Clin Transl Gastroenterol 2019;10:e00064 



Breath Testing for Bacterial Overgrowth

• Non-invasive testing 
measuring exhaled gases 
(e.g. hydrogen, methane)

• Various substrates (e.g., 
glucose, lactulose)

• Can be influenced by 
numerous factors

– Types of microbes
– Transit (faster/false positive)
– Carbohydrate malabsorption
– Oral contamination
– Diet, smoking, exercise

Simrén M et al. Gut 2013;62:159-76



Breath Testing for Bacterial Overgrowth

• Prior studies suggest lactulose breath test does not discriminate 
symptomatic patients from healthy controls

Paterson et al. Am J Gastroenterol 2017;112:1888-1889



Higher Prevalence of Small Intestinal Bacterial 
Overgrowth in IBS vs. controls

Shah et al. Am J Gastroenterol 2020;115:190-201

• SIBO prevalence in IBS (high 
quality studies only)

– GBT: OR=6.0 (95%CI 4.0–8.9)
– Sucrose BT: OR=2.3 (95%CI 0.9–5)
– LBT: OR=1.6 (95%CI 0.8–3.2)



Breath Testing for Bacterial Overgrowth

• Post-treatment LBT did not 
correlate with clinical 
response

• Unclear if symptom 
improvement related to 
SIBO eradication

• Lack of universally 
accepted definition for 
SIBO by breath testing

Rezaie et al. Am J Gastroenterol 2019;114:1886-1893
Quigley et al. Gastroenterology 2020;159:1526-1532 



Impaired intestinal permeability is prevalent in 
IBS and associated with symptoms

Hanning et al. Therap Adv Gastroenterol 2021;14:1756284821993586



Validating methods to measure intestinal 
permeability in health and disease

Koshbin et al. Gastroenterology 2021;161: 463–475.e13 

• No significant effects of age, sex or BMI 
in healthy adults

• Intra-individual variation with 16.25 g 
fiber/day consistent for all 4 sugars 
(minor differences for sucralose)

• 13C-mannitol at 0–2 hours optimal probe 
for small intestinal permeability

• Lactulose during 2–8 hours or sucralose 
during 8–24 hours optimal probe for 
colonic permeability

• Further validation required



Bile Acid Malabsorption in 25-30% with Lower 
Functional Bowel Disorders & Diarrhea

Wedlake L et al. Aliment Pharmacol Ther 2009;30:707-17
Valentin et al. Gut 2016;65:1951-1959



Total and individual bile acids are associated 
with IBS phenotype

Shin A et al. Clin Gastroenterol Hepatol. 2013;11:1270-1275.e1
Vijayvargiya et al. Aliment Pharmacol Ther. 2019;49:744-758



Total and primary fecal bile acids predict clinically 
significant bowel dysfunction in IBS

Vijayvargiya et al. Aliment Pharmacol Ther. 2019;49:744-758



Serum C4 and primary bile acids from stool predict 
bile acid diarrhea

Vijavargiya et al. Gastroenterology 2020;159:1952-1954.e2



Bile acids and colonic transit discriminate healthy 
volunteers from IBS-C/IBS-D or between IBS subtypes

Camilleri M et al. Neurogastroenterol Motil 2014;26:1677-85



Colonic transit alterations are important for bowel 
habits in IBS

Tornblom et al. Am J Gastroenterol 2012;107:754-60

• Accelerated transit in 27% of IBS-D and 
delayed transit in 11.5% IBS-C

• Correlate with stool frequency and form, 
but not with bloating, pain, or flatulence



Colonic transit differs between IBS subgroups 
and correlates with GI symptom severity

Colonic Transit Time

GSRS-IBS 
Diarrhea

GSRS-IBS 
Constipation

ρ = 0.27

ρ = -0.27

Midenfjord et al. Sci Rep 2020;10:9794



Linaclotide accelerates colonic transit time (CTT) 
in IBS-C

Farmer et al. Neurogastroenterol Motil 2019;31:e13492

• Change in CTT did not correlate 
with symptom scores or QoL

• Change in pH across ICJ 
correlated with symptom 
intensity, unpleasantness, and 
visceral sensitivity

• Higher pH may represent 
decreased cecal fermentation 
due to faster colonic transit



Rectal perception as a marker for visceral 
hypersensitivity on IBS

Posserud et al. Gastroenterology 2007;133:1113-23  



Rectal Sensation Thresholds Correlated with 
TRPV1 and TRPV3 Expression in IBS

Grover et al. Aliment Pharmacol Ther 2021;54:1179-1192
Rao et al. Clin Transl Gastroenterol  2021;12:e00381

• Rectal hypersensitivity often considered 
a pathognomonic feature in IBS

• Role for identifying patients with IBS 
who may benefit from sensory 
adaptation treatment?



Serotonin (5-HT) in IBS

Quigley et al. Aliment Pharmacol Ther 2016 ;43:644-6.

• Intestinal EC cells produce 95% of 
human body’s 5-HT

• 5-HT modulates GI physiology and 
behavior

• Direct measurements of 5-HT or 
metabolism difficult to interpret

• Variability among studies



5-HIAA levels and 5-HIAA/5-HT ratio lower in IBS 
vs. Controls

Thijssen et al. Aliment Pharmacol Ther 2016;43:272-82 



Genetic variations in SERT may exist in some 
patients with IBS

• Polymorphisms in SLC6A4 that encodes mucosal SERT have been 
implicated in IBS

• SRMA by Zhang et al. (BMC Gastroenterology 2014)
– Associations only observed in East Asian populations but not others

• Could predict drug responses for therapies that the role of 5-HT



Mast Cell Infiltration in IBS

Increased Mast Cells in Small Intestinal Biopsies in IBS vs. Health

Increased Mast Cells in Colonic Biopsies in IBS vs. Health

Bashashati et al. Neurogastroenterol Motil 2018;30
Robles et al. Neurogastroenterol Motil 2019;31:e13718



Control of mast cell mediators may improve 
symptoms in IBS

Klooker TK, et al. Gut. 2010;59:1213-1221
Wouters et al. Gastroenterology 2016;150:875-87.e9

*histamine and 
tryptase not altered 
by ketotifen

*antagonist of 
histamine receptor 
H1 (ebastine) could 
reduce symptoms



Mast cell mediators increased in IBS; activation 
can heighten visceral hypersensitivity

Grabauskas et al. Gastroenterology 2020;158:2195-2207.e6
Hasler et al. Neurogastroenterol Motil 2022;e14339



Biomarker utility in IBS
Biomarker Diagnostic vs. 

Mechanistic
Strengths Limitations Would it change 

what we do?
Availability

Anti-CdtB, 
anti-vinculin

Diagnostic Reasonably high positive 
predictive value; may 
identify subset with PI-IBS

Low sensitivity; further 
validation of methodology 
and performance 
characteristics needed

Further study 
required

Commercially 
available 
ELISA

Breath 
testing for 
SIBO

Mechanistic Non-invasive; recent 
efforts for standardization 
of definitions and 
methods; LBT may predict 
response to rifaximin

No validated gold 
standard; poorly defined 
clinical syndrome; 
affected by numerous 
factors including transit

May help determine 
need for for 
antibiotic therapy, 
but does not guide 
antibiotic selection

Yes

Intestinal 
Permeability

Mechanistic In vivo assessments in 
healthy volunteers and 
patients with IBS suggest 
probe-based tests are 
feasible and reproducible

May be confounded by 
ETOH, medications, 
contaminating 
saccharides, exercise; 
further validation required

Currently, no FDA-
approved agents for 
treatment of 
impaired 
permeability 

Commercially 
available 
(investigational)



Biomarker utility in IBS
Biomarker Diagnostic vs. 

Mechanistic
Strengths Limitations Would it change 

what we do?
Availability

Fecal bile 
acid 
excretion

Mechanistic Well-validated; measure 
total and individual BA

Cumbersome; two-day 
sample

Identifies treatable 
pathophysiology 
(bile acid diarrhea)

Yes

7αC4 Mechanistic Combined with % primary 
BA, significant predictor 
of BA diarrhea; single 
serum sample; useful to 
screening test to exclude 
BA diarrhea

Fasting sample required; 
diurnal variation; greater 
variability among 
abnormal values; lower 
specificity for BA diarrhea 
as a standalone test

Yes, may avoid two-
day stool collections 
by excluding BA 
diarrhea

Investigational, 
requires HPLC

Colonic 
Transit 
Time

Mechanistic Well-validated; can 
assess total and 
segmental transit 

Radiation (scintigraphy, 
radiopaque marker); 
availability may be limited

Yes, may guide 
treatment selection

Yes

Rectal 
sensation

Diagnostic Represents hallmark 
feature of IBS; can be 
used to assess 
responses to treatment; 
reproducible

Invasive; may not 
correlate with individual 
symptoms

Utility in clinical 
practice may be 
limited

Only at 
specialized 
centers



Biomarker utility in IBS
Biomarker Diagnostic vs. 

Mechanistic
Strengths Limitations Would it change 

what we do?
Availability

Serotonin Mechanistic Provide treatment 
rationale for 5-HT related 
compounds; represents 
critical signaling molecule 
within the gut

Plasma/platelet levels do 
not measure 5-HT directly 
at its site of action; SERT 
expression determined by 
epigenetic/genetic factors

May guide selection 
and dosing of 
agents that 
modulate serotonin 
modulation/signaling
; further study 
required

Investigational

Mucosal 
Mast Cells

Mechanistic Assessment of mast cell 
participation may identify 
IBS subsets who may 
respond to novel 
treatments aimed at 
altering mast cell activity

Mast cell numbers may be 
increased in IBS, but 
overlap with health and 
have little diagnostic 
value; no validated tests of 
mast cell activation

Further study 
required

Investigational



Proposed Framework for Biomarker-Based 
Approach in IBS

Constipation

Future Targets:
Intestinal permeability,
Mucosal Immune Cells,

Serotonergic pathways/metabolism,
Anti-CdtB/vinculin

Bile acid malabsorption, 
Breath Testing

Initiate first-line Treatments 
Based on Symptoms

Diarrhea/Mixed

Colonic Transit Testing, 
Breath Testing

Future Targets:
Serotonergic pathways/metabolism,

Mucosal Immune Cells

Initiate first-line Treatments 
Based on Symptoms



Summary

• Currently there is no accepted universal biomarker in IBS due 
to heterogeneity of IBS pathophysiology 

• Biomarkers in IBS should identify treatable mechanisms that 
enable individuals to obtain an informed diagnosis

• Several biomarkers currently available for immediate use, can 
help tailor rationale approach to treatment

• Promising investigational IBS biomarkers remain under active 
study - may allow for selection of biologically-informed 
therapies, assess response to treatment in clinical research, 
guide development of novel treatments



Questions?
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