
Biomarkers for Inflammatory Bowel Disease



Objectives

• Describe Inflammatory Bowel Disease and Irritable Bowel Syndrome

• Describe the Clinical and Laboratory investigation of Chronic Gastrointestinal 

disease

• Learn how Receiver Operator Curves can be used to assess the clinical utility of 

tests

• Understand the Role of Inflammatory Markers in the Diagnosis of Inflammatory 

Bowel Disease

• Understand how these markers can be used for monitoring therapy and relapse

• Learn about cutting edge markers for diagnosis of Crohns disease and Ulcerative 

Colitis.



Burden of Disease

• Inflammatory Bowel Disease
– 250,000 in Canada

• Irritable Bowel Syndrome
– 3,000,000 in Canada



Chronic Gastrointestinal Disease

Irritable Bowel Syndrome(IBS) Rome III 

(2006) Criteria

▪ At least 3 days per month in past 12 

weeks of continuous or recurrent 

abdominal pain or discomfort

▪ With at least 2 of the following:

▪ Relief with defecation

▪ Altered stool frequency

▪ Altered stool form

▪ Onset of symptoms more than 6 

months before diagnosis

Inflammatory Bowel Disease(IBD) 

Lichtiger index

▪ Diarrhea frequency

▪ Nocturnal diarrhea

▪ Need for antidiarrheal medications

▪ Visible blood (% of movements)

▪ Fecal incontinence

▪ Abdominal pain/cramping

▪ Abdominal tenderness

▪ Well-being





Crohn’s Disease Ulcerative Colitis



IBD – Crohn’s and Ulcerative Colitis

Crohn’s

• crampy abdominal pain

• persistent diarrhea

• Fever

• occasional rectal bleeding

• Fatigue

• Weight loss

• Patchy Inflammation

• Histology

• deep into tissue

• may be transmural

Ulcerative Colitis

• crampy abdominal pain

• urgent bowel (Tenesmus)

• loose stools

• bloody stool

• loss of appetite

• anemia due to blood loss 

(in severe cases only)

• Fatigue

Continuous Inflammation

• Histology

• Shallow, mucosal

https://www.healthline.com/symptom/anemia


Common Biomarkers in Ulcerative Colitis.



The Receiver Operator Characteristic 

(ROC)curve

• is used to determine the diagnostic performance of a test(clinical 

classification ability). 

• is generated from test results which are matched with clinical classifications. 

• The ROC curve is a plot of the test’s sensitivity or True Positive rate on the Y 

axis versus 1 – specificity or False Positive rate on the X  Axis. 



ROC (cont’d)



Common Biomarkers in Ulcerative Colitis.



New Biomarkers for IBD

• Fecal Calprotectin (and Fecal Lactoferrin) More Accurately Reflect Endoscopic Activity of 

Ulcerative Colitis than:

– the Lichtiger Index 

– C-reactive Protein 

– Platelets 

– Hemoglobin

– Blood Leukocytes

A M. Schoepfer, C Beglinger, AlStraumann, E Safroneeva, Y Romero, D Armstrong, C Schmidt, M Trummler, V Pittet, P and 

S R. Vavricka. Fecal Calprotectin More Accurately Reflects Endoscopic Activity of Ulcerative Colitis than the Lichtiger Index, 

C-reactive Protein, Platelets, Hemoglobin, and Blood Leukocytes. Inflamm Bowel Dis 2013;19:332–341)



Lactoferrin Biochemistry

• Lactoferrin (LF) is a multifunctional protein of the transferrin family.

– a globular glycoprotein with a MW of ~ 80 kDa

– present in monomeric and tetrameric forms

• Lactoferrin is found in secretory fluids, such as milk, saliva, nasal secretions and 

tears

– It is also found in granules of PMNs and is secreted by some acinar cells.

• Lactoferrin has antibacterial activity

– Important for protection of the human fetus 

• Lactoferrin reflects the activity of neutrophils and is this a marker of inflammation



Calprotectin Biochemistry

• Calprotectin is a calcium- and zinc-binding heterodimer of 36.5 kDa that belongs to 

the S100 family.

• It is primarily found in granules of polynuclear neutrophils (PN) where it represents 

5% of total proteins and 60% of cytosolic proteins in monocytes and macrophages 

and is expressed at a lower concentration in epithelial cells

• Calprotectin is present on the surface of monocytes and macrophages, facilitating 

their recruitment to the site of inflammation. 

• The synthesis of calprotectin is increased during the inflammatory process



Fecal Calprotectin in inflammatory bowel 

disease

• In IBD, calprotectin is highly correlated with clinical activity and 

histopathological findings

• Calprotectin is useful in the diagnosis, relapse prediction, and therapeutic 

monitoring.

• In particular Calprotectin can distinguish between Irritable Bowel 

Syndrome(IBS) and IBD

Costa F, Mumolo MG, Ceccarelli L, Bellini M, Romano MR, Sterpi C, et al. Calprotectin is a stronger 

predictive marker of relapse in ulcerative colitis than in Crohn’s disease. Gut 2005;54:364–8.



Calprotectin vs Lactoferrin

• Both tests have similar performance in detecting IBD

• Lactoferrin has primarily be used in research settings

• Calprotectin is more widely available for clinical laboratory purposes.



Calprotectin in feces

• Calprotectin fecal excretion is highly correlated to that of 111-indium-

radiolabeled leukocytes scanning, the gold standard for measurement of 

severity of intestinal inflammation

• Fecal calprotectin increased in patients with IBD 

• Its concentration in stools correlates with the infiltration of the intestinal 

mucosa by Polymorphonuclear cells. 

D’Haens G, Ferrante M, Vermeire S, Baert F, Noman M, Moortgat L, et al. Fecal calprotectin is a surrogate 

marker for endoscopic lesions in inflammatory bowel disease. Inflamm Bowel Dis 2012;18:2218–24



Diagnostic Utility of Fecal Calprotectin

• As a screening test Fecal Calprotectin has a high Negative Predictive Value.

– In a systematic review by Waugh et al. including sensitivity was always high

• usually 100% at levels of <50 μg/g

– ranging from 83% to 100% at a cut-off of 50 μg/g 

• specificity ranged from 51% to 100%

• Thus Fecal Calprotectin can be used to screen for patents who should go on to 

Colonoscopy and Endoscopy.

Waugh N, Cummins E, Royle P, Kandala NB, Shyangdan D, Arasaradnam R, et al. Faecal calprotectin testing for 

differentiating amongst inflammatory and non-inflammatory bowel diseases: systematic review and economic 

evaluation. Health Technol Assess 2013;17



Diasorin Calprotectin assay performance.

R. Vicente-Steijn, R. Bisheshar, P.H. Goedhart, I-A. Haagen. A new Liaison DiaSorin assay to measure 

Fecal Calprotectin: analytical and clinical validation in patients with inflammatory bowel disease. Poster 



Predictive value in Crohn’s Disease

• Results from a recent meta analysis Kopylov et al suggest 

– Fecal calprotectin has a significant diagnostic accuracy for the detection of 

small-bowel Crohn’s Disease. 

– In patients with suspected Crohn’s with calprotectin <50 μg/g, the likelihood of 

positive diagnosis is very low.

Kopylov U, Yung DE, Engel T, Avni T, Battat R, Ben-Horin S, Plevris JN, Eliakim R, Koulaouzidis A. Fecal 

calprotectin for the prediction of small-bowel Crohn's disease by capsule endoscopy: a systematic review and meta-

analysis. Eur J Gastroenterol Hepatol. 2016 Oct;28(10):1137-44.



What cutoffs to use for screening symptomatic 

patients?

• 50 ug/g is widely recommended though this will create many false positives

• Some authors suggest 50 – 120 as a grey zone

– If strong clinical suspicion proceed to invasive testing

• Children < 4 years of age have substantially higher levels

– 3 – 6 months  > 500 ug/g (very small study so actual cutoff in doubt)

– 6 – 36 months >200 ug/g

Tonje Oord & Nete Hornung. Fecal calprotectin in healthy children.  Scandinavian Journal of Clinical and Laboratory 

Investigation. Volume 74, 2014 Pages 254-258



False-positive results of Fecal Calprotectin

• Gastric cancer

• Colo-rectal carcinoma

• Celiac disease (untreated)

• Infectious gastroenteritis

• Diverticular disease

• Microscopic colitis

• Cystic fibrosis

• Autoimmune enteropathy

• Nutritional allergy (untreated)

• Liver cirrhosis

• Aspirin or non steroidal anti-

inflammatory drugs

van Rheenen PF, Van de Vijver E, Fidler V. Faecal calprotectin for screening of patients with suspected 

inflammatory bowel disease: diagnostic meta-analysis. Br Med J 2010





Fecal Calprotectin and Severity of Ulcerative Colitis

Kawashima K, Ishihara S, Yuki T, Fukuba N, Oshima N, Kazumori H, Sonoyama H, Yamashita N, Tada Y, 

Kusunoki R, Oka A, Mishima Y, Moriyama I, Kinoshita Y. Fecal calprotectin level correlated with both 

endoscopic severity and disease extent in ulcerative colitis. BMC Gastroenterol. 2016 Apr 12;16:47.



Subclinical disease

• Fecal Calprotectin is elevated in 1st degree relatives of patients with IBD

– Suggests Fecal Calprotectin can detect subclinical disease

– Could be a genetic correlation unrelated to actual subclinical activity

• No prospective studies yet to see if IBD develops in such subjects.

M Montalto , V Curigliano , L Santoro , A Armuzzi , G Cammarota , M Covino , M C Mentella , F Ancarani , R 

Manna, A Gasbarrini & G Gasbarrini. Fecal Calprotectin in First-Degree Relatives of Patients with Ulcerative Colitis. 

The American Journal of Gastroenterology 102, 132–136 (1 January 2007)



Monitoring patients

• Patients with elevated Calprotectin values are at risk of relapse within 3 to 6 

months following the Calprotectin increase

• Fecal calprotectin appears to be less useful in predicting relapse in patients with 

ileal CD compared with UC or colonic/ileocolic CD 

– UC and CD patients may have to use separate cutoffs to increase the 

monitoring performance

• Monitoring frequency ranges from monthly to semi-annually

Garcia-Sanchez V, Iglesias-Flores E, Gonzalez R, Gisbert JP, Gallardo-Valverde JM, Gonzalez-Galilea A, et al. 

Does fecal calprotectin predict relapse in patients with Crohn’s disease and ulcerative colitis? J Crohns Colitis 

2010;4:144–52.

Lasson A, Simren M, Stotzer PO, Isaksson S, Ohman L, Strid H. Fecal calprotectin levels predict the clinical course 

in patients with new onset of ulcerative colitis. Inflamm Bowel Dis 2013;19:576–81



Monitoring patients (cont’d)

• Fecal calprotectin can predict the relapse of IBD in the following 12 months in 

patients in remission. 

– Costa et al demonstrated a 14-fold greater risk of relapse in UC patients if the 

calprotectin was >150 ug/g, but this did not hold true for CD patients. 

– Tibble et al found, the relapse rate to be 

• 85% for patients with UC and CD whose fecal calprotectin results were 

above the cutoff of 50 ug/g 

Compared to

• 10–15% when the results were <50 ug/g.

• Costa F, Mumolo MG, Ceccarelli L, et al. Calprotectin is a stronger predictive marker of relapse in ulcerative 

colitis than in Crohn’s disease. Gut. 2005;54:364–368.

• Tibble JA, Sigthorsson G, Bridger S, Fagerhol MK, Bjarnason I. Surrogate markers of intestinal inflammation 

are predictive of relapse in patients with inflammatory bowel disease. Gastroenterol. 2000;119:15–22.



Monitoring IBD Therapy
Study IBD type Test used Subjects, n Relapsed 

subjects, n

Calprotectin mean 

level - relapsed 

subjects, μg/g 

(range or ±SD in 

brackets)

Proposed Cut-off 

level, (μg/g or 
amg/L

Tibble et al. CD Elisa 43 25 122 (98–229) 50a

UC test 37 19 123 (79–353) 50a

Costa et al. CD Calprest 38 15 220 (22–348) 150

UC 41 19 207 (86–355) 150

D’Inca et al. CD Calprest 65 20 207 (14–1846) 130

UC 97 37 190 (16–2104) 130

Gisbert et al. CD PhiCal 89 13 266 (±158) 169

UC 74 13 213 (±142) 164

Garcia Sanchez et 

al. 

CD Calprest 66 18 524 (101–883) 200

UC 69 21 298 (34–883) 120

.

Pardi DS, Sandborn WJ. Predicting relapse in patients with inflammatory bowel disease: what is 

the role of biomarkers? Gut 2005;54:321–2



Cutoff for predicting relapse – Method 

dependent

• Lack of standardization of Calprotectin

– Heterodimer vs component monomers

• Diasorin

– 125 ug/g stool is the currently proposed cutoff for detecting relapse using the 

Diasorin assay.

Q Delefortrie ,P Schatt, Al Grimmelprez, P Gohy, D Deltour, G Collard, Pa Vankerkhoven, Comparison of the 

Liaison® Calprotectin kit with a well established point of care test (Quantum Blue — Bühlmann-Alere®) in terms of 

analytical performances and ability to detect relapses amongst a Crohn population in follow-up. Clinical 

Biochemistry 49 (2016) 268–273



Future 

Tests 

for 

IBD



Summary

• Patients with Chronic Gastrointestinal symptoms represent a complex diagnostic 

challenge

• Fecal Calprotectin is a useful initial test to discriminate IBD from IBS

– Primarily to rule out IBD

• Fecal Calprotectin is useful for:

– Monitoring Treatment

– Detecting Recurrence

• New serum markers for collagen breakdown show promise

– “non-fecal” test for differentiating IBD and IBS

– May differentiate Crohn’s and Ulcerative colitis


