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mucosa are reliable indicators of intestinal inflammation
and their role has been mainly studied in discriminating IBD from non-IBD conditions (including IBS) rather
than organic from non-organic diseases. Phagocytespecific proteins of the S100 family (S100A12, calprotectin) are amongst the most promising faecal biomarkers of inflammation. Faecal leukocyte degranulation
markers (lactoferrin, polymorphonuclear elastase and
myeloperoxidase) have also been suggested as diagnostic tools for the differentiation of IBD and IBS. More
recently, additional proteins, including granins, defensins and matrix-metalloproteases, have been discussed
as differential diagnostic markers in IBD and IBS. In
this review, some of the most promising faecal markers, which have the potential to differentiate IBD and
IBS and to advance diagnostic practices, will be discussed.

Abstract

Core tip: Faecal markers of intestinal inflammation represent a practicable, non-invasive, inexpensive and objective diagnostic tool to differentiate organic [inflammatory bowel disease (IBD)] and functional [irritable
bowel syndrome (IBS)] gastrointestinal diseases. Faecal markers have the potential to be incorporated into
standard clinical practice for the routine assessment
of IBS and IBD. Neutrophil-derived faecal biomarkers
show a high diagnostic accuracy in the differentiation of
IBD vs IBS. They can provide reassurance to the physicians that the clinical diagnosis of IBS is correct. Future
progress in our knowledge about the biology of these
proteins and the underlying pathogenesis of IBS will
help translate IBD/IBS research into patient care.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Irritable bowel syndrome (IBS) is a common functional
gastrointestinal (GI) disorder characterized by unspecific symptoms. In clinical practice it is crucial to distinguish between non-inflammatory functional problems
and inflammatory, malignant or infectious diseases of
the GI tract. Differentiation between these involves the
use of clinical, radiological, endoscopic, histological and
serological techniques, which are invasive, expensive,
time-consuming and/or hindered by inaccuracies arising
from subjective components. A range of faecal markers
now appears to have the potential to greatly assist in
the differentiation of inflammatory bowel disease (IBD)
and IBS. Faecal markers of neutrophil influx into the
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in the majority of patients and a sizeable number require
no testing at all. However, whilst alarm symptoms (“red
flags”) may have a relatively modest predictive value for
identifying organic disease, their presence as exclusion
criteria would result in many missed cases of IBS[11]. It is
this large symptomatic overlap between functional and
organic disease, in conjunction with the current lack of a
biochemical, histopathological, or radiological diagnostic
tests for IBS, which engenders the need for more definitive diagnostic tools[2].
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IRRITABLE BOWEL SYNDROME
Irritable bowel syndrome (IBS) is one of the most common gastrointestinal (GI) disorders, with a reported prevalence of approximately 10% to 15% worldwide[1]. The
exact pathogenesis of IBS is only partially understood
but seems to be multifactorial. There is evidence that
heritability and genetics, environment and social learning,
dietary or intestinal microbiota, low-grade inflammation
and disturbances in the neuroendocrine system of the
gut play a central role[2]. There is no medical therapy established to alter the natural history of IBS and most traditional therapies (e.g., bulking agents, antidiarrheals, antispasmodics) focus on improving individual symptoms.
However, these symptom-based therapies have limited
efficacy and as such novel and emerging therapies have
been developed based upon the evolving understanding
of the pathophysiology of IBS[3,4].
Though a variety of GI and extraintestinal symptoms
and presentations are associated with IBS, it is primarily
characterized by symptoms of abdominal pain or discomfort associated with an altered bowel function in the
absence of any organic cause. Patients commonly report
abnormal defecation ranging from diarrhoea to constipation, including a combination of the two, the degree
of which can vary in both severity and duration[5,6]. Four
subtypes of IBS were recognized: IBS with constipation
(IBS-C), IBS with diarrhea (IBS-D), mixed IBS (IBS-M),
and unsubtyped IBS (IBS-U). IBS presents a challenge to
gastroenterologists, with several groups having attempted
to define a set of standardized symptom-based criteria
for the diagnosis of IBS. Although no symptom-based
criteria have ideal accuracy for diagnosing IBS[7], the third
iteration of the Rome criteria (Rome Ⅲ) and the Manning criteria are widely used by clinicians to diagnose
IBS[8,9].
Since many GI disorders present with symptoms
similar to IBS, it is important to exclude other causes.
The diagnosis of IBS should be made using symptoms
based on clinical criteria rather than excluding underlying
organic disease by exhaustive investigation. Routine laboratory studies are normal in IBS and thus only a limited
number of diagnostic studies are used to rule out other
likely conditions. However, patients with alarm symptoms (e.g., fever, weight loss, blood in stools, nocturnal of
progressive abdominal pain), laboratory abnormalities,
abnormal physical findings, and/or a family history of
inflammatory bowel disease (IBD) or colorectal cancer
(CRC) require more extensive evaluation (e.g., imaging
studies and/or colonoscopy)[2,3,10]. Otherwise, a limited
number of diagnostic studies can rule out organic illness
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Faecal markers of intestinal
inflammation
A simple, reliable, reproducible and non-invasive test,
with the ability to differentiate IBD from other GI condition, such as IBS, would be of substantial clinical utility.
Serological markers (e.g., C-reactive protein, erythrocyte
sedimentation rate) reflect the presence and intensity of a
(systemic) inflammatory process and are not specific for
intestinal inflammatory disease. Radiological and endoscopic techniques are invasive, time-consuming and/or
expensive. Clinical disease (activity) scores are hindered
by inaccuracies arising from subjective components. Faecal markers, however, offer a non-invasive approach to
objectively measuring intestinal inflammation with the
ability to differentiate organic and functional GI diseases.
Stool markers are inexpensive, easily measured and therefore suitable for extensive use. Faecal markers include a
heterogeneous group of substances that either leak from
or are generated by the inflamed intestinal mucosa. The
inflamed hyper-permeable gut mucosa is associated with
increased protein cytokines and markers of neutrophil
activation in faecal samples. Faecal markers of neutrophil influx into the mucosa are promising indicators of
intestinal inflammation and their role has been mainly
studied in discriminating IBD from non-IBD conditions
(including IBS) rather than organic from non-organic diseases (Figure 1). Lactoferrin, polymorphonuclear (PMN)
elastase and myeloperoxidase (MPO) are faecal markers
of neutrophil degranulation. Of the proteins stored in
neutrophilic granules, lactoferrin is the most accurate
marker of intestinal inflammation. Importantly, lactoferrin, MPO and PMN elastase are not only expressed in
neutrophils and show limited stability in stool samples at
room temperature. Other faecal markers including alpha
1-antitrypsin, tumour necrosis factor alpha, lysozyme,
and markers of eosinophil degranulation (e.g., eosinophil
protein X, eosinophil cationic protein) have also been
described as markers of intestinal inflammation but their
clinical utility and/or diagnostic accuracy is inferior and
data on their role in differentiating IBD from IBS are
lacking or very limited[12-20]. The utility of other faecal
markers [e.g., granins, defensins, matrix-metalloproteases
(MMP)] in differentiating organic from functional disease
has not been widely studied. More recently, neutrophilderived S100 proteins have been identified as faecal
markers for differentiating IBD and IBS. Proteins of
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Figure 1 Faecal markers of intestinal inflammation. (1) Initially, unidentified triggers affect the epithelium and lead to an activation of the intestinal immune system;
(2) The initiated immune response involves the influx of different innate immune cells (e.g., granulocytes, monocytes, macrophages) and cells of the adaptive immune
system (e.g., T cells) into the affected mucosa. These cells actively secret inflammatory mediators or release granule proteins by cell degranulation. The contents of
neutrophil granules [ lactoferrin, polymorphonuclear (PMN) elastase, myeloperoxidase (MPO)] have antimicrobial properties. The cytosol is the source of the
damage associated molecular pattern proteins S100A8/A9 ( calprotectin) and S100A12 ( ); (3) During early stages of intestinal inflammation these released proteins spill over from the mucosa into the gut lumen; (4) Some of these factors (including defensins) are also released from the epithelium and the mucus layer; (5) In
direct contact with the intestinal mucosa, the faecal stream contains the specific proteins of mucosal disease. The detection of these markers in faeces indicates the
presence and degree of intestinal inflammation.

the S100 family [S100A8/A9 (calprotectin), S100A12]
are molecules released from the cytosol by activated or
damaged cells under conditions of cell stress, followed
by pro-inflammatory activation of pattern recognition
receptors. S100 proteins are remarkably resistant to degradation by faecal bacteria, making them suitable markers
for gut wall inflammation[14]. Faecal S100A12 and calprotectin are highly sensitive and specific markers of intestinal inflammation and exert a strong influence upon the
pathogenesis of IBD[21]. In this review, some of the most
promising faecal markers, which have the potential both
to differentiate IBD and IBS and to advance diagnostic
practices, will be discussed (Figure 1).

mucosa during inflammation is therefore proportional to
the amount of measured faecal calprotectin[24,25]. Furthermore, calprotectin has not only shown resistance to degradation in faeces and stability at room temperature, but
has also been reported to correlate well with 111Indiumlabelled granulocyte scintigraphy[24,26]. It is these favourable characteristic prerequisites for the validity of a faecal
biomarker that have witnessed the emergence of calprotectin as one of the most studied faecal biomarkers for
intestinal inflammation[27].
Elevated faecal calprotectin levels have been reported
in multiple organic GI diseases when compared with
functional GI diseases (Table 1). In a large-scale study,
Tibble et al[28] determined that at a cutoff value of 10
mg/L, faecal calprotectin had a sensitivity of 89% and a
specificity of 79% for detecting organic disease, which
performed better than the respective values for a positive
Rome Ⅰ criteria diagnosis (85% and 71% respectively).
Following this, Costa et al[29] discussed the value of setting a cutoff point determined by the collective results of
complete GI investigations on all patients with chronic
abdominal pain and diarrhoea. For example, by using a
cutoff of 60 µg/g they were able to produce their optimal diagnostic accuracy, with a sensitivity of 81% and a
specificity of 88%[29]. In another study, for patients presenting with lower GI symptoms, D’Incà et al[30] reported

Calprotectin
S100A8 [also known as calgranulin A and myeloid-related
protein 8 (MRP8)] and S100A9 (calgranulin B, MRP14)
are members of the S100 calcium-binding protein family. Both proteins are linked to the innate immune system
and expressed in granulocytes, monocytes/macrophages
and epithelial cells (Figure 1)[14]. The two proteins exist in multiple isoforms, the most abundant of which is
the S100A8/S100A9 heterodimer (“calprotectin”)[22,23].
Calprotectin constitutes 60% of cytosolic protein in neutrophils and the influx of these neutrophils into the GI
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Fagerberg et al[33] 2006

Sydora et al[47] 2012

Dolwani et al[91] 2004
Costa et al[29] 2003
Canani et al[31] 2006

Summerton et al[40] 2002

Dai et al[92] 2007
Walker et al[70] 2007

Kane et al[68] 2003

Sidhu et al[71] 2010

Langhorst et al[36] 2008

Schröder et al[38] 2007

Otten et al[41] 2008

D’Inca et al[30] 2007

Schoepfer et al[25] 2008

> 7.25 µg/g

> 4 µg/g

84%
93%
93%

96%
86%
97%
67%
97%
79%

Sp

82%

100%
83%
93%

67%

86%

99%

-

60%
90%
93%

-

83%
90%
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98%
90%
97%
75%
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83%
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100%
100%
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84%
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77%

96%
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-
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100% 100%
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56% 100%
-100%

66%
46%
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Se

> 24 µg/g
100%
> 7.25 µg/mL 84%

> 50 mg/kg

> 150 µg/g
(desk top
device)
> 60 µg/g
> 50 µg/g
> 95 µg/g

> 50 µg/g
> 100 µg/g
> 50 µg/g

> 0.8 mg/kg
> 50 mg/kg
> 10 mg/kg
> 50 mg/kg
> 30 mg/L
> 10 mg/L

Cutoff value

CP
> 50 µg/mL
83%
LF
> 7 µg/mL
87%
CP
> 50 mg/kg
78%
LF
> 0.04 OD
80%
CP
> 50 mg/kg
96%
CP FRT > 15 mg/kg 100%
CP FRT > 60 mg/kg
61%
LF
> 7.25 mg/mL 78%
LF FRT > 128 ng/mL
78%
CP
> 24 µg/g
93%
LF
> 8.9 µg/g
82%
PMNE
> 19 ng/g
84%
CP
> 48 µg/mL
82%
LF
> 7.05 µg/mL 87%
PMNE > 0.062 µg/mL 77%

CP

Carroccio et al[32] 2003

Tibble et al[26] 2000
Tibble et al[28] 2002

Sidler et al[42] 2008

S100A12
CP
S100A12
CP
CP
CP

Marker

Kaiser et al[35] 2007

Study

99%
100%
91%
94%
95%
91%
80%
79%
-

74%
77%
-

87%

87%

55%

-

100%
71%
89%

-

68%
59%
93%

76%
51%
97%
100%
89%
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144

136

465

271

177
170

134

138
239
45

42

36

158

276
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0
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0
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1
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5
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18
79

4

25
49
17

7
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31
102

30

32

Subjects CD UC
(n )
(n ) (n )

54

31

91

20

30

137

31

25
7

7

24
48
8

7

5

55

159
339

14

24

IBS
(n )

0

0

0

0

42

98

56

34
22

28

26
34
0

19

0

20

56
0

0

24

HC
(n )

0

0

12

47

0

0

0

41
0

85

63
26
10

0

14

65

30
74

16

88

Other
(n )

-

-

Unspecified colitis/IBD (12)

CRC (8), polyps (26), diverticulosis (11), CD (2)

-

-

-

Symptoms of diarrhea and/or abdominal pain (63)
Intestinal neoplasms (26)
Food allergy (5), infectious enterocolitis (4), familial
Mediterranean fever (1)
CRC (8), upper-GI lesions (44), diverticulosis (15), polyps
(12), colon adenoma (6)
Bacteria infectious bowel disease (41)
-

Reflux esophagitis (6), juvenile polyp (2); eosinophilic GI
disorder (3), others (5)
Microscopic colitis (6), polyps (3), CRC (2), diverticulosis (19)
Coeliac disease (12), diarrhea (14), CRC (7), colitis (6), small
bowel enteropathy (21), diverticulosis (14)
Cow’s milk/food intolerance (22), coeliac disease (23), CRC/
polyps (3), diverticulosis (4), colitis (2), CD (9), giardiasis (2)
Indeterminate colitis/IBD (3), polyps (1), proctitis (1), food
intolerance (4), others (5)
-

Bacterial (65) and viral (23) enteritis

Other diagnosis (n )

Table 1 Studies investigating faecal markers in the differentiation of inflammatory bowel disease or healthy controls vs irritable bowel syndrome

Clinical disease activity indices;
endoscopy

Endoscopy/histology; clinical disease
activity indices

Colonoscopy/sigmoidoscopy

Colonoscopy/histology

Colonoscopy
Endoscopy and/or radiology
(in selected patients only)
Clinical, radiographic, endoscopic, and
histological criteria, as appropriate
Colonoscopy (in selected patients only),
questionnaires
Endoscopy/histology

Upper or lower endoscopy

Barium follow through
Colonoscopy and/or radiology
Endoscopy, histology and radiology

Mayo clinic or harvey
bradshaw index

Endoscopy/histology
(in selected patients only)
Endoscopy/histology

Radiology and/or colonoscopy
Radiology and/or colonoscopy

Endoscopy/histology;
immunohistochemistry
Endoscopy/histology

Verification
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33%
80%
67%
93%
73%
80%
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88%
92%
74%
74%

69%
79%
100%

-

47%
62%
89%
87%

-

-

-

-

94%
99%
57%
65%

-

-

-

-

131

199

119

94

111

100

31

9

21

0

0

0

50

1

18

47

0

30

43

91

40

23

82

46

0

94

40

24

29

24

7

4

0

0

0

0

Collagenous colitis (1), CRC (1), stricture (1),
coeliac disease (1)
CRC (7)

-

-

-

-

Endoscopy/histology

Colonoscopy (n = 87) or radiology (n = 4)

Faecal CP; rectal sensitivity; colon transit
time; questionnaires
Clinical and endoscopic Mayo score;
faecal CP
Endoscopy/histology

Endoscopy/histology;
immunohistochemistry; faecal CP and LF

a sensitivity, specificity and diagnostic accuracy of 78%, 83% and 80% respectively for diagnosing inflammatory disease, irrespective of diagnosis. Similar results have also been
obtained in the paediatric population[31-33]. Carroccio et al[32] reported specificities which were in line with previous studies, but the sensitivities were far lower. This was attributed
to a combination of a higher potential number of referrals for possible coeliac patients (due to their hospital being a tertiary centre for food intolerance), and the reported high
frequency of negative calprotectin results for patients with coeliac disease. Furthermore, they highlighted the association between false-positive results for faecal calprotectin
and both nonsteroidal anti-inflammatory drug use and liver cirrhosis, believed to be due to the mucosal abnormalities associated with each[34].
In efforts to highlight the potential of faecal calprotectin to distinguish between IBD and IBS specifically, a number of further studies have been performed[26,32,35-40] (Table
1). Langhorst et al[37] confirmed that faecal calprotectin was significantly raised (104 µg/g) in patients with active ulcerative colitis (UC) compared to faecal levels in patients with
IBS (19 µg/g). In a slightly smaller prospective study, Schröder et al[38] reported that faecal calprotectin had a sensitivity of 93% and a specificity of 100% when differentiating
IBD from IBS (cutoff 24.3 µg/g), though the diagnostic accuracy of calprotectin was not statistically significant superior to that of faecal lactoferrin or polymorphonuclear
(PMN) elastase. The distinctly high diagnostic values found in this study were potentially due to a selection bias (their hospital represents a referral centre for IBD), which was
supported by the exceptionally high number of patients suffering from IBD compared to IBS[38]. The comparative diagnostic accuracies between faecal calprotectin and other faecal
markers have also been studied extensively[25,30,35,36,38,39,41,42]. Silberer et al[39] have reported a high and similar diagnostic accuracy of faecal calprotectin and PMN elastase for the
differentiation of chronic IBD and IBS, which was superior to that of other leukocyte proteins in the faeces including lactoferrin and myeloperoxidase (MPO). In another
such study, Schröder et al[38] reported that any combination of calprotectin, lactoferrin and PMN elastase did not improve their diagnostic accuracy in distinguishing between
IBD and IBS, a result supported by other studies[36,38,41].
Correlation of faecal calprotectin with endoscopically and histologically assessed disease has always been the “gold standard” to ascertain its true prognostic value. Schoepfer et al[25]
were able to demonstrate good correlation of faecal calprotectin with endoscopically assessed severity of disease in both Crohn's disease (CD) and UC. These findings were
confirmed by a recent study reporting a significant correlation of faecal calprotectin levels and endoscopic disease activity in 126 included patients with IBD and 32 patients
with IBS[43]. Following from this, the role of faecal calprotectin in being able to distinguish between IBD patients in remission with or without IBS symptoms has been investigated. Faecal calprotectin tends to be increased in subgroups of IBS-positive patients with IBD in remission, regardless of diagnosis[44,45]. Keohane et al[45] reported that both
CD and UC patients with IBS-like symptoms had significantly higher faecal calprotectin levels than those without, most likely indicating the presence of ongoing subclinical inflammation rather than coexisting functional disease. Berrill et al[46] have reported that there is no statistical difference between the faecal calprotectin levels of patients with IBD

Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; CD: Crohn’s disease; UC: Ulcerative colitis; IBS: Irritable bowel syndrome; HC: Healthy control; CP: Calprotectin; LF: Lactoferrin;
PMNE: Polymorphonuclear elastase; MMP: Matrix-metalloprotease; HBD: Human β-defensin; Cg: Chromogranin; Sg: Secretogranin; MPO: Myeloperoxidase; M2PK: M2-pyruvate kinase; IBD: Inflammatory bowel disease; GI:
Gastrointestinal; CRC: Colorectal cancer; FRT: Faecal rapid test.

Chung-Faye et al[81] 2007

Jeffery et al[82] 2009

> 18.6 µg/g
> 6.64 µg/g
> 124 ng/g
> 4 U/mL
> 50 µg/g
> 3.7 U/mL
> 25 µg/g

CP
LF
PMNE
M2PK
CP
M2PK
CP

Silberer et al[39] 2005

Annaházi et al[86] 2013

Ohman et al[87] 2012

Median
UC: 107 µg/g
IBS: 76 µg/g
HC: 30 µg/g
CgB
< 0.48 nmol/g
SgⅡ > 0.16 nmol/g
MMP-9 > 0.245 ng/mL

HBD2

Langhorst et al[37] 2009
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Figure 2 Diagnostic accuracy of faecal markers in the differentiation of organic gastrointestinal disease vs irritable bowel syndrome. The figure illustrates
statistical measures of the diagnostic performance of different studies on the role of faecal markers in the diagnosis of irritable bowel syndrome. Sensitivities, specificities, positive predictive values (PPV), and negative predictive values (NPV) of different biomarker studies are represented with highest values close to the center of
the “dartboard” (i.e., 100%). Each dot represents a biomarker study and different colors represent the type of the faecal marker (see legend). The size of each dot
represents the number of included study subjects (see scale).

Table 2 Overall diagnostic accuracy of faecal markers in the differentiation of inflammatory bowel disease vs irritable bowel
syndrome in relation to the size of study cohorts

Calprotectin
S100A12
Laktoferrin
M2-PK

Se

n

Sp

n

PPV

n

NPV

n

Ref.

85%
89%
78%
69%

2984
256
1811
330

85%
96%
94%
82%

2984
256
1811
330

81%
98%
91%
64%

2274
256
1376
330

82%
81%
82%
79%

2130
256
1232
330

[25,26,28-33,35,36,38-42,47,81,82,91]
[35,42]
[25,30,36,38,39,41,68,70,71,92]
[81,82]

Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; n: Number of study subjects; M2PK: M2-pyruvate kinase.

in clinical remission with IBS-type symptoms compared
with those without. While faecal calprotectin may be useful as a noninvasive marker to distinguish patients with IBD
in need of intensified follow-up, the utility of faecal calprotectin as an aid to discriminate between inflammatory and
functional symptoms in IBD patients remains uncertain.
There have also been some interesting results of
other faecal calprotectin analysis techniques. Otten et al[41]
reported that faecal rapid testing of calprotectin had an
associated sensitivity and specificity of 100% and 95%
respectively, at a cutoff value of 15 mg/kg. Interestingly,
these results outperformed those of the standard enzymelinked immunosorbent assay (ELISA) faecal calprotectin
test (Table 1)[41]. Similarly, Sydora et al[47] found that “desk
top” faecal analysis devices reported sensitivities of
56%-100% and specificities of 100% when differentiating between IBD and IBS (cutoff 150 µg/g). However,
these data were generated from a very small cohort (Table

WJG|www.wjgnet.com

1), and though showing promise should nonetheless be
treated with caution at present. In addition, it was recently
reported that different faecal calprotectin ELISA kits show a
between-assay variability[48].
Since many disorders present with symptoms similar
to IBS, it is important to exclude other causes like IBD.
Overall, calprotectin is the most widely studied faecal
marker for the differentiation between IBD and IBS and
a sensitive and specific marker of inflammatory activity in
the gut (Table 2, Figure 2). Because of its high diagnostic
accuracy in ruling out intestinal inflammation, many clinicians use faecal calprotectin as a noninvasive screen for
IBD in their patients with IBS symptoms[49].

S100A12
S100A12, also known as calgranulin C or EN-RAGE
(extra cellular newly identified receptor for advanced
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that is found in the secretions of most mucosal surfaces
including tears, saliva, human breast milk, synovial fluid
and serum[64]. Lactoferrin has been shown to exert bacteriocidal activity and is a major component of secondary
granules released during the degranulation of polymorphonuclear neutrophils in response to inflammation[65,66].
In the intestinal lumen, the presence of inflammation
triggers polymorphonuclear neutrophils to infiltrate the
intestinal mucosa, causing a proportional increase of
faecal lactoferrin levels (Figure 1)[67]. Lactoferrin demonstrates reasonable stability in faeces; it is unaffected by
multiple freeze-thaw cycles, though it has been reported
that after 48 h at room temperature, stool concentrations
of lactoferrin declined slightly to 90% of their original
levels[13,39,68].
Several studies have attempted to elucidate the utility of lactoferrin as a marker for intestinal inflammation,
with variable outcomes[69]. Results were more variable
when assessing the capabilities for lactoferrin as a distinguishing marker between IBS and IBD (Table 1). Compared to other proteins stored in neutrophilic granules
such as PMN elastase, MPO, and human neutrophil lipocalin, Sugi et al[13] reported that lactoferrin was a superior
faecal marker of neutrophil-derived intestinal inflammation. D’Incà et al[30] were able to quantify that, in colonoscopy referrals for lower GI symptoms, results of faecal
lactoferrin assays yielded an overall sensitivity, specificity,
positive predictive value (PPV), and diagnostic accuracy
of 80%, 85%, 87% and 81% respectively in identifying
intestinal inflammation. Similarly, Walker et al[70] reported
that all of their included patients with IBS (n = 7) had
normal levels of faecal lactoferrin (cutoff 7.25 µg/mL)
and that the sensitivity, specificity, PPV and negative predictive value (NPV) for distinguishing individuals with
IBD from those without IBD, were 84%, 97%, 99% and
55% respectively. Furthermore, in a recent meta-analysis,
Gisbert et al[69] calculated the mean sensitivities and specificities of faecal lactoferrin in the diagnosis of IBD to
be 80% and 82% respectively. Silberer et al[39] found that
calprotectin and PMN elastase, but not lactoferrin, correlated with the severity of inflammation determined by
ileocolonoscopy and were able to differentiate chronic
IBD from IBS. When comparing receiver operating characteristic (ROC) curves calculated for healthy controls
and patients with IBD, the areas under the curve (AUCs)
for PMN elastase and calprotectin were 0.916 and 0.872
respectively, whilst that for lactoferrin was 0.693[39]. On
the other hand, our recent review of studies on faecal
markers of intestinal inflammation revealed that the diagnostic accuracy of faecal lactoferrin in the differentiation
of IBD vs IBS had sensitivities and specificities between
56%-100% and 61%-100% respectively, with PPVs and
NPVs of 59%-100% and 78%-99% respectively[14] (Table
1). In a more recent study, Sidhu et al[71] were further able
to demonstrate that patients with inactive IBD had significantly higher median faecal lactoferrin levels than those
with IBS. Of particular interest were the results of Otten et
al[41] showing that new faecal rapid testing techniques for
evaluating faecal lactoferrin in the primary care setting were

glycation end-products), is another member of the S100
calcium-binding protein family. In contrast to calprotectin, S100A12 is expressed almost exclusively by neutrophils (Figure 1) and does not form heterodimers with
either S100A8, S100A9 or associate with the heterodimer
S100A8/S100A9[50]. S100A12 was reported to function
as a pro-inflammatory molecule, the binding of which to
RAGE on endothelial cells, mononuclear phagocytes, and
lymphocytes leads to upregulation of pro-inflammatory
cytokines[51]. More recently, it was shown that S100A12 is
a ligand of Toll-like receptor 4, amplifying monocyte activation and thus contributing to organ-specific as well as
systemic inflammation[52]. Not surprisingly, S100A12 has
been implicated in multiple inflammatory disorders[53-55].
S100A12 is strongly upregulated during chronic active
IBD[21] and its release from intestinal mucosal specimens
correlates to the intestinal inflammation status[56].
More recently, the value of S100A12 as a faecal biomarker of inflammatory conditions within the bowel
has been investigated[42,57-62]. de Jong et al[62] showed that
S100A12 was equally distributed in faeces, as well as being temperature stable for up to 7 d. Furthermore, in their
study of 48 children, they reported that faecal S100A12
had a sensitivity of 96% and a specificity of 92% (cutoff
10 mg/kg) when distinguishing between healthy controls and the IBD group (mainly CD)[62]. In the wake of
these findings we assessed the correlation between faecal
S100A12 levels with endoscopic and histological findings
in patients with IBD and IBS[35]. We demonstrated a sensitivity of 86% and a specificity of 96% (cutoff 0.8 mg/kg)
when differentiating active IBD from IBS. Our study also
showed a strong correlation between faecal S100A12 levels
and endoscopically and histologically confirmed intestinal
inflammation in both CD and UC. Our head-to-head comparison of faecal S100A12 and faecal calprotectin showed
that faecal S100A12 was superior in distinguishing active
IBD from IBS[35]. Similarly, in a prospective study of a paediatric population presenting with GI symptoms, Sidler et
al[42] investigated the utility of faecal S100A12 compared to
faecal calprotectin as a marker for intestinal inflammation.
Children diagnosed with IBD (n = 31) had elevated faecal S100A12 (median 55.2 mg/kg) and faecal calprotectin
(median 1265 mg/kg) levels when compared to 30 children
without IBD (median S100A12 1.1 mg/kg; median calprotectin 30.5 mg/kg). The sensitivity and specificity of faecal
S100A12 for the diagnosis of IBD (cutoff 10 mg/kg) were
both 97%, whereas faecal calprotectin had a sensitivity of
100% and a specificity of only 67% (Table 1).
Though more recent studies into the role of S100A12
for diagnosis, prediction of outcomes and monitoring of
disease responses for other GI diseases (including necrotizing enterocolitis and CRC) have been undertaken[58,59,63],
further prospective studies into the role of S100A12 in distinguishing organic from functional disease are required to
consolidate promising initial data (Table 2, Figure 2).

LACTOFERRIN
Lactoferrin is a multifunctional iron binding glycoprotein
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at least comparable to the more standard ELISA tests when
testing 114 patients referred for lower GI endoscopy for
investigation of abdominal complaints (bloating, change in
defecation frequency or consistency, or blood and mucus in
the faeces) (Table 1).
Considering these positive results, the main disadvantages of faecal lactoferrin stem from its non-specificity to
any particular organic disease and by the fact that it is not
solely expressed by degranulated neutrophils. Lactoferrin is secreted endogenously by several mucosal epithelial
cell types and can therefore act as a non-inflammatory
induced source of faecal lactoferrin[72]. Furthermore, it
has been reported that the use of non-steroidal anti-inflammatory drugs may increase the amount of lactoferrin
detected in faeces, probably due to an associated induced
enteropathy[32,73,74].
Similarly to S100 proteins, it should be emphasized
that lactoferrin itself is not a marker of any specific organic disease, but rather of neutrophilic intestinal inflammation[75]. A negative faecal lactoferrin test, therefore,
should only be seen as the absence of significant neutrophilic intestinal inflammation. It has consequently been
proposed that faecal lactoferrin may have a role in excluding underlying inflammatory conditions thus removing
the need for colonoscopy in patients presenting undifferentiated diarrhoea with no alarm symptoms[76]. In studies
designed to compare IBD patients with healthy controls
or IBS, direct comparison of calprotectin and lactoferrin
revealed comparable levels of diagnostic accuracy (Tables
1 and 2)[25,30,36,38,39,41]. These conclusions support the notion that although lactoferrin may be of limited use in the
direct classification or diagnosis of organic disease, it may
yet have utility in IBD diagnosis.

fractoriness in severe paediatric UC, but is still inferior to
a clinical disease activity index[61]. Importantly, it has also
been shown that faecal M2-PK is able to differentiate between patients with IBD or IBS (cutoff 3.7 U/mL) and
that M2-PK and faecal calprotectin are highly significantly
correlated[81]. In this study 67% of included patients (n =
88) had organic GI disease and faecal M2-PK had a sensitivity of 73%, specificity of 74%, PPV of 89%, and a
NPV of 57% for IBD and CRC. These results were comparable to the diagnostic accuracy of faecal calprotectin
(cutoff 25 µg/g) in the same patients with a sensitivity
of 80%, specificity of 74%, PPV of 87%, and a NPV of
65% (Table 1). Jeffery et al[82] showed that, in a setting of
a low prevalence or organic bowel disease, faecal M2-PK
is able to differentiate organic disease from functional
bowel disease (cutoff 4 U/mL) with a sensitivity of 67%,
specificity of 88%, PPV of 47% and a NPV of 94%. In
this study the incidence of functional bowel disorder was
much higher (87% of included patients; n = 91) than in
the aforementioned study (33% of included patients; n
= 43) and the results showed that M2-PK does not perform as well as calprotectin (cutoff 50 µg/g; sensitivity
93%; specificity 92%, PPV 62%, NPV 99%) (Table 1)[82].
The authors concluded that use of calprotectin and M2PK may be particularly advantageous as a rule-out test in
clinical populations with a similar disease prevalence.

POLYMORPHONUCLEAR NEUTROPHIL
ELASTASE
PMN elastase is a neutral serinproteinase, which is released from leucocyte granules as a mediator of inflammation by activation of neutrophils. Elastase is stable for
four days in faeces at room temperature[39]. Silberer et al[39]
showed that faecal PMN elastase levels in patients with
IBS (n = 40) were in the range of healthy persons (n =
40). Faecal PMN elastase and calprotectin correlated with
endoscopically classified severity of intestinal inflammation and yielded similar AUCs when ROC curves were
calculated for healthy persons and patients with IBD (n =
39). The authors concluded that faecal PMN elastase and
calprotectin are able to differentiate between chronic IBD
and IBS. Similarly, Langhorst et al[36] showed that faecal
PMN elastase, calprotectin and lactoferrin differentiate
IBD and IBS. Patients with IBS (n = 54) demonstrated
significantly lower levels of PMN elastase in stools when
compared to patients with endoscopically active IBD (n
= 60) and, interestingly, when compared with endoscopically inactive IBD (n = 25). The specificity and overall
diagnostic accuracy of PMN elastase in patients with IBS
were each 82% and slightly lower than for faecal lactoferrin (83%), faecal calprotectin (87%), and serum CRP
(91%). Schröder et al[38] prospectively evaluated the diagnostic accuracy of faecal PMN elastase alone (cutoff 62
ng/g) and in combination with faecal calprotectin (cutoff
15 µg/g) and/or lactoferrin (cutoff 7.3 µg/g) to detect
intestinal inflammation in patients with IBD (n = 45) and
IBS (n = 31)[38]. The sensitivity, specificity, PPV, and NPV

M2-PYRUVATE KINASE
The glycolytic enzyme M2-pyruvate kinase (M2-PK) is a
multifunctional protein, involved in several nonglycolytic
pathways influencing cellular physiology including immunological responses, cellular growth and apoptosis[77]. The
dimeric isoform of M2-PK (tumor M2-PK) is present in
undifferentiated and proliferating tissues and M2-PK is
upregulated in a range of GI malignancy[78]. The determination of M2-PK in stool samples was proposed as a
new promising screening tool for CRC[79]. The usefulness
of faecal M2-PK for the detection of intestinal inflammation was also studied in patients with IBD since these
patients have increased cell turnover in the GI tract. The
PK stool test requires a single, small and random faecal
sample whilst the enzyme is stable for two days at room
temperature[80]. Czub et al[80] have reported that faecal M2PK could potentially be a useful marker for IBD activity
with a better correlation for UC patients. Likewise, Turner et al[61] showed that faecal M2-PK reflects severity of
paediatric UC by having very high faecal values. Furthermore, the authors demonstrated that faecal M2-PK has,
in contrast to other faecal biomarkers (calprotectin, lactoferrin, S100A12), the best ability to predict steroid re-
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compared faecal MMP-9 levels in patients with UC (n =
47) with those of patients with diarrhea predominant
IBS-D (n = 23) and healthy controls (n = 24). Healthy
controls and patients with IBS-D showed very low faecal MMP-9 levels compared with faecal levels of patients
with UC. The sensitivity and specificity of faecal MMP-9
in distinguishing between UC and IBS-D was 85% and
100%, respectively (cutoff 0.245 ng/mL). Faecal MMP-9
levels correlated significantly with faecal calprotectin levels. The authors suggested that faecal MMP-9 could be a
novel marker to help in the differential diagnosis of patients with diarrhea and abdominal pain. However, this is
the first published study on the diagnostic role of faecal
MMP-9 in IBD and IBS and further studies are needed
to confirm these findings.

of faecal PMN elastase in distinguishing between IBD
and IBS was 84%, 87%, 91% and 79%, respectively, and
increased to 96%, 100%, 100% and 94%, respectively,
when combined with faecal calprotectin ± lactoferrin.
The odds ratio for having intestinal inflammation with
an elevated faecal PMN elastase was 37 (95%CI: 12-116).
However, the results of the study indicate an advantage
of calprotectin over lactoferrin and PMN elastase in the
detection of intestinal inflammation.

Human β-Defensin-2
Defensins belong to the class of protective antimicrobial
peptides and play an important role in the host innate
defense at the mucosal surface of the GI tract (Figure 1).
Human β defensins (HBD) are expressed in the colon
by epithelial cells and plasma cells. HBD-2 plays a crucial
role in determining innate immune responses to bacteria in the gut. Cumulating evidence suggests a special
role for HBD-2 as a marker for intestinal inflammation
in IBD[83]. Interestingly, Langhorst et al[84] reported that
elevated faecal levels of HBD-2 indicate an activation
of innate immunity not only in IBD but also in IBS[37,84].
Faecal HBD-2 levels of patients with IBS (n = 46) were
significantly elevated compared with health controls (n =
24) and similar to those in patients with active UC (n =
30), whereas faecal levels of calprotectin and lactoferrin
did not differ between healthy controls and patients with
IBS. These findings suggest a pro-inflammatory activation of the mucosal innate immune system in patients
with IBS in the absence of endoscopic or histologic signs
of inflammation. These results support the idea that IBS
could be a (low-grade) inflammatory disorder though the
functional significance remains to be established.

GRANINS
Granins are proteins expressed by cells of the enteric,
endocrine, and immune system, and may broadly reflect activity of these systems. Chromogranins (Cg) and
secretogranins (Sg) are precursors of several bioactive
peptides and regulate a number of cellular functions.
Öhman et al[87] assessed the association between faecal
levels of Cg and Sg with IBS. The results showed that,
compared to healthy controls (n = 29), IBS patients (n =
82) demonstrated higher levels of CgA, SgⅡ, and SgⅢ,
but lower levels of CgB. Thus, faecal levels of SgⅡ, Sg
Ⅲ and CgB may be used to discriminate between IBS patients and healthy individuals. However, there was no disease control group included in this study, which therefore
precludes the proper evaluation of faecal granins as diagnostic biomarkers. Faecal granins are however unlikely to
be specific IBS markers since other diseases (e.g., coeliac
disease) also manifest increased Cgs[88]. Furthermore, faecal calprotectin levels were not associated with the faecal
concentrations of granins. Finally, the study design cannot differentiate whether the increased faecal levels of
granins cause IBS or its symptoms, or merely reflect the
phenotype of IBS. Elevation of faecal granins may serve
as a marker for guiding medical treatment of IBS. However, the lack of specificity of faecal granins does not
support the use of these proteins as positive biomarkers
for IBS.

MYELOPEROXIDASE
MPO is another lysosomal protein that is released from
granules of neutrophil granulocytes during inflammation
(Figure 1). MPO produces oxygen radicals during the
neutrophil’s respiratory burst, which are important in the
killing of bacteria. MPO is stable for at least four days in
feces at room temperature[39]. To date, MPO has shown
to be of only limited utility as an inflammatory marker
for IBD[85]. Thus, the use of MPO in the differentiation
between IBS and IBD has not been widely studied (Table
1). In addition, Silberer et al[39] found that MPO separated
healthy controls (n = 40) and patients with IBS (n = 40)
from patients with chronic IBD (n = 39) less effectively
than PMN elastase or calprotectin.

CONCLUSION
Extensive diagnostic tests in the evaluation of patients
with typical symptoms of IBS and the absence of alarm
features are not necessary[89]. A positive diagnostic strategy based on symptom-based criteria and simple blood
tests is not inferior to a strategy of exclusion of organic
disease with multiple unnecessary, expensive, and potentially harmful diagnostic tests and procedures[90]. Faecal
surrogate markers of intestinal inflammation represent a
practicable, inexpensive and objective diagnostic tool to
differentiate organic and functional GI diseases. Neutrophil-derived faecal biomarkers show a high diagnostic accuracy in the differentiation of IBD vs IBS (Table 2) and
could be useful in reducing unnecessary invasive investi-

MATRIX-METALLOPROTEASE 9
MMPs are a family of zinc-dependent endopeptidases
capable of degradation of extracellular matrix proteins.
MMPs are secreted by various cell types including tumor
cells and several immune cell types. MMP-9 is released
from neutrophils and elevated in colonic biopsies, urine,
and blood plasma of patients with UC[86]. Annaházi et al[86]
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gations. Thus, these markers can provide reassurance to
physicians that their clinical diagnosis of IBS is correct.
Further studies are required to more comprehensively
define and compare the role of these faecal proteins in
the diagnosis and pathogenesis IBS. Nonetheless, faecal
biomarkers have the potential to be incorporated into
standard clinical practice for the routine assessment of
IBS and IBD.
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