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Abstract: Inflammatory bowel diseases (IBDs) are chronic 
diseases that result from the inflammation of the intesti-
nal wall, suspected in any patient presenting with intes-
tinal symptoms. Until recently, the diagnosis was mainly 
based on both clinical and endoscopic arguments. The use 
of an easy, fast, reliable, non-invasive, and inexpensive 
biological assay is mandatory not only in diagnosis but 
also in evolutionary and therapeutic monitoring. To date, 
the fecal calprotectin is the most documented in this per-
spective. This marker allows the discrimination between 
functional and organic bowel processes with good perfor-
mance. The determination of the fecal calprotectin level 
contributes to the evaluation of the degree of disease 
activity and to monitoring of therapeutic response.

Keywords: calprotectin; Crohn’s disease; inflammatory 
bowel diseases; irritable bowel syndrome; stools.

Introduction
Functional bowel disorders are one of the most common 
causes of chronic diarrhea. Irritable bowel syndrome (IBS), 
which is a subgroup of the functional bowel disorders, 
has no identifiable cause. Treatment is symptomatic. In 
clinical practice, distinguishing between IBS and organic 
gastrointestinal diseases, notably chronic inflammatory 
bowel disease (IBD), is challenging. Sensitive, accurate 
and noninvasive markers that can help in the diagnosis 
of IBD are thus mandatory. Furthermore, monitoring IBD  

patients to adapt treatment in case of relapse or aggrava-
tion is also of crucial importance.

This review focuses on fecal calprotectin as a primary 
tool for differential diagnosis of IBS and IBD and follow-
up of IBD patients.

What is IBS?
IBS affects 10%–15% of the adult population in Europe 
and North America, mostly individuals younger than 50 
years and with a marked predilection for females [1–3]. 
The classical symptoms of IBS are colicky abdominal pain, 
bloating, and bowel dysfunction, including diarrhea, con-
stipation, or alternating subtypes. The heterogeneity of 
the disorder together with a symptomatic overlap with 
more serious organic diseases complicates the diagnosis.

What are the IBD?
IBD includes Crohn’s disease (CD), ulcerative colitis (UC) 
and inflammatory bowel disease unclassified (IBDU). 
Chronic inflammation of the wall of the digestive tract 
is common to all these diseases [4]. IBD evolves through 
inflammatory attacks, alternating with remissions.

In CD, the inflammatory disease can affect the whole 
digestive tract, from the mouth to the anus. Lesions occur 
in patches and leave intervals of healthy mucosa between 
inflammatory areas [5]. Conversely, in UC, lesions are con-
tinuous from the colon to the rectum [6]. IBD’s etiology 
is only partially understood, although its pathogenesis 
seems to involve genetic predisposition, dysregulation of 
the immune system, and environmental factors (e.g. bac-
terial antigens).

IBD is most often diagnosed in young people aged 
20–30 years [7], and 15% of patients are children [8].

The incidence of IBD is increasing over time around 
the world [9]; 2.5 million Europeans and about 1 million 
persons in the USA have these diseases [10, 11].
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During inflammatory episodes, IBD is characterized 
by abdominal pain, sometimes bloody diarrhea, or anal 
fissure or abscess accompanied by asthenia, anorexia, 
and fever, or even extra-intestinal manifestations [7].

Abscess or fistulas need surgery in more than 50% of 
CD patients and 20% of UC patients.

Finally, IBD is associated with an increased risk of 
colorectal cancer. The risk of colon cancer is 2- to 2.5-fold 
after 10 years of evolution [12].

Current IBD treatments allow the prolonged disease’s 
control and improve the quality of life. Intestinal mucosal 
healing appears desirable to avoid long-term complica-
tions [13].

Both long-term treatment and treatment of acute 
attacks are used.

Long-term treatment with immunosuppressive drugs, 
(azathioprine, mercaptopurine, or methotrexate) may 
be used [14]. Attacks may be treated by amino-salicylates 
(5ASAs), corticosteroids, and biological therapy [14]. Tumor 
necrosis factor α (TNF) plays a central role in the pathogen-
esis of IBD; its concentration increases in the stools, periph-
eral blood, and lamina propria of patients. Anti-TNF drugs, 
used in severe active forms, bind to soluble and membrane 
forms of TNF, which induce cell apoptosis [15].

Finally, surgical treatment is reserved for patients 
resistant to observed therapy or following the appearance 
of complications [16].

Diagnostics of IBD
The current diagnosis of IBD is multidisciplinary, and 
based on clinical and biological criteria. First, physical 
examination includes oral and perianal inspections and 
anthropometric measurements. Non-specific clinical 
biology investigations include the measurement of acute 
and/or chronic inflammation markers of erythrocyte 
sedimentation rate (ERS) in the first hour and C-reactive 
protein (CRP) and platelet count. These non-specific bio-
logical parameters of inflammation increased in active 
IBD [17]. Biological diagnosis of anemia, which is due to 
iron deficiency, inflammation, and malnutrition, is fre-
quently performed [18].

Endoscopy is usually prescribed following an initial 
assessment of a diagnosis to confirm the diagnosis, dif-
ferentiate between UC and CD, and evaluate the disease 
extent. This examination allows the detection of lesions 
and the realization of histologic samples for surveillance 
of dysplasia or neoplasia. The use of endoscopic video 
vignettes or small bowel capsules may also participate in 

the diagnosis. Double-contrast barium enema and small 
bowel magnetic resonance imaging may help estimate the 
extent of lesions.

Endoscopic scoring systems have been developed 
such as the Crohn’s Disease Endoscopic Index of Severity 
(CDEIS), the Ulcerative Colitis Endoscopic Index of Sever-
ity (UCEIS), or the Simple Endoscopic Score for Crohn’s 
Disease (SES-CD) [17–22].

The Crohn’s Disease Activity Index (CDAI) is the most 
widely used [23]. A CDAI index below 150 is observed in 
inactive disease, 150–450 in active CD, and upper 450 in 
severe CD [24]. The Mayo Score is the best-characterized 
disease activity index for UC [25].

Biological markers in IBD
Fecal leukocyte degranulation markers (lactoferrin, poly
morphonuclear elastase and myeloperoxidase) have 
been proposed as diagnostic biomarkers for IBD but offer 
modest sensitivity for detecting recurrent disease [26].

Calgranulin C (S100A12 or EN-RAGE) is a Toll-like 
receptor 4 ligand, amplifying monocyte activation and 
thus contributing to organ-specific as well as systemic 
inflammation. A prospective study of Wright et al. has evi-
denced fecal calgranulin as a sensitive marker of CD with 
low specificity and as a negative predicting value in CD 
after intestinal resection [27].

Intestinal inflammation has also been associated 
with a significant decrease in fecal α1-antitrypsin, a serine 
protease inhibitor of pro-inflammatory mediators. Select 
studies considered α1-antitrypsin as a marker of CD and 
UC disease activity, as its levels positively correlate with 
disease severity [28, 29]. Recently, elevated serum levels of 
granulocyte macrophage colony-stimulating factor (GM-
CSF) autoantibodies were also associated with disease 
activity and relapses in CD [26].

The combination of anti-Saccharomyces cerevisiae 
antibodies (ASCA) and anti-neutrophil cytoplasmic anti-
bodies (ANCA) may discriminate between CD and UC, but 
the sensitivity of both biomarkers is poor [30].

Fecal calprotectin

General information

A loss of homeostasis of the immune system, initiating 
inflammation in the intestinal mucosa, is observed in IBD. 
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Calprotectin is a calcium- and zinc-binding heterodimer 
of 36.5  kDa that belongs to the S100 family. The protein 
complex is composed of two hydrophobic regions S100A8/
A9 non-covalently linked.

Calprotectin is primarily found in granules of poly-
nuclear 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 [31].

Its antimicrobial activity involves a Zn2+ sequestration 
resulting in impairment of zinc-dependent enzymes, with 
consequent inhibition of bacterial growth. Calprotectin 
has been shown to exert antimicrobial activity against 
Escherichia coli, Klebsiella sp., Staphylococcus aureus, as 
well as fungistatic activity. Similarly, cells that express 
calprotectin can resist invasion by Listeria monocytogenes 
and Salmonella enterica.

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. It also provides an immu-
noregulatory role by interaction with the zinc-dependent 
metalloproteinases responsible for the activation of pro-
inflammatory cytokines such as TNF. Its fecal excretion is 
highly correlated to that of 111-indium-radiolabeled leuko-
cytes scanning, the gold standard for measurement of sever-
ity of intestinal inflammation [32].

Fecal calprotectin increased in patients with IBD [33]. 
Its concentration in stools correlated with the infiltra-
tion of the intestinal mucosa by PN. In IBD, calprotectin 
is highly correlated with clinical and histopathological 
activity [33, 34]. Calprotectin has the advantage of being 
useful in the diagnosis, relapse prediction, and therapeu-
tic monitoring.

Technical principle and analytical 
performances

Pre-analytics

Fecal calprotectin is resistant to intestinal proteolysis, 
which makes it stable for several days at room temperature 
[35]. An assay requires about 100 mg of stools collected in 
clean containers without additive, preferably obtained at 
the same time of the day in case of iterative samples. The 
patient must avoid any accidental dilution of stools with 
urine or water. The collection of the stool samples could 
be done at home and then sent to the laboratory. However, 
one study has shown that the concentration of fecal cal-
protectin decreases from the third day after collection at 

room temperature [36]. Before assay, samples could be 
stored at 2–8 °C for 6 days. The sample may be stored at 
−20 °C for up to 4 months [37].

Extraction

The first step of the analytical process is to extract proteins 
from stools. Stools samples have to be homogenized; long 
fibers may be removed to avoid bias in the extraction process.

The reference technique is to weight stools. However, 
the use of a standardized volume of buffer added with cal-
ibrated amount of stools is quite common. The extraction 
step is carried out using an extraction device, which varies 
depending on the supplier. The stool extract is diluted and 
homogenized by prolonged use of a vortex. Depending on  
stool texture (normal, hard or liquid), the protocols may 
vary. Particularly for liquid stools, a standardized volume 
of liquid could be diluted into the extraction buffer. An 
additional centrifugation may be mandatory to sediment 
the larger particles in the suspension.

Methods for measurement of fecal calprotectin

Table 1 lists the different methods and commercial kits. 
Briefly, all these techniques are enzyme immunoassays, 
based on the use of monoclonal or polyclonal antibodies 
targeted to the dimeric calprotectin molecule. Chemilumi-
nescent, fluorescent, or immuno-turbidimetric methods 
allow detection.

Quantitative enzyme-linked immunosorbent assay 
(ELISA) is the most frequently used method.

Those techniques are time-consuming and mostly 
suited for analyzing samples in batch rather than as it comes 
some automated methods have been developed (Liaison and 
Liaison XL, Diasorin; Elia Calprotectin, Thermoscientific).

Some point-of-care and rapid tests are available. The 
rapid tests are based on lateral flow immunochromatog-
raphy, resulting in a line on the test strip if the calprotec-
tin is present in the sample. It can produce quantitative 
results, as the density of the test line may be evaluated 
by an automated reader or a semi-quantitative test, with a 
visual interpretation.

Recently, point-of-care tests (IBDoc, Bühlmann; 
QuantOn Cal, Preventis) that can be used for calprotectin 
home testing have been proposed to patients. Smartphone 
application allows scanning the test cassette and calcu-
lates calprotectin concentration. The physician immedi-
ately gets the result.

Only a few methods correlated between each other, 
and substantial quantitative differences between the 
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assays have been observed [38]. Due to this variation, it 
is impossible to use those methods interchangeably to 
follow-up IBD.

Values in healthy individuals

Calprotectin reflects gastrointestinal inflammation and is 
not affected by lifestyle changes in adults, with the excep-
tion of non-steroidal anti-inflammatory drugs treatment, 
which should be stopped 2 weeks before sampling.

Using both ELISA and rapid tests, common values 
are assumed to be below 50 µg/g for adults and children 
older than 4 years. In younger children, the concentration 
of calprotectin is physiologically higher [39]. In a Danish 
cohort, 75 stools samples of healthy infants from 1 month 
to 4  years old were collected. Three cut-off levels were 
established based on the 97.5% percentiles of calprotectin 
in different age groups: 538 µg/g (1–6 months), 214 µg/g 
(6 months to 3 years), and 75 µg/g (3–4 years) [40].

In a Chinese cohort of very young infants from 
1 to 18 months, using Bülhmann ELISA, the authors 

found median values of 375 µg/g (1–3 months), 218 µg/g 
(3–6  months), and 100 µg/g (6–18 months) [41]. Among 
children  < 1 year old, this study evidenced a higher fecal 
calprotectin level in breastfed infants.

In the elderly, few data are currently available. 
Mindemark et al. have evidenced that patients older than 
65  years frequently had calprotectin values higher than 
100 µg/g [42]. In a study including patients between 50 
and 70 years old, Poullis et al. evidenced that near 25% 
had calprotectin values higher than 65 µg/g, suggest-
ing that in those patients, a reference value could be at 
100 µg/g or even higher [43].

Table 2 summarized those results.

Diagnostic value of fecal 
calprotectin in IBD
The primary interest of calprotectin is the differential 
diagnosis of IBD and IBS without endoscopy investigation 
[44], avoiding useless invasive procedures.

Table 1: To supress assays for fecal calprotectin.

Assay   Manufacturer   Method   Antibodies   Measuring rangea, µg/g

Quantitative        
 fCAL Elisa   Bühlmann   ELISA   Monoclonal  10–600

30–1800
 fCAL Turbo   Bühlmann   Turbidimetric immunoassay   Monoclonal  2–2000
 Calprolab and PhiCal   Calpro   ELISA   Polyclonal

Monoclonal
  25–2500

 �Liaison and liaison XL 
calprotectin

  Diasorin   Chemiluminescent 
immunoassay

  Monoclonal  5–8000

 Calprest   Eurospital   ELISA   Polyclonal
Monoclonal

  0–3000

 IDK calprotectin   Immundiagnostik  ELISA   Monoclonal  3–2100
 Orgentec calprotectin   Orgentec   ELISA   Polyclonal   0–1000
 Ridascreen calprotectin   r-Biopharm   ELISA   Monoclonal  20–800
 Calprotectin EliA   Thermo fisher 

scientific
  Fluorescence enzyme 

immunoassay
  Monoclonal  15–5000 

Semi-quantitative        
 CerTest   Biotec   Immunochromatography   Monoclonal  50

200
 Quantum blue fCAL   Bühlmann   Immunochromatography   Monoclonal  30–300

30–1000
100–1800

 Calfast   Eurospital   Immunochromatography   Polyclonal
Monoclonal

  50–300

 CalDetect   Preventis   Immunochromatography   Monoclonal  50
200

Qualitative        
 CalScreen   Preventis   Immunochromatography   Monoclonal   > 50

aAccording to the manufacturer.
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In a systematic review of Waugh et al. including seven 
different studies, 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) and specificity ranged from 51% to 
100% [44].

Several recent meta-analyses confirmed that in adults 
and children, specificity is sometimes lower [45–47]. High 
levels of fecal calprotectin were found in some other gas-
trointestinal tract disorders and patients treated with 
non-steroidal anti-inflammatory drugs or proton pump 
inhibitors (Table 3) [44, 45, 48].

The negative predictive value (NPV) ranges from 0.5 to 
0.91 according to the literature [49]. Values higher than 
50 µg/g and below 200–250 µg/g (“borderline area” or “gray 
zone”) are associated with gastrointestinal inflammation of 
small intensity of various etiologies (e.g. infectious, neo-
plastic, inflammatory). In this case, repeating the measure-
ment and additional tests are recommended. Waugh et al. 
suggest a simple biological monitoring for values between 
50 and 150 µg/g, as these values relate exceptionally to 
serious illness and can be found in patients with IBS [44]. 
Values above 250 µg/g are usually associated with an active 
organic type of sickness [33].

Table 2: Reference values of fecal calprotectin according to the age 
in European populations [40, 43].

Age   Normal values, µg/g

1–6 months    < 538
7 months to 3 years   < 214
3–4 years    < 75
4–49 years    < 50
50–70 years   24.7% To supress – higher than 65 
Above 70 years   No data; probably higher than 100

Table 3: False-positive results reported for fecal calprotectin assays 
[44, 45, 48].

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
Proton pumps inhibitors 

Disease location should also be taken into account 
when interpreting fecal calprotectin levels. Indeed, 
patients with ileal CD may have large or vast ulcers even in 
the absence of markedly elevated fecal calprotectin levels. 
Consequently, cut-off values for ileal CD may differ from 
those with ileocolic disease [50].

Correlation between fecal 
calprotectin and other biological 
diagnostic and monitoring tools of 
IBD
The interest of fecal calprotectin in the diagnosis is 
greater than other biological parameters such as the CRP 
elevation, platelets, hemoglobin, and blood leukocytes 
values [51]. Correlation of fecal calprotectin with endos-
copy and histology is superior to its correlation with 
clinical disease activity indices that are mainly based on 
subjective data. Therefore, calprotectin can be used to 
detect subclinical inflammatory activity in asymptomatic 
disease [21].

Raised calprotectin in stools correlated with all the 
major endoscopic evaluation scores – SES-CD [23], UCEIS 
[52], and Mayo Endoscopic Subscore (MES) [53].

Identification of IBD relapse
In retrospective studies, it has been shown that high level 
of fecal calprotectin allows prediction of relapse of UC 
and CD [54], Table 4 presented some studies investigat-
ing fecal calprotectin predicting relapse in IBD. All the 
cohorts studied adult IBD patients, and ELISA served to 
detect fecal calprotectin.

Several studies have shown that patients with ele-
vated calprotectin values are at risk of relapse within 3 to 
6 months following the calprotectin increase [58, 59].

Few studies illustrate the longitudinal course of fecal 
calprotectin in the evolution of the disease, and predic-
tive or decision cut-off level differ according to the authors 
[55, 60]. Tibble et  al. reported that elevated calprotectin 
level (cut-off level 50 mg/L) showed good predictive value 
for clinical relapse during the following 12-month period 
[55]. A meta-analysis of 672 patients from six prospective 
studies shown that fecal calprotectin predicts relapse of 
IBD, with a sensitivity of 78% and a specificity of 73%. 
Ability to predict relapse was comparable between CD and 
UC [46].
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In patients with quiescent CD, fecal calprotectin had a 
sensitivity of 80% and specificity 91% for predicting clini-
cal relapse, with a threshold of 150 µg/g [61]. In a prospec-
tive study, Naismith et  al. ascertained using Bülhmann 
ELISA assay that a cut-off value of 240 µg/g had a sig-
nificant predictive value of a high risk of clinical relapse 
within 12 months with an NPV of 96.8% [62].

Fecal calprotectin appears to be less useful in predict-
ing relapse in patients with ileal CD compared with UC or 
colonic/ileocolic CD [56, 58].

In a recent review, Musci et al. provided an extensive 
discussion of the utility of fecal calprotectin and others 
biomarkers for the prediction of relapse in IBD according 
to the available literature. In summary, they evidenced 
that the predictive values in predicting relapse are lower 
than that usually observed for IBD diagnosis. However, 
larger studies are now needed, since most of the studies 
cited by Musci et  al. only included a small number of 
patients. Finally, UC and CD patients have to be examined 
separately to increase the performance [26].

Therapy monitoring

Fecal calprotectin is also used in the follow-up of thera-
peutic response in IBD. A decrease of calprotectin parallels 
mucosal healing, evidencing a good response to treat-
ment that can lead to complete remission of the disease. 
Conversely, maintained high levels suggest resistance to 
the treatment. The use of this biomarker in therapeutic 
follow-up should naturally take into account the pharma-
cokinetic properties of the treatment and the average time 
required for a response: usually faster for biotherapy than 
for immunosuppressants (some days to weeks and weeks 
to months, respectively).

The study of Molander et al. evidenced that calprotec-
tin values below 250 µg/g were observed in clinical remis-
sion in 50 patients treated for IBD by anti-TNF antibodies 
[63]. This threshold is, however, not consensual and may 
fluctuate depending on the technique used.

The rapid decrease in fecal calprotectin in patients 
receiving anti-TNF antibodies was significantly correlated 
with the intestinal endoscopic remission [64–66]. Few 
studies have evaluated the interest of determination of 
fecal calprotectin after bowel resection: Lamb et al. pub-
lished that the value of fecal calprotectin normalizes after 
2 months of uncomplicated intestinal resection [16]. Fecal 
calprotectin can be conveniently measured 3  months 
after surgery [67]. Calprotectin levels remain high among 
patients with recurrence observed at endoscopy [68]. In a 
recent study, a decision algorithm of follow-up of patients, 
especially after surgery, defined phenotypic stratifica-
tion the respective place of fecal calprotectin assays and 
endoscopy [69]. Larger cohorts are needed to confirm 
those results.

One or several thresholds: that is 
the question
One current point of interest is the threshold to recom-
mend in clinical practice.

Almost all manufacturers recommend a threshold of 
50 µg/g of the stools for IBD diagnosis in adults.

However, several difficulties arose from this choice. 
First, the different methods currently used in diagnosis 
do not give the same quantitative result, which is not rare 
in clinical practice. Some efforts have now to be made to 
ensure commutability of results.

Table 4: Selected studies concerning fecal calprotectin measurements in predicting clinical relapse of IBD.

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. [55]   CD   Elisa   43  25  122 (98–229)  50a

  UC   test   37  19  123 (79–353)  50a

Costa et al. [34]   CD   Calprest  38  15  220 (22–348)  150
  UC     41  19  207 (86–355)  150

D’Inca et al. [56]   CD   Calprest  65  20  207 (14–1846)  130
  UC     97  37  190 (16–2104)  130

Gisbert et al. [57]   CD   PhiCal   89  13  266 (±158)  169
  UC     74  13  213 (±142)  164

Garcia Sanchez et al. [58]  CD   Calprest  66  18  524 (101–883)  200
  UC     69  21  298 (34–883)  120

SD, standard deviation.
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Second, according to the clinical context, thresholds 
seem to vary, since the differential diagnosis of IBD and 
IBS and the prediction of a relapse in UC or CD are not 
associated to the same fecal calprotectin values.

Moreover, two recent studies have evidenced a high 
intra-individual variability, up to 40%, suggesting that a 
single determination of calprotectin may be insufficient to 
monitor relapse risk or treatment [36, 70]. This high varia-
bility may be partly due to the variability of the extraction 
process since the relative quantity of water in stools may 
vary across the day. As a consequence, iterative determi-
nations of fecal calprotectin could be useful in the setting 
of follow-up, but also in patients presenting values com-
prised in the gray zone.

In a large study including 900 patients, Kennedy et al. 
evidenced a sensitivity of 0.97, a specificity of 0.74, an NPV 
of 0.99, using a threshold of  ≥ 50 μg/g for IBD vs. func-
tional disease [60].

In another large study in primary care settings, Pavlidis 
et al. showed that an increase of the threshold from 50 to 
150 μg/g using an ELISA method (Bülhmann) led to a 1% 
decrease of the NPV, increasing the positive predicting value 
from 28% to 71% [71]. As a consequence, it should be recom-
mended to establish a cut-off value for each kit and clini-
cal utilization to optimize the performance of this marker. 
Results will have to take into consideration the assay vari-
ability together with the intra-individual variability.

Medico-economic aspects
The use of fecal calprotectin assay allowed a reduction 
in the cost of care for patients with suspected IBD [44]. 
Following intestinal resection, the use of fecal calprotec-
tin to select patients for endoscopy could reduce the cost 
of around 600 euros per year [27]. This biomarker changes 
the patient’s care and improves the quality of life by lim-
iting invasive procedures. The benefit/risk imbalance 
and cost/efficacy ratio have been considered: the test is 
already refunded in some European countries. Therefore, 
fecal calprotectin is a non-invasive marker that can objec-
tively assess mucosal healing, and its use is now system-
atically recommended not only for IBD diagnosis [72] but 
also in protocols evaluating new treatments [31, 73].

Conclusions
As summarized in Figure 1, in current practice, the dosage 
of the fecal calprotectin has two primary interests:

Associated
with clinical

relapse

Differential diagnosis
between IBS and IBD

(both CD and UC)

Indications

Therapeutic
follow-up
marker

Non invasive

Quick

Inexpensive

Qualities

Figure 1: Schematic representation of calprotectin indications in 
clinical practices and main advantages.

–– To differentiate organic from functional intestinal 
diseases, both in adult and children;

–– To monitor IBD therapy and predict relapses [74, 75].

Calprotectin is a non-invasive, inexpensive, and efficient 
parameter for the diagnosis of IBDs (CD and UC), with a 
high NPV. Measurement of its concentration in stools is 
used to distinguish inflammatory diseases and tumors. 
Patient with increased fecal calprotectin can be referred 
early to an endoscopic examination. Calprotectin is also a 
useful marker for therapeutic monitoring and early detec-
tion of disease relapse of these types of inflammation. 
Further harmonization studies are currently needed to 
permit the comparison of different commercially available 
methods and to clarify the source of intra-individual vari-
ations, apart from active IBD and treatment effect. Some 
efforts must be followed to establish thresholds in all pos-
sible clinical settings.

Acknowledgments: The authors gratefully acknowledge 
the assistance of Mr. Zacchary Fitzpatrick in drafting and 
editing the manuscript.
Author contributions: All the authors have accepted 
responsibility for the entire content of this submitted 
manuscript and approved submission.
Research funding: None declared.
Employment or leadership: None declared.
Honorarium: None declared.
Competing interests: The funding organization(s) played 
no role in the study design; in the collection, analysis, and 
interpretation of data; in the writing of the report; or in the 
decision to submit the report for publication.



Manceau et al.: Fecal calprotectin in inflammatory bowel diseases: update and perspectives      481

References
1.	 Choung RS, Locke GR, 3rd. Epidemiology of IBS. Gastroenterol 

Clin North Am 2011;40:1–10.
2.	 Camilleri M, Katzka DA. Irritable bowel syndrome: methods, 

mechanisms, and pathophysiology. Genetic epidemiology and 
pharmacogenetics in irritable bowel syndrome. Am J Physiol 
Gastrointest Liver Physiol 2012;302:G1075–84.

3.	 Quigley EM, Bernstein CN. “Irritable bowel symptoms” in inflam-
matory bowel disease: diagnostic uncertainty meets pathologi-
cal reality. Am J Gastroenterol 2012;107:1483–5.

4.	Desreumaux P. [Digestive tract immunology and Crohn disease]. 
Arch Pediatr 2004;11:539–41.

5.	 Baumgart DC, Sandborn WJ. Crohn’s disease. Lancet 
2012;380:1590–605.

6.	Ordas I, Eckmann L, Talamini M, Baumgart DC, Sandborn WJ. 
Ulcerative colitis. Lancet 2012;380:1606–19.

7.	 Hugot JP, Bellaiche M. Inflammatory bowel diseases: the 
paediatric gastroenterologist’s perspective. Pediatr Radiol 
2007;37:1065–70.

8.	Bernstein CN, Wajda A, Svenson LW, MacKenzie A, Koehoorn M, 
Jackson M, et al. The epidemiology of inflammatory bowel dis-
ease in Canada: a population-based study. Am J Gastroenterol 
2006;101:1559–68.

9.	Chouraki V, Savoye G, Dauchet L, Vernier-Massouille G, Dupas 
JL, Merle V, et al. The changing pattern of Crohn’s disease 
incidence in northern France: a continuing increase in the 10- to 
19-year-old age bracket (1988–2007). Aliment Pharmacol Ther 
2011;33:1133–42.

10.	 Loftus EV, Jr. Clinical epidemiology of inflammatory bowel 
disease: incidence, prevalence, and environmental influences. 
Gastroenterology 2004;126:1504–17.

11.	 Kaplan GG. The global burden of IBD: from 2015 to 2025. Nat Rev 
Gastroenterol Hepatol 2015;12:720–7.

12.	 Soderlund S, Granath F, Brostrom O, Karlen P, Lofberg R, Ekbom 
A, et al. Inflammatory bowel disease confers a lower risk of 
colorectal cancer to females than to males. Gastroenterology 
2010;138:1697–703.

13.	 Mowat C, Cole A, Windsor A, Ahmad T, Arnott I, Driscoll R, et al. 
Guidelines for the management of inflammatory bowel disease 
in adults. Gut 2011;60:571–607.

14.	 Baumgart DC, Sandborn WJ. Inflammatory bowel disease: 
clinical aspects and established and evolving therapies. Lancet 
2007;369:1641–57.

15.	 Lichtenstein GR, Abreu MT, Cohen R, Tremaine W. American 
Gastroenterological Association Institute technical review on 
corticosteroids, immunomodulators, and infliximab in inflam-
matory bowel disease. Gastroenterology 2006;130:940–87.

16.	 Lamb CA, Mohiuddin MK, Gicquel J, Neely D, Bergin FG, Hanson 
JM, Mansfield JC. Faecal calprotectin or lactoferrin can iden-
tify postoperative recurrence in Crohn’s disease. Br J Surg 
2009;96:663–74.

17.	 Caviglia GP, Pantaleoni S, Touscoz GA, Adriani A, Rosso C, 
Smedile A, et al. Fecal calprotectin is an effective diagnostic 
tool that differentiates inflammatory from functional intestinal 
disorders. Scand J Gastroenterol 2014;49:1419–24.

18.	 Nielsen OH, Ainsworth M, Coskun M, Weiss G. Management 
of iron-deficiency anemia in inflammatory bowel disease: a 
systematic review. Medicine (Baltimore) 2015;94:e963.

19.	 Mary JY, Modigliani R. Development and validation of an 
endoscopic index of the severity for Crohn’s disease: a pro-
spective multicentre study. Groupe d’Etudes Therapeutiques 
des Affections Inflammatoires du Tube Digestif (GETAID). Gut 
1989;30:983–9.

20.	Sehgal R, Koltun WA. Scoring systems in inflammatory bowel 
disease. Expert Rev Gastroenterol Hepatol 2010;4:513–21.

21.	 Sipponen T, Nuutinen H, Turunen U, Farkkila M. Endoscopic 
evaluation of Crohn’s disease activity: comparison of the CDEIS 
and the SES-CD. Inflamm Bowel Dis 2010;16:2131–6.

22.	Travis SP, Schnell D, Krzeski P, Abreu MT, Altman DG, Colombel 
JF, et al. Developing an instrument to assess the endoscopic 
severity of ulcerative colitis: the Ulcerative Colitis Endoscopic 
Index of Severity (UCEIS). Gut 2012;61:535–42.

23.	Schoepfer AM, Beglinger C, Straumann A, Trummler M, Vavricka 
SR, Bruegger LE, et al. Fecal calprotectin correlates more closely 
with the Simple Endoscopic Score for Crohn’s disease (SES-CD) 
than CRP, blood leukocytes, and the CDAI. Am J Gastroenterol 
2010;105:162–9.

24.	Zallot C, Peyrin-Biroulet L. Deep remission in inflammatory 
bowel disease: looking beyond symptoms. Curr Gastroenterol 
Rep 2013;15:315.

25.	 Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral 
5-aminosalicylic acid therapy for mildly to moderately 
active ulcerative colitis. A randomized study. N Engl J Med 
1987;317:1625–9.

26.	Musci JO, Cornish JS, Dabritz J. Utility of surrogate markers for 
the prediction of relapses in inflammatory bowel diseases. 
J Gastroenterol 2016;51:531–47.

27.	 Wright EK, Kamm MA, Dr Cruz P, Hamilton AL, Ritchie KJ, Bell SJ, 
et al. Cost-effectiveness of Crohn’s disease post-operative care. 
World J Gastroenterol 2016;22:3860–8.

28.	Biancone L, Fantini M, Tosti C, Bozzi R, Vavassori P, Pallone 
F. Fecal alpha 1-antitrypsin clearance as a marker of clinical 
relapse in patients with Crohn’s disease of the distal ileum. Eur J 
Gastroenterol Hepatol 2003;15:261–6.

29.	Soendergaard C, Nielsen OH, Seidelin JB, Kvist PH, Bjerrum JT. 
Alpha-1 antitrypsin and granulocyte colony-stimulating factor 
as serum biomarkers of disease severity in ulcerative colitis. 
Inflamm Bowel Dis 2015;21:1077–88.

30.	Reese GE, Constantinides VA, Simillis C, Darzi AW, Orchard TR, 
Fazio VW, et al. Diagnostic precision of anti-Saccharomyces cer-
evisiae antibodies and perinuclear antineutrophil cytoplasmic 
antibodies in inflammatory bowel disease. Am J Gastroenterol 
2006;101:2410–22.

31.	 Summerton CB, Longlands MG, Wiener K, Shreeve DR. Faecal 
calprotectin: a marker of inflammation throughout the intestinal 
tract. Eur J Gastroenterol Hepatol 2002;14:841–5.

32.	Roseth AG, Schmidt PN, Fagerhol MK. Correlation between fae-
cal excretion of indium-111-labelled granulocytes and calprotec-
tin, a granulocyte marker protein, in patients with inflammatory 
bowel disease. Scand J Gastroenterol 1999;34:50–4.

33.	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.

34.	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.



482      Manceau et al.: Fecal calprotectin in inflammatory bowel diseases: update and perspectives

35.	 Ton H, Brandsnes O, Dale S, Holtlund J, Skuibina E, Schjonsby H, 
et al. Improved assay for fecal calprotectin. Clin Chim Acta 
2000;292:41–54.

36.	Lasson A, Stotzer PO, Ohman L, Isaksson S, Sapnara M, Strid H. 
The intra-individual variability of faecal calprotectin: a prospec-
tive study in patients with active ulcerative colitis. J Crohns 
Colitis 2015;9:26–32.

37.	 Hessels J, Douw G, Yildirim DD, Meerman G, van Herwaarden 
MA, van den Bergh FA. Evaluation of prevent ID and quantum 
blue rapid tests for fecal calprotectin. Clin Chem Lab Med 
2012;50:1079–82.

38.	Labaere D, Smismans A, Van Olmen A, Christiaens P, D’Haens G, 
Moons V, et al. Comparison of six different calprotectin assays 
for the assessment of inflammatory bowel disease. United Euro-
pean Gastroenterol J 2014;2:30–7.

39.	Kostakis ID, Cholidou KG, Vaiopoulos AG, Vlachos IS, Perrea D, 
Vaos G. Fecal calprotectin in pediatric inflammatory bowel 
disease: a systematic review. Dig Dis Sci 2013;58:309–19.

40.	Oord T, Hornung N. Fecal calprotectin in healthy children. Scand 
J Clin Lab Invest 2014;74:254–8.

41.	 Li F, Ma J, Geng S, Wang J, Liu J, Zhang J, et al. Fecal calprotectin 
concentrations in healthy children aged 1–18 months. PLoS One 
2015;10:e0119574.

42.	Mindemark M, Larsson A. Ruling out IBD: estimation of the 
possible economic effects of pre-endoscopic screening with 
F-calprotectin. Clin Biochem 2012;45:552–5.

43.	Poullis A, Foster R, Shetty A, Fagerhol MK, Mendall MA. Bowel 
inflammation as measured by fecal calprotectin: a link between 
lifestyle factors and colorectal cancer risk. Cancer Epidemiol 
Biomarkers Prev 2004;13:279–84.

44.	Waugh N, Cummins E, Royle P, Kandala NB, Shyangdan D, 
Arasaradnam R, et al. Faecal calprotectin testing for differen-
tiating amongst inflammatory and non-inflammatory bowel 
diseases: systematic review and economic evaluation. Health 
Technol Assess 2013;17:xv–xix, 1–211.

45.	 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;341:c3369.

46.	Mao R, Xiao YL, Gao X, Chen BL, He Y, Yang L, et al. Fecal calpro-
tectin in predicting relapse of inflammatory bowel diseases: 
a meta-analysis of prospective studies. Inflamm Bowel Dis 
2012;18:1894–9.

47.	 Henderson P, Anderson NH, Wilson DC. The diagnostic accu-
racy of fecal calprotectin during the investigation of suspected 
pediatric inflammatory bowel disease: a systematic review and 
meta-analysis. Am J Gastroenterol 2014;109:637–45.

48.	Poullis A, Foster R, Mendall MA, Shreeve D, Wiener K. Proton 
pump inhibitors are associated with elevation of faecal calpro-
tectin and may affect specificity. Eur J Gastroenterol Hepatol 
2003;15:573–4; author reply 4.

49.	Schroder O, Naumann M, Shastri Y, Povse N, Stein J. Prospective 
evaluation of faecal neutrophil-derived proteins in identifying 
intestinal inflammation: combination of parameters does not 
improve diagnostic accuracy of calprotectin. Aliment Pharmacol 
Ther 2007;26:1035–42.

50.	 Gecse KB, Brandse JF, van Wilpe S, Lowenberg M, Ponsioen C, van 
den Brink G, et al. Impact of disease location on fecal calprotectin 
levels in Crohn’s disease. Scand J Gastroenterol 2015;50:841–7.

51.	 Schoepfer AM, Beglinger C, Straumann A, Safroneeva E, Romero 
Y, Armstrong D, et al. 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 2009;19:332–41.

52.	 Taghvaei T, Maleki I, Nagshvar F, Fakheri H, Hosseini V, 
Valizadeh SM, et al. Fecal calprotectin and ulcerative colitis 
endoscopic activity index as indicators of mucosal healing in 
ulcerative colitis. Intern Emerg Med 2015;10:321–8.

53.	 Kawashima K, Ishihara S, Yuki T, Fukuba N, Oshima N, Kazumori 
H, et al. Fecal calprotectin level correlated with both endoscopic 
severity and disease extent in ulcerative colitis. BMC Gastroen-
terol 2016;16:47.

54.	Pardi DS, Sandborn WJ. Predicting relapse in patients with 
inflammatory bowel disease: what is the role of biomarkers? Gut 
2005;54:321–2.

55.	 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. Gastroen-
terology 2000;119:15–22.

56.	D’Inca R, Dal Pont E, Di Leo V, Benazzato L, Martinato M, 
Lamboglia F, et al. Can calprotectin predict relapse risk 
in inflammatory bowel disease? Am J Gastroenterol 
2008;103:2007–14.

57.	 Gisbert JP, Bermejo F, Perez-Calle JL, Taxonera C, Vera I, 
McNicholl AG, et al. Fecal calprotectin and lactoferrin for the pre-
diction of inflammatory bowel disease relapse. Inflamm Bowel 
Dis 2009;15:1190–8.

58.	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.

59.	 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.

60.	Kennedy NA, Clark A, Walkden A, Chang JC, Fasci-Spurio F, 
Muscat M, et al. Clinical utility and diagnostic accuracy of faecal 
calprotectin for IBD at first presentation to gastroenterology ser-
vices in adults aged 16–50 years. J Crohns Colitis 2015;9:41–9.

61.	 Kallel L, Ayadi I, Matri S, Fekih M, Mahmoud NB, Feki M, et al. 
Fecal calprotectin is a predictive marker of relapse in Crohn’s 
disease involving the colon: a prospective study. Eur J Gastroen-
terol Hepatol 2010;22:340–5.

62.	Naismith GD, Smith LA, Barry SJ, Munro JI, Laird S, Rankin K, 
et al. A prospective evaluation of the predictive value of faecal 
calprotectin in quiescent Crohn’s disease. J Crohns Colitis 
2014;8:1022–9.

63.	Molander P, Farkkila M, Ristimaki A, Salminen K, Kemppainen 
H, Blomster T, et al. Does fecal calprotectin predict short-term 
relapse after stopping TNFalpha-blocking agents in inflamma-
tory bowel disease patients in deep remission? J Crohns Colitis 
2014;9:33–40.

64.	De Vos M, Dewit O, D’Haens G, Baert F, Fontaine F, Vermeire S, 
et al. Fast and sharp decrease in calprotectin predicts remission 
by infliximab in anti-TNF naive patients with ulcerative colitis. 
J Crohns Colitis 2012;6:557–62.

65.	Hamalainen A, Sipponen T, Kolho KL. Infliximab in pediatric 
inflammatory bowel disease rapidly decreases fecal calprotectin 
levels. World J Gastroenterol 2011;17:5166–71.

66.	Kolho KL, Sipponen T. The long-term outcome of anti-tumor 
necrosis factor-alpha therapy related to fecal calprotectin values 



Manceau et al.: Fecal calprotectin in inflammatory bowel diseases: update and perspectives      483

during induction therapy in pediatric inflammatory bowel dis-
ease. Scand J Gastroenterol 2014;49:434–41.

67.	 Papay P, Ignjatovic A, Karmiris K, Amarante H, Milheller P, Feagan B, 
et al. Optimising monitoring in the management of Crohn’s dis-
ease: a physician’s perspective. J Crohns Colitis 2013;7:653–69.

68.	Wright EK, Kamm MA, De Cruz P, Hamilton AL, Ritchie KJ, 
Krejany EO, et al. Measurement of fecal calprotectin improves 
monitoring and detection of recurrence of Crohn’s disease after 
surgery. Gastroenterology 2015;148:938–47 e1.

69.	Schoepfer AM, Lewis JD. Serial fecal calprotectin measurements 
to detect endoscopic recurrence in postoperative Crohn’s dis-
ease: is colonoscopic surveillance no longer needed? Gastroen-
terology 2015;148:889–92.

70.	Calafat M, Cabre E, Manosa M, Lobaton T, Marin L, Domenech E. 
High within-day variability of fecal calprotectin levels in patients 
with active ulcerative colitis: what is the best timing for stool 
sampling? Inflamm Bowel Dis 2015;21:1072–6.

71.	 Pavlidis P, Chedgy FJ, Tibble JA. Diagnostic accuracy and clinical 
application of faecal calprotectin in adult patients presenting 

with gastrointestinal symptoms in primary care. Scand J Gastro-
enterol 2013;48:1048–54.

72.	 Carroccio A, Iacono G, Cottone M, Di Prima L, Cartabellotta F, 
Cavataio F, et al. Diagnostic accuracy of fecal calprotectin assay 
in distinguishing organic causes of chronic diarrhea from irrita-
ble bowel syndrome: a prospective study in adults and children. 
Clin Chem 2003;49:861–7.

73.	 Sandborn WJ, Panes J, Zhang H, Yu D, Niezychowski W, Su C. 
Correlation between concentrations of fecal calprotectin and 
outcomes of patients with ulcerative colitis in a phase 2 trial. 
Gastroenterology 2016;150:96–102.

74.	 Paul S, Del Tedesco E, Marotte H, Rinaudo-Gaujous M, Moreau A, 
Phelip JM, et al. Therapeutic drug monitoring of infliximab and 
mucosal healing in inflammatory bowel disease: a prospective 
study. Inflamm Bowel Dis 2013;19:2568–76.

75.	 Mooiweer E, Severs M, Schipper ME, Fidder HH, Siersema PD, 
Laheij RJ, Oldenburg B. Low fecal calprotectin predicts sustained 
clinical remission in inflammatory bowel disease patients: a 
plea for deep remission. J Crohns Colitis 2014;9:50–5.


