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Fecal calprotectin as a promising marker of inflammatory

diseases
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Abstract: Background.: Calprotectin is a calcium binding protein present predominantly in neutrophils with anti-
microbial and antiprolipherative activities. Calprotectin concentration is higher in feces than in plasma and sig-
nificantly increased levels of fecal calprotectin (FC) were found in patients with bowel inflammation disease (IBD).
Methods: Nineteen out-patients with IBD, comprising 14 Crohn’s disease (CD) individuals and 5 ulcerative
colitis (UC) patients, and 5 healthy volunteers were investigated. Fecal calprotectin was analyzed by ELISA.
Results: We found that patients with IBD had significantly higher concentration of FC than in healthy children
(FC median 1076.7 vs 19.5 pg/g of stool, p=0.0053). We determined higher level of FC in patients with CD than
in UC (1132.4 vs 490.98 pg/g of stool), but not statistically significant.

Conclusion: 1t has been proved that FC represents a surrogate marker of neutrophils influx into the bowel
lumen; hence it can be regarded as a simple and non-invasive marker of intestinal inflammation (Tab. 2, Fig. 1,

Ref. 38). Full Text (Free, PDF) www.bmj.sk.
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Inflammatory bowel disease (IBD), which includes Crohn’s
disease (CD) and ulcerative colitis (UC), is a chronic condition
marked by recurrent episodes of inflammation in the gastrointes-
tinal tract. The anatomic location and degree of inflammation
determine the predominant symptoms that include rectal bleed-
ing, diarrhea and abdominal pain (1). Inflammatory activity is
not directly observable by patients or physicians and many meth-
ods have been developed to quantify the severity and extent of
this inflammation. To these methods clinical, serological and
hematological, radiological, radio isotopic technique, endoscopic
and histological investigations belong. Clinical examinations
include indexes, such as Clinical Activity Index (CAI), Crohn’s
Disease Activity Index (CDAI) or Harvey Bradshaw Index, which
have been rigorously developed and validated in clinical trials
(2, 3, 4), but they are awkward to use in clinical practice and still
rely heavily on subjective patient symptoms. Blood tests, such
as erythrocyte sedimentation rate (ESR), orosomucoid, C-reac-
tive protein (CRP), platelet and white cell counts, some cytokines
such as IL-6, TNF-a and IL-1[3 reflecting systemic consequences
of inflammation, have bee proposed as predictors and/or mark-
ers of clinical relapse of IBD with varying degrees of success.
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However, these are non-specific markers for inflammation of the
gastrointestinal tract (5) except for CRP and ESR that have been
used as markers to diagnose and to predict the activity of inflam-
matory disease. Imaging studies such as USG screening, CT, MRI
scans, barium enemas, enteroclysis and irigography can be use-
ful in localizing intestinal inflammation, but these studies often
are expensive, have suboptimal sensitivity and/or specificity, and
may be invasive or expose the patient to ionizing radiation. Ra-
dioisotopically labeled compounds such as labeled white cells,
red blood cells and proteins provided quantitative and functional
data and were event specific (blood loss, inflammation, etc.) but
non-specific for disease. The current gold standard for assessing
intestinal inflammation is endoscopy with biopsies. This tech-
nique allows visual inspection of the gastrointestinal tract, and
mucosal biopsy specimens can be obtained for histological ex-
amination. The location, extent, and severity of disease can be
established with this procedure, but it is invasive, it cannot ex-
amine the entire gastrointestinal tract. This examination is pain-
ful and requires both a skilled operator and an uncomfortable
preparatory regimen (6). It is evident that a simple, rapid, sensi-
tive, specific, inexpensive, non-invasive marker to detect and
monitor intestinal inflammation in IBD is needed. Fecal calpro-
tectin (FC) could meet these requirements.

Structure of calprotectin

Calprotectin is a protein with molecular weight 36 kD and it
was first isolated from granulocytes in 1980 and named L1 pro-
tein (7). The name calprotectin comes from the fact that it binds
calcium and it has antimicrobial properties. In the literature it
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Tab. 1. Fecal calprotectin concentration in healthy adults, children and infants as well as in adults and children with IBD.

Literature Year Age Count of patients (n) Calprotectin Median (ng/g)
H CD ucC H CD ucC

Roseth et al 1997 adults 124 62 30 340

Ton et al 2000 adults 59 26

Tibble et al 2000 adults 56 116 10 455

Summerton et al 2002 adults 28 4 10 23 164 267

Thjodleifsson et al 2003 adults 163 49 20 235

Carroccio et al 2003 adults 10 10 20 320

Costa et al 2003 adults 34 49 82 11 231 167

Poullis et al 2004 adults 320 27

Wassell et al 2004 adults 27 25 9,3 230

Dolwani et al 2004 adults 56 25 10 227

Costa et al 2005 adults 38 41 220 151

Bunn et al 2001 children 31 21 16 11 70 58

Olafsdottir et al 2002 children 24 17 40 293

Fagerberg et al 2003 children 117 17

Carroccio et al 2003 children 10 8 15 260

Berni Canani et al 2004 children 76 28

Nissen et al 2004 children 21 18 17 237

Bremner et al 2005 children 43 337

Berni Canani et al 2006 children 17 10 305 340

Olafsdottir et al 2002 infants (6 weeks) 27 278

Rugtveit et al 2002 infants (6 weeks) 20 264

Campeotto et al 2004 infants (1 week) 69 167

Nissen et al 2004 infants (1-2 weeks) 16 235

H — healthy volunteers, CD — Crohn's disease, UC — ulcerative colitis.

has several synonyms (complex of SI00A8 and S100A9 pro-
teins, L1L and L1H proteins, macrophage inhibitory factor-re-
lated protein MRP8/14, calgranulin A/B) (8). Calprotectin is a
heterocomplex of two subunits (SI00A8 and S100A9), it belongs
to the S100 family of calcium-binding proteins (9). It comprises
two heavy chains of 14 kD (L1H, MRP14) and one light chain of
8 kD (L1L, MRP8), which are non-covalently linked (10, 11).

Occurrence of calprotectin

Calprotectin concentration in neutrophils is abundant and
constitutes of about half (30—60 % according to various authors)
of total cytosolic proteins (12). Calprotectin is secreted extracel-
lularly from stimulated neutrophils (13) and monocytes (14), or
is released as a result of cell disruption or death (15). It is also
found on the membrane of non-keratinizing squamous epithelia,
and occasionally, in kidney tubules. Some mucosal epithelial cells
express calprotectin in the cytoplasm constitutively (16). It is
reported that skin and epithelial cells produce calprotectin only
during inflammatory process. During microbial invasion calpro-
tectin is produced and excreted out of epithelial cells. Calprotectin
concentrations detected in colon of the healthy individuals are
several times higher than in serum/plasma. It is related to two
facts. Firstly, granulocytes migrating into the gut lumen are sub-
jected to cytolysis with release of calprotectin and secondary, a
continuous contact of intestinal mucosa with physiological bac-
terial flora activates epithelial cells to produce calprotectin (17).
Calprotectin is resistant to colonic bacterial degradation. The

soluble form of calprotectin is possible to detect in plasma, se-
rum, urine, saliva, intestinal fluid and feces (18).

Biological functions of calprotectin

Calprotectin is a multipotent biologically active molecule (10).
It appears to play a regulatory role in the inflammatory process
(19) and functions in both an antiprolipherative capacity (20) and
antimicrobial capacity against bacteria, fungi and candida (21, 22,
23). It is reported that calprotectin antimicrobial activity is ex-
ecuted by at least three mechanisms. Firstly, it has a direct effect
on microorganisms by means of zinc binding, what inhibits MMPs
(matrix metalloproteinases), zinc-dependent enzymes that are im-
portant in angiogenesis, wound healing, inflammation, cancer, and
tissue destruction (15, 24, 25). This activity is directed both against
bacteria outside and inside cells after fagocytosis (24). Secondly,

Tab. 2. Reference values of fecal calprotectin in healthy children and
children with IBD.

Calprotectin level Clinical state

Normal

Moderate GI inflammation
Significant GI inflammation
Mild to moderate IBD activity
Severe IBD activity

<50 pg Calprotectin/g stool
50—-100 pg Calprotectin/g stool
>100 pg Calprotectin/g stool
>250 pg Calprotectin/g stool
>500 pg Calprotectin/g stool

IBD — Inflammatory Bowel Disease, GI — gastrointestinal
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Levels of fecal calprotectin in healthy controls (median 19.5 pg/g of stool, range 19.5-79.4 pg/g of stool, n=>5) and children with IBD (median 1076.7 pg/g
of stool, range 109.9-2517.5 pg/g of stool, n=19) (A), and in patients with CD (median 1132.4 pg/g of stool, range 109.9-2517.5 pg/g of stool, n=14) and

UC (median 490.98 pg/g of stool, range 275.3—1746.1 pg/g of stool, n=5) (B).

Fig. 1. Comparison of fecal calprotectin concentrations in healthy controls and children with Inflammatory Bowel Disease (IBD), which

includes Crohn’s disease (CD) and ulcerative colitis (UC).

calprotectin presents similar properties as Neutrophil Inhibiting
Factor (NIF); it promotes migration of neutrophils into an in-
flammatory area (17). Finally, calprotectin increases neutrophil’s
ability to fagocytosis. This triple action is especially effective in
bactericidal and fungicidal activity of neutrophils (15, 24).

Calprotectin as a marker of inflammation

As we have mentioned above, calprotectin can be detected
in plasma, body fluids, tissue, and feces and in other biological
materials.

Plasma calprotectin levels are increased in many types of
infectious or organic diseases and can differentiate between vi-
ral illnesses and bacterial infections. Its levels in plasma corre-
lated with the disease activity and joint inflammation in rheuma-
toid arthritis. In healthy subjects plasma calprotectin levels are
0.1-0.6 mg/l, in subjects with viral infections 0.1-1.4 mg/l and
in subjects with bacterial infections 0.6—11 mg/l (26).

Serum calprotectin can be a very sensitive marker of com-
plications in organ transplantation and in combination with other
inflammatory markers can be extremely specific for bacterial
systemic infections (27).

Tissue calprotectin-producing granulocytes, monocytes and
squamous epithelial cells can be detected by immunofluorescence
or immunohistochemistry. This type of calprotectin can be used
in patients with CD and UC. Histological assessment of intesti-
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nal biopsies is painful, but in spite of that it is a vital part of the
diagnosis of these conditions (28).

Calprotectin can be extracted and quantified from fecal
samples. Elevated concentrations of calprotectin in feces have
been measured in patients with colorectal cancer, IBD and bac-
terial infections in the gastrointestinal tract. It is a useful marker
of bowel inflammation because it is markedly resistant to pro-
teolytic degradation in the presence of calcium (29). Calprotectin
reflects disease activity in IBD and can be used to monitor the
response to treatment and detect relapses (30). In patients with
IBD significantly higher concentrations of fecal calprotectin were
determined in both adults and children in comparison to healthy
controls (Tab. 1) (6). The reference values are similar for both
groups (Tab. 2) (17). It is well known that calprotectin levels are
elevated in healthy infants (<10 weeks of age) (Tab. 1) in com-
parison to healthy children or adults (31). It has been shown that
calprotectin concentrations increase with age in adults (32).
Calprotectin levels significantly correlate with endoscopy, his-
tological assessment, intestinal permeability, and clinical activ-
ity index CDAI and fecal excretion of 111In-labeled neutrophils
(33, 34).

Determination of fecal calprotectin

Determination of fecal calprotectin (FC) by an enzyme im-
munoassay (ELISA) specific for calprotectin is based upon prepa-
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ration of an extract in a closed tube. The immunoassay use
microtiter wells coated with polyclonal antibodies against
calprotectin. The rabbit antibodies used in test react with at least
six different epitopes on calprotectin which will ensure a posi-
tive signal even if some epitopes are damaged or hidden due to
complex formation with other substances in the stool (35).

FC represents a surrogate marker of neutrophils influx into
the bowel lumen; hence it can be regarded as simple, non-inva-
sive and high sensitive marker of intestinal inflammation (36).
Calprotectin measurement can help to identify UC and colonic
CD patients at higher risk of clinical relapse (37, 38). Based on
convincing studies and clinical experience over several years it
is established as a routine test in Norway, Austria, Czech Re-
public and several centers in the UK.

The aim of this study is to summarize all information on
calprotectin, to show its applications in several countries and to
show our preliminary results in IBD children. We make an effort
to establish calprotectin determination as a routine test in Slovakia.

Materials and methods

Patients: Nineteen outpatients — 11 boys and 8 girls — with
IBD, comprising 14 Crohn’s disease (CD) patients and 5 ulcer-
ative colitis (UC) individuals, age 12—18 years (average age
15.6+0.5) were investigated. The control group was represented
by healthy children (2 boys and 3 girls) of the similar age (aver-
age age 13.4+1.2).

The Ethical Committee of the Child University Hospital ap-
proved the study. Parents gave a written consent for participa-
tion of their children in the study.

Methods: Stool samples (1-5 g) were collected in suitable
plastic containers and delivered to laboratory for processing. At
room temperature FC is stable for at least 4 days (maximally 7
days). Since calprotectin is very stable in stool, patients can col-
lect stool sample at home and send to the laboratory by ordinary
mail. Subsequently stool is stored at -20 °C and calprotectin is
stable and reproducible for 1 year. After thawing the determina-
tion of FC is based upon preparation of an extract of about 100
milligrams feces mixed with about 5 ml of extraction buffer in a
closed tube. After centrifugation, a sample from the supernatant
is tested by an enzyme immunoassay (ELISA) specific for
calprotectin (Calpro test, Novatec Immundiagnostica GmbH,
Germany) at 450 nm, according to the manufacturer protocol.
Calprotectin was expressed in micrograms per gram of stool.
According to the manufacturer, calprotectin level above 50 pg/g
is pathological.

Statistical analysis

Median and interquartile range are given for data showing
departures from normality (according to Shapiro-Wilks test). Sta-
tistical analysis (Wilcoxon matched pairs signed rank test) was
performed using the statistical program StatsDirectr 2.3.7
(StatsDirect Sales, Sale, Cheshire M33 3UY, UK). Significance
was defined as p<0.05. Graphical representation of data was
made using program StatsDirectr 2.3.7.

Results and discussion

We found out that patients with IBD had significantly higher
concentration of FC than healthy children (median was 1076.7
vs 19.5 pg/g of stool, p=0.0053) (Fig. 1A). We determined also
higher level of FC in patients with CD in comparison to UC
(1132.4 vs 490.98 pg/g of stool, p=0.411), but not statistically
significant (Fig. 1B).

Our results are in accord with levels of FC published by
Konikoffand Denson (6). They showed significantly higher con-
centrations of FC in both adults and children in comparison to
healthy controls (Tab. 1).
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