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Abstract

specific and identifies intestinal inflammation.

neonates, infants, older children and adults.

healthy infants and young children remains unclear.

during its development.

Background: Measurement of faecal calprotectin (FCP) concentrations is a theoretically justified laboratory test
used in lieu of quantitative evaluation of neutrophils penetrating into the intestinal lumen. This parameter is organ-

Aim: Search for individual interpretation of the cut-off values for the FCP test, taking into consideration different
age groups of patients and causes of intestinal inflammation.

Methods: Review of the literature data about the calprotectin concentrations in the meconium and faeces of

Results: FCP levels in meconium and faeces of infants are significantly higher than the concentration in older
children and adults. In adults FCP is a simple and sensitive screening test for inflammatory bowel disease, also used
in monitoring of disease activity and treatment efficacy. However, the diagnostic significance of high FCP levels in

Conclusions: FCP levels in the first year of life are higher than in adults and probably reflect ‘physiological’
intestinal inflammation associated with the adaptation of the neonate’s intestine to life outside the uterus. On the
other hand, high CP levels in meconium may indicate the important role played by neutrophils in the fetal intestine

Keywords: Calprotectin; Faeces; Meconium; Inflammation; Faecal
biomarkers

Introduction

Lack of sensitive and specific, non-invasive diagnostic tests for
objective, simple and reliable confirmation of intestinal inflammation
in both adult and paediatric patients is an important issue in
contemporary clinical practice. Biomarkers determined in blood
serum are neither sensitive nor specific to inflammatory bowel disease
and their elevated levels reflect a systemic inflammatory response.
Faecal biomarkers may be characterized by a superior diagnostic
sensitivity as they are highly organ specific. According to the current
literature data, faecal calprotectin (FCP) meets the criteria of a
laboratory parameter suitable for the assessment of inflammatory
bowel disease [1,2].

Calprotectin (CP), first described in 1980 by Fagerhol [3], is a 36
kDa protein of the S100 family (S100A8/A9 protein complex). The key
property of this protein responsible for its biological activity is the
ability to bind calcium and zinc. The functions of CP are associated
with the regulation of inflammation and apoptosis as well as its potent
antibacterial, antifungal and antiproliferative activities [4-11].

Calprotectin is mostly found in neutrophil granulocytes (it makes
up 60% of the cytosolic proteins of neutrophils) and at lower
concentrations in monocytes and macrophages. It may be also
produced by bone marrow cells, some epithelial cells, microvascular
endothelial cells and fibroblasts [4,6-10]. This is a review of literature
data concerning the diagnostic value of FCP in identifying intestinal
inflammation in newborns, younger and older children and adults.

The Pathomechanism of Faecal Calprotectin Elevations

The use of FCP as a biomarker of intestinal inflammation is based
on the assumption that the level of FCP is proportional to the amount
of neutrophils migrating across the inflamed and hence damaged
mucosa into the intestinal lumen and indicative of organic intestinal
disease. In active Crohn’s disease and ulcerative colitis neutrophil
count may increase even 10-fold [7,9,11].

FCP is a surrogate marker and its measurements are used in lieu
of quantitative assessment of neutrophils migrating into the intestinal
lumen. This concept was confirmed by a strong positive correlation
established between the level of FCP and the count of 111-Indium
labelled neutrophils, considered a ‘gold standard’ of faecal biomarkers
for intestinal inflammation [4,6,12,13].
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Due to their ability to reduce the penetration of microorganisms
across the intestinal wall neutrophils present in the intestinal lumen
are an important component of the intestinal barrier and an essential
defence mechanism. Recruitment of neutrophils from the vascular bed
into the surrounding tissue is a well-known phenomenon and it may
utilized in the assessment of both acute and chronic inflammation.
‘Physiological’ chronic inflammation of low activity occurs in the
digestive tract and probably reflects rapid and effective defence
preventing potential penetration across the intestinal barrier of
antigens and/or bacteria present in the intestinal lumen. At the time of
inflammatory response neutrophils may additionally involve other
immune cells in ‘collaborative’ efforts to maintain intestinal
homeostasis. In spite of these theoretically explained advantages,
increased recruitment and accumulation of activated neutrophils in
the intestine may be associated with acute mucosal inflammation
resulting in its injury [12,13].

Diagnostic Value of Faecal Calprotectin Assessment in
Adults

As confirmed by published studies, measurements of FCP
concentrations may be used in clinical practice as a sensitive and
specific biomarker to detect and assess disease activity in patients with
inflammatory bowel disease (IBD). The most important advantages of
using this parameter include [2,4-6,9-11]:

o Objective diagnosis of specific inflammatory processes, allowing
accurate classification of patients according to type of intestinal
inflammation.

o Higher specificity for diagnosing inflammatory bowel disease
compared to inflammatory markers measured in serum.

« High organ specificity of faeces as a biological material to assess
intestinal function.

o Determining the degree of inflammatory activity in the intestine.

«  Monitoring of disease progression and response to treatment.

e Prediction of relapses.

« Non-invasive testing.

o CP characteristics as a easy laboratory parameter (stability in a
stool sample stored at room temperature for 7 days;
concentrations measured in small stool samples with commercially
available tests).

Role of calprotectin in differentiating between organic and
functional intestinal disease

The clinical symptoms of inflammatory intestinal diseases, such as
IBD and functional intestinal disorders, such as irritable bowel
syndrome (IBS) may be virtually the same which makes difficult their
differential diagnosis and choice of appropriate treatment. Particularly
important is the need to identify the patients most likely to require
promptly further invasive investigations. High diagnostic accuracy of
FCP determinations has been proven and the parameter effectively
differentiates diseases associated with intestinal inflammation. On the
other hand, reports of slight increases in FCP levels in patients with
IBS compared to controls suggest that mild intestinal inflammation is
also present in IBS patients. To date, however, optimal cut-off values
for the FCP test have not been determined, which would allow a clear-
cut differential diagnosis distinguishing organic from non-organic
intestinal disease [4,9,14-17].

Faecal calprotectin is not a specific method for
differentiating causes of intestinal inflammation

FCP is not a specific marker for diagnosing various factors
responsible for intestinal inflammation. Increased FCP concentrations
have been demonstrated in patients with IBD (Crohn’s disease,
ulcerative colitis) as well as in gastrointestinal infections, malignant
tumours of the stomach and large intestine, polyps, damage to the
small intestine induced by nonsteroidal anti-inflammatory drugs,
coeliac disease and cirrhosis [7,10,17,18].

Since the pathomechanism of these numerous organic diseases is
associated with variable inflammation activity and hence differences in
the degree of neutrophil influx into the intestinal lumen, it has been
suggested FCP levels should be considered in combination with the
relevant clinical diagnosis and their value interpreted as reflecting the
size of neutrophil influx into the intestine. Such approach would allow
an objective assessment of even mild intestinal inflammation during
monitoring of IBD patients with possible prediction of relapses and
evaluation of treatment efficacy. It would also facilitate assessment of
intestinal inflammation due to other causes such as systemic bacterial
infection, adverse effects of medication or cirrhosis [10,13,17]. The
prerequisite of such identification of intestinal inflammation is
determining the optimal cut-off values for FCP to identify patients
likely to require promptly invasive investigations for IBD or any other
organic disease of the intestine.

Can faecal calprotectin measurements replace invasive
endoscopic examination?

Although the advantages of measuring FCP in IBD patients are
numerous, it cannot replace invasive diagnostic tests in this patient
population with gold standard histological examination. However,
FCP may be a useful screening tool in suspected intestinal
inflammation which may eventually require further prompt
assessment by other methods [6,7,10].

On the other hand, considering an excellent correlation between
FCP levels and endoscopic assessment of IBD activity with histological
sampling, this parameter may be more commonly used in clinical
practice, in many cases reducing the need for endoscopic examination.
Clinicians agree that in patients with confirmed intestinal
inflammation FCP is a sensitive marker for disease activity and/or
response to treatment while its measurements are simple and
inexpensive to perform and non-invasive. FCP used as an individual
test or in a panel of other inflaimmatory markers may replace
endoscopic assessment in the monitoring of intestinal inflammation
and to predict possible relapses of the condition [17-19].

Diagnostic Value Calprotectin Assessment in
Meconium and Faeces of Neonates and Young Children

The physiological significance of elevated FCP levels in both full-
term and a preterm neonate in comparison with older children and
adults remains unclear [20-25]. Since CP-rich leucocytes do not
accumulate in the intestinal mucosa of healthy infants in the first
months and in older children, it may be reasonably assumed that
elevated FCP levels are accounted for by the increased migration of
neutrophils into the intestinal lumen in the early period of postnatal
development. The intestinal barrier which plays a key role in
preventing intestinal bacteria from penetrating outside the intestinal
lumen and as a result protecting against the development of systemic
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inflammation is immature at that stage. The possible causes of the
‘physiological’ inflammation in the neonate’s intestine may include
high permeability of intestinal mucosa and the development of
intestinal immune defence mechanisms in response to two kinds of
‘antigens’: intestinal commensal bacteria and food antigens [23,26,27].

The effect of commensal bacteria on faecal calprotectin
concentrations in neonates and young children

Adaptation of the neonate to life outside the uterus is closely
associated with colonization of the intestine by normal bacterial flora,
which explains increased FCP levels in the first weeks and months
after birth compared to older patient populations. Bacteria and their
potentially chemotactic products such formyl-methionyl-leucyl-
phenylalanine (FMLP) may stimulate transepithelial migration of
granulocytes into the intestinal lumen.

In both full-term and preterm neonates, exposure of the intestine
to bacteria and food allergens in the early period after birth serves as
the essential source of information for the developing immune system
in the gastrointestinal mucosa and may have an impact on health later
in life. The composition of intestinal flora in both preterm and full-
term neonates differs from that in adults and the intestinal bacterial
profile begins to resemble that of adults only towards the end of the
first year of life [28-30]. It has been hypothesized that characteristic
properties and products of bacteria colonizing the neonate’s intestine
may be responsible for the specific stimulation of transepithelial
granulocyte transport and release of CP. On the other hand,
neutrophils in the intestinal lumen may affect the control of intestinal
flora and hence the tolerance of ingested food where the neonate’s
immune system is less sensitive [31-35].

The pathomechanism of interactions between commensal bacteria
and their effect on human development and health remain unclear.
Bacterial colonization of the neonate’s gastrointestinal tract has been
linked to numerous significant later consequences for its health
(normal brain development) and disease (cognitive and emotional
disorders and such conditions as autism, type 2 diabetes, inflammatory
bowel disease or gastric cancer). Also considered has been the role of
bacterial colonization of the intestine or changes in the composition of
normal intestinal flora produced by diet or antibiotics on the
development of allergies and autoimmune diseases [33-35].

Calprotectin in Neonatal Meconium

There are two-organ specific clinical materials that can be used for
the purposes of laboratory diagnosis of intestinal function in the early
postnatal period. These are meconium and first stool passed after
birth. These materials in differ in their components and the time of
formation during the individual’s development. Meconium, a thick,
odourless, blackish-green content of the intestine passed by the
neonate in the first 48 hours after birth, is formed exclusively during
gestation and contains substances derived from the swallowed
amniotic fluid, shed intestinal mucosal cells and cell degradation
products from secretions of the fetal intestine. Changes in the
consistency and colour to greenish-black mark the end of passing
meconium and the start of excreting faeces, the composition of which
depends on physiological environmental factors involved in the
process of the neonate’s adaptation to its life outside the uterus,
including bacteria and type of feeding [20,24]. Meconium forms a
unique matrix in which endo- and exogenous components which the
fetus encounters during gestation are contained. High CP

concentrations in the first meconium of both preterm neonates and
healthy full-term babies confirms the hypothesis of the physiological
role of neutrophils in response to the presence of bacteria or their
products already in the period of fetal intestinal development in vitro
[36].

Is high meconium calprotectin concentration due to bacteria
in meconium?

According to a well-established opinion, the neonate’s
gastrointestinal tract is considered to be sterile at birth and rapidly
colonized by microorganisms derived either from the mother after the
baby’s passage through the birth canal or from the environment.
According to a more recent hypothesis, the fetus is first exposed to the
maternal gastrointestinal tract flora in utero and after birth this
process is continued by the same bacteria present in the breast milk.
The mechanism by which bacteria are transported from the maternal
intestine to the fetus and breast milk remains unclear. It has been
suggested that the transport is undertaken by maternal intestinal
dendritic cells which are capable of taking up bacteria from the
maternal intestine and penetrating through the intercellular spaces
into the circulation and then to the fetus across the placental barrier.
Bacterial colonization of the fetal intestine in utero may be regarded as
priming of the immune system of the fetus to adjust to life outside the
uterus [27-29].

The effect of interaction between intestinal bacteria and the
developing fetus may have later consequences, including the
development of gastrointestinal, allergic and metabolic diseases
[28,29].

Fecal calprotectin in the diagnosis of necrotizing
enterocolitis

Necrotizing Enterocolitis (NEC) occurs almost exclusively in
premature infants. The pathomechanism of NEC is characterized by
the development of inflammation with a significant involvement of
neutrophils as a result of the immature response of enterocytes to
bacterial stimulation and introduction of oral feeding. So far, there has
been no simple laboratory test to screen for early stages of NEC and to
differentiate NEC from other conditions with similar clinical
symptoms, such as neonatal sepsis or focal intestinal perforation
[37-39].

There is not yet any consensus in the literature concerning FCP as
an appropriate marker for early diagnosis of NEC. Some authors
believe that this parameter has no role in the diagnosis of NEC,
especially in its early stages, because increases in FCP do not invariably
precede the clinical symptoms of NEC and in many cases appear later
than the radiographic evidence. On the other hand, a significant
correlation of this parameter with acute NEC is important information
for neonatologists because it is useful in prospective assessment of
premature babies. Increasing FCP levels in serial measurements in
neonates with suspected NEC may facilitate early diagnosis and help in
prediction of its acute course. Diagnostic accuracy of FCP
measurements in neonates with suspected NEC may be increased by
including this parameter in a panel with another biomarker or
biomarkers of inflammation [28,31].
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Search for Optimal Reference Values for the Diagnosis
of Intestinal Inflammation in Adults, Children and
Neonates

In adults, FCP levels considered to be diagnostic of IBD vary from
50 pg/g to 200 ug/g depending on the author. The most commonly
proposed upper limit of normal concentration is 50 ug/g but many
authors are in favour of higher upper limits (100, 150, 200 ug/g)
searching for such value of this parameter that would offer a greater
diagnostic accuracy [7,10,11].

The effect of age on variations in calprotectin concentrations
in meconium and faeces in children and neonates

In the first year of life, CP levels in meconium and faeces of healthy
infants are significantly higher than the concentrations in older
children and adults and characterized by marked interindividual
variations The diagnostic value of this parameter in neonates and
infants below one year is at present controversial and difficult to
define. Obviously, the diagnostic classification of FCP levels in
neonates, infants and young children should not be based on the adult
cut-off values and other, age-specific, cut-off values must be
determined. Additionally, there is no agreement on the possible effect
of type of feeding (breast mild, formula) on FCP which stresses the
need for an individual approach to the interpretation of the parameter
[21,25].

The following data have been presented in the literature concerning
CP concentrations in meconium and faeces of neonates with different
gestational age, and infants and older children in different age groups.

The first 3 days after birth (meconium): Full-term infants [ug/g]:
mean (SD) 145 (79) [20]; median (SD) 195 (68.18) [26], Preterm
infants [pg/g]: median (range) 253 (9-1867) [24].

The first 2 — 10 weeks after birth: Full-term infants [ug/g]: median
(range) 269 (31 - 2100) [23]; median (range)167 (22 - 860) [25];
median (SD) 245 (81.1) — 255 (75.4) [26]; mean (SD) 277 (109) [27],
preterm infants [ug/g]: mean (SD) 122.8 (98.9) [22].

The first 6 months after birth: Full-term infants [ug/g]: median
(range) 79 (9 - 405) [23].

The first year of life: [g/g]: median (range) 67 (38 - 900) [23].

Children aged from 1 to 13 years (mean age 5.3): [mg/kg-1]: mean
(SD) 40 (28) [27].

The above findings indicate the characteristic dynamics of changes
in FCP levels in infants, with gradual decreases between the ages of 3
months and 5 years and a negative correlation between FCP levels and
age in children aged from 1 to 13 years [27].

Despite ‘physiological’ high FCP levels in infants, the uses of this
parameter as a candidate noninvasive marker for inflammation of the
gut in neonates, especially NEC are theoretically fully justified. The
recommended cut-off values for the identification of NEC range from
200 pg/g to 2000 ug/g and FCP levels> 2000 pg/g are strongly
suggestive of NEC and other acute inflammatory states in the intestine
of neonates [31,38].

Summing up, increases in FCP are a theoretically proven index of
the amount of neutrophils penetrating into the intestinal lumen and
an organ-specific marker of inflammation for use in routine laboratory
practice. In adults, this is a simple and sensitive screening test for

inflammatory bowel diseases, also useful in monitoring disease activity
and treatment efficacy. In infants below one year, high FCP levels
probably reflect ‘physiological’ inflammatory state associated with
adaptation to life outside the uterus while in neonates high meconium
CP concentrations indicate a significant role of neutrophils in the fetal
intestine during its development.
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