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Abstract

Background/Objectives: The paediatric reference range of fecal calprotectin (FC) has not been
decisively established and previous studies show a wide within-age variability, suggesting that other
factors like anthropometric data or type of feeding can influence FC. Our aims were to establish the
normal levels of FC in healthy children grouped by age and analyze whether sex, gestational age, birth
weight, type of delivery, type of feeding, or anthropometric data influence FC values.

Methods: This multicentre, cross-sectional, and observational study enrolled healthy donors under
18 years of age who attended their Primary Health Care Centre for their routine Healthy Child
Program visits. The exclusion criteria were: (i) immunodeficiency, (ii) autoimmune or (iii) gastro-
intestinal disease; (iv) medication usage; (v) gastrointestinal symptoms; or (vi) positive finding in the
microbiological study.

Results: We enrolled 395 subjects, mean age was 4.2 years (range 3 days to 16.9 years), and 204 were
male. The median FC was 77.0 mcg/g (interquartile range 246). A negative correlation between age
and FC was observed (Spearman’s rho = —0.603, P<0.01), and none of the other factors analyzed were
found to influence FC levels.

Conclusions: Normal FC values in healthy children (particularly in infants) are higher than those
considered to be altered in adults and show a negative correlation with age. It is necessary to reconsider
the upper limits of FC levels for paediatric patients according to age, with further studies required to
determine other factors that influence FC during infancy.
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Improved biomarkers for suspected paediatric inflammatory
bowel disease (IBD) are a clinical need, since none of the cur-
rently available surrogate inflammatory markers are completely
reliable (1). Calprotectin is a 36.5 kDa calcium binding protein
that accounts for as much as 60% of the total protein in the cy-

tosol of neutrophilic granulocytes and macrophages. When
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bound to calcium, it is remarkably resistant to proteolytic
enzymes and heat, and is stable in feces for 3 to 4 days at room
temperature (2). Its fecal concentration correlates with neutro-
phil infiltration of the intestinal mucosa and disease activity in
IBD and could theoretically be used as a noninvasive screening

test for bowel inflammation in children (3-12).
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However, fecal calprotectin (FC) is a nonspecific inflamma-
tion marker that also rises in other acute and chronic gastroin-
testinal disorders (13-15) and can additionally be influenced by
factors such as drug intake, diet, weight, gestational age, type of
delivery, and especially age (16-24). Previous studies report that
children tend to have higher FC levels than adults (17,20,21,25-
29), but the paediatric reference range has not been decisively
established. Some of these studies analyzed small samples
and/or were recruited from populations with socioeconomic
disparities (21,25,26,30-32) and show a wide within-age vari-
ability. Our primary objective was to establish the normal levels
of FC in a healthy population of children grouped by age. Our
secondary aim was to analyze whether sex, anthropometric data,
gestational age, birth weight, type of delivery, or type of feeding
during the first months oflife influence FC values.

MATERIALS AND METHODS

A multicentre, cross-sectional, and observational study was

conducted for 2 years, from January 2015 to December 2016.

Children included

The samples were obtained from healthy voluntary donors
from 0 to 18 years of age who attended one of the four
participating Primary Health Care Centres located in Madrid
(Spain) for the routine follow-up visits recommended in the
Healthy Child Program of this region. The absolute exclusion
criteria were: previous diagnosis of (i) immunodeficiency, (ii)
autoimmune disease, or (iii) gastrointestinal diseases such as
cystic fibrosis, celiac disease, inflammatory bowel disease, eo-
sinophilic esophagitis and/or gastroenteritis, cow’s milk pro-
tein allergy, allergic gastroenteropathy, or gastroesophageal
reflux disease. The relative exclusion criteria were: (i) intake
of immunomodulators, antibiotics, corticosteroids, proton
pump inhibitors, probiotics, ibuprofen, or montelukast in the
previous 15 days; (ii) gastrointestinal symptoms such as ab-
dominal pain, diarrhea (defined as an increase in the number
of daily stools or change in their consistency to types 6 to 7 of
the Bristol scale), constipation, anal fissure or vomiting in the
previous 30 days; or (iii) positive finding in the accompanying
microbiological study. Those subjects meeting the relative ex-
clusion criteria were allowed to participate in the study at a
later date, 1 to 3 months after these conditions were resolved.
To determine the effect of age on FC, the children were di-
vided into eight age groups. For practical reasons, these groups
were based on the routine follow-up visits recommended in
the Healthy Child Program of this region: 0 to 1 month, 1 to
S months, 6 to 11 months, 12 to 23 months, 2 to 3 years, 4 to
7 years, 8 to 11 years, and 12 to 18 years.

Those children fulfilling the mentioned criteria were enrolled
after obtaining a written informed consent from the next of kin,

caretakers, or guardians on behalf of the children (Figure 1).
We recorded demographic, perinatal, and anthropometric
data. The dietary patterns were recorded in subjects under
6 months. This information was restricted to this age group
due to the limited variation with only three options: exclusive
breastfeeding, mixed feeding, and formula feeding. Once the
sample was collected, it was stored in a domestic refrigerator
(between 3 and 5°C) until its delivery within 24 hours to their
primary health care centre. The samples were then brought to
the Hospital Infantil Universitario Nifio Jests (Clinical Analysis
Department) and also stored in a refrigerator (4°C) for a 24 to
48 hours period before being processed.

Measurement of FC

The FC concentration was determined within 48 hours, after
being homogenized, using a commercial enzyme linked immu-
noassay (Quantum Blue fCAL Extended test, BUHLMANN
Laboratories AG, Schonenbuch, Switzerland) with a sensi-
tivity of <10 mcg/g FC in fecal sample and acceptable impreci-
sion levels for both low and high values (coefficient of variation
< 10% for intra-assay and <15% for interassay) (33). The results
are expressed as mcg/g stool. The upper reference limit in healthy
adults supplied by the manufacturer was S0 mcg/g stool (34).
Stool culture, parasites, rotavirus, and adenovirus detection were
performed. The two latter tests were only performed in those
subjects under 5 years of age. If any of these tests yielded pos-
itive results, the patient was excluded from the study and both
the family and the corresponding General Paediatrician were in-
formed. Those participants whose FC concentrations were higher
than 50 mcg/g received a follow-up call in the following weeks to
ascertain the absence of symptoms or drug intake. Subjects re-
porting symptoms or drug intake were asked to deliver a second
sample 1 to 3 months after these conditions were resolved.

Statistical analysis

The sample size was estimated for a reference population of
1,200,000 subjects under 18 years old in the Community of
Madrid. A standard deviation (SD) of 140 mcg/g (29) with
95% confidence interval was expected. These SD had to be
based on a narrower study, due to the scarce data available on
this issue. The Epidat statistical software package 4.2, 2016
(Xunta de Galicia, Spain; Organizacién Panamericana de satide
OPS-OMS; Univerdidade CES, Colombia) estimated that 383
subjects were needed for a 14 mcg/g precision. The statistical
analysis was performed using the SPSS statistical software
package 20 (IBM). The quantitative variable ‘CF level’ (mcg/g)
in both the total sample and each age group was described by
median with interquartile range. The normality of the sample
was analyzed via Kolmogorov-Smirnov test. Data followed a
non-normal distribution, so nonparametric tests were used
for the rest of the analysis. We used the Mann-Whitney,
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Figure 1. Diagram showing the number of enrolled patients. CMA Cow’s milk allergy. Those subjects meeting the relative exclusion criteria were allowed

to participate in the study at a later date, 1 to 3 months after these conditions were resolved. A total of 426 children were invited to participate; 43 potential

subjects were excluded according to the described exclusion criteria. Of these, 12 subjects were re-enrolled. Ultimately, 395 healthy children were recruited

for our study.

Kruskall-Wallis or Spearman’s rho correlation tests as appro-
priate. All the tests were two-tailed, and statistical significance
was set at P<0.05.

The study was approved by the Ethics and Clinical
Research Committee of Hospital Infantil Universitario Nino
Jesus and the Central Research Commission of the Madrid
Health Service and conducted in accordance with the re-
vised Declaration of Helsinki. Prior written informed con-
sent was obtained from the parents or legal guardians of all
participants and from those volunteers that were 12 years and

older.

RESULTS

A total of 426 children were invited to participate in our study.
Ultimately, 395 healthy children were recruited, as shown in
Figure 1.

Up to 239 participants had a FC level >50 mcg/g (60.5%),
which has been considered as the upper limit for adults. We
were able to contact 219 of them (91.6%) for a telephonic fol-
low-up, and none reported to be taking drugs or suffering from

gastrointestinal symptoms or respiratory infections.

The median age was 2 years (IQR 6.5 years) with a range from
3 days to 16.9 years old. There were 204 boys (51.6%) and 191
girls (48.4%). The median FC was 77.0 mcg/g (IQR 246). The
sample demographic and anthropometric data, and FC levels

are shown in Table 1 and Figure 2.

FC Levels In Different Age Groups of Healthy
Children

FC is higher than in adults and decreases with age

The FC values obtained did not show a normal distribution,
with higher values in children under 6 months old. The FC
concentrations showed a negative trend from newborns (me-
dian FC 303 mcg/g, interquartile range [IQR] 202) to 6 to
11 months of age (median FC 63 mcg/g, IQR 126) followed
by an increase in the group aged 12 to 23 months (median FC
97 mcg/g, IQR 275), and a further decrease with age, as shown
in Figure 2.

The correlation between age (days) and FC (mcg/g) was
analyzed using the Spearman’s rho test, which yielded a co-
efficient of —0.603 (95% confidence interval [CI] —0.662 to
-0.536) with a bilateral significance (P=0.00) and therefore

suggested a negative linear relationship between both variables.
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Table 1. Demographic and anthropometric data of each age group

Age group (number  Boys:girls Mean weight SD Mean height Mean BMI SD FC 50thP

of subjects) VD:CS (95% CI) SD (95% CI) (95% CI) (numberof  (ug/g)
Median GA in (number of subjects  (number of subjects  subjects measured) (IQR)
weeks (IQR) measured) measured)

<1 month (43) 27:16 -0.56SD (-1.00to  —0.35SD (-0.67to  —0.46 SD (-0.96 to 303 (202)
37:6 -0.13) (43) -0.03) (43) 0.03) (43)
39 weeks (2)
BF:MF:FF 33:5:5

1-5 months (64) 35:29 -0.39SD (-0.69to  —0.33SD (-0.66to  —0.26 SD (-0.54 to 325.5(375)
51:13 -0.09) (63) -0.01) (62) 0.01) (61)
39 weeks (2)
BF:MF:FF 36:21:4

6-11 months (46)  24:22 -0.37SD (-0.69to  —0.31SD (-0.68to —0.26 SD (~0.52 to 63 (126)
34:12 -0.06) (46) 0.05) (46) 0.00) (46)
40 weeks (2)

12-23 months (42)  22:20 -0.52SD (-0.84to  —-0.55SD (-1.07to  -0.23 SD (-0.55 to 97 (275)
29:13 -0.20) (42) -0.04) (41) 0.08) (41)
39 weeks (2)

2-3 years (45) 23:22 -0.40SD (-0.68to  —0.46 SD (-0.85to  —0.18 SD (~0.48 to 71 (130)
32:13 -0.11) (41) -0.07) (40) 0.11) (39)
39 weeks (2)

4-7 years (64) 33:31 -0.18SD (-0.48to  —0.25SD (-0.60to —0.12 SD (-0.41 to 46 (89)
41:22 0.12) (62) 0.09) (61) 0.17) (61)
39 weeks (3)

8-11 years (46) 22:24 -0.22SD (-045to  0.06SD (-0.33to  —0.23 SD (~0.44 to 34.5 (48)
33:11 0.01) (46) 0.44) (44) -0.03) (44)
39.5 weeks (2)

12-18 years (45) 18:27 -020SD (-047to  —0.03SD (-0.37to  —0.28 SD (~0.52 to 30(19)
36:8 0.07) (45) 0.32) (45) -0.03) (45)
39 weeks (2)

Total (0-18 years) ~ 204:191 -0.35SD (-0.45to  —0.28 SD (-0.40to  —0.25SD (-0.35 to 77 (246)

(395) 293:98 -0.24) (388) -0.15) (382) -0.14) (380)

39 weeks (2)

BF Breast-fed; CI Confidence interval; CS Caesarean section; FC Fecal calprotectin; FF Formula-fed; GA Gestational age; IQR Interquartile range; MF
Mixed-fed; SOthP SOth percentile (median); SD Standard deviation; VD Vaginal delivery.

Figure 3 shows the scatter plot in which this relationship is
observed in those under 12 months of age.

Correlation between sex, type of birth, gestational age
or feeding, and levels of FC

FC is not different between sexes or influenced by type of birth,
gestational age or feeding

Regarding the correlation with sex, male subjects had a median
FC of 86.0 mcg/g (IQR 251) and female participants showed a
median FC of 71.0 mcg/g (IQR 223). There were no significant
differences between sexes with a bilateral significance (Mann-
Whitney test 18,785.5, P=0.536).

The type of birth and gestational age was recorded in 391
volunteers (99% of the total sample). A total of 293 subjects
(74.9%) were born by vaginal delivery and 98 subjects (25.1%)
were born by Caesarean section. There were 344 (88.0%) term
births (between 37 and 41 + 6 weeks of gestation), 34 (8.7%)
preterm births (<37 weeks), and 13 (3%) post-term births (>
42 weeks). The mean gestational age was 38.7 weeks (95% CI
of 38.4 to 39.0), with a median of 39 weeks. In the term birth
group, median FC was 81.0 mcg/g (IQR 249). The birth weight
was registered in 392 participants (99.2%). The mean was 3.2 kg
(95% CI of3.1to 3.3 kg), and the median was 3.2 kg (minimum
750 gr, maximum 4.9 kg, range 4.2 kg).
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Figure 2. Box-and-whiskers plots showing fecal calprotectin (FC) values
for each age group. The line in the middle of the boxes represents the me-
dian FC. The bottom and top of the box indicate the 25th and 75th per-
centile. The lower and upper whiskers show the least and greatest value

excluding outliers. The points and stars represent outliers and extreme
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Figure 3. Scatter plot that show the negative linear relationship between

age and fecal calprotectin levels in those subjects <12 months of age.

There was no correlation between the type of delivery
(Mann-Whitney test 14,080.0, P=0.773), weeks of gesta-
tion (Spearman’s rho test 0.016, P=0,748), or birth weight
(Spearman’s rho test 0.047, P=0,356) and FC values in the
whole sample nor in the youngest subgroups of patients
(<1 month and 1 to S months of age).

The type of feeding received at the time of enrolment was
analyzed in the group of infants younger than 6 months (N=107

subjects). These data were collected in 104 subjects of the
group (97.2%). A total of 69 infants (66.4%) received exclusive
breastfeeding (median FC 343 mcg/g, IQR 392), nine infants
(8.7%) received mixed feeding (median FC 331 mcg/g, IQR261),
and 26 (25%) were formula-fed infants (median FC 274 mcg/g,
IQR 210). There were no statistically significant differences
between the 3 groups (Kruskal-Wallis test 4.083, P=0.130).

Correlation between weight, height, and BMI and
levels of FC
Weight and BMI did not show a correlation with FC levels. Height
showed a negative correlation with FC
Weight, height, and body mass index (BMI) were recorded in
383, 389, and 382 volunteers respectively. The correlation of
these absolute values with FC levels was analyzed using the
Spearman’s test. In all three cases, it showed a negative value
with a bilateral significance (P=0.000), suggesting a negative
correlation between each of the three variables and the FC. In
order to determine the role of age as a possible confounding
factor, we also analyzed the correlation between the sex and
age-specific Z-scores for the anthropometric data. We found
a negative correlation trend with no statistical significance be-
tween both weight SD (Spearman’s test —0.067, P=0.190) and
BMI SD (Spearman’s test —0.029, P=0.569) and FC levels.
Nevertheless, we found a negative correlation between height
SD (Spearman’s test —0.1, P=0.015) and FC.

Finally, we performed a post-hoc multivariate analysis to
further control the variable age. This analysis showed no cor-
relation of weight and BMI with FC. However, it confirmed a

negative correlation between height and FC.

DISCUSSION

To the best of our knowledge, this is the first study which
describes the FC in a population of healthy children of all ages.
We found higher FC concentrations than those considered as
the upper reference in healthy adults (50 mcg/g) (17,34). This
was particularly clear in healthy children under 1 month and
from 1 to 6 months of age, whose mean FC values (303 mcg/g
and 325.5 mcg/g, respectively) were higher to those described
in IBD patients. In fact, a recent meta-analysis showed that FC
values of 250 mcg/g could distinguish adult IBD patients in
remission compared with active disease with a sensitivity and
specificity of 80 and 82%, respectively (35). Although there is
no ideal paediatric cut-off value to reflect mucosal inflammation
and predict disease outcome in paediatric IBD patients, 250
mcg/ghas also been suggested in the evidence-based guidelines
(36). Interestingly, our FC values showed a clear negative cor-
relation with age.

Since the FC could potentially be used by clinicians to make
relevant management decisions such as the need to perform
other diagnostic tests or refer to a gastroenterologist (37,38),
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the availability of trustworthy reference values becomes highly
desirable. In addition, a better understanding of the factors
other than bowel inflammation that affect FC levels would help
to make a more accurate interpretation of this surrogate marker.
Our study found no correlation between sex or perinatal data
and FC levels in healthy infants.

The negative correlation found with weight and BMI was not
confirmed by the post-hoc multivariate analysis. This probably
indicates that age acts as a confounding factor since it is associ-
ated with anthropometric data. However, height showed a neg-
ative correlation with FC levels in the post-hoc analysis. This
finding has not been previously described and would need to be
analyzed in further studies.

The influence of the type of feeding was only studied in
those participants under 6 months of age. We found no sta-
tistically significant differences between the three groups (ex-
clusive breastfeeding, mixed feeding and formula-fed infants).
However, the fact that the median FC in mixed feeding infants
(331 mcg/g, IQR 261) was in between the breast (343
mcg/g, IQR 392) and formula-fed ones (274 mcg/g, IQR
210) suggests a possible dose-response. Additional specifically
designed studies with a larger sample of infants should help to
analyze this effect.

In contrast, and as our principal finding, we observed a neg-
ative correlation of FC with age. High FC values have been
previously described, especially in infants (39). The ‘immune
theory’ has been the most accepted hypothesis concerning
this difference with adults. The FC may reflect an increased
transepithelial trafficking of neutrophils in a young gut, also
influenced by the intestinal colonization process or dietary
diversification. The role of infant nutrition has been previ-
ously analyzed. The FC is reported to be lower in breast-fed
infants than formula-fed infants, even after weaning began.
The main hypothesis for this finding is that breastfeeding
plays a role in the development of the gut immune system
(40,41). However, some other studies do not support these
results, and show higher levels in exclusively breast-fed
infants (42-44).

Based on our data, we are unable to confirm this ‘immune
theory’, but some of our results could possibly be explained
in this way. In our group of children under 6 months, the
FC pattern was not significantly influenced by the type of
feeding. Interestingly, the FC concentrations showed a nega-
tive trend from newborns to 11 months of age followed by an
increase in the group aged 12 to 23 months. This peak could
have several explanations. This age group (12 to 23 months)
is exposed to significant environmental and nutritional
changes, including increased contact with other children
and increased exposition to viral and bacterial infections.
Moreover, this is when the toddler’s nutritional patterns be-

come more varied and similar to an adult’s diet. It is known

that all these factors affect the development of the gut im-
mune system and the establishment of a normal bacterial col-
onization (27). However, the lack of dietary patterns data of
the subjects over 6 months of age bounds the ability of our
study to explore this possibility. Further studies are necessary
to confirm this hypothesis.

There are several limitations to our study. We made a cross-sec-
tional study, so the FC levels were not dynamically monitored.
Also, the laboratory test used had a FC detection range between
30 and 1,000 mcg/g (34), the levels above 1,000 mcg/g could
not be precisely determined and were analyzed as 1,000 mcg/g.
This could imply that the real FC mean and median values were
higher than those presented here. However, only eight cases
over the total sample suffered from this ceiling effect; so, our
main results should not be particularly affected. Additionally,
it is impossible to guarantee that the participant children
were completely healthy since no other examinations, such as
blood tests, upper or lower gastrointestinal endoscopy were
performed to exclude any significant gastrointestinal condition.
However, performing any of these invasive tests to asympto-
matic volunteer children would have been ethically question-
able. Nevertheless, all the children with FC concentrations
> 50 mcg/g received a follow-up phone call, and none of them
reported any significant gastrointestinal symptoms. Finally, our
study was developed in a potentially monocultural and socio-
economically homogeneous setting. These factors can have an
influence through environmental exposures, diet, etc. and limit
the extrapolation to other populations. Similar studies should
be replicated by other study groups in order to clarify the role
of these variables.

In conclusion, FC values in healthy children were higher than
those that are considered as altered in adults and showed a neg-
ative correlation with age. The reference levels currently used
should be particularly questioned in younger children, whose
higher FC levels are possibly related to increased mucosal per-
meability and immature adaptive immunity in infancy. Based
on this, it is necessary to reassess the levels of FC considered
as upper limits in children by age group and to further study
other factors that could influence FC levels in infancy. The data
we present could be useful when evaluating FC concentrations
in paediatric patients and could help to better interpret the FC
levels obtained.
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