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Abstract
Aim: Very preterm birth is associated with a high risk of enteropathies. Diagnosis is 
challenging, especially in mild forms, leading to unnecessary periods of cessation of 
enteral feeding. This study aimed at establishing a prognosis score of enteropathy 
combining clinical parameters and faecal calprotectin concentration.
Methods: This prospective multicentric study included preterm neonates born at a 
gestational age of 33 weeks or less. Stools were collected weekly until hospital dis-
charge, and daily in case of digestive events for calprotectin measurement (ELISA 
and immunochromatography) and microbiota analyses (16S rRNA gene sequencing).
Results: Among the 121 neonates included, 21 experienced at least one episode of 
enteropathy, mainly mild forms. By ELISA testing, median faecal calprotectin was 
88 (8-798) µg/g faeces. No statistically significant association was found between 
the outset of enteropathy and maternal and neonatal characteristics, and calprotec-
tin levels. The agreement between ELISA and immunochromatography assay was 
moderate (intra-class correlation coefficient 0.58, 95%CI [0.47-0.66]). Comparison 
of species diversity and relative bacterial abundance profiles between infants with 
or without enteropathy revealed no specific alterations associated with enteropathy.
Conclusion: The study failed to propose a prognostic score of enteropathy, prob-
ably due the large inter- and intra-individual variability of faecal calprotectin in very 
preterm neonates.
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1  | INTRODUC TION

Very premature birth is associated with a high risk of serious com-
plications, including gastrointestinal diseases, that is enteropathies, 
which the most severe form is necrotising enterocolitis (NEC), one 
of the leading cause of morbidity and mortality in neonatal intensive 
care units.1 Enteropathies are classified according to Bell's stages 
from mild-to-severe forms.2 The prevalence of the milder form of 
enteropathy (Bell's stages Ia and Ib, suspected NEC) can be as high 
as 44%.3 The severe form, that is definite NEC (Bell's stages IIb to 
IIIb), has an incidence depending on the country, from 2% to about 
10% in extremely preterm neonates, associated with a mortality up 
to 50%.1,4

Diagnosis is mainly supported by a body of presumptions based 
on clinical and radiological signs according to Bell's stage. However, 
it can be challenging in numerous suspected NEC cases, especially 
in the early course of the disease or in mild forms. This diagnostic 
uncertainty leads to frequent unnecessary and extended periods of 
cessation of enteral feeding that could impair the intestinal matu-
ration, and prolonged courses of parenteral nutrition and antibiot-
ics. New tools are thus required to facilitate an early and precise 
diagnosis and to optimise the management of preterm neonates with 
intestinal symptoms.

Biomarkers are molecular indicators of disease process, diag-
nosis, and/or prognosis. There is currently a paucity of reliable and 
robust biomarkers for neonatal enteropathies, including NEC.5 
Noninvasive biomarkers have obvious advantages in preterm in-
fants. Among the noninvasive faecal biomarkers, the most studied is 
faecal calprotectin (FC), a protein mainly expressed in the cytoplasm 
of neutrophils and highly resistant to proteolysis, which is now rou-
tinely measured to evaluate mucosal inflammation in patients with 
inflammatory bowel diseases.6-8 Physiological values of neonatal FC 
are higher than adult ones with a large inter-individual variability, 
reflecting the permeability of neonatal digestive tract, the immune 
stimulation induced by the microbiota settlement and the first con-
tacts with feeding allergens.9 Several studies have shown increased 
FC levels in infants with enterocolitis. However, there is still no con-
sensus about cut-off levels in the neonatal population and regarding 
its use in current clinical practice.10

In a retrospective study, we previously proposed a FC thresh-
old at 350 µg/g faeces (sensitivity 0.65, specificity 0.82) using en-
zyme-linked immunosorbent assay (ELISA) for early diagnosis of 
neonatal enteropathy requiring strict enteral feeding interruption in 
preterm neonates.11 The current prospective cohort study was de-
signed to establish a prognosis and diagnosis score of enteropathy 
based on combined criteria including neonatal characteristics and 
FC concentration. Furthermore, the study aimed at establishing the 
agreement between the ELISA method considered as the reference 
assay performed in laboratories and a point of care testing (POCT), 
that is an immunochromatographic (IC) assay, more convenient for 
rapid diagnosis. In addition, faecal microbiota composition during 
the digestive event was analysed.

2  | PATIENTS AND METHODS

2.1 | Patients

This prospective multicentre study was conducted in three French 
Neonatal Intensive Care Units (NICUs). Eligible preterm neonates 
had a gestational age (GA) of 33 weeks or less, and did not present 
with any relevant malformation. They were enrolled at birth, and var-
ious perinatal parameters were recorded: sex, GA, mode of delivery, 
Apgar score, intra-uterine growth retardation, acute foetal distress, 
respiratory distress, antenatal and per partum antibiotic therapy, and 
suspicion of maternofoetal infection. Neonates underwent a weekly 
clinical follow-up until hospital discharge, including weight, height, 
head circumference, abdominal circumference, collateral venous ab-
dominal circulation and mode of feeding. Digestive tolerance was 
evaluated through stool frequency and characteristics according to 
‘Amsterdam’ stool form scale,12 stool bleeding, bloating, type and 
volume of feeding, and residual gastric volume. Enteropathy was 
suspected when occurred an intestinal distress requiring the inter-
ruption of enteral feeding for more than 48  hours, the commonly 
used treatment for a suspected enterocolitis (Bell's stage ≥ Ia). When 
neonates experienced such events, a daily monitoring was set-up in-
cluding all relevant previously described parameters, and biological 
parameters (C-reactive protein (CRP), procalcitonin). Medical files 
were further checked by both a gastropaediatrician and a public 
health specialist to ensure that the event had a digestive origin and 
was not secondary to another infectious disease. Cases, that is defi-
nite enteropathies, were defined by the concurrent presence of an 
abdominal distension (either clinically diagnosed by visual observa-
tion and/or measurement of the abdominal circumference, or radio-
logically diagnosed, or both) and either rectal bleeding or elevated 
gastric retention (the threshold was higher than one third of the vol-
ume of milk ingested per 24 hours) or both. All cases were classified 
according to the Bell's scale.2

Stools were collected at enrolment, then weekly until discharge, 
for FC assays and gut microbiota analysis, and immediately stored at 

Key Notes

•	 Early diagnosis of enteropathies in very preterm neo-
nates is challenging, leading to unnecessary enteral 
feeding discontinuation and prolonged courses of 
antibiotics.

•	 Faecal calprotectin, a reliable marker of inflammation 
in children and adults, showed highly variable levels 
in very preterm neonates, limiting its use to predict 
enteropathy.

•	 By contrast with necrotising enterocolitis, the most se-
vere form of enteropathies, gut microbiota did not show 
a specific profile linked to milder forms.
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−20°C and −80°C, respectively. During the event, complementary 
stool samples were collected daily from the first digestive symp-
toms. The expected quantity of stools was over 2g to make it possi-
ble high-quality grade assays.

This study was approved by an Ethic Committee (CPP Ile-de-
France I, number 2012-Janv.-12813) and registered on https://clini​
caltr​ials.gov/ (NCT02010268). Parental written consent was signed 
prior to any study procedure.

2.2 | Calprotectin assays

Stool samples were assayed for FC by Calprest ELISA method 
(Eurospital, Italy) and Calfast IC assay (Eurospital, Italy)—as the 
POCT—according to manufacture recommendations. Assays were 
performed at the end of the sampling period and simultaneously 
for both methods to avoid any bias in the measurements. Hence, 
samples were stored at −20°C before the assay no more than 
12 months, which is known to prevent from significant alteration 
of FC levels.13

2.3 | Gut microbiota analysis

Neonates who had a stool sample collected at the time of an en-
teropathy event (from −2 to  +  5  days) were enrolled in the gut 
microbiota analysis. Two control neonates were selected per case 
and matched on the following criteria: absence of enteropathy, 
stool specimen collected in the same postnatal week, birth GA 
(± 1.5 weeks), birthweight (± 100g), mode of delivery and neonatal 
intensive care unit.

Total DNA was extracted from 0.2g of faecal samples as pre-
viously described.14 Bacterial diversity and composition were 
assessed by 16S rRNA gene sequencing–based method. Variable 
regions V3-V4 were amplified by polymerase chain reaction (PCR) 
and sequenced on an Illumina MiSeq platform. Next-generation 
sequencing data set was analysed using the open-source bio-
informatics pipeline Find, Rapidly, OTUs with Galaxy Solution 
(FROGS).15 After sequence processing, operational taxonomic 
units (OTUs) were assigned to different taxonomic levels using 
the NCBI reference databases and Ribosomal database Project 
Classifier.16,17

2.4 | Statistical analysis

Cases were defined as infants with intestinal distress leading to 
interruption of enteral feeding for more than 48 hours, associated 
with an abdominal distension and either rectal bleeding or elevated 
gastric retention or both. The sample size was calculated to show 
that a FC threshold (ELISA) higher than 350 µg/g faeces is a risk fac-
tor of feeding interruption in preterm neonates as previously dem-
onstrated.11,18 We hypothesised that the prevalence of enteropathy 

was 9% in neonates with FC < 350 µg/g. For a RR equal to 4 with 
alpha risk 5% and power 90%, it was needed to include forty-seven 
infants per class group (FC ≥ 350 µg/g, FC < 350 µg/g). Ninety-four 
infants were required, and the sample size was extended to 125 in-
fants overall to account for other possible risk factors.

All statistical analyses were undertaken using R 2.3.3 software 
(https://cran.rproj​ect.org/). Statistical tests were two-sided with 
statistical significance of P < .05.

Characteristics of the neonates were described in the overall pop-
ulation. Mean ± SD or median [range] were reported for quantitative 
variables, and frequencies (%) for qualitative variables. Univariate anal-
yses were carried out to determine the association between enterop-
athy and FC levels using ELISA, clinical parameters and the occurrence 
of an enteropathy. Since a prognosis score was seeking, this analysis 
was performed on neonates with at least one sample available before 
day 7 of life (D7) and before the event when it occurred before D7. The 
agreement between faecal calprotectin concentrations determined by 
ELISA and IC assay was evaluated by intra-class correlation coefficient 
(ICC) and Bland and Altman plot.19 Gut microbiota was analysed using 
Wilcoxon test and permutational multivariate analysis of variance 
(PERMANOVA).

3  | RESULTS

3.1 | Population

Between September 2013 and November 2014, 122 preterm neo-
nates were included in the study with a sex ratio of 1.1. One neo-
nate died before any follow-up. One patient with a malformation 
(clubfoot) was maintained in the analysis population. One-hundred 
and twenty-one patients were included in the analysis popula-
tion. Forty infants (33%) were prematurely transferred before the 
planned NICU discharge. Neonates’ characteristics, and pregnancy 
and delivery conditions are detailed in Table 1. The median GA was 
30.9 weeks ranging from 24.9 to 32.9 weeks. The majority of the 
neonates were very premature, with only 20 extremely prema-
ture infants, that is born at a GA under 28 weeks, and among them 
only 4 under 27 weeks. All infants were included from 0 to 7 days 
old (median age: 2 days). All documented neonates had an enteral 
feeding, and for 95% (n = 114), it was exclusive. Exclusive banked 
breastfeeding was the main diet type (n = 90, 75%), and 11 neonates 
(9.2%) had exclusively preterm milk formula.

3.2 | Enteropathies

During their study follow-up (median duration 41 days [1-83]), 21 
neonates (17%) experienced at least one episode of enteropathy 
(one event for 19 neonates and two events for 2 neonates. The 
first enteropathy occurred at a median age of 15 days [1-38], and 
the second at 21 and 71 days, respectively. The enteropathy was 
diagnosed within 48h after the first digestive symptoms. The 23 
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digestive events were mainly mild enteropathies [Bell's stage: Ia-
-Ib, 18 patients (78.3%); IIa, four patients (17.4%); IIb, one patient 
(4.3%)] (Table 2).

3.3 | Faecal calprotectin

Overall, 681 samples were assayed for FC levels. One sample was 
excluded for an aberrant value (5250 µg/g faeces), and 634 samples 
(93%) were studied by both ELISA and IC assay. The median FC-ELISA 
was 88 µg/g faeces (range [8-798], inter-quartile range [44.3-140]). 
FC-ELISA ≥ 350 µg/g faeces were found only in 12 patients (10%) 
from the cohort. Among them, 7 had no enteropathies during hospi-
tal stay, 4 had a high FC-ELISA during or after the event, and 1 before 
the event. Thus, the threshold for enteropathy of 350 µg/g faeces 
was not confirmed in the current cohort.

The agreement between ELISA and IC results was moderate 
(ICC = 0.58, 95% CI [0.47-0.66] (Figure S1, the Bland and Altman plots 
corroborate the moderate agreement between FC measured using 
ELISA and IC). However, FC levels present a similar evolution with both 
methods, as shown by the individual plots overlaying the results of neo-
nates who experienced enteropathy (Figure 1) or not (Figure S2, which 
shows FC dynamics using ELISA and IC in the 99 without enteropathy), 
with a high inter- and intra-individual variability.

3.4 | Prognosis factors of enteropathy based on 
faecal calprotectin and clinical parameters

Prognostic value of FC-ELISA was evaluated on the 84 neonates for 
whom we collected at least one sample before D7 and before the 
event (when it occurred before D7). Among these neonates, 14 (17%) 
presented with an enteropathy. Univariate analysis did not show any 
significant association between the onset of enteropathy, FC-ELISA 
at inclusion and/or before the event, and the clinical parameters re-
corded prior inclusion, precluding the establishment of a prognostic 
score (supplementary file, Table  S1, which demonstrates the ab-
sence of significant association between FC and clinical parameters).

TA B L E  1   Characteristics of the 121 infants included

Pregnancy's characteristics

Multiple birth (n, %) 68 56.2

Intrauterine retardation (n, %) 15 12.4

Maternal corticosteroid (n, %) 112 92.6

Maternal smoking (n, %)a  18 17.8

Maternal antibiotics (n, %)a 

Antenatal (one week before delivery) 31 26.5

Intrapartum 53 44.5

Caesarean section (n, %) 94 77.7

Neonatal characteristics

Gestational age (weeks, median, range) 30.9 24.9-32.9

APGAR score (median, range) 1 min 8 0-10

5 min 9 2-10

10 min 10 3-10

Acute foetal distress (n, %)a,b  4 3.4

Maternofoetal infection (n, %) 79 65.3

Antibiotic therapy (n, %) 77 97.5

Confirmed infection (n, %) 4 5

Birthweight (g, mean, SD) 1330 329

Age at inclusion (day, median, range) 2 0-7

Enteral feeding (n, %)a  120 99.1

Exclusive bank milk feeding 90 74.4

Exclusive premature milk feeding 11 9.2

Exclusive breastfeeding 1 0.8

Breast + bank milk feeding 12 10.0

Other mixed feeding 6 5.0

aMissing values: maternal smoking during pregnancy, 20; antenatal 
and intrapartum antibiotic therapy, 4 and 2, respectively; acute foetal 
distress, 3; enteral feeding, 1. 
bAt least 2 critical criteria among at-risk Apgar score (<4 at 1 min or < 7 
at 5 min), foetal cardiac rhythm abnormality (type II dips,) umbilical 
artery pH < 7, meconium-stained amniotic fluid. 

TA B L E  2   Characteristics of the enteropathies’ events (n = 23) in 
21 patients (two patients had two events separated by more than 
2 wk)

Age at the event time (d) 20 [1-71]

Bell's stage (n, %)

Ia 12 (52.2)

Ib 6 (26.1)

IIa 4 (17.4)

Intestinal distension (n, %) 23 (100.0)

Abdominal circumference (cm, mean ± SD)a  25.2 ± 2.2

Collateral venous circulation (n, %)a  4 (18.2)

Gastric residual volumea 

Gastric residual volume over 24 h (mL, median 
[range])

13 [0-49]

Ratio of gastric residual volume per ingested 
milk volume over 24 h (%,median [range])

7.5 
[1.6-118.8]

Pneumatosis intestinalis (n, %)a  3 (13.6)

Stools within the 48 h prior to the event 21 (91.3)

Number of stools within 24h prior to the eventa  5 [1-11]

Blood in the stool (n, %)a  7 (31.8)

Biological markers

CRP (μg/L, median, range)a  6 [0-157]

PCT (μg/L, median, range)a  0.4 [0.0-9.7]

Abbreviations: CRP, C-reactive protein; PCT, procalcitonin.
aMissing values: abdominal circumference, 10; collateral venous 
circulation, 1; gastric residual volume over 24 h, 2; gastric residual 
volume ratio, 8; number of stools within 24 h prior to the event, 2; 
pneumatosis intestinalis, 1; blood in the stools, 1; CRP, 2; PCT, 2. 
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Diagnostic score could not be evaluated due to the low occur-
rence of NEC cases in our cohort.

3.5 | Gut microbiota characteristics

To identify microbiota signatures of enteropathy, microbiota com-
position was analysed at various phylogenetic levels. Two main 
profiles with either Proteobacteria or Firmicutes predominance 
were observed in both enteropathy and control groups (Figure 2A). 
Comparison of species diversity and relative bacterial abundance 
profiles between infants with or without enteropathy revealed no 
specific alterations associated with the onset of enteropathy, except 
a trend towards a higher diversity in infants without enteropathy 
(Figure 2B,C). No correlations with perinatal factors were identified.

4  | DISCUSSION

This multicentre prospective study on 121 very preterm neonates 
aimed at defining a combined prognostic and diagnostic score of 

enteropathy including perinatal parameters and FC level. Univariate 
analysis results did not make possible to propose neither a prognos-
tic score nor a diagnostic score as FC-ELISA did not differentiate 
neonates that will or will not have enteropathy.

Literature reported wide variations in FC levels in premature in-
fants.10 In our cohort, FC levels were of the same order than those 
described recently by MacQueen et al20 and Ho et al21 but lower 
than those of Van Zoonen et al22 or Nakayuenyongsuk et al.23 These 
discrepancies could be related to either neonates’ characteristics as 
a recent study indicated a relationship between FC and corrected 
GA,24 or to the use of different methods of assay, which are known 
to give numerical values which differ substantially.25 This out-
come points out that results between cohorts are not interchange-
able. Moreover, it should necessitate the use of adapted clinical 
cut-off values in the purpose of help on clinical decision-making. 
Interestingly, very recently, a calprotectin upper reference interval 
incorporating corrected GA has been shown to best predict NEC.20

We failed to determine a prognosis score of enteropathy. Of 
note, the prevalence of enteropathies in our cohort (23 enteropa-
thies in 21 patients, including only 5 with Bell's stage II) was lower 
than expected although our population included patients with the 

F I G U R E  1   Individual evolution of faecal calprotectin in the 21 neonates suffering from enteropathy event(s). Events are identified by the 
first day (D) of enteral feeding discontinuation (vertical dotted line): 18 patients with mild enteropathy (suspected NEC, Bell stage Ia and Bell 
stage Ib), and 5 with severe enteropathy (definite NEC, patients 80 (D71), 86, 120 and 121: Bell stage IIA; patient 104: Bell stage IIb). Blue 
line: faecal calprotectin (FC) by ELISA; pink line: FC by immunochromatographic (IC) assay
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highest risk of NEC (low GA and low birthweight). This can be due 
to improvements in the care of very preterm neonates that may 
have led to a decrease in the risk of enteropathy and NEC, with 
an incidence of NEC in France of 3.2% in very preterm infants in 
a recent nationwide cohort.26 Moreover, only 14 cases out of the 
23 with enteropathy could be included in the prognosis score cal-
culation. The hypothesised threshold of 350  µg/g faeces to char-
acterise enteropathy requiring feeding interruption was reached in 
very few neonates with and without enteropathy. Several cut-off 
values have been proposed, especially for prediction of severe form 
of NEC.10 However, these cut-off levels remain within the range of 
FC levels found in infants without digestive symptom enteropathies. 

Recent studies also failed to establish such relationship. Van Zoonen 
et al did not find any differences between control infants and the ten 
ones who further developed NEC (Bell’ stages 2 or 3).22 Interestingly, 
MacQueen et al20 found more frequently lower calprotectin levels in 
preterm infants with bloody stools (Bell's stage Ib), but who did not 
progress to NEC, suggesting that calprotectin level may be a marker 
of the severity of the enteropathy. However, this relationship was 
imperfect, with neonates with elevated FC levels and without NEC, 
and neonates with levels within the reference range and with NEC.

The usefulness of point-of-care test to determine FC in preterm 
infants is obvious, providing results rapidly available to the paedia-
tricians. POCT assay was carried out centrally and compared with 

F I G U R E  2   Microbiota profiles in neonates suffering from enteropathy and matching controls. A, Relative abundance of sequence reads 
at the phylum level assigned to different bacterial taxa in each neonate. B, Bacterial alpha-diversity using the Chao-1, Shannon and Inverse 
Simpson Diversity Indexes in control and neonates suffering from enteropathy. C, Beta-diversity was analysed using multidimensional 
scaling (MDS) plot of samples according to disease status (enteropathy vs control) on the weighted-UniFrac distance metrics
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FC-ELISA as the reference assay performed on the same samples. 
We have previously shown a correlation between the two tech-
niques in adult patients with IBD.27 The expected agreement was 
not observed in our very preterm neonate population, even if the 
individual plots overlaying the results of both techniques presented 
slightly similar evolution whatever the digestive status. A recent 
study using a different POCT confirmed the high calprotectin lev-
els with major fluctuations, and nonspecific increase in some infants 
that developed or not NEC.20

There are few information on microbiota in mild-to-moderate 
enteropathies by contrast to NEC. We found no specific microbi-
ota profiles by comparison with infants without digestive events, 
by contrast with that we26 and others previously reported for 
NEC.28 However, the high heterogeneity of microbiota of very 
preterm infants that we and others described, and the low num-
ber of digestive events in this study may have limited the analysis 
power.

4.1 | Strengths and limitations

This prospective study on preterm neonates born at less than 
33 weeks of GA gave detailed information on their characteristics 
that may help to define population of further studies. Neonates with 
enteropathy leading to interruption of enteral feeding were fully de-
scribed. The strength of our study also lies in the repeated meas-
urements of the faecal calprotectin. However, in our cohort, the 
occurrence of enteropathy was lower than expected and reached 
only half of the one observed in our previous study used to sup-
port the hypothesis for sample size calculation,9 thus precluding the 
power of the study to define a prognosis score.

5  | CONCLUDING REMARKS

This study did not achieve its goal to propose a prognostic score of en-
teropathy mainly due to the large inter- and intra-individual variability 
of faecal calprotectin levels that limit its use as a biomarker of enter-
opathy in very preterm infants. However, the interest of a prognostic 
score in this population at high risk of mild-to-severe enteropathy that 
will help to take appropriate management of the disease as early as 
possible deserves to design a larger multicentric study which would 
take into account the difficulties faced in this study.
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