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Purpose: We investigated fecal calprotectin (FC) levels in preterm infants with and without feeding intolerance (FI), 
and compared the FC levels according to the type of feeding.
Methods: The medical records of 67 premature infants were reviewed retrospectively. The fully enteral-fed infants 
were classified into two groups; the FI group (29 infants) and the control group (31 infants). Seven infants with necrotiz-
ing enterocolitis, sepsis, and perinatal asphyxia were excluded. If breast milk (BM) or preterm formula (PF) could 
not be tolerated by infants with FI, amino acid-based formula (AAF) was tried temporarily. Once FI improved, AAF 
was discontinued, and BM or PF was resumed. We investigated the FC levels according to the type of feeding.
Results: Significant differences were found in gestational age, birth weight, age when full enteral feeding was ach-
ieved, and hospital stay between the FI and control group (p＜0.05). The FC levels in the FI group were significantly 
higher than those in the control group (p＜0.05). The FC levels in the AAF-fed infants with FI were significantly lower 
than those in the BM- or PF-fed infants (p＜0.05). The growth velocities (g/d) and z scores were not significantly 
different between the FI and control group (p＞0.05).
Conclusion: The FC levels in AAF-fed infants with FI showed significantly lower than those in the BM- or PF-fed 
infants with FI. The mitigation of gut inflammation through the decrease of FC levels in AAF-fed infants with FI could 
be presumed.
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INTRODUCTION

Enteral feeding advancement in preterm infants is 
one of the most challenging tasks in postnatal 
growth [1]. Delayed enteral feeding might be asso-
ciated with decreased gastrointestinal (GI) hormone 

secretion and intestinal motility [2]. Owing to de-
layed enteral nutrition, prolonged use of an in-
dwelling catheter for parenteral nutrition is asso-
ciated with postnatal infection with an increased 
risk of mortality, prolonged hospitalization, and ad-
verse neurodevelopmental outcome in preterm in-
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fants [3,4]. However, many clinical situations with-
hold feeding of preterm infants because of the fear of 
various detrimental GI complications [5]. Feeding 
intolerance (FI), defined as the inability to digest en-
teral feeding associated with increased gastric re-
siduals, abdominal distension, and/or emesis, fre-
quently develops in preterm infants [1]. The known 
risk factors for FI are a weak esophageal sphincter, 
delayed gastric emptying time, intestinal hypo-
motility, and abnormal bacterial colonization [6,7]. 
The immaturity of the GI tract plays a predominant 
role in preterm infants with FI [8]. Functional and 
biochemical maturation are established gradually 
over the last trimester of gestation and are influ-
enced by different interacting factors such as age, 
drug use, diet, and intestinal microflora [9]. This 
greatly affects the digestive absorptive function of 
preterm infants. Protein digestion begins with hy-
drolysis in the acid environment of the stomach and 
is processed with multiple proteases [10]. However, 
limited gastric acid secretion in preterm infants re-
sults in decreased activity of enterokinases to hydro-
lyze proteins and activate pancreatic protease diges-
tive cascade [11]. The aforementioned facts suggest 
that absorption of hydrolyzed protein could be easier 
in preterm infants. Mihatsch et al. [12] reported that 
the use of hydrolyzed protein formulas in preterm in-
fants established full enteral feeding more rapidly. 
Raimondi et al. [13] reported that a short course of 
amino acid-based formula (AAF) was a safe and ef-
fective rescue strategy for very-low-birth-weight 
(VLBW) infants with FI.

Calprotectin is an antimicrobial protein found in 
neutrophils, monocytes, macrophages, and some 
squamous epithelium cells and known to increase 
especially in GI inflammation [14,15]. Its presence 
in stool indicates neutrophil migration to the GI mu-
cosa and can suggest the severity of mucosal in-
flammation [14,16]. According to a recent systemic 
review, fecal calprotectin (FC) level was elevated in 
infants with necrotizing enterocolitis (NEC) and was 
useful as a noninvasive prognostic marker of NEC 
[17]. However, high FC levels in healthy infants are 
related to the physiological response of the gut, such 

as intestinal permeability, gut microbiota, and re-
sponse to alimentary allergens [18].

We investigated FC levels in preterm infants with 
and without FI, and compared the FC levels after 
changing to AAF.

MATERIALS AND METHODS

We retrospectively reviewed the medical records 
of 67 premature infants born at 29-32 weeks’ ges-
tation who were admitted to the neonatal intensive 
care unit of Keimyung University Dongsan Medical 
Center between May and September 2016. This 
study was approved by the Institutional Review 
Board of Keimyung University Dongsan Medical 
Center (No. 2017-01-037). Seven infants with peri-
natal asphyxia (Apgar score at 5 minutes, ≤5), sep-
sis, and NEC were excluded. FI was defined as the in-
ability to digest enteral feeding, which presents as a 
gastric residual volume of ＞50%, abdominal dis-
tension, emesis, or disruption of the patient’s feed-
ing plan [7]. Full enteral feeding was defined as en-
teral tolerance of at least 120 mL/(kgㆍd) of milk [7].

All enrolled infants were fed within 3 hours of life 
using either with mother’s breast milk (BM) or with 
preterm formula (PF) when BM was not available 
due to mother’s condition. The infants with FI were 
temporarily fed with AAF (NeocateⓇ; Nutricia, 
London, UK) instead of BM or PF. Calprotectin was 
investigated as fecal specimens collected from a 
fresh diaper which was changed every three hours. 
Infants without FI were examined for calprotectin in 
the feces once on the 7th day of life. In infants with 
FI, fecal specimens were taken before feeding was 
changed to AAF. Subsequent FC levels were meas-
ured at least 3 days after feeding with AAF. Once the 
babies with FI showed clinical improvement, AAF 
feeding was discontinued, and the previous diet, ei-
ther BM or PF, was resumed. FC levels were meas-
ured using a commercial quantitative enzyme-linked 
immunosorbent assay kit on the Alegria system 
(ORGENTEC Diagnostika, Mainz, Germany). The 
measurable range of FC was from 0 to 1,000 μg/g. 

The following variables were analyzed for the peri-
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Table 1. Subject Characteristics between FI Group and Control
Group

Characteristic
FI group 
(n=29)

Control group 
(n=31)

p-value

Gestational age (wk) 30.3±1.0 30.8±0.9 0.025 
Birth weight (g) 1,458±291 1,600±243 0.044 
Male 17 (58.6) 17 (54.8) 0.768 
C-sec 28 (96.6) 28 (90.3) 0.334 
Multiple gestation 13 (44.8) 11 (35.5) 0.460 
SGA 3 (10.3) 0 0.066 
Oligohydramnios 1 (3.4) 0 0.397 
PIH 1 (3.4) 6 (19.4) 0.055 
Antenatal steroid 27 (93.1) 28 (90.3) 0.697 
PROM 8 (27.6) 11 (35.5) 0.511 
GDM 2 (6.9) 2 (6.5) 0.945 
1-min Apgar score 6.8±0.9 6.9±0.9 0.826 
5-min Apgar score 8.2±0.6 8.4±0.5 0.306 

Values are presented as mean±standard deviation or number (%).
FI: feeding intolerance, C-sec: cesarean section, SGA: small for 
gestational age, PIH: pregnancy-induced hypertension, PROM: 
premature rupture of membrane, GDM: gestational diabetes 
mellitus.

Fig. 1. Fecal calprotectin levels by type of feeding in preterm 
infants with feeding intolerance. BM: breast milk, PF: preterm 
formula, AAF: acid-based formula.

natal factors: gestational age (GA), birth weight 
(BW), sex, delivery mode (vaginal delivery or cesar-
ean section), multiple gestation, small for GA (SGA), 
oligohydramnios, pregnancy-induced hypertension 
(PIH), antenatal steroid, premature rupture of mem-
brane, gestational diabetes mellitus (GDM), and 
Apgar score at 1 and 5 minutes.

The growth velocity and z scores were checked at 
the time of discharge. The growth velocity was calcu-
lated using the following formula: (body weight at 
discharge [g]−BW [g])/hospital stay[d], g/d). The z 
score was calculated using the Lambda Mu Sigma 
method [19]. L determines a nonlinear trans-
formation of BW, M stands for the mean of normal 
distribution, and S stands for its standard deviation 
(SD). L, M, and S correspond to the following for-
mulas: Z=[(X/M)L−1]/LS, where X indicates the 
measured value of BW, and centile=M (1+LSZ)1/L, 
where Z is the z score that corresponds to a given 
percentile. The z score is a measure of the distance in 
SDs of a sample from the mean [19].

Statistical analysis was conducted using SPSS 
Statistics ver. 17.0 (SPSS Inc., Chicago, IL, USA). 
Descriptive results were reported as the mean±SD. 

Statistical analysis between groups were conducted 
with the Student t-test for independent samples for 
normally distributed data and with the Mann- 
Whitney U-test for non-normally distributed data. 
The chi-square test was performed for categorical 
variables, and the Pearson correlation test was used 
to evaluate the relationship between the selected 
variable and FC values. For the interpretation of re-
sults, p-values of ＜0.05 were considered significant.

RESULTS

Subject characteristics
The study population included 60 preterm infants 

(34 males and 26 females), of whom 29 (48.3%) were 
grouped as the FI group. The mean age at FI onset 
was 3.7±1.0 days. AAF was fed for a mean duration 
of 14.2±8.3 days in the FI group. Table 1 shows the 
comparison between FI and control group. There 
was a significant difference in the mean GA (30.3± 
1.0 weeks vs. 30.8±0.9 weeks, p＜0.05) and BW 
(1,458± 291 g and 1,600±243 g, p＜0.05). However, 
no significant differences were shown in sex, deliv-
ery mode, multiple gestation, SGA, oligohydramnios, 
PIH, antenatal steroid use, GDM, and Apgar score at 
1 and 5 minutes between the two groups (p＞0.05).
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Fig. 2. The postnatal age-related fecal calprotectin levels in preterm infants with feeding intolerance by type of feeding. BM: breast milk, 
PF: preterm formula, AAF: acid-based formula.

Table 2. Postnatal Outcomes between FI Group and Control 
Group

FI group 
(n=29)

Control group 
(n=31)

p-value

Time to full enteral 
feeding (d)

4.0±0.9 3.2±0.8 0.001

Hospital stay (d) 34.2±13.2 26.4±11.2 0.017 
Body weight at 

discharge (g)
1,952±171 2,023±205 0.153 

Growth velocity (g/d) 9.2±4.0 9.6±5.5 0.763 
Z score 0.013±0.007 0.011±0.006 0.287 

Values are presented as mean±standard deviation.
FI: feeding intolerance.

FC concentrations
The FC levels in the FI group were significantly 

higher than in the control group (855±240 μg/g vs. 
401±270 μg/g, p＜0.05). As shown in Fig. 1, the FC 
levels in BM- or PF-fed infants with FI were sig-
nificantly higher than in AAF-fed infants with FI 
(898±174 μg/g vs. 273±204 μg/g, p＜0.05). At the 
time of the first FC investigation, there were 3 
BM-fed infants (10.3%) and 26 PF-fed infants 
(89.7%) in the FI group.

Fig. 2 showed the postnatal age-related FC levels 
in the infants with FI by the type of feeding. There 
was a negative correlation between FC levels and 
postnatal age in BM- or PF-fed infants and AAF-fed 
infants, but not statistically significant (p＞0.05).

Postnatal outcomes
Postnatal outcomes were assessed with time to 

full enteral feeding (d), hospital stay (d), body 
weight at discharge (g), growth velocity (g/d), and z 
score. We compared the variables between the FI and 
control groups (Table 2). Time to full enteral feeding 
(d) was significantly longer in the FI group than in 
the control group (4.0±0.9 days vs. 3.2±0.8 days, re-
spectively, p＜0.05). In addition, hospitalization du-
ration was significantly longer in the FI group than 
in the control group (34.2±13.2 days vs. 26.4±11.2 
days, p＜0.05). There was no statistically significant 
difference between the two groups regarding body 
weight at discharge, growth velocity, and z scores 
(p＞0.05).

DISCUSSION

In our preliminary study, the FC levels in FI group 
were significantly higher than in non-FI group. And 
the FC levels in AAF-fed infants with FI were sig-
nificantly lower than BM- or PF-fed infants with FI. 
No significant differences in postnatal growth pa-
rameters were observed between the FI and control 
groups, which might be associated with the tempo-
rary use of AAF.

Previous reports of FC levels in preterm infants in-
dicated a wide range of GA in enrolled infants 
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[12,20]. FC levels depend on the gestational and 
postnatal ages of preterm infants [21]. In the present 
study, we selectively investigated FC levels in pre-
term infants born at 29-32 weeks’ gestation. A re-
search in preterm infants born at ＜32 weeks’ ges-
tation reported a wide range of FC levels and that FC 
levels correlated positively with the volume of enter-
al feeding and the need to interrupt enteral feeding 
[22]. It is in line with the result of our study that the 
FI infants showed higher FC levels comparing to the 
non-FI infants. 

The increase in FC level suggests a high level of 
granulocytes in the gut lumen, which is a hallmark 
of digestive inflammatory status [20]. Few studies 
investigated FC levels in preterm infants with FI, and 
the reference level was investigated a little in term 
and preterm infants. The studies found higher FC 
levels in newborns and younger infantsthan in chil-
dren and adults, which could suggest greater in-
testinal permeability and different immunological 
status of the gut in newborns. Mussa et al. [16] stud-
ied FC levels in preterm infants with and those with-
out FI, and suggested a cutoff value for FI screening. 
The result of the study showed that the significantly 
higher level of FC in the FI group even with various 
types of feeding, which is in line with the result of 
our study. Some studies researched about the rela-
tionship between the types of feeding and FC levels. 
Li et al. [20] reported higher FC levels in healthy, ex-
clusively BM-fed infants than in non-BM-fed ones in 
the first 5 months of life. Savino et al. [23] also re-
ported a similar result of high FC levels in healthy, 
exclusively BM-fed infants. However, Rougé et al. 
[22] observed that FC levels were lower in infants 
with human milk than in infants exclusively or pre-
dominantly fed with formula. Campeotto et al. [24] 
and Yang et al. [25] reported no significant differ-
ence in FC levels between the infants fed with BM 
and those fed with hydrolyzed formula. In the pres-
ent study, three infants of FI group were fed with BM 
and twenty-six infants were fed with PM. Due to 
those differences, there would be a limit to compare 
the FC levels between the infants fed with BM and 
those fed with PF. Further prospective studies will be 

needed to investigate the levels of FC in preterm in-
fants according to the more specific type of feeding. 
However, no study has been conducted yet about the 
investigation of FC levels according to the change of 
feeding regimen in preterm infants with FI, which 
was shown in the present data. Raimondi et al. [13] 
compared the infants fed with AAF with the controls 
fed with PF in terms of time to full enteral feeding, 
time on parenteral nutrition, time on central venous 
line, gastric residual volume, and the outcomes on 
growth at discharge and at 12 months of life. The re-
sult and conclusion of the study were that AAF was 
a safe nutritional alternative for rescuing VLBW in-
fants with intrauterine growth restriction with se-
vere FI. The mean duration of AAF feeding was 
15.4±12.3 days in their study and 14.2±8.3 days in 
our study. The growth outcome in their study was 
not impaired in the AAF group, which is in line with 
the result of our study, even though we did not ex-
amine long-term results on growth yet.

So far, little is known about the gut response to en-
teral nutrition during the postnatal period in pre-
term infants [26]. The immature digestive, absorp-
tive, and immunologic functions in preterm infants 
can lead to nutrient fermentation, bacterial over-
growth, and mucosal inflammation, which alto-
gether can lead to the intolerance of feeding [26]. In 
the present study, the lowered level of FC concen-
tration after AAF feeding in infants with FI could 
suggest that the alleviation of the gut inflammation. 
AAF is composed of lowered lactose, higher percent-
age of medium chain triglycerides, and completely 
hydrolyzed protein with amino acids [27]. The ami-
no acids are essential for the intestinal function with 
an important role for mucosal blood perfusion, 
growth, and immunity [28]. The deficiency of the 
amino acids should result in the impairment of the 
intestinal function, which can be led to the bacterial 
overgrowth and mucosal inflammation. According 
to the previous animal studies, it is known that dur-
ing the final weeks of gestation, there is a rapid in-
crease in the tissue-specific capacity for glucose up-
take, whereas the ability of the mucosa to absorb 
most amino acids remains low [26,29]. And other re-
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searches also revealed that the ability to take up and 
transfer intact proteins from the epithelium into the 
circulation is a highly specialized function that de-
velops very close to term, which means that the di-
gestive function for protein macromolecules is far 
more impaired in preterm infants [30]. Those results 
in premature intestine could advocate the use of par-
tially or totally hydrolyzed milk diets in a situation of 
delay in introducing or advancement of enteral nu-
trition in preterm infants. 

A question can arise about nutritional adequacy in 
long-term use of AAF and hydrolyzed protein 
formula. Rigo et al. [31] and Szajewska et al. [32] re-
ported about the nutritional insufficiency of hydro-
lyzed protein formula for term and preterm infants. 
Zuppa et al. [33] also had the same question in their 
study. In the present study, the patients with FI who 
switched to AAF for a short termdid not develop any 
adverse clinical sign or symptom during AAF feed-
ing, and it showed improvement in the symptoms 
and signs of FI with proper body weight gain. Once 
the clinical presentation of FI improved, AAF feeding 
was switched to BM or PF. The growth velocity and z 
score did not show significant differences when 
compared with those in the control group at the time 
of discharge.

In summary, in our preliminary study with a small 
cohort of preterm infants with FI, the FC levels of the 
BM- or PF-fed infants were significantly higher than 
those of the AAF-fed infants. No significant differ-
ences in postnatal growth parameters were found 
between the FI and control groups. As an elemental 
diet is used for cow’s milk protein intolerance or in-
flammatory bowel disease, we can hypothesize that 
FI, an inflammatory status of immature GI tract, can 
be alleviated by temporary use of elemental diet if 
BM or other formulas are not suitable. The miti-
gation of gut inflammation through the decrease of 
FC levels in AAF-fed infants with FI could be 
presumed.
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