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Introduction. Excessive intestinal inflammation in preterm infants is one of the key factors in the development of necrotizing enterocolitis 
(NEC), early- (EOS) and late-onset neonatal sepsis (LOS).
Purpose — to evaluate the connection between fecal calprotectin (FC), enteral use of lactoferrin (LF), and the occurrence of NEC, EOS,  
and LOS in preterm infants.
Materials and methods.���������	��
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Introduction

Morbidity associated with an imma-
ture digestive tract is one of the most  
important causes of mortality in very 

low birth weight (BW) <1500 g infants. Excessive 
�����������	 ��	 
����������	 ���
	 �����
����	 ��-

cal immunity, increased permeability of the intes-
tinal mucous membrane, reduced motor function  
���	 �����
����	 �����	 ������	 ��	 �
�	 �����������	
as well as enteral nutrition of preterm infants in 
neonatal intensive care units (NICU) are asso-
ciated with the occurrence of necrotizing entero-
colitis (NEC) [15,23]. These factors can also play  
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a critical role in the pathogenesis of other diseas-
es, primarily sepsis, due to damage to the mucous 
membrane of the intestines and the subsequent en-
try of microorganisms into the bloodstream [17].

Fecal calprotectin (FC) is a protein that makes 
up to 60% of the soluble protein in human neutro-
phils, it is also found in monocytes, macrophages 
and epithelial cells [28]. FC is released during  
�
�	 ���������&�	 �&�
���	 ��	 �
�	 ��'����*�	 �&�
�	
and is easily detected in feces. Due to the presence  
of calcium, the structure of calprotectin can remain 
stable in feces for up to 7 days [8]. The FC concen-
tration in feces directly correlates with the severity 
�+	�
�	�����������	��	�
�	���������	;=>$	?������&-
ing the pathogenesis of NEC and neonatal sepsis, 
FC can be a potential marker of these diseases,  
as it can indicate the presence of a subclinical in-
�������&�	�&�
���$

Lactoferrin (LF) is a multifunctional iron-bind-
ing glycoprotein, which is found in the largest 
amount in breast milk and plays a key role in innate 
immunity [26]. In addition to antiviral and bacte-
ricidal properties, LF can prevent the occurrence  
�+	 ��	 �@
����*�	 ���������&�	 &�������	 ;==>�	 ���A 
������	 �
�	 �&���+�&�����	 ���	 ��G�&���������	 �&�-
cesses of the epithelium of the small intestine, 
�
�

	�G�
��	���	���'
�	���	���'�
�	��	����	��	�
�	
production of digestive enzymes [12,13]. Enteral 
use of LF is one of the potential means of modulat-
ing postnatal adaptation of the digestive tract and 
prevention of diseases associated with its immatu-
rity in preterm infants.

Purpose of this study — to evaluate the as-
sociations between FC levels, enteral LF admi- 
nistration, and the occurrence of NEC and sepsis  
in preterm infants.

Materials and methods of the study
Twenty-six newborns in whom we measured FC 

levels were involved in the study. The newborns 
originate from the cohort of preterm infants with 
'����������	 �'�	 HJKO	 PQR	 ���V��	 XY	 P=Z\\	 '�	 
���	�'�	P^R	
�	�
�	��&�	�&�����	 ��	�
�	_*�*	`�-
gional Clinical Hospital. At enrollment, all infants 
were tolerating at least trophic feeds, they did not 

�*�	��'��|
���	
��'������	���+�&�������	�&	
��-
���
������	 �
��	 ��'��|
�����	 &���
��	 �
�	 

��
��	
of survival (in particular, stage 3 or 4 intraven-
�&�
���&	 
���&&
�'��	 H}~�O	 ����
���	 ��	 �
�	 |&��	
72 hours after birth). The study was conducted in 
accordance with the principles of the Declaration 
of Helsinki. The study protocol was approved by 
the Local Ethics Committee for all participants. 

The informed parents’ consent was obtained for  
all patients.

The feces were collected twice — after en-
&��������	 ��&��'	 �
�	 |&��	 ��*��	 ����	 �+	 ��+��	 ���	 
at the postmenstrual age (PMA) of 36 weeks.  
If necessary, the feces were stored in a test tube for 
up to 12 hours at a temperature of +2–8��	 �����	
delivery to the laboratory. FC concentration was 
measured by the enzyme-linked immunosorbent 
assay (ELISA) using a Sunrise photoelectric ana-
lyzer (Tecan).

Among the 26 enrolled infants, 15 who suf-
fered from early- (EOS) and late-onset neonatal 
sepsis (LOS) or NEC retrospectively formed the 
main group. The remaining 11 infants without this  
morbidity were included in the comparison group.

Eleven infants were randomly assigned  
to bovine LF suspension (4 infants from the main 
group and 7 children in the comparison group)  
��	 �	 ����	 �+	 =\\	 �'�����	 ���&���'	 +&��	 �
�	 |&��	 
3 days of life, until reaching PMA of 36 weeks. 

FC levels were compared in the retrospec-
tive subgroups of babies with certain diseases  
(EOS, LOS, or NEC) and infants from the com-
parison group. Additionally, a separate comparison  
of FC levels was performed in infants, who received 
LF (LF subgroup, n=11) and infants, who received 
standard treatment (ST subgroup, n=15).

NEC was diagnosed according to the Bell’s crite-
&��	��	����|
�����	�+	����'���	;=\>$	���	���	���'-
�����	��	|&��	̂ R	
��&�	�+	��+�	���	_��	���	���'�����	
after 72 hours of life based on the positive blood cul-
ture and/or on agreed criteria and the predictive 
model of the European Medicines Agency:

• the need to increase the percentage of oxygen 
in the inhaled gas mixture or to start respiratory 
support;

• increased frequency of apnea and bradycardia;
• instability of body temperature;
• violation of tolerance to enteral nutrition 

�����&	�������
��
• oliguria <1 ml/kg/h;
• signs of peripheral hemodynamic disturbances 

(symptom of «white spot» longer than 3 seconds, 
marble pattern of the skin);

• arterial hypotension (with a clinical need to 
�&��
&���	����������	����	�&	����&����O�

• signs of tactile hyperesthesia, lethargy or mus-
cle hypotonia;

• increase in the level of C-reactive protein  
>15 mg/l;

• number of leukocytes < 4 / > 20 x 109/l  
or thrombocytopenia <100x109/l;
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• leukocyte index >0.2;
• violation of glucose tolerance (glucose level  

< 2.2/> 10 mmol/l);
�	��������
	�
������	H����	��|
��	�	A=\	������O$
In NICU, standard protocols for respirato-

ry support, hemodynamic stabilization, nutri-
tion, prescribing antibiotics and antifungal drugs,  
correcting anemia and metabolic disorders were 
used. All infants were continuously monitored  
for vital functions.

Standard methods of descriptive, comparative 
statistics and analysis of covariance (ANCOVA) us-
ing the �2, Mann—Whitney, Wilcoxon, Fisher, and 
����&���	
�&&�������	H&�O	
���
�����	��&�	�������$	
To assess the possibility of predicting the occurrence 
�+	 ���	 ����'	 �
�	 
��
���&������	 �+	 �?	 �
�	 `�?	
H�����!�O	
�&*�	���	����	���
	�
�	����&��������	�+	
the area under the curve and calculation of sensiti- 
*����	���
�|
����	��	����	��	������*�	���	��'���*�	�&�-
dictive values of certain measurements. Continuous 
variables are presented as median (lower and upper 
quartiles) unless otherwise stated. All results were 

������&��	��'��|
���	�+	��\$\Z$

The research was carried out in accordance with 
the principles of the Helsinki Declaration. The 
study protocol was approved by the Local Ethics 
Committee of the participating institution. The 
informed consent of the patient was obtained for 
conducting the studies.

Results of the study
}�+����	 ��	 �
�	 ����	 '&���	 
��	 ��'��|
�����	

lower GA and BW at a birth (Table 1). They were 

also more likely to be born from multiple pregnan-
cies, needed resuscitation at a birth with mecha- 
nical ventilation (MV), and had an Apgar score at 
Z	�������	�+	 ����	 �
��	^�	���
��'
	�
�	��G�&��
��	
��&�	 ���	 ��������
����	 ��'��|
���	 H�����	 =O$	 �
���	
the most immature newborns or infants with sig-
��|
���	����&��&�	�+	��&��	���������	�&��������	��&�	
��&�	��V���	��	��G�&	+&��	������	���	��?$	}�+����	
in the main group required longer periods of MV 
and continuous positive airway pressure (CPAP) 
����	�������������	��G�&��	+&��	�&��

��������-
ry dysplasia (BPD) more often. Neurological mor-
bidity was also higher in the main group (Table 2). 
These babies later achieved a full amount of enteral 
feeds, required longer minimal enteral nutrition 
and antibacterial therapy, more blood transfusions, 
and longer duration of the NICU stay. All infants 
enrolled in the study were fed with formula or with 
formula and breastmilk. The proportion of babies 
who were fed with their mothers’ milk at the time 
�+	 
����
���'	 �
�	 +�
��	 �������	 ���	 ���	 ��G�&	 ��-
tween the groups (Table 2).

�?	��*���	��	�
�	|&��	��*��	����	�+	��+�	��	��+����	
in the main group were higher than in the compa- 
&����	'&���	���	�
�	��G�&��
�	���	���	��������
����	
��'��|
���$	�
�	������	�'�	�+	 ��+����	��	 �
�	����	
�+	 
����
���'	 �
�	 |&��	 ������	 ���	 Q	 ����	 ��	 ���
	
groups (3.0 (3.0–6.0) days in the main group vs.  
3.0 (2.0–5.0) days in the comparison group, 
p=0.7). At PMA of 36 weeks there was a decrease  
in FC levels in infants in the main group and an 
increase in babies in the comparison group, how-
�*�&�	�
��	��G�&��
�	�������	�
�	'&����	&�������	

Table 1
Demographic and baseline clinical characteristics of the groups

Indicator Main group (n=15) Comparison group (n=11) 

GA, weeks ��"!���&"!���"!� �!"!����"!���"!� –
GA <28 weeks &��8�"�� ! 0.05
BW, g �&!"!��&�!"!��&!"!� ��!!"!�����!"!��8�!"!� 0.03
Males, n (%) &��8�"�� ���8�"�� !"��
Multiple pregnancies, n (%) �����"�� ����"�� !"�8
Mother's age, years ��"!����"!���"!� ��"!���8"!��&"!� !"�8
AB treatment during pregnancy, n (%) �����"�� ����&"�� !"�&
Antenatal steroids, n (%) �!����"&� 8 (72.7) !"&8
SGA, n (%) ����"&� ����"�� !"&�
�+�����#��	�������
�
�	�� &4����¡� ������"&� ����8"�� !"�8
Need for resuscitation, n (%) ������"�� ���8�"�� !"8�
Surfactant administration, n (%) ����&�"�� 8 (72.7) !"�&
Age at the time of hospitalization, hours 8"!���"!��"!� �"!���"!���"!� !"8�
/¢��	<

�	�4����¡� ����&�"�� 8����"�� !"!�
LF administration, n (%) &��8�"�� 8����"�� !"�!

Notes: GA — gestational age; BW — birth weight; AB — antibiotics; SGA — small for gestational age; MV — mechanical ventilation; LF — lactoferrin.
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unreliable, and the changes of concentrations were 
���	��������
����	��'��|
���	���
�&	H�����	QO$

FC and EOS. EOS was diagnosed in seven in-
+����$	 �?	 ��*���	 ��	 �
�	 |&��	 ���V	 �+	 ��+�	 ��&�	 ��'-
��|
�����	 
�'
�&	 ��	 �
���	 ��+����	 
����&��	 ��	
newborns in the comparison group (Table 3).  
Up to the PMA of 36 weeks, the FC levels in in-
+����	 ���
	 ���	 ��
&�����	 ��'��|
�����	 H��\$\�O$	
X����	 ��	 �
�	 &������	 �+	 �
�	 `�?	 ���������	 ��	 ���	
established that the FC value of 373.9 mcg/g 
���	��&�	
��	�	�������*���	�+	^=�	���	�	���
�|
�-
ty of 63% for the detection of EOS in our cohort 
of preterm infants (area under the curve 0.79;  
�Z�	 
��|���
�	 ����&*��	 \$�= \$�^�	 ��\$\R¡O�	 
(Fig.). The positive predictive value of this FC lev-
el was 41.6%, and the negative predictive value of 
the result of <373.9 mcg/g was 85.7%. According 

to the results of the analysis of covariance which  
as independent variables included EOS and GA 
�
�	�����&	��	�	
�*�&����	
��	��	��'��|
���	�G�
�	��	
�?	��*���	��	�
�	|&��	���V	�+	��+�	H��\$=��	��\$^RO$

FC and LOS. Eight patients developed LOS.  
In 2 infants the disease was combined with NEC, so 
the results of FC measurements in them were not 
taken into account during the relevant comparisons 
with the comparison group. According to the 
results of both measurements, the FC levels in 
��+����	���
	_��	���	���	��G�&	+&��	��+����	��	�
�	
comparison group, and changes of the values were 
not reliable (Table 3).

FC and NEC. NEC was diagnosed in 3 infants. 
�?	 ��*���	 ��&��'	 �
�	 |&��	 ���V	 �+	 ��+�	 ���	 ���	
��'��|
�����	��G�&	�������	������	���
	��?	���	
infants from the comparison group (Table 3).  

Table 2
Morbidity and therapeutic interventions in the groups

Table 3
FC in groups, μg/g

Indicator Main group (n=15) Comparison group (n=11) 

NEC, n (%) ����!"!� !��!� !"��
EOS, n (%) &��8�"&� !��!� 0.008
LOS, n (%) �����"�� !��!� 0.003
¥+?4����¡� 8����"&� !��!� !"!�
¦¢>�����	���84����¡� �����"�� !��!� 0.03
PVL, n (%) ����"&� !��!� !"��
MV duration, hours ����!���"!� !��!��8"!� 0.05
������
���
��4���
�� ������&"!�8��"!� �84!��8�"!��!&"!� 0.006
Need for repeated tracheal intubations, n (%) ����!"!� �����"�� !"��
Blood transfusions, n (%) ������"&� �����"�� 0.01
Postnatal steroids, n (%) �����"�� ! !"��
AB duration, days ��"!���!"!�8�"!� �&"!���&"!��8"!� 0.05
0��*�
#�%		����
���
��4���'� 8"!���"!��"!� �"!���"!�8"!� 0.04
Age of achievement of full enteral feeds, days �&"����!"!���"�� �!"!��&"!���"!� 0.001
Feeding with mother`s milk, n (%) �����"�� ����8"�� !"��
NICU stay, days ��"!���!"!�8�"!� &"!���"!��!"!� 0.0001
?
	�4����¡� ����!"!� ! !"��
0����
�
�����������	�����*
���4����¡� ����"&� !��!� !"��
In-hospital stay, days* ��"!���&"!��!8"!� �!"!��8�"!�&8"!� !"��

Notes:�¬������'�%����
�7
7	��*��
	���­�61�����	#���
®
���	��	��#��
�
�­�123���	���'����	���	*�
�­�523������	����	���	*�
�­�¥+?�������#��*
������'��'�*���
�­�
¦¢>���
����7	���
#
�����	�������	­�/¢����	#���
#���7	��
���
��­��+�+���#���
�
�
��*��
�
7	��
���'�*�	��
�	­��¥������
�
��
#­�6¦�¯����	�������
��	��
7	�#��	�
unit; BM — breast milk.

Notes: ¬����
��
°#����#����	���	��		�����	��
�	�	�����9;!"!8�­������%	#���#��*���	#�
�­�+/����*����	����
�����	­�123���	���'����	���	*�
�­� 
LOS — late-onset sepsis; NEC — necrotizing enterocolitis.

Indicator Main group 
(n=15)

Comparison 
group (n=11) 


Main group 
(n=15)

Comparison 
group (n=11) 


Age First 7 days of life +/���%�����		��

FC 8��"��
��8�"���!!"!�

�&8"�
����"�����"��

!"�� ���"&�
��!"��&��"��

8��"�
��8&"��&��"��

!"8�

FC in infants with EOS
�!!"!�

���8"8��!!"!�
(n=7)

0.03
8�!"��

���8"���!!"!�¬
(n=7)

!"��

FC in infants with LOS
�&84&�

�&!"8���!"��
(n=6)

!"��
��!48�

��!!"�����"��
��;��

!"��

FC in infants with NEC
��8"8�

����"&��!!"!�
��;��

!"88 � �
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Two cases of NEC ended lethally, and the third 
infant was transferred to another hospital  
for further treatment, which made it impossible 
to determine and analyze FC levels at the time  
of PMA of 36 weeks.

FC and GA. No reliable correlations between 
JK	 ���	 �?	 
��
���&������	 ��	 �
�	 |&��	 ^	 ����	
of life (rS=-0.17, p=0.39) and at PMA of 36 
weeks (rS=0.32, p=0.13) were found. Among the 
patients enrolled in the study, 7 infants (26.9%)  
were extremely preterm (GA <28 weeks).  
�?	 ��*���	 ��	 �
�	|&��	���V	�+	 ��+�	 ��	 �
���	 ��+����	
were higher compared to the infants with GA 
¢R�	���V��	���	�
�	��G�&��
�	���	���	��������
����	
��'��|
���	 HZ\^$Z	 HR��$� �\\$\O	 �
'�'	 *�$	 R^^$�	
(195.5–680.2) mcg/g, p>0.05).

FC and LF. �?	 ��*���	 ��	 �
�	 |&��	 ^	 ����	 �+	
life in infants received LF were lower compared  
��	�
�	&���	�+	�
�	�������	���	�
��	��G�&��
�	���	���	
��������
����	��'��|
���	HR^�$R	H=�Z$Z ¡Q�$=O	�
'�' 
in the LF subgroup vs. 413.5 (274.2–800.0) mcg/g 
in infants in ST subgroup; p=0,55). At PMA of 
36 weeks, FC levels of infants who received LF 
increased, while in patients in ST subgroup they 
��
&������	���	�
�	��G�&��
�	�������	���'&����	���	
���	��'��|
���	���
�&	H¡Q=$=	HRQR$R �\\$\O	�
'�' 
vs. 274.7 (144.8–599.6) mcg/g respectively, 
p=0.16). The changes of FC levels of infants in 
both subgroups were not statistically reliable. 
Based on the results of similar comparisons of FC 
concentrations depending on the administration of 
LF separately in the main group and the comparison 
'&����	��	��G�&��
��	��&�	+����$

Discussion

In this study, we have examined the relationship 
between FC, the occurrence of neonatal sepsis and 
NEC, and the use of enteral LF in very preterm 
infants. We have established the only association 
�������	�
�	
��
���&������	�+	�?	��	�
�	|&��	���V	
of life and the occurrence of EOS: there was a trend 
toward higher FC levels in infants receiving LF 

����&��	��	

���&��	&�
��*��'	���	���	�
�	��G�&-
��
��	��&�	���	��'��|
���$

The occurrence of severe neonatal morbidity  
��	 �
��	 �����	 ��*�&����	 �G�
���	 �
�	 ����	 
clinical outcomes of the infants in the main 
group, who were characterized by higher over-
all morbidity and mortality, as well as lon-
ger hospitalization. This could also have hap-
pened because the newborns in the main group 
��&�	 ��'��|
�����	 ��&�	 ������&�	 ���	 �����-
er (Table 2). Severe IVH were detected in 
these infants after 72 hours of life. One case  
of PVL occurred in an infant with NEC who died.

�
�	��
V	�+	��G�&��
��	��	�?	��*���	�������	�
�	
groups can be explained by the fact that at the time 
�+	�
�	|&��	�����&�����	H�
�	|&��	^	����	�+	��+�O�	��	
some infants in the main group LOS or NEC have 
not yet occurred. During the second measurement 
at PMA of 36 weeks, the vast majority of them did 
���	
�*�	��	�
��*�	 ���������&�	�&�
����	 ���	�
�	
��G�&��
��	��	�
�	����	�+	���&�����	���	�
�	�&���&-
tion of the infants who were fed with native mothers’ 
X¤	��&�	����'��|
���$	K�	�
�	����	�����	�	��'��|-

���	��
&����	��	�?	��*���	��	�
�	|&��	���V	�+	��+�	��	
the infants with EOS may indicate that the imma-
ture digestive tract could be the entrance gate of 
infection and may participate in the formation of 
�	�������
	���������&�	&�������$	}�	��	����	V����	
that in babies with EOS, not only the concentration 
of FC but also calprotectin in the blood serum may 
increase [4,21]. Although the occurrence of EOS 
in high-income countries is reasonably well-con-
trolled, and due to the use of antenatal antibiotics, 
the corresponding incidence is minimized, the fre-
quency of clinically suspected EOS in low- or low-
er-middle-income countries can be as high as 16%, 
���	 �
�	 ��
����
�	 �+	 ����&���&�A
��|&���	 ���	

��	&��

	������	Z�	;=¡>$	�G�
��*�	���'�����
�	�+	
neonatal sepsis can be challenging in resource-lim-
ited settings [24]. The sensitivity and negative pre-
dictive value of FC <373.9 mcg/g at the level of 
71% and 85.7%, respectively, indicate that FC can 
be an additional diagnostic marker of EOS in the 
|&��	����	�+	��+�	��	��+����$	K�	�
�	����	�����	+�&�
�&	
&����&

	��	������	��	
��|&�	�
��	
��
������$

Notes: FC — fecal calprotectin; EOS — early-onset sepsis.
Fig.�������	
����
�	����������������	���������������
����
� 
for the prediction of EOS in very preterm infants
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K���������	+�
��&�	���	
�*�	������
��	�
�	�?	
level in our patients. In particular, FC levels may 
depend not only on the morbidity but also on GA 
and PMA or chronological age. Josefsson et al.  
���
&����	 �	 ��
&����	 ��	 �?	 ��*���	 ��&��'	 �
�	 |&��	
week of life and a gradual increase between the 
��
���	 ���	 ��'
�
	 ���V�	 �+	 ��+�	 ;�>$	 `��'�	 ��	 ��$	
found a weak negative linear relationship between 
FC and GA [19]. Yoon et al. described a positive 
linear association between GA and FC in babies 
born at GA of <26 weeks and a negative correla-
tion between GA and FC in babies born at GA  
of 26 to 30 weeks [27]. Although we found that FC 
levels in infants with GA of <28 weeks were almost 
twice as high as in infants with GA of 28–32 weeks, 
�
��	��G�&��
�	���	���	��������
����	��'��|
���$	Y�	
���	���	|��	���	
�&&��������	�������	JK	���	�?�	
���	 
�*�&���
�	 ��������	 ���	 ���	 
��|&�	 ��	 ����-
�������	�G�
�	�+	JK	��	�?	
��
���&������	��	��&	
patients. Therefore, considering the inconsistency 
of the available data, the relationship between GA 
and FC requires further study.

The possibility of early detection of NEC or an 
�@�����'	 ���
����
��	 ���������&�	 �&�
����	 �
�

	
may cause the next occurrence of NEC, is one of 
the most important issues in the context of study-
ing FC in preterm infants. The results of the study 
by van Zoonen et al. indicate that serial FC mea-
surements did not help to predict NEC, as there 
��&�	 ��	 ��G�&��
��	 �������	 �?	 ��*���	 ��	 ��+����	
who developed NEC and control babies from birth 
��	�
�	|&��	
����
��	�����
���	�+	��?	;RZ>$	K�	�
�	
same time, some studies indicate increased FC lev-
���	��	��+����	���
	��?$	�
���	��	
��|&�	�	���'��-
sis of NEC, Aydemir O et al. proposed a threshold 
value of FC of 792 mcg/g with a sensitivity of 76% 
���	 �	 ���
�|
���	 �+	 �R	 �	 ;Q>$	 ����*�&�	 ¨
��'	 ��	
��$	�������&����	�	���
�|
���	�+	��$R�	���	�	�����-
tivity of 82.6% for a much lower concentration of 
281 mcg/g [29]. The results of the study by Mac-
Queen et al. which enrolled 250 infants with GA 
<35 weeks showed that the value of 299 mcg/g had 
the best diagnostic characteristics with a sensitiv-
���	�+	^=�	���	�	���
�|
���	�+	���	;=�>$	�
�	����	
important, from a practical point of view, is the 
possibility of predicting NEC or making its early 
diagnosis before the appearance of obvious clinical 
symptoms of the disease. Van Zoonen et al. found 
��	��'��|
���	��G�&��
��	�������	�?	��*���	���
�&	
on days 3–5 and 6–8 of life or at 48 hours before 
the appearance of clinical symptoms in preterm in-
fants who developed NEC, compared to controls 
[25]. In contrast, Thibault et al. described that it 
was possible to detect an increase in FC, as well as 

a combined increase in FC and lipocalin-2 7–10 
days before the appearance of clinical symptoms 
of the disease due to daily sampling of the material 
[22]. In our study, baseline FC levels in infants who 
����&	��*������	��?	��&�	���	��'��|
�����	��G�&-
ent from those of infants in the comparison group.  
We did not have the opportunity to routinely 
measure FC levels before the occurrence of NEC. 
Among the three infants in our study who deve- 
loped NEC, only one had had a FC level great-
er than 792 mcg/g, but the other 5 infants with 
�?	��*���	 ��	�
�	|&��	���V	�+	 ��+�	���*�	�
��	 �����	 
did not develop NEC.

It is known that LOS is also characterized by  
an increase in serum FC and calprotectin levels 
[21], although according to Pirr et al., reduced lev-
���	�+	��&��	
���&���
���	��	�
�	|&��	����	�+	��+�	��&�	
associated with a higher risk of sepsis in preterm 
infants [18]. We have failed to detect any connec-
�����	 �������	 �?	 ��*���	 ��	 �
�	 |&��	 ���V	 �+	 ��+�	 
or at PMA of 36 weeks and the occurrence of LOS. 
It is possible that this result could be related to  
��	 �����
����	�����&	�+	�����&������	 ���
�	 �
�	
concentration of FC might increase shortly before 
the appearance of clinical signs of the disease simi-
lar to NEC, as it was described above. 

We observed an increase in FC levels in preterm 
infants who received LF enterally, but these chang-
��	��&�	���	 ��������
����	 ��'��|
���$	��*�&��	���
�&�	
demonstrated that healthy infants fed with BM had 
had higher FC levels compared to formula-fed infants 
[2,20]. Groer  et al. described a trend toward a gradu-
al increase in FC levels in breastfed infants compared 
to children who received pasteurized donor milk or 
were fed with formula and BM [7]. At the same time, 
`��'ª	��	��$	+����	�	������*�	
�&&�������	�������	�?	
levels and volume of enteral feeding. This may sug-
gest that food antigens together with commensal 
��
��&��	 
����	 �	 ¬�
������'�
��­	 ���
����
��	 �����-
matory process in the immature digestive tract [19]. 
One of the results of our prospective cohort study on 
�
�	
����
��	�G�
��*�����	�+	_�	���	�
��	��+����	�
�	
received LF were more likely to achieve full enteral 
nutrition faster [5]. A possible reason for the increase 
��	�?	��*���	
����	��	�
�	�G�
�	�+	 ��������'�
����	
active components of BM. In particular, this could 
��	��	�G�
�	�+	_�	���
�	�
�	��
&����	��	�?	��*���	���	
not observed in infants who were fed with formulas or 
����&	X¤�	��
����	�
�	������&�®�����	�&�
���	��'��|-

�����	�G�
��	���	��������'�
��	�&���&����	;¡>$	K����	
the available data on the relationship between enteral 
nutrition and FC may indicate that an increase in FC 
levels is not always associated with the occurrence of 
�����������	���	���	&���
�	�
�	�
������'�
��	�&�-
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cess of postnatal transition and maturation of the di-
gestive tract in infants.

Our study has several limitations. First, insuf-
|
����	&����&
��	���	���	�����	�
�	��&�������	�+	�	
larger number of infants to measure the levels of FC. 
Second, we did not have the opportunity to per-
form multiple interval measurements of FC in the 
infants involved in the study (e.g. weekly), which 
could give a more reliable picture of the changes 
of FC levels depending on the occurrence of LOS 
and/or NEC, as well as enteral use of LF. Third, we 
did not have a technical ability to determine FC 
concentrations exceeding 800 mcg/g which could 

�*�	 
�����	 ��	 ����&����������	 �+	 �
��&	 ��'��|-

��
�$	�
��	
����	����	�G�
�	�
�	����&��������	�+	
�
�	��'��|
��
�	�+	

��'��	�+	�?	��*���$

The obtained results indicate the need for fur-
�
�&	�������	��	�
�	������
�	�+	������	���&������	
��	��&��
���&	����&��	���	�+	_��	��	�
�	���������-
ry status of the digestive tract, and on the values 
of relevant biomarkers, in particular FC. Our data 
combined with the results of other authors suggest 
�
��	��'��|
���	��
��������	��	����*�����	�?	��*���	
in very preterm infants and dynamic changes in FC 

associated with feeding characteristics and postna-
���	�&��������	�+	�
�	��'����*�	�&�
�	��'��|
�����	&�-
duce the prognostic value of FC as an early marker 
�+	��?	���	�������	&��
�&	&���
���'	�
�	�����	�+	�
�	
channel’s physiological reaction to the presence of 
food antigens and commensal bacteria.

Conclusions
�?	 ��*���	 ��	 �
�	 |&��	 ���V	 �+	 ��+�	 �&�	 ���	

associated with the later occurrence of NEC or 
LOS in very preterm infants. At the same time, 
�����&��	�
�	��G�&��	+&��	���	
��	��'��|
�����	
higher FC concentrations compared to babies 
who did not have sepsis and NEC. FC levels at 
PMA of 36 weeks in infants with LOS did not 
��G�&	 +&��	 �?	 
��
���&������	 ��	 ��+����	 �
�	 ���	
not have this disease. FC value of <373.9 mcg/g 
allows to exclude the presence of EOS with an 
average probability of 86%. Enteral administration 
of LF at a dose of 100 mg/day was associated with 
��	 ��
&����	 ��	 �?	 ��*����	 ���	 �
��	 �G�
�	 ���	 ���	
��������
����	��'��|
���$
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