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COVID-19 is an infectious disease caused by a new coronavirus first discovered in 2019. The infection has spread rapidly throughout the world 
and affects people of all ages. Thus, 12.7% of all SARS-CoV-2 patients are children.
Purpose — to establish the clinical and paraclinical manifestations of the course of COVID-19 in children, depending on age to predict  
the severity of the disease’s manifestation.
Materials and methods. The 60 children aged from 3 months to 17 years old with laboratory-confirmed SARS-CoV-2 were examined.  
All patients underwent general clinical, laboratory, and instrumental examinations and received therapy according to Ukrainian National proto-
col. SARS-CoV-2 infection was confirmed by real-time PCR.
Results. Thus, in young children COVID-19 begins acutely (90.0%) with intoxication (75.0%), fever (65.0%), nasal congestion (25.0%), rhinor-
rhea (20.0%), dry cough (60.0%), increased ESR and C-reactive protein (55.0%). The course of COVID-19 in children 4–6 years is accompa-
nied by acute onset (85.71%), fever (85.71%), pharyngitis (85.71%), lymphopenia (28.56%), and no CT signs of lesions (71.43%). In children 
7–12 years old, COVID-19 causes intoxication (88.89%), fever (83.33%), pharyngitis (55.56%), dry cough (77.78%), lymphocytosis (16.67%) 
with accelerated ESR (38.89%) and pneumonia (38.89%). The course of COVID-19 in children was older than 13 years old characterized  
by fever (73.33%), pharyngitis (66.67%), dry cough (73.33%), olfactory loss (20.0%), leukopenia (20.0%), ESR acceleration (20.0%),  
and a decrease in prothrombin (13.33%) without pulmonary lesions (73.33%).
Conclusions. These data suggest that the severity and duration of clinical and laboratory manifestations of COVID-19 depend on the child’s 
age. The course of COVID-19 in children of all age groups is mostly of moderate severity with a favorable prognosis ((56.67%) hospitalized 
children did not have any complications). Only children from 7 to 12 years old need additional attention due to the severe manifestations  
of intoxication (88.89%) and the risk of complications with pneumonia (38.89%).
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.
No conflict of interests was declared by the authors.
Keywords: children, COVID-19, SARS-CoV-2.
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In December 2019, a new infectious disease 
was discovered in the Chinese city of 
Wuhan, Hubei Province (a novel corona- 

virus — COVID-19). This new disease was rapidly 
spread around the globe, and on March 11, 2020,  

the World Health Organization (WHO) declared 
a global pandemic [8].

According to J. She et al., COVID-19 infection 
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among children [1]. Thus, the number of children 
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infected with COVID-19 is not more than 12.7% 
of the total amount [4].
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of COVID-19 infection in children were regis-
tered in January 2020 in Shenzhen [6]. Thus, by 
the end of January, 74 infected children were re- 
gistered, and only by mid-February, their number 
had reached three hundred [14]. To date July 2021, 
since the beginning of the pandemic, approximate-
ly 4.06 million children worldwide have been regis-
tered with a positive COVID-19 test [1,4].

As far as we know, commonly previous research 
has investigated mainly adults. Thus, numerous 
studies shed light on the symptoms and characterize 
the course of the disease in adults with COVID-19, 
and fewer of them include small groups of children 
in their study [3,13].

Prior researchers suggest that the transmission 
path of COVID-19 is airborne. However, despite 
reports that viral RNA is found in stool samples 
from children with COVID-19, to date, there is 
no evidence of a fecal-oral route of transmission 
[6]. W. Wang, Y. Xu and others refute the verti-
cal transmission of the virus from mother to child. 
Moreover, they are emphasizing the low viremia of 
COVID-19 in pregnant women (less than 1%) and 
suspect neonatal infection with sick parents and 
caregivers [12].

The data of some authors has also concluded 
that the course of coronavirus infections in chil-
dren, including SARS, MERS, and COVID-19, is 
usually mild with a favorable prognosis [9,10].

The incubation period, according to the  
Chinese Centers for Disease Control (CDC), is 
mostly 3 to 7 days but can reach 12–14 days [11].

Recent data have revealed that the most com-
mon symptoms of COVID-19 infection in children 
are fever and cough. Also, the disease may be ac-
companied by weakness, myalgia, nasal conges-
tion, runny nose, sneezing, sore throat, headache, 
nausea and abdominal pain [5]. At the same time, 
there were reported cases in children with SARS-
CoV-2 without fever, only with cough or diarrhea 
[1]. Moreover, according to Y. Dong, Y. Lifen 
etc., some children have atypical manifestations  
of SARS-CoV-2, in the form of vomiting, diar-
rhea, and other gastrointestinal symptoms, asthma,  
	�%
%�Ý�"$�2
#��	�����
À���Á�

Despite the presence of thousands of cases of 
COVID-19 in children worldwide, the features of 
the clinical course remain unclear. Thus, despite 
the rapid emergence of new data on COVID-19, 
the prevalence of the disease in children, clinical 

manifestations and many other questions remain 
unanswered.

The purpose — to study the features  
of clinical and laboratory courses on SARS-CoV-2 
in children to predict the severity of the disease’s 
manifestation.

Materials and methods of the study
The study was performed based on Odessa city 

infectious diseases hospital from April — to Sep-
tember 2020.

To achieve the goal, 60 patients with COVID-19 
have been divided into 4 groups depending on 
�����
	��
Ù���
$	#��	���2��������%
ZQÉZ���È���
 
The Group 1 includes 20 (33.33±6.08%) chil-
dren under 3 years old, included 8 (13.33±4.39%) 
children under 1 year old, the Group 2 —  
7 (11.67±4.14%) from 4 to 6 years old, the Group 
3 — 18 (30.0±5.92%) from 7 up to 12 years old  
and the Group 4 — 15 (25.0±5.59%) from 13 years 
to 17 years 11 months and 29 days old.

There were 28 (46.67±6.44)% boys and  
32 (53.33±6.44)% girls.

Inclusion criteria: age to 17 years 11 months  
and 29 days; the presence of the clinical symptoms 
��
�?ÈÇ'���Ì
$	#��	���2��������%
ZQÉZ���È���

Exclusion criteria: age over 18 years old; absence 
of the clinical symptoms of COVID-19; laboratory 
negative SARS-CoV-2.

All 60 patients were examined (general clinical, 
laboratory, and instrumental examinations) and re-
ceived appropriate therapy according to Ukrainian 
National protocol. SARS-CoV-2 infection was con-
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and IgG antibodies to SARS-CoV-2.

The research was conducted by the principles  
of bioethics set out in the WMA Declaration  
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(UNESCO). Informed consent of the patients 
(children’s parents or their guardians, children) 
was obtained for the research.

Statistical analysis was performed by using 
the computer program Microsoft Excel using 
parametric and non-parametric methods. The 
arithmetic mean and standard deviation M (SD) 
is used for normal distribution to describe the 
group’s features. The Student’s t-test has been 
used to compare them. The assessment of the 
�	�����	$
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been performed using Pearson’s chi-squared (�2) 
����
7��
������	$
3	$"�
��
���
�	�����	$
������	���




Ч и т а й т е  н а с  н а  с а й т і :  h t t p : / / m e d e x p e r t . c o m . u a

ÎÐÈÃ²ÍÀËÜÍ² ÄÎÑË²ÄÆÅÍÍß

ISSN 2663-7553   ��£����
��������¦� Україна  7(127)/2022 17

level (p) for all kinds of analysis has been taken  
as p<0.05 (<0.5%).

Results
The working hypothesis was based on the  

fact that the course of COVID-19 in children of 
%�@�����
	��
�	
��	�"���

The majority 34 (56.67±6.34%) of children were 
infected with COVID-19 in the family. At the same 
time, 12 (20.0±5.16%) children — in children’s 
groups, and 14 (23.33±5.46%) outbreak failed.

In most children, COVID-19 infection  
occurred in the form of multiple catarrhs of the re-
spiratory tract 34 (56.67±6.32%) and pneumonia 
18 (30.0±5.92%). Concomitant diseases includ-
ed bronchial asthma 1 (1.67%), atopic dermatitis 
2 (3.33%), and acute cytomegalovirus infection  
1 (1.67%).

We have not seen any complications  
of COVID-19 in the children under our care.

The general condition in most 48 (80.0±5.16%) 
children was regarded as moderate, in  
12 (20.0±5.16%) as mild, and there were no pa-
tients with severe disease under our observation.

SARS-CoV-2 in 50 (83.33±4.81%) children 
commonly began acutely (Table), with fever  
44 (73.33±5.71%), intoxication 43 (71.67±5.82%), 
catarrhal phenomena 39 (65.0±5.92%), pharyn- 

gitis 32 (53.33±6.44%), dry nonproductive  
cough 40 (66.67±6.08%), nasal congestion  
10 (16.67±4.81%) and rhinorrhea 8 (13.33±4.39%).

Our results demonstrated that the intensity  
and duration of clinical manifestations  
��
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depend on age. Thus, signs of intoxication  
in the form of lethargy, weakness, fatigue, sleep 
disturbances, loss of appetite, and muscle and joint 
pain were observed in 16 (88.89±7.41%) of chil-
dren aged 7 to 12 years old, in 15 (75.0±9.68%) 
of children under 3 years old and only in  
4 (57.14±18.7%) of children from 4 to 6 years old and 
8 (53.33±12.88%) of children from 13 to 17 years 
old (p<0.05). At the same time, the headache was 
not a characteristic of children with COVID-19, 
it has complained only in 3 (16.67±8.78%) chil-
dren aged 7 to 12 years old and 1 (6.67±3.22%)  
child from 13 to 17 years old.

Fever was accompanied by the course of the dis-
ease in 44 (73.33±5.71%) of children of all groups, 
of which sub febrile in 23 (38.33±6.27%), febrile — 
in 17 (28.33±5.82%) and high in 4 (6.67±3.22%). 
Also, the course of the disease without fever was  
observed in 16 (26.67±5.71%) of cases. The dura-
tion of the fever ranged from 1 to 10 days, an average 
of 3.81±2.4 days. Thus, the duration of fever of few-
er than 3 days was observed in 26 (43.33±6.39%) 

Table
Comparative characteristics of clinical manifestations of COVID-19 depending on the age of children

Clinical sign

Total number 
SARS-CoV-2 

(n=60)

0–3 years old 4–6 years old 7–12 years old 13-17 years old

(n=20) (n=7) (n=18) (n=15)
n % % % % %

Acute onset 50 7,',,z;'7% 5-'-z&'6% 7*'6%z%,'), 66'67z5'65 7-'-z%-',
Intoxication 43 6%'&6z*'7) 6*'-z5'&7 *6'%;z%7'6 77'75z6';%w *,',,z%)'77w
Headache 4 &'&6z,')) – – %&'&6z7'67 &'&6z&';;
Smell lost 3 *'-z)'7% – – – )-'-z%-',

Fever:
— Subfebrile
— Febrile
— High

44 6,',,z*'6% &*'-z%-'&& 7*'6%z%,'), 7,',,z7'67 6,',,z%%';)
23 ,7',,z&')7 ,-'-z%-')* *6'%;z%7'6 ,7'75z%%';5 ;&'&6z%)'77
17 )7',,z*'7) ,-'-z%-')* )7'*&z%6'-6 ,,',,z%%'%% )-'-z%-',
4 &'&6z,')) *'-z;'76 – %%'%%z6';% &'&6z&';;

Fever longevity:
— 3 days 26 ;,',,z&',5 ;-'-z%-'5* ;)'7&z%7'6 *-'-z%%'67 ;&'&6z%)'77

— 7 days 12 )-'-z*'%& %*'-z6'57 ;)'7&z%7'6 )6'6z5'65 &'&6z&';;
— 10 days 6 %-'-z,'76 – – %&'&6z7'67 )-'-z%-',
Pharyngitis 32 *,',,z&';; ,-'-z%-')*ww 7*'6%z%,'), **'*&z%%'6%ww &&'&6z%)'%6ww
Nose congestion 8 %,',,z;',5 )-'-z7'5; %;')7z%,'), *'*&z*'; %,',,z7'67
Cough 40 &&'&6z&'-7 &-'-z%-'5* ;)'7&z%7'6 66'67z5'65 6,',,z%%';)
Diarrhea 3 *'-z)'7% – %;')7z%,'), %%'%%z6';% –
Rash 1 %'&6z%'&* – %;')7z%,'), – –
Mild severity 12 )-'-z*'%& )*'-z5'&7 %;')7z%,'), %%'%%z6';% )&'&6z%%�;)
Moderate severity 48 7-'-z*'%& 6*'-z5'&7 7*'6%z%,'), 77'75z6';% 6,',,z%%';)

Notes: w���NVQ�XO¾QTQL[Q�kQNlQQL�jTSPhM�6+%)�YLX�%,+%6�fQYTM�SWX�YTQ�MOjLO¿[YLN��hx-'-*�{�ww���NVQ�XO¾QTQL[Q�kQNlQQL�jTSPhM�-+,�fQYTM�YLX�6+%)�fQYTM�SWX�
YLX�-+,�fQYTM�YLX�%,+%6�fQYTM�SWX�YTQ�MOjLO¿[YLN��hx-'-*�'
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of children, up to 7 days — in 12 (20.0±5.16%)  
and longer than a week — in 6 (10.0±3.87%).
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 �	�	���-
al manifestations were observed in children. 
Thus, pharyngitis occurred among children  
of all ages, but more often among children,  
4–6 years 6 (85.71±13.23%) compared with children  
7–12 years old and 13–17 years old  
10 (55.56±11.71%) and 10 (66.67±12.17%),  
respectively, and only in every third child under  
3 years old 6 (30.0±10.25%).

Dry obsessive cough in children infected 
with COVID-19 was more common in the age 
groups from 7 to 12 years old and 13–17 years old  
(14 (77.78±9.79%) and 11 (73.33±11.42%),  
respectively), and only in 3 (42.86±18.7%)  
of patients aged from 4 to 6 years old (p<0.05).
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in 5 (25.0±9.68%) of children under 3 years 
old, in 1 (14.28±13.23%) from 4 to 6 years 
old, in 3 (16.67±8.78%) from 7 to 12 years old, 
and 1 (6,67±6.44%) from 13 to 17 years old.  
At the same time, rhinorrhea occurred only  
in 4 (20.0±8.94%) of patients younger than 
3 years old, in 1 (14.28±13.23%) from 4 to 6 
years old, in 1 (5.56±5%) from 7 to 12 years old,  
and 2 (13.33±8.78%) from 13 to 17 years old. Loss 
of sense of smell was observed rarely, only in chil-
dren 13–17 years old 3 (20.0±10.3%). Digestive 
disorders, for instance, in the form of diarrhea, 
were observed only in 3 (5.0 ± 2.81%) of children 
aged 7–12 years old.

The rash (rarely pale pink maculopapular)  
occurred in only one (1.67±1.65%) child aged  
5 years old.

The evaluation of the blood test data of pa-
tients with COVID-19 showed all indicators re-
mained within normal limits in 22 (36.67±6.22%) 
of children (Fig. 1). However, among the chang-
es were observed both neutrophilic leukocytoses  
6 (10.0±3.87%) with increased erythrocyte 
sedimentation rate (ESR) 13 (21.67±5.32%)  
and lymphocytosis 7 (11.67±4.14%). Leukopenia 
and lymphopenia were detected in 8 (13.33±4.39%) 
children. Of these, 5 (25.0±9.68%) of children 
younger than 3 years old and 1 (5.56±5.4%)  
from 7 to 12 years old of age had leukocytosis.

The results demonstrate that leukopenia  
was observed in children of all ages: in children  
under 3 years old — in 3 (15.0±7.98%),  
4–6 years old — in 1 (14.28±13.23%),  
7–12 years old — 1 (5.56±5.4%) and 13–17 years old —  
3 (20.0±10.3%), (p<0.05).

In addition, increasing neutrophils were ob-
served only in 6 (10.0±3.87%) of all children with 
COVID-19, and in 3 (15.0±7.98%) under 3 years 
old, in 2 (11.11±7.41%) from 7 to 12 years old and 
one (14.28±13.23%) from 4 to 6 years old child.

As for lymphocytosis it was detected only 
in 2 (10.0±6.71%) of patients under 3 years 
old, in 1 (14.28±13.23%) — 4–6 years old, 
in 3 (16.67±8.78%) — 7–12 years old and in  
1 (6.67±6.44%) — 13–17 years old.

To compare, lymphopenia was determined only 
in children younger than 3 years old 4 (20.0±8.94%), 
(p<0.05), 4–6 years old — 2 (28.56±17.07%) and 
13–17 years old — 2 (13.33±8.78%). Lymphopenia 
was not detected in children aged 7–12 years.

The data also showed hypochromic anemia in 
2 (10.0±6.71%) children under 3 years old and  
1 (14.28±13.23%) from 4 to 6 years old.

Evaluation of thrombocytes was detected de-
creasing in only 1 (5.0±4.87%) 3-year-old child 
with COVID-19 and normal in others.

The results of ESR evaluation found accelera-
tion most often in children from 7 to 12 years old in 
7 (38.89±11.4%), in children younger than 3 years 
old 3 (15.0±7.98%) and 3 (20.0±10.3%) from 13 to 
17 years old. ESR remained within normal limits in 
children from 4 to 6 years old (p<0.05).

The biochemical blood test data revea- 
led an increasing C-reactive protein (CRP)  
in 17 (28.33±5.82%) of all patients with 
COVID-19. Moreover, CRP was more frequent-
ly increased in under 3 years old children —  
11 (55.0±11.12%) compared with patients  
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Fig. 1. Comparative characteristics of laboratory parameters in COVID-19 
depending on the age of children
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in 4–6 years old — 1 (14.28±13.23%), 7–12 years 
old — 3 (16.67±8.78%), and 13–17 years old —  
2 (13.33±8.78%).

At the same time, a decrease in prothrombin 
levels was found only in 2 (13.33±8.78%) children 
of 16 and 17 years old (p<0.05).

As for the data obtained during x-ray examina-
tion and/or computed tomography of the lungs,  
it was found that 34 (56.67±6.39%) of all children 
with COVID-19 had no pathological changes. How-
ever, in 13 (21.67±5.32%) of children, the strength-
ening of the pulmonary pattern and the expansion 
of the roots of the lungs were determined (Fig. 2). 
The areas of lung parenchyma compaction by the 
�2+�
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of children. The X-ray/CT signs of pneumonia 
were more common in children from 7 to 12 years 
old 7 (38.89±11.49%), but only 4 (20.0±8.94%)  
in younger 3 years old, 1 (14.28±13.23%) from  
4–6 years old, and 3 (20.0±10.3%) from 13  
to 17 years old children.

Signs of bronchitis were found in every  
third child under 3 years old 7 (35.0±10.67%),  
in 4 (22.22±9.79%) of children from 7 to 12 years 
ols, and in 2 (13.33±8.78%) from 13 to 17 years old.

Conclusions
In summary, the highest probability of infection 

in children with SARS-CoV-2 belongs to the family 
(56.67%). The children in all age groups, and both 
genders were equally susceptible to COVID-19, 
the ratio of girls to boys was 53.33% and 46.67%, 
respectively.

The data shows that the severity and duration of 
clinical and laboratory signs of COVID-19 depend 
on the child’s age. Thus, the most varied course of 
the diseases with intoxication (75.0±9.68%), in-
creased body temperature to febrile (30.0±10.25%) 
or subfebrile (30.0±10, 25%), nasal congestion 
(25.0±9.68%), runny nose (20.0±8.94%), dry 
cough (60.0±10.95%), leukocytosis, lymphopenia, 
hypochromic anemia, increased ESR and C-re-
active protein (55.0±11.12%) and X-ray signs of 

bronchitis (35.0±10.67%) were observed in chil-
dren under 3 years old.

The course of COVID-19 in children 4–6 years 
old is an acute onset (85.71±13.23%), fever last-
ing less than a week (85.71±13.23%), pharyngitis 
(85.71±13.23%), lymphopenia (28.56±17.07%) 
and no bronchial and pulmonary lesions 
(71.43±17.07%).

Intoxication (88.89±7.41%), headache 
(16.67±8.78%), fever (83.33±8.78%) to high 
numbers, pharyngitis (55.56±11.71%), dry cough 
(77.78±9.79%), ESR acceleration (38.89±11.4%) 
and pneumonia (38.89±11.49%) is manifested by 
COVID-19 in children from 7 to 12 years old.

Children older than 13 years old with COVID-19 
are typically seeing the lightest long course with 
subfebrile fever (46.67±12.88%), pharyngitis 
(66.67±12.17%), dry cough (73.33±11.42%), smell 
loss (20.0±10.3%) without of bronchial and pulmo-
nary lesions (73.33±11.4%).

The course of COVID-19 in children of all 
age groups is mostly of moderate severity with a 
favorable prognosis (34 (56.67±6.39%) hospitalized 
children did not have any complications). Only 
children from 7 to 12 years old need additional at-
tention because of severe manifestations of intoxi-
cation 16 (88.89±7.41%) and the risk of complica-
tions with pneumonia 7 (38.89±11.49%).
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Fig. 2. Comparative characteristics of lung lesions in COVID-19 depending 
on the age of children according to chest x-ray/CT
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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.�uU�lYM�iQYMPTQX�OL�)&�LQlkSTLM�lONV�jQMNYNOSLYW�YjQ��ÄZ��Æ,)�lQQ`M�YLX�kOTNV�lQOjVN�Æ%*--�j'�uQ[QM�lQTQ�
[SWWQ[NQX�NlO[QÂ�OL�NVQ�ROTMN�6�XYfM�SR�WORQ�YLX�YN�NVQ�hSMNiQLMNTPYW�YjQ��v^Z��SR�,&�lQQ`M'�pVQ�iYOL�jTSPh�OL[WPXQX�%*�OLRYLNM�lONV�QONVQT�s¹I��
q¹I�ST�]sU'�pVQ�TQiYOLOLj�%%�OLRYLNM�RSTiQX�NVQ�[SihYTOMSL�jTSPh'�sWQcQL�OLRYLNM�TQ[QOcQX�qu��;�OL�NVQ�iYOL�jTSPh�YLX�6�OL�NVQ�[SihYTOMSL�
jTSPh���lVO[V�lYM�TYLXSiWf�YXiOLOMNQTQX�OL�NVQ�ROTMN�,�XYfM�SR�WORQ'
Results. uU� OL� NVQ� ROTMN� 6� XYfM� SR� WORQ� lYM� VOjVQT� OL� NVQ� iYOL� jTSPh� ��Ï-'-*�'� ZN� NVQ� v^Z� SR� ,&� lQQ`M�� uU� XQ[TQYMQX� OL� NVQ� iYOL� jTSPh� 
YLX�OL[TQYMQX�OL�NVQ�[SihYTOMSL�jTSPh��hÏ-'-*�'�uU�OL�NVQ�ROTMN�lQQ`�SR� WORQ�lYM�VOjVQT� OL� OLRYLNM�lONV�s¹I�[SihYTQX�NS�LQlkSTLM�lONVSPN�
NVQ�XOMQYMQM��hÇ-'-,���RSWWSlQX�kf�Y�XQ[TQYMQ�YN�NVQ�v^Z�SR�,&�lQQ`M��hÇ-'-;�'�pVQTQ�lYM�LS�MOjLORO[YLN�XORRQTQL[Q�OL�uU�WQcQWM�XQhQLXOLj� 
SL�NVQ�XQcQWShiQLN�SR�q¹I�ST�]sU'�uU�WQcQWM�OL[TQYMQX�OL�YWW�OLRYLNM�lVS�TQ[QOcQX�qu�YLX�XQ[TQYMQX�OL�kYkOQM�lVS�XOX�LSN�TQ[QOcQ�qu��hÏ-'-*�.
Conclusions.�pVQ�S[[PTTQL[Q�SR�s¹I�OM�YMMS[OYNQX�lONV�Y�MOjLORO[YLN�OL[TQYMQ�OL�uU�lVO[V�MPkMQÈPQLNWf�XQ[TQYMQ�kf�NVQ�v^Z�SR�,&�lQQ`M'�
uU�OL�NVQ�ROTMN�lQQ`�SR�WORQ�YTQ�LSN�YMMS[OYNQX�lONV�NVQ�XQcQWShiQLN�SR�]sU�ST�q¹I'�sLNQTYW�PMQ�SR�qu�YN�Y�XSMQ�SR�%--�ij9XYf�OM�YMMS[OYNQX�lONV�
YL�OL[TQYMQ�OL�uU�WQcQWM��hÏ-'-*�'
pVQ�TQMQYT[V�lYM�[YTTOQX�SPN�OL�Y[[STXYL[Q�lONV�NVQ�hTOL[OhWQM�SR�NVQ�\QWMOL`O�tQ[WYTYNOSL'�pVQ�MNPXf�hTSNS[SW�lYM�YhhTScQX�kf�NVQ�qS[YW�sNVO[M�
USiiONNQQ�SR�NVQ�hYTNO[OhYNOLj�OLMNONPNOSL'�pVQ�OLRSTiQX�[SLMQLN�SR�NVQ�hYNOQLN�lYM�SkNYOLQX�RST�[SLXP[NOLj�NVQ�MNPXOQM'
No conflict of interests was declared by the authors.
Keywords: fecal calprotectin, lactoferrin, neonatal sepsis, necrotizing enterocolitis, preterm infants.

P
��� ������� ���
����Q�������
������$�R"��%"����� Q��"S#$����$��
$������%�
���"��(��������Q���
�
�'����������G
��R��
&�"�#�
z���z�{�"
��z����z�{�|�]L
"}
=�������	
����������	
����	��	
�!������	����������4��	���G��	��� ��8���1��

m���z� H�������� "�������� ��������� !� ������!� ������� ���������� �������	#� �������� /� ��	�� �"� �����	#� ��� ����	��	#� 
�	��	�����	�	������������	"!�� ����������!��Hº:��������������� ��@Hy������"�� ��<Hy����������� �����	�!'
�
��������	�	�"�A�"������������	�2������ �����������	�!��C:������������	��"����!�����������2��	�!��=C�����	�	��������
Hº:��@Hy���������<Hy�!������������������	#��������'
���
���������&
����z�8�)&�����
��"�� ��	������������������	#����������"��������� ������1�Æ,)��	�����������������	����? 
�������Æ%*--� ��	"�����	�����������	��!�����'�F��������"�.	���	������Â�!����3��6���.��	������������������ ���������������!���-
� ����!��<F(��,&��	�'�B����!� �!�!��2��!���	�%*��������������#����	����@Hy��<Hy��.�Hº:'�@�3���%%�����
�!��
3�	��� �!�	�
���������'�B�	�������������
���	�!���	�=C��;��	�	�	�"�����1� �!�	���6�����
�!� �!�����������������	
�������"������	"�����	� 
�����3��,��.	��	���'
q
$�� ����z�C:������3��6���.��	����.!���	$	��!���������"�����1� �!�	��hÏ-�-*�'�H����������� ������<F(�,&��	��������C:�
"�	�!������!���������"�����1� �!�	���"������!�����
��"� �!�	������������hÏ-�-*�'�(�����C:������3	
��	�������	����.!��"�����
�	$	��!�����
�"�@Hy���������"����������	�.�"�"�#����������Ç-�-,���"������3	��"�	������������������� ������<F(�,&��	��
�hÇ-�-;�'�:���������1�C:��!��/����������"���	���"�����������"�	��!�<Hy��.�Hº:'�@�����C:�"�����	�!����#����������������	�!��-
�	�=C�����"�	�!������!�����
�����������	�!���	�=C��hÏ-�-*�'
m����"��z�(	�	�������@Hy������/�����"��"����	������	$�������������C:�"�����!��	��1#�"�	������������������� ������<F(� 
,&��	�'�<��"�	�	�C:�������3�!��	�����	���������A�"����"��"�	����Hº:��.�<Hy'�º����������"����!������=C�!��"��%--�� 9�.!�
�����/�����"�����	$�����	��������C:��hÏ-�-*�'
4�����������	������������������	��	����G���������1����������1'�<����������������!#������=�����	����	��	�������-
���"�"�����1����.���!�����	'�H������������������������	������2�����!�" �!�.�����������
'
����	�"����������������!���������2����!����������'
@�%'�"�����"�i�2������	
�����������	�������2��	������������	
�����	��������	"!��	
�������������������������������
���	'

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 
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 ���#��	����
 Ù���
 ��"Ý�����
 $�-

cal immunity, increased permeability of the intes-
tinal mucous membrane, reduced motor function  
	�%
 ��"Ý�����
 #$��%
 "++$2
 ��
 ���
 ���������

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  
���
 ��ï	��	���2
 +����
 ��
 ���
 %�����3�
 ��	��

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 
��
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��ï	��	����
��
���
��������
À�Á�
����%��-
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-
ï	��	���2
+�����

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  
��
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cesses of the epithelium of the small intestine, 
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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 
���	����	$
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gional Clinical Hospital. At enrollment, all infants 
were tolerating at least trophic feeds, they did not 
�	3�
������	��
��������	$
�	$����	����
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���-
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of survival (in particular, stage 3 or 4 intraven-
����"$	�
 �������	��
 [ÇÈá\
 %������%
 ��
 ���
 ���

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-
��$$�����
 %"����
 ���
 ���
 �3��
 %	2
 ��
 $����
 	�%
 
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)  
	�
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 �	�����
 ����
 ���
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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-
��	
��
��%���	����
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1$����	�
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<?Z
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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 

	�%-��
ï	�"$����Ì
• 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 
+�����#�
	%%�����	$
ï"�%
��
������+�\Ì

• 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);
ô
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õ
���
���$-$\�
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 
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To assess the possibility of predicting the occurrence 
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the area under the curve and calculation of sensiti- 
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dictive values of certain measurements. Continuous 
variables are presented as median (lower and upper 
quartiles) unless otherwise stated. All results were 
����%���%
������	��
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+Ï�����

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
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 ���"+
 �	%
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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 
�
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��
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the most immature newborns or infants with sig-
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in the main group required longer periods of MV 
and continuous positive airway pressure (CPAP) 
	�%�
"#�ö"���$2�
"@���%
����
#������+"$���	-
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 
��
 ��$$������
 ���
 ����
 	�+$�
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tween the groups (Table 2).
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in the main group were higher than in the compa- 
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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-
�3���
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%�@������
#��Ù���
���
���"+
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Table 1
Demographic and baseline clinical characteristics of the groups

Indicator Main group (n=15) Comparison group (n=11) �
GA, weeks )7'-��)6'-+,%'-� ,-'-��)5'-+,)'-� –
GA <28 weeks 6��;&'&� - 0.05
BW, g 76-'-��6&-'-?56-'-� %,--'-��%%*-'-+%;&-'-� 0.03
Males, n (%) 6��;&'&� *��;*'*� -'5*
Multiple pregnancies, n (%) *��,,',� %��5'%� -'%;
Mother's age, years )7'-��),'-+,%'-� ,%'-��);'-?,6'-� -',;
AB treatment during pregnancy, n (%) )��%,',� ,��)6',� -',6
Antenatal steroids, n (%) %-��&&'6� 8 (72.7) -'6;
SGA, n (%) %��&'6� %��5'%� -'67
ZvÄZr�M[STQ�YN�*�iOLPNQM�x6��L��|� %,��7&'6� &��*;'*� -',;
Need for resuscitation, n (%) %%��&7'&� *��;*'*� -';,
Surfactant administration, n (%) %%��6,',� 8 (72.7) -'56
Age at the time of hospitalization, hours ;'-��)'-+5'-� &'-��)'-+)*'-� -';)
^d�TQÈPOTQX��L��|� %%��6,',� ;��,&',� -'-&
LF administration, n (%) 6��;&'&� ;��,&',� -'&-

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 
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FC and EOS. EOS was diagnosed in seven in-
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newborns in the comparison group (Table 3).  
Up to the PMA of 36 weeks, the FC levels in in-
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established that the FC value of 373.9 mcg/g 
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ty of 63% for the detection of EOS in our cohort 
of preterm infants (area under the curve 0.79;  
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(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 
���
$	����
	
	
��3	��	��
�	%
��
������	��
�@���
��

>�
$�3�$
��
���
���
Ù��5
��
$���
[>Ê���6�
+Ê����\�

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 
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comparison group, and changes of the values were 
not reliable (Table 3).

FC and NEC. NEC was diagnosed in 3 infants. 
>�
 $�3�$
 %"����
 ���
 ���
 Ù��5
 ��
 $���
 %�%
 ���

������	��$2
%�@��
#��Ù���
#	#��
Ù���
^<�
	�%

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 (%) 6��;&'6� -��-� 0.008
LOS, n (%) 7��*,',� -��-� 0.003
Évt��L��|� ;��)&'6� -��-� -'-&
Jd\�jTYXQ�,+;��L��|� *��,,',� -��-� 0.03
PVL, n (%) %��&'6� -��-� -',7
MV duration, hours %&��-+77'-� -��-+%;'-� 0.05
y@�@�XPTYNOSL��VSPTM %7)��56'-+;,5'-� *;�-��;*'-+%-6'-� 0.006
Need for repeated tracheal intubations, n (%) ,��)-'-� )��%7')� -'*5
Blood transfusions, n (%) %,��7&'6� )��%7')� 0.01
Postnatal steroids, n (%) )��%,',� - -'%,
AB duration, days ,7'-��,-'-+;&'-� )6'-��%6'-+,;'-� 0.05
pTShVO[�RQQXM�XPTYNOSL��XYfM ;'-��,'-+5'-� ,'-��)'-+;'-� 0.04
Age of achievement of full enteral feeds, days )6'*��)-'-+,*'*� %-'-��6'-+%*'-� 0.001
Feeding with mother`s milk, n (%) 7��*,',� &��*;'*� -'5*
NICU stay, days ,7'-��%-'-+;*'-� 6'-��&'-+%-'-� 0.0001
tOQX��L��|� ,��)-'-� - -'%)
pTYLMONOSL�NS�YLSNVQT�VSMhONYW��L��|� %��&'6� -��-� -',7
In-hospital stay, days* 7,'-��*6'-+%-;'-� &-'-��;*'-+6;'-� -')*

Notes:�w���SLWf�RST�MPTcOcQX�hYNOQLNM{�]sU���LQ[TSNOeOLj�QLNQTS[SWONOM{�s¹I���QYTWf?SLMQN�MQhMOM{�q¹I���WYNQ?SLMQN�MQhMOM{�Évt���kTSL[VShPWiSLYTf�XfMhWYMOY{�
Jd\���OLNTYcQLNTO[PWYT�VQiSTTVYjQ{�^d���iQ[VYLO[YW�cQLNOWYNOSL{�UvZv���[SLNOLPSPM�hSMONOcQ�YOTlYf�hTQMMPTQ{�ZÉ���YLNOkOSNO[{�]JU_���LQSLYNYW�OLNQLMOcQ�[YTQ�
unit; BM — breast milk.

Notes: w���MOjLO¿[YLN�[VYLjQM�kQNlQQL�)�iQYMPTQiQLNM���Ç-'-;�{�uU���RQ[YW�[YWhTSNQ[NOL{�v^Z���hSMNiQLMNTPYW�YjQ{�s¹I�?�QYTWf?SLMQN�MQhMOM{� 
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 v^Z�SR�,&�lQQ`M

FC ;%,'*�
�);%'5+7--'-�

)6;')
�%5*'*+&,5'%�

-')* ),&'6�
�%-',+6))'5�

;&)',
�);6'&+6)&'7�

-';*

FC in infants with EOS
7--'-�

�)5;';+7--'-�
(n=7)

0.03
;7-',�

�%,;')+7--'-�w
(n=7)

-'7)

FC in infants with LOS
,6;�6�

�6-';+&7-')�
(n=6)

-'77
%&-�;�

�%--')+,%,'%�
�LÇ*�

-'),

FC in infants with NEC
,,;';�

�))7'6+7--'-�
�LÇ,�

-';; + +
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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 
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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).  
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were higher compared to the infants with GA 
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(195.5–680.2) mcg/g, p>0.05).

FC and LF. >�
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life in infants received LF were lower compared  
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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 
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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 
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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 
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of life and the occurrence of EOS: there was a trend 
toward higher FC levels in infants receiving LF 
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The occurrence of severe neonatal morbidity  
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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 
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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.
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groups can be explained by the fact that at the time 
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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 
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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 
	
2�����
��ï	��	���2
��+����
Ç�
�
	$�
5��Ù�

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%, 
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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 
���
%	2
��
$���
��
���	���
Q�
���
	��
�����
�"�����

���	���
�
���%�%
��
������
���
����$"����

Notes: FC — fecal calprotectin; EOS — early-onset sepsis.
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for the prediction of EOS in very preterm infants
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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.  
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week of life and a gradual increase between the 
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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, 
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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 
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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 
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who developed NEC and control babies from birth 
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same time, some studies indicate increased FC lev-
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sis of NEC, Aydemir O et al. proposed a threshold 
value of FC of 792 mcg/g with a sensitivity of 76% 
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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-
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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 
��
������	��
%�@������
#��Ù���
>�
$�3�$
������

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 
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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 
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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-
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associated with a higher risk of sepsis in preterm 
infants [18]. We have failed to detect any connec-
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or at PMA of 36 weeks and the occurrence of LOS. 
It is possible that this result could be related to  
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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-
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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, 
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levels and volume of enteral feeding. This may sug-
gest that food antigens together with commensal 
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matory process in the immature digestive tract [19]. 
One of the results of our prospective cohort study on 
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received LF were more likely to achieve full enteral 
nutrition faster [5]. A possible reason for the increase 
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active components of BM. In particular, this could 
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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-
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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 
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The obtained results indicate the need for fur-
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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 
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in very preterm infants and dynamic changes in FC 

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

Conclusions
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associated with the later occurrence of NEC or 
LOS in very preterm infants. At the same time, 
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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 
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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 
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The problem of prevention of frequent respiratory diseases for children remains relevant. Among premature infants, the most vulnerable group 
are children with very low and extremely low birth weight. Therefore, the development of a clinical prognostic model for the development  
of respiratory recurrent infections in premature infants may be the basis for creating a preventive program of early intervention.
Purpose — to determine the clinical and genetic determinants of the development of recurrent respiratory infections for children born with  
a body weight less than 1500 g and to develop an algorithm for early prediction of adverse effects.
Materials and methods. A cohort prospective study was conducted, which involved 155 children with very low and extremely low body weight. 
Prediction of the development of recurrent respiratory diseases was performed using simple and step-by-step multiple logistic regression 
analysis. Genetic methods included polymorphism studies of the GSTP1, GSTT1, GSTM1, ACE, AGT2R1 and eNOS genes.
Results. Important predictors of increased morbidity of the examined children in a simple logistic regression analysis were: body weight  
at 12 months <10 percentile, rickets in the first year of life and artificial feeding at discharge from the neonatal hospital. The study showed 
no effect of genes polymorphism of the glutathione-S-transferase family and genes of the renin-angiotensin system on the development  
of recurrent respiratory infections in children with born weight less than 1500 g.
Conclusions. The developed model for predicting the recurrent course of respiratory infections for children born with a body weight less than 
1500 g has a high specificity (95.35%) and moderate sensitivity (76.90%), which indicates the possibility of its use for a personalized approach 
to prevention adverse effects.
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.
No conflict of interests was declared by the authors.
Keywords: prediction, recurrent respiratory infections, premature infants.
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Introduction

The problem of frequent respiratory dis-
eases prevention in pediatrics remains 
relevant. Respiratory diseases are the 

main reason for visiting a doctor, hospitaliza-
tion and prescribing a wide range of drugs [5,16].  
Particular attention is drawn by premature infants 
with recurrent respiratory infections (RRI), which 
are characterized by an unfavorable and prolonged 
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course [20,22]. Among premature infants, the 
most vulnerable group are children with a very 
low body weight and extremely low body weight  
at birth [7,18]. The World Health Organiza-
tion recommends paying special attention to the 
development and implementation of measures  
for the prevention of acute respiratory infections in 
young children [19].
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of the RRI formation) are investigated and vari-
ous aspects of this problem are discussed: immuno-
logical, microbiological, physiological, infectious,  
social and hygienic [1,4,17]. However, the literature 
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ual factors and the importance of their combined  
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a very low body weight and extremely low body 
weight. Therefore, the development of a clini-
cal prognostic model of RRI in premature infants 
may be the basis for creating a preventive program  
of early intervention [3,8,9].
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to the role of polymorphism of genes of the gluta-
thione-S-transferase family and renin-angioten-
sin system in the development of chronic diseases,  
disorders of physical, speech and psycho-emotional 
development of premature infants [8–11]. There-
fore, we suggested that the polymorphism of these 
����
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hort of children.

Purpose of the study — to determine the clini- 
cal and genetic determinants of the development  
of recurrent respiratory infections for children  
born with a body weight less than 1500 g and  
to develop an algorithm for early prediction of  
	%3���
�@����

The study was carried out as part of the research 
project: To develop clinical and laboratory criteria, 
methods of prediction and prevention of metabolic 
disorders in young children. State registration num-
ber 0120U102856.

Materials and methods of the research
In order to assess the impact of socio-hygienic, 

medical and genetic factors on the development  
of recurrent respiratory pathology, a cohort pro-
spective study was conducted, which involved  
155 children weight less than 1500 g. All children 
were observed at the Child Development Center  
of Poltava Regional Children’s Clinical hospitals. In 
the process of information processing, all children 
recorded the total number of episodes of acute re-
spiratory pathology of infectious origin [15].

Depending on the frequency of acute respira-
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the Group 1 included children who occasionally  
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�
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�8
�����\
"@���%
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acute respiratory viral infections (ARVI), (n=117); 
the Group 2 included children with frequent  
respiratory diseases who had more than 2 episodes 
of ARVI, acute or obstructive bronchitis, and  
at least one episode of pneumonia within six months 
(n=38).

The material for the genetic study was periph-
eral venous blood. To determine the polymorphic 
variants after the procedure of isolating DNA 
samples from the obtained material, a molecular  
genetic study was performed using polymerase 
chain reaction methods according to M. Arand 
[2]. The contribution to the increased morbidity  
of genetic models was investigated: the compa- 
rison «+» vs. «-» genes GSTT1 and GSTM1; domi- 
nant models: (GG + AG vs. AA) GSTP1 gene,  
(DD + DI vs. II) ACE gene; (CA + AA vs. AA) gene 
AGT2R1  and (aa + ab vs. bb) gene e NOS.
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development of RRI was analyzed: socioeconomic  
status of the family, features of antenatal and intra-
�	�	$
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diagnoses and treatment at the inpatient and out-
patient stages, nutrition, birth weight, gestational  
age, postponed disease at an early age.

Statistical analysis was performed using STATA 
version 11 for Windows (StataCorp, Texas, USA). 
In order to predict the development of RRI  
in premature infants, a step-by-step multiple  
logistic regression analysis was performed. The odds 
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The study was conducted in accordance with 
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research protocol was approved by the Local  
Ethics Committee of the institution mentioned in 
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obtained for the research.

Results of researches and discussion
The results of the study show that during the 
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least one episode of ARVI, 2 episodes — 3 (1.8%) of 
infants, and one (0.6%) child had even 3 episodes 
of the disease (Fig. 1). Over the next six months, 
the incidence of ARVI was much higher. Thus,  
54 (34.7%) of infants already had 1 episode of ARVI. 
The number of children with 2 episodes of ARVI 
probably increased from 3 (1.8%) to 32 (20.4%),  
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p=0.000. The incidence of acute bronchitis —  
8 (5.4%) and 16 (10.2%), p=0,152, obstruc-
tive bronchitis 9 (6.0%) and 16 (10.2%),  
p=0.229 and pneumonia — 4 (2.4% ) and 4 (2.4%), 
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Ù	
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���
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	$$
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periods. According to the results of the analysis,  
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of in ARVI children at 18, 24 and 36 months.
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of infectious history of the mother during pregnan-
cy and childbirth on the development of RRI in 
the examined children. However, attention should  
be paid to the relation with the probability of 
p=0.05 between the presence of gestational pyelo-
nephritis in the mother during pregnancy and the 
development of RRI (Table 1).
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dren, which characterize the course of the neonatal 
period, were the body mass index at birth and for-
mula feeding at discharge from the neonatal hos-
pital. Thus, according to the results of our study, 
formula feeding at discharge from the hospital in-

creases the chances of having a RRI at an early age 
[qÉÊ��**\�

This convincingly demonstrated the funda-
mental role of breastfeeding in the formation  
of the child’s immunity.

Clinical and experimental studies show that  
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trations of vitamin D in the blood may increase 
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The role of iron in ensuring the normal func-
tioning of the immune system should be noted.  
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It is established that the presence of anemia directly  
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sociated with the development of RRI at an early  
age (p=0.042). Body weight less than 10 percen-
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chances of a child to have frequent infectious dis-
eases of the respiratory system, reduces-exclusively 
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genes of the glutathione-S-transferase family and 
genes of the renin-angiotensin system on increased 

morbidity in children born with a body weight less 
than 1500 g (Table 2).

After correction of confudings in multiple 
regression analysis it was found that the most 
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an early age can be considered: body weight  
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year of life and formula feeding at discharge from 
the neonatal hospital. Therefore, these prognostic 
variables are included in the prognostic model, 
which served as the basis for the creation of an 
	$�������
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with regard to the occurrence of RRI (Table 3).

The operational characteristics of the mod-
el developed by us are quite high, in particular  
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 Ù	
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positive predictive value — 33.33%, negative 
predictive value 77.36%, area under the curve  
(AUC) — 0.7030 (Fig. 2).

Table 1
Relation between the development of recurrent respiratory infections  

and individual clinical factors by simple logistic regression analysis

Table 2
Associations between the development of recurrent respiratory infections  

409�,*5K?*+,-38?�Ânrq�Q�Ânrr�Q�Ânr���]gFQ�_Âr�e�Q�7jBn�=7078

Table 3
Prognostic model of development of recurrent respiratory infections  

in examined children and its operational characteristics

Dependent variables be 95% CI q
Gestational pyelonephritis (yes, no) 13.0 0.77–215.1 0.05
Gestational age (weeks) 0.92 0.79–1.07 0.307
Body weight at birth (g) 0.99 0.996–1.000 0.058
Body mass index (units) 0.69 0.50–0.96 0.029
ZTNO¿[OYW�WPLj�cQLNOWYNOSL��fQM��LS� 1.35 0.96–1.03 0.942
Formula feeding at discharge (yes, no) 2.33 1.13–4.84 0.022
Severe intraventricular hemorrhage (yes, no) 1.82 0.71–4.65 0.209
Body weight less than 10 percentiles at 12 months 3.06 1.42–6.58 0.004
Exclusively breast milk at 6 months 0.38 0.15–0.97 0.043
Body weight less than 10 percentiles in 24 months 2.42 1.14–5.12 0.021
Rickets at 0–12 months 2.36 1.09–5.11 0.029
Anemia at 0–12 months 1.53 1.03–5.25 0.042

Genetic models be 95% CI P
����
����� 1.33 0.311–5.77 0.751
����
��� 0.75 0.01–13.69 0.670
����
��� 2.0 0.11–28.28 0.472
���
����� 0.54 (0.02–42.79) 0.579
������
����� 4.5 0.14–31.3 0.357
�!"#$%�#%% 0.45 0.007–6.78 0.479

Prognostic variable Á m Be����s�AD� q eBA
Rickets at 0–12 months 0.76 0.39 2.13 (1.01–4.61) 0.052
Body weight at 12 months less than 10 percentiles 0.92 0.46 2.5 (1.13–5.52) 0.023
Formula feeding at discharge 0.82 0.39 2.26 (1.05–4.86) 0.036
_const -1.49 0.38 0.7030

Notes: ����[SQÝ[OQLN�OMÞNVQ�XQjTQQ�SR�[VYLjQ�OL�NVQ�SPN[SiQ�cYTOYkWQ�RST�QcQTf�%?PLON�SR�[VYLjQ�OL�NVQ�hTQXO[NST�cYTOYkWQ{�i���QMNOiYNQX�MWShQ'
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Conclusions

Important predictors of the development of re-
current respiratory infections at an early age in chil-
dren born with very low and extremely low body 
weight can be considered: body weight at 12 months  
Ï��
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2�	�
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���-
mula feeding at discharge from the neonatal hospital.

Developed a model for predicting the develop-
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��� 
derate sensitivity — 76.9%, which allows with high 
accuracy to identify a group of children in need of 
in-depth examination and timely preventive mea-

sures. This will overcome the imbalance of immune 
responses and reduce the incidence of respiratory 
infections.

Prospects for further research. A promising 
direction of further research is an in-depth study of 
possible relationships between gene polymorphisms 
and the development of recurrent respiratory 
diseases in a larger cohort of premature children. 
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pVQ�VQYWNV�SR�NVQ�STYW�[YcONf�YLX�[YTXOScYM[PWYT�MfMNQi�YTQ�[WSMQWf�TQWYNQX'�ÉY[NQTOY�RTSi�NVQ�STYW�[YcONf�[YL�QLNQT�NVQ�kWSSXMNTQYi�YLX�[YPMQ�
OLRQ[NOSPM�QLXS[YTXONOM��Js�'�UVOWXTQL�lONV�YTNORO[OYW�cYWcQM�ST�YTNORO[OYW�iYNQTOYW�PMQX�XPTOLj�MPTjO[YW�hTS[QXPTQM�YLX�[fYLSNO[�[SLjQLONYW�VQYTN�
XQRQ[NM��U\t��YTQ�hYTNO[PWYTWf�cPWLQTYkWQ'
\/+,*87���NS�MPiiYTOeQ�WONQTYNPTQ�XYNY�SL�NVQ�LQQX�SR�hTQcQLNOSL�SR�Js�OL�VQYWNVf�[VOWXTQL�YLX�OL�[VOWXTQL�lONV�U\t�kQRSTQ�XQLNYW�OLNQTcQL?
NOSLM{�NS�XQNQTiOLQ�lVQNVQT�hTShVfWY[NO[�YLNOkOSNO[�NVQTYhf�MVSPWX�kQ�TSPNOLQWf�hTQM[TOkQX�NS�[VOWXTQL�lONVSPN�U\t�YLX�[VOWXTQL�lONV�[STTQ[NQX��
YLX�PL[STTQ[NQX�U\t'
JN�OM�OihSTNYLN�NS�PLXQTMNYLX�lVf�Js�YRRQ[NM�hYTNO[PWYTWf�NVQ�cYWcQM'�ÉY[NQTOY�MhTQYX�lONV�NVQ�kWSSX�MNTQYi�YLX�MQNNWQ�XSlL�SL�cYWcQM�lONV�Y�TSPjV�
MPTRY[Q��hTSMNVQNO[�ST�YLYNSiO[YWWf�YWNQTQX�'�pVQ�hQ[PWOYTONf�SR�NVQ�kWSSX�MPhhWf�NS�NVQ�cYWcQM�YLX�NVQ�OLXOcOXPYW�MNYNQ�SR�NVQ�hYNOQLNäM�OiiPLQ�
MfMNQi�XQNQTiOLQ�NVQ�XORRO[PWNf�SR�ROjVNOLj�YjYOLMN�NVQ�OLRQ[NOSL'
Z[[STXOLj�NS�NVQ�WONQTYNPTQ�XYNY��[VOWXTQL�lONV�U\t�YTQ�YN�jTQYNQT�TOM`�SR�XQcQWShOLj�[YTOQM�XPQ�NS�OLMPRRO[OQLN�iOLQTYWOeYNOSL�SR�hTOiYTf�NSSNV�
QLYiQW��TQXP[QX�MYNPTYNOSL��YLX�[YTXOY[�iQXO[YNOSLM�NVQf�NY`Q�TQXP[Q�MYWOcYNOSL��NVPM�OL[TQYMOLj�NVQ�TOM`�SR�[YTOQM'
UVOWXTQL�lONV�U\t�YLX�hSST�STYW�VQYWNV�VYcQ�Y�VOjV�TOM`�SR�XQcQWShOLj�STYW�kY[NQTYQiOY�YLX�Y�jTQYNQT�TOM`�SR�XQcQWShOLj�Js�[SihYTQX�NS�[VOWXTQL�
U\t� YLX� MYNOMRY[NSTf� STYW� VQYWNV'� I[OQLNOMNM� [SL[WPXQX� NVYN�� OL� RY[N�� WSl?jTYXQ� Y[[PiPWYNOcQ� kY[NQTQiOY� OM� YMMS[OYNQX� lONV� XYOWf� kTPMVOLj��
RWSMMOLj�YLX�[VQlOLj�YLX�OM�iP[V�iSTQ�WO`QWf�NS�[YPMQ�Js�[SihYTQX�NS�Y�SLQ?NOiQ�XQLNYW�OLNQTcQLNOSL'
pVQTQRSTQ��ON�OM�[SL[WPXQX�NVYN�iYOLNYOLOLj�ShNOiYW�STYW�VQYWNV�hWYfM�Y�iP[V�iSTQ�OihSTNYLN�TSWQ�OL�TQXP[OLj�NVQ�RTQÈPQL[f�SR�Js�NVYL�TSPNOLQ�
YLNOkOSNO[�hTShVfWYmOM�RST�YWW�XQLNYW�OLNQTcQLNOSLM'
A*015/83*08z� JLXOcOXPYW� YLX� hTSRQMMOSLYW� VfjOQLQ� YLX� XQLNYW� NTQYNiQLN� MVSPWX� kQ� [YTTOQX� SPN� TSPNOLQWf� RST� YWW� [VOWXTQL�� TQjYTXWQMM��
SR�YjQ�YLX�[SL[SiONYLN�hYNVSWSjf'�tQLNYW�[YTOQM�YLX� ONM�[SihWO[YNOSLM��YM�lQWW�YM�hQTOSXSLNONOM� MQTcQ�YM�Y�hSNQLNOYW� MSPT[Q�SR�kY[NQTQiOY��
NVYN�NVTQYNQLM�kf�NVQ�XQcQWShiQLN�SR�Js��lVO[V�OM�MOihWf���MQhMOM�lONV�Y�RS[PM�OL�NVQ�VQYTN'
UVOWXTQL�lVS�YTQ�LSN�YN�TOM`�SR�XQcQWShOLj�Js�MVSPWX�LSN�kQ�TSPNOLQWf�hTQM[TOkQX�hTShVfWY[NO[�YLNOkOSNO[�NVQTYhf'�JLMNQYX��[VOWXTQL�lONV�[STTQ[NQX�
YLX� PL[STTQ[NQX� U\t� YTQ� YN� OL[TQYMQX� TOM`� SR� XQcQWShOLj� Js� YLX� NVQTQRSTQ� TQÈPOTQ� hTShVfWY[NO[� YLNOkOSNO[� NVQTYhf� XPTOLj� YLX� YRNQT� XQLNYW�
hTS[QXPTQM'
]S�[SLRWO[N�SR�OLNQTQMNM�lYM�XQ[WYTQX�kf�NVQ�YPNVSTM'
{7K:*+98i�OLRQ[NOSPM�QLXS[YTXONOM��[SLjQLONYW�VQYTN�XQRQ[NM��[YTOQM��XQLNYW�NTQYNiQLN��[VOWXTQL'
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NVTSYN�YLX�OLRWYiiYNOSL�SR�NVQ�STShVYTfLjQYW�iP[SMY'�JN�MVSPWX�kQ�LSNQX�NVYN�XPTOLj�NVQ�SkMQTcYNOSL�hQTOSX��LS�YXcQTMQ�TQY[NOSLM�lQTQ�TQjOMNQTQX�
OL�hYNOQLNM�lVS�PMQX�ÉOShWYMiOm�pVTSYN�IhTYf��lVO[V�[SLROTiM�NVQ�VOjV�MYRQNf�hTSROWQ�SR�NVQ�VfjOQLO[�YjQLN�YLX�OLXO[YNQM�ONM�jSSX�NSWQTYkOWONf'
A*015/83*08z�pVQ�PMQ�SR�hTSkOSNO[�kY[NQTOY�Bacillus spp. �ÉOShWYMiOm� NVTSYN�MhTYf��VQWhM�NS�TQXP[Q�NVQ�cOTYW� WSYX�YLX�QWOiOLYNQ�NVQ�hYNVS-
jQL��XQMNTSf�kY[NQTOYW�kOSROWiM��YLNYjSLOMNO[YWWf�XOMhWY[Q�kY[NQTOY��OL�hYTNO[PWYT�MNYhVfWS[S[[PM��RY[OWONYNQM�NVQ�[SPTMQ�SR�ZrdJ�YLX�Y[[QWQTYNQM� 
NVQ�TQ[ScQTf�SR�hYNOQLNM�lONVSPN�NVQ�XQcQWShiQLN�SR�kY[NQTOYW�[SihWO[YNOSLM'
pVQ�TQMQYT[V�lYM�[YTTOQX�SPN�OL�Y[[STXYL[Q�lONV�NVQ�hTOL[OhWQM�SR�NVQ�\QWMOL`O�tQ[WYTYNOSL'�pVQ�MNPXf�hTSNS[SW�lYM�YhhTScQX�kf�NVQ�qS[YW�sNVO[M�
USiiONNQQ�SR�NVQ�hYTNO[OhYNOLj�OLMNONPNOSL'�pVQ�OLRSTiQX�[SLMQLN�SR�NVQ�hYNOQLN�lYM�SkNYOLQX�RST�[SLXP[NOLj�NVQ�MNPXOQM'
]S�[SLRWO[N�SR�OLNQTQMNM�lYM�XQ[WYTQX�kf�NVQ�YPNVSTM'
{7K:*+98i�bacteria Bacillus spp., [VOWXTQL��Y[PNQ�cOTYW�NSLMOWWShVYTfLjONOM��iO[TSkOSiQ'
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