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T)*� �+,�	%-.	�� /012*3�4� 5*30�16� 0�
pressing issue for humanity due to its hu	
301	8-	)9301�850163�66�-1�012�8)*�/-	

8*18�0:�;-5��1;*48�-1�045-66�0::�0<*�<5-9/6��=)*�30>-	
rity of patients are older adults; however, recent 
trends indicate a rise in the incidence of this condi	
8�-1�03-1<�4)�:25*1�A
B���93*5-96�5*/-586�2*645�C*�

a predominantly mild course of coronavirus infec	
8�-1��1�4)�:25*1�012�0�)�<)�/*54*180<*�-;�06D3/8-	
308�4�406*6�A�BE�F)�4)�2-*6�1-8�*G4:92*�8)*�/-66�C�	
:�8D�-;� :-1<	8*53�4-16*H9*14*6E�1-8�8-�3*18�-1�
severe disease progression requiring hospitalization 
012�8)*�2*I*:-/3*18�-;�4-3/:�408�-16�A�B�

=)*��1J9*14*�-;�I05�-96�;048-56�-1�8)*�6*I*5�8D�-;�
8)*�2�6*06*��6�C*�1<�6892�*2�A�BE��14:92�1<�8)*�2*I*	
lopment of endothelial dysfunction, which exacer	
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bates prothrombotic phenomena, endotheliitis, and 
39:8�-5<01�8)5-3C-6�6��=)*��1J03308-5D�/5-4*66��1�
endothelial cells stimulates procoagulant, prothrom	
C-8�4E�012�018�MC5�1-:D8�4�;048-56E�02I*56*:D�0N*48�1<�
the blood coagulation process. Additionally, exces	
sive synthesis of vasoconstrictive factors, activated 
by the endothelium, contributes to hypercoagulable 
states in the body. Literature sources point to the 
possibility of both direct damage to vascular endo	
thelial cells by coronaviruses and indirect damage 
mediated by immune cells, cytokines, and free radi	
cals, leading to the development of endothelial dys	
function. This, in turn, increases the risk of earlier 
-16*8�-;�:-1<	8*53�4052�-I0649:05�4-3/:�408�-16��1�
4-1I0:*64*18�/08�*186�A&B��$�659/8�-16��1�3�45-4�5	
culation and vasoconstriction provoke the develop	
3*18�-;�-5<01��64)*3�0E��1J03308�-1E�8�669*�*2*30E�
and coagulation abnormalities. Vascular endothelial 
damage also contributes to systemic background in	
J03308�-1��1�8)*�/-68	%R.�$�/*5�-2E�:0D�1<�8)*�
;-91208�-1�;-5�4-3/:�408�-16E�/5�305�:D�0N*48�1<�8)*�
cardiovascular, urinary, and endocrine systems, 
03-1<�-8)*56�A�B���1�029:8�/08�*186E�*12-8)*:�0:�20	
30<*�;-::-F�1<�%R.�$	�S��1;*48�-1��145*06*6�8)*�
risk of thromboembolism, arrhythmias, and myocar	
2�0:��64)*3�0�CD���	��U�A�B�

The mechanisms of endothelial damage have been 
6892�*2�/5�305�:D��1�029:8�/08�*186E�F)�:*�8)*�6/*4�	
M46�-;�8)�6�/5-4*66��1�4)�:25*1�5*30�1��169W4�*18:D�
explored. This underscores the need for the develop	
ment of highly sensitive methods to ensure timely 
diagnosis and treatment of endothelial dysfunction 
in patients who have experienced coronavirus infec	
tion.

The aim of the study is to assess the presence of 
*12-8)*:�0:�2D6;9148�-1��1�4)�:25*1�F�8)��+,�	
%-.	�	066-4�08*2�/1*93-1�0�012��86�5*:08�-16)�/�
F�8)�4:�1�40:�012�:0C-508-5D��12�408-56�-;��1;*48�-96	
�1J03308-5D�/5-4*66�048�I�8D�
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�����������
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=-�04)�*I*�8)*�6892DX6�-C>*48�I*E�F*�4-12948*2�0�
4-3/5*)*16�I*� *G03�108�-1� -;� ��"� 4)�:25*1�
�
�������
U �<�5:6�012�&S�������U �C-D6 �F�8)�
�+,�	%-.	�	066-4�08*2�/1*93-1�0��K0�1�<5-9/ �
0<*2� ;5-3� �� 3-18)� 8-� �&� D*056� �0I*50<*� 0<*�
�"��"Y&��" �295�1<��"��	�"���

For the purpose of conducting a comparative 
analysis of the examination results of patients the 
K0�1�<5-9/E�0�%-185-:�<5-9/�-;��"�/5048�40::D�
)*0:8)D�4)�:25*1�0<*2���3-18)�8-��&�D*056�F06�*G0	
3�1*2��0I*50<*�0<*��"��"Y&��"). This group in	
4:92*2��"���"�"U �C-D6�012��"���"�"U �<�5:6��+::�
children in the Control group had normal results in 
clinical, laboratory, and instrumental examinations. 
=)*�2�685�C98�-1�-;�8)*�*G03�1*2�69C>*486�-;�8)*�
K0�1�012�%-185-:�<5-9/6�CD�0<*�012�<*12*5��6�<�	
I*1��1�=0C:*���

+44-52�1<�8-�8)*�2080��1�=0C:*��E�8)*�/08�*186�-;�
the Main and Control groups included in the study 
did not differ significantly in age and gender. It 
should be noted that both groups of patients were 
comparable in age, the ratio of girls and boys was 
0//5-G�308*:D��'��

=-�04)�*I*�8)*�-C>*48�I*E�0::�4)�:25*1�-;�8)*�K0�1�
<5-9/�912*5F*18�01�066*663*18�-;�%	5*048�I*�/5-	
tein (CRP), procalcitonin, and fibrinogen levels 
upon hospitalization. We evaluated the activity of 
8)*��1J03308-5D�/5-4*66�012�*12-8)*:�0:�;9148�-1�
�1�4)�:25*1�F�8)��+,�	%-.	�	066-4�08*2�/1*93-	
1�0�CD�3*0695�1<�8)*�:*I*:6�-;��18*5:*9L�16���| ���012�
�E�*12-8)*:�1	�E�012�I0649:05�*12-8)*:�0:�<5-F8)�;04	
8-5��.}~� �96�1<�*1�D3*	:�1L*2��3391-6-5C*18�
assay (ELISA).

=)*�5*69:86�F*5*�69C>*48*2�8-�6808�68�40:�010:D6�6�
96�1<�8)*�������808�68�46����"�6-;8F05*�/04L0<*E�*3	
/:-D�1<�C-8)�/0503*85�4�012�1-1	/0503*85�4�3*8)	
ods for evaluating the obtained data. The arithmetic 
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mean (M) and standard error (m) of the indicators 
were determined. For qualitative variables, the fre	
H9*14D�-;�-44955*14*��U �012��86�68012052�*55-5�
�3U �F*5*�40:49:08*2��=)*�2�685�C98�-1X6�4-1;-5	
3�8D�8-�8)*�~0966X6�:0F�F06�8*68*2�96�1<�8)*��)0	
/�5-���:L�45�8*5�-1��=)*�6�<1�M4014*�-;�2�N*5*14*6�
bet ween independent quantitative variables with a 
normal distribution was assessed using the Student’s 
8	8*68�;-5��12*/*12*18�603/:*6���-5�/*54*180<*�2080E�
Fisher’s exact test was used, and in other cases, the 
K011��)�81*D� #	8*68� F06� 0//:�*2�� .0:9*6� -;�
��"�"��F*5*�4-16�2*5*2�6808�68�40::D�6�<1�M4018��=-�
determine the strength and direction of the relation	
ship between the indicators in the studied groups, 
correlation analysis was used (with a parametric 
2080�2�685�C98�-1����*056-1X6�/0�5F�6*�4-55*:08�-1E�
012�F�8)�0�1-1/0503*85�4�2�685�C98�-1�-;�;*0895*6���
Spearman’s rank correlation). The strength of the 
relationship was determined by the value of the cor	
5*:08�-1�4-*W4�*18'�685-1<E�-5�2*16*E�F�8)�0�4-55*:0	
8�-1�4-*W4�*18�-;�5�"�
"��3*2�93�08�"��"�5�"��S��
3-2*508*�08�"��"�5�"��S��F*0L�08�"��"�5�"��S��I*5D�
F*0L�08�5�"��S�

The study was conducted in accordance with the 
*8)�40:�/5�14�/:*6�-;�64�*18�M4�5*6*054)��1I-:I�1<�)9	
301�69C>*486��$*4:0508�-1�-;��*:6�1L� �012�8)*�
guidelines of Good Clinical Practice (GCP). The 
informed consent was obtained from the parents of 
8)*�/08�*186��=)*��1;-53*2�4-16*18�8*G8�F06�2*I*	
loped by the Local independent Ethics Committee 
based on a bioethical review. The study design was 
approved by the Ethics Committee of Vinnytsia Na	
tional Pirogov Memorial Medical University (pro	
8-4-:��-���E�208*2�K0D��&E��"�� �

�
�����������
������������
�	���
��
Analyzing the laboratory markers of endothelial 

dysfunction in the blood serum of children in the 
K0�1�<5-9/E�2*/*12�1<�-1�6*GE�5*I*0:*2�0�6�<1�M4018�
difference compared to children of the Control 
<5-9/���-80C:DE�<�5:6�*G)�C�8*2�0�6�<1�M4018:D�)�<)*5�
*12-8)*:�1	��:*I*:�CD��"��SU��=0C:*�� ��=)*5*�F06�
1-�6�<1�M4018�2�N*5*14*��1�*12-8)*:�1	��:*I*:6�CD�
gender in the Control group.

=)*�010:D6�6�-;�*12-8)*:�1	��012�.}~��:*I*:6�2*	
/*12�1<�-1�8)*�6*I*5�8D�-;��+,�	%-.	�	066-4�08*2�

������	
S	T	��
�B
��G�
���
�
��
U	
�
�B
	�����	����
���B�������
��
��	
G����
�	
��
�B
�����
	�
��	
����
D
��E
G�
�	C
H�V�M

��
U	

����
D
��E ����
��
D
��E

n=40G���Z
�IOP D�
��Z
�IQJ
-
������	
�$')�#o��* 3 jjp& %kq $� j�p& k(q+qq � �4p& $2
�-./+�)�#o��* 4� 33p� j3q 44 kkp� k%q �2 42p$ �2
�������q'h��	#
	1��
���	n���
�����������������������������	����
�)Jr& &4*6�qq'h��	#
	1��
���	n���
�����������������	����
�������������	�����s�)Jr& &4* 

������

S	T	��
�B
��G�
���
�
��
U	
�
�B
	�����	����
���B�������
��
��	
G����
�	
��
�B
�����
	�
��	
����
D
��E
G�
�	T	
���
H�V�M

��
U	


����
D
��E
����
��
D
��EZ

n=40
�T	
�D	
���
	

H�IJKLM
�	T	
���

���0�	T	
	
H�IK2M

�	T	
	
H�IPOM

-
������	
�$�)�#o��* $$ &kp& 4(q k 4kp& %3 $� %%p& j�qq � �4p& $2
�-./+�)�#o��* 4( �jp� &&q 2k 43p$+33 %( $3p� 4%qq �2 42p$ �2
�������q'h��	#
	1��
���	n���
���������������������
�����#�����)�t& &&$*6�qq'h��	#
	1��
���	n���
������������������	�
����	���
�
���
�����	������)�r& &4* 

�������
S	T	��
�B
��G�
���
�
��
U	
�
�B
	�����	����
���B�������
��
�����
	�
�B
��	
����
D
��E
G�
��[
�	T	��
H�V�M

��[
�	T	�
\��
���	
H�D]�M ^�����	���0J3�	T	�
HED]��M 1^_`
�	T	�
HED]��M
7�u����	���)��������
�3 2*+�
i(& 3 j%p& 33 (2 %%p2 $$
77�u����	���)3 2h$2 33*+�
i(& $& k%p$ &( 4& $jp( &$
777�u����	���)$( &&h�2 33*+�
i(& $$ 2jp$ $% 4k $2p2 k2q
7��u����	���)��������
��(*+�
i(& $( 22p$ $2q %4 $2p( �jq
������q'h��	#
	1��
���	n���
�����������������
����	
�����7'�
��77�v����	����)�r& &4* 



� � � � � � � � 	 � 
 � 	 � � 
 � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � �
ORIGINAL ARTICLES

���������	
������K-2*51�/*2�085�46��#L50�1*������
 !�"��32

/1*93-1�0�6)-F*2�0�6�<1�M4018�2�N*5*14*�C*8F**1�
/08�*186�F�8)�6*I*5*�012�1-1	6*I*5*�4-956*6�CD�
�����U�012������UE�5*6/*48�I*:D��=0C:*�� �

��<1�M4018:D�)�<)*5�:*I*:6�-;�:0C-508-5D�305L*56�
of endothelial dysfunction were observed in children 
of the Main group who had elevated CRP levels, 
6)-F�1<��145*06*6�-;����S�U�012������U�;-5�*12-	
8)*:�1	��012�.}~�E�5*6/*48�I*:D��=0C:*�� �

�)*1�4-3/05�1<�8)*�:*I*:6�-;�*12-8)*:�1	��012�
.}~��C06*2�-1�/5-40:4�8-1�1�:*I*:6E�1-�6�<1�M4018�
2�;;*5*14*6��1�*12-8)*:�1	��:*I*:6�F*5*�-C6*5I*2��
�-F*I*5E�.}~��:*I*:6�F*5*�6�<1�M4018:D�)�<)*5E�CD�
����SUE��1�/08�*186�F�8)�6*593�/5-40:4�8-1�1�:*I*:6�
�1�8)*��.�H9058�:*��=0C:*�� �

�)*1�4-3/05�1<�*12-8)*:�1	��:*I*:6�C06*2�-1�MC	
rinogen levels, significantly higher values (by 
�
�
�U �F*5*�-C6*5I*2��1�/08�*186�F�8)�MC5�1-<*1�
:*I*:6��1�8)*��.�H9058�:*��.}~��:*I*:6�0:6-�6�<1�M	
4018:D�I05�*2�044-52�1<�8-�MC5�1-<*1�:*I*:6E�/058��49	
larly in patients with levels in the III and IV quar	
8�:*6E�6)-F�1<��145*06*6�-;����&�U�012�����SUE�
5*6/*48�I*:D��=0C:*�� �

A moderate positive correlation was established 
C*8F**1�MC5�1-<*1�012�%,��:*I*:6�F�8)�.}~��:*	

I*:6��5GD�"��""��/�"�"""��012�5GD�"������/�"�"""�E�
respectively). Additionally, a weak positive correla	
tion was noted between VEGF and procalcitonin 
:*I*:6��5GD�"��S���/�"�"�� �012�C*8F**1�MC5�1-<*1�
012�*12-8)*:�1	��:*I*:6��5GD�"��

��/�"�"""� ��$*	
/*12�1<�-1��|	��:*I*:6E�06�-1*�-;�8)*�/5-	�1J0330	
8-5D�4D8-L�1*6E�6�<1�M4018:D�)�<)*5�.}~��012�*1	
2-8)*:�1	��:*I*:6�F*5*�-C6*5I*2���CD������U�012�
���S�UE�5*6/*48�I*:D���4-3/05*2�8-�4)�:25*1�-;�8)*�
K0�1�<5-9/�F)-�)02��|	��:*I*:6��1�8)*���012!-5�
���H9058�:*6��=0C:*�
 �

�)*1�4-3/05�1<�8)*�:*I*:6�-;�*12-8)*:�1	��012�
VEGF in the blood serum in children of the Main 
<5-9/�C06*2�-1��|	��:*I*:6E�6�<1�M4018:D�)�<)*5�I0	
lues of these laboratory markers of endothelial dys	
;9148�-1�F*5*�-C6*5I*2��1�/08�*186�F�8)��|	��:*I*:6�
�1�8)*�����012��.�H9058�:*6E��145*06�1<�CD������012�
�����8�3*6E�5*6/*48�I*:D��=0C:*�& �

�*��2*18�M*2�0�6�<1�M4018�3-2*508*�/-6�8�I*�4-5	
relation between the levels of endothelial dysfunc	
8�-1�305L*56E�694)�06�*12-8)*:�1	��012�.}~�E�012�
8)*�:*I*:6�-;��|	��012��|	���%)�:25*1�-;�8)*�K0�1�
group had significantly higher levels of endothe	
:�1	��012�.}~��4-3/05*2�8-�4)�:25*1�-;�8)*�%-185-:�
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<5-9/��/�"�"� ��=)*6*�305L*56�F*5*�;-912�8-�2*	
pend on disease severity, CRP levels, and the sex of 
8)*�/08�*186�� �1�<�5:6E� *12-8)*:�1	�� :*I*:6�F*5*�
�"��SU�)�<)*5�8)01��1�C-D6��/�"�"� ��.}~��:*I*:6�
were highest in patients with severe pneumonia, 
6)-F�1<�01��145*06*�-;������U�4-3/05*2�8-�8)-6*�
F�8)�1-1	6*I*5*�2�6*06*�

�
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��������
��
����������
�
�
Coronavirus disease remains one of the most se	

vere in the world. The percentage of severe and fa	
tal cases among children is lower than in adults. 
The search for biomarkers that indicate the severi	
ty of the disease is ongoing. Endothelial dysfunc	
tion is a systemic condition in which the endothe	
lium loses its physiological properties. The 
mechanism of endothelium’s participation in the 
occurrence and development of various pathologi	
cal conditions is multifaceted and is associated not 
only with the regulation of vascular tone but also 
with participation in the process of thrombus for	
mation, and protection of the integrity of the vas	
cular wall. The endothelium plays a key role in 
maintaining normal vascular tone and structure, 
local homeostasis, and proliferation processes of 
vascular wall cells. The function of the endothelium 
and its role in the normal functioning of the cardio	
vascular system in children has been known for a 
long time. The regulatory functions of the endothe	
lium are numerous, including maintaining the tone 
012�68594895*�-;�8)*�I0649:05�F0::6E�I0649:05�5*3-	
2*:�1<E�5*<9:08�-1�-;�8)5-3C96�;-5308�-1�012�MC5�	
1-:D8�4�;9148�-16E�/058�4�/08�-1��1��1J03308-5D�
and immune reactions, regulation of leukocyte and 
platelet adhesion to its surface, regulation of vascu	
lar wall permeability. Endothelial dysfunction is 
C*:�*I*2�8-�C*�-1*�-;�8)*�*:*3*186�-;�8)*�/08)-<*	
1*6�6�-;��+,�	%-.	���1;*48�-1�012�:*026�8-�8)*�04	
tivation of thrombus formation processes and im	
paired vascular tone. Moreover, endothelial 
dysfunction is exacerbated by excessive synthesis 
-;�/5-	�1J03308-5D�4D8-L�1*6�

Endothelial cell dysfunction is accompanied by an 
�145*06*��1�$	2�3*5�:*I*:6E�F)�4)�05*�0�C5*0L2-F1�
/5-2948�-;�MC5�1�012�MC5�1-<*1��=)�6�69<<*686�8)08�
the essence of coagulopathies in COVID infection is 
�145*06*2�MC5�1�;-5308�-1E�012�1-8�/5-:-1<*2�/5-	
thrombin and activated partial thromboplastin time, 
decreased antithrombin and platelets, which are ob	
served in sepsis and disseminated intravascular co	
0<9:08�-1�6D125-3*�A�B�

+48�I08�-1�-;�*12-8)*:�1	��6D18)*6�6��6�/5-C0C:D�0�
response to damage to endothelial cells by toxins 
295�1<�8)*�-16*8�-;�8)*��1J03308-5D�/5-4*66��1�8)*�
lungs. An increase in this indicator can also be asso	
ciated with a compensatory response to the hyper	
production of nitric oxide. As a result of a decrease 
in the elimination of endothelin during damage to 
lung tissue and inactivation of nitric oxide during its 
interaction with free radicals (formation of per	
oxynitrite, etc.), an imbalance occurs between vaso	
constrictors and vasodilators in the direction of va	
6-4-1685�48�-1��+�)�<)�4-18*18�-;�*12-8)*:�1	���1�8)*�
blood can lead to a predominance of the vasocon	
685�48-5�*N*48E��3/0�5*2�3�45-4�549:08�-1E�012�8)*�
development of hypoxia of peripheral tissues, which 
401�4096*�0�3-5*�6*I*5*�4-956*�-;�4-3391�8D	04	
quired pneumonia and the development of compli	
cations. It is natural that in children in the group 
F�8)�0�3�:2�4-956*�-;�/1*93-1�0E��1�F)-3��1J0330	
tory phenomena are less pronounced, the level of 
*12-8)*:�1	���1�8)*�C:--2��6�3�1�30:��}:*I08*2�:*I*:6�
-;�*12-8)*:�1	��012�.}~�E�F)�4)�05*�066-4�08*2�
F�8)�2�6*06*�6*I*5�8D�012�6D68*3�4��1J03308�-1E��1	
dicate the need to consider these markers in predict	
ing the course of the disease. High levels of VEGF in 
6*I*5*�2�6*06*��12�408*�048�I08�-1�-;�I0649:05��1J03	
mation, which requires further study.

�+,�	%-.	���1;*48�-1�/5-3-8*6�8)*�2*I*:-/	
ment of endotheliitis in various organs as a conse	
H9*14*�-;�I�50:�2030<*���8��6�8)*�/5*6*14*�-;�%R.�$	
�S	�1294*2� *12-8)*:��8�6� 8)08� 401� *G/:0�1� 8)*�
systemic microcirculatory impairment in various 
vascular beds and their clinical consequences.
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8)*�/08)-<*1*6�6�-;��+,�	%-.	�	066-4�08*2�/1*9	
monia in children, as evidenced by an increase in 
*12-8)*:�1	�� 012� .}~�� :*I*:6� CD� ��S�� 012�
�����8�3*6E�5*6/*48�I*:DE�4-3/05*2�8-�8)*�%-185-:�
<5-9/��/�"�""� ��+22�8�-10::DE�8)*�:*I*:6�-;�*12-8)*	
:�1	��012�.}~���1�8)*�C:--2�6*593�-;�4)�:25*1�F�8)�
6*I*5*��+,�	%-.	�	066-4�08*2�/1*93-1�0�F*5*�
���
�012������8�3*6�)�<)*5E�5*6/*48�I*:DE�8)01��1�/0	
8�*186�F�8)�1-1	6*I*5*�2�6*06*�

The levels of laboratory markers of endothelial 
2D6;9148�-1�F*5*�0:6-��1J9*14*2�CD��12�408-56�-;�8)*�
�1J03308-5D�/5-4*66���/*4�M40::DE�08�%,�E�/5-40:4�	
8-1�1E�012�MC5�1-<*1�:*I*:6�F�8)�1�8)*��.�H9058�:*E�

8)*�:*I*:6�-;�*12-8)*:�1	��012�.}~��F*5*������
���&�8�3*6�)�<)*5E�5*6/*48�I*:DE�8)01��1�/08�*186�F�8)�
/5-	�1;:03308-5D�305L*5�:*I*:6��1�8)*���H9058�:*��
K-5*-I*5E�0�6�<1�M4018��/�"�"""� �/-6�8�I*�4-55*:0	
8�-1�F06��2*18�M*2�C*8F**1�8)*�:*I*:6�-;�*12-8)*	
:�1	��012�.}~��012��|	��012��|	����-5��|	�E�8)*�
4-55*:08�-1� 4-*;;�4�*186� F*5*� 5GD�"���&� 012�
5GD�"��S�E�5*6/*48�I*:DE�012�;-5��|	�E�8)*D�F*5*�
5GD�"��S��012�5GD�"����E�5*6/*48�I*:D�
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�
��	���~�I*1�8)*�2*I*	
lopment of endothelial dysfunction and the potential 
for thrombosis in children with coronavirus infec	
tion, future research should focus on evaluating 
blood coagulation system parameters.
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