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Purpose — to present a clinical case of a particular complication of post-COVID multisystem inflammatory syndrome (MIS) — pulmonary 
embolism (PE) which developed due to primary hereditary thrombophilia in a child for better understanding of the MIS evolution and prognosis 
in children (MIS-C).
Case report. In an 11-year-old boy who previously had no hemorrhagic manifestations, the first symptoms of the disease occurred in the form 
of fever and a hemorrhagic rash on the lower extremities. Later, he developed signs of respiratory failure, his condition worsened, and bilateral 
community-acquired viral pneumonia caused by COVID-19 was diagnosed. The child presented with post-COVID MIS manifested as PE,  
which caused further genetic examinations for hereditary thrombophilia. Primary thrombophilia was detected (F2 gene — prothrombin (20210 
G>A) D68.5). Concomitant hereditary pathology was probably the reason for a severe course of the infection and the development of a com-
plication in the form of PE requiring intensive and long-term anticoagulant therapy.
Conclusions. In case of PE detection, especially in young patients, examinations to confirm or rule out hereditary or acquired thrombophilia 
are required, that defines recurrent venous thromboembolism prevention programs. This clinical case report is a contribution to the study  
on the issues of MIS-C, defining links between pulmonary complications (transient or persistent) and serious sequelae in the future.
The research was carried out in accordance with the principles of the Helsinki Declaration. The informed consent of the patient was obtained 
for conducting the studies.
No conflict of interests was declared by the authors.
Keywords: multisystem inflammatory syndrome, children, pulmonary embolism, primary thrombophilia, anticoagulant therapy.
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Introduction

One of the major challenges facing 
modern medicine all over the world  
in 2019–2022 was the COVID-19 

pandemic. Published information concerning  
the course, treatment, and presence of compli-
cations in children during that time was rather 
controversial [8,23]. Pediatric COVID-19 cases 
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tory syndrome in children (MIS-C) was termed 

and thought to be associated with COVID-19 
infection [12,19]. According to the Centers for  
����
�������	���
����	������������������������!��
in May 2020, an incidence of MIS-C was estimated  
to be only 600 cases of MIS-C in the United States, 
and there were already about 2060 incidents  
in February 2021 [10]. The criteria for a diagno-
sis of MIS-C (based on the Interim Guidance, 
2020) include the presence of six signs: clinical-
ly severe disease requiring hospitalization, age  
<21 years, fever >38°C lasting >24 hours, labora-
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tisystem organ involvement (two organs or sys-
tems) and positive laboratory testing for current or 
recent COVID-19 infection (positive Polymerase 
chain reaction (PCR) test, detection of antigen,  
presence of antibodies or COVID-19 exposure 
within a previous month before the symptom on-
set) [21]. As the pandemic progressed, there were 
reports of increased rates of venous and arterial 
thrombotic events in children with COVID-19 
and MIS-C. In accordance with the published data, 
thrombosis was observed in up to 27% of cases  
in children with MIS [7].

Besides, over the recent decades, the incidence  
�"� ������� ��	������������� LQWXY� �
�� ��!���-
cantly increased in children, but most impor-
tantly, across all age groups [3]. As per results  
of analysis, 12.4% of VTE caused the development 
of post-thrombotic syndrome, 8.1% — frequently 
recurring thrombosis [5,14]. VTE diagnosis, es-
pecially in young patients, may be associated with 
inherited or acquired thrombophilia — a hereditary 
or acquired condition characterized by an increased 
tendency of blood to clot in vessels with the occur-
rence of VTE — deep vein thrombosis (DVT) and 
pulmonary embolism (PE) [24].

More epidemiological and clinical studies need 
to be done in order to better understand the evo-
�������
����	�!�������"�\^_`���
��{����
�����������
therapeutic strategies [20,23].

The purpose of the study — to present a clinical 
case of a particular complication of post-COVID 
MIS — PE which developed due to primary here- 
ditary thrombophilia in a child.

Clinical case
Informed consent of the child’s parents was 

obtained for the research. We have analyzed the 
clinical case of an 11-year-old boy Ya., who was  
examined and treated at the ME «Regional Medical 
Center of Family Health (RMCFH)» of Dniprope-
trovsk Regional Council» with a clinical diagnosis: 
post-COVID MIS-C (PE, bilateral community-ac-
quired viral pneumonia), primary thrombophilia 
(F2 gene — prothrombin (20210 G>A) D68.5), 
secondary metabolic cardiomyopathy.

Results
The patient presented to the hospital with com-

��
������"�{�
~�������	�{�����������
������	�
��-
ing, shortness of breath at rest, cough, and bruises 
on his arms and legs.

Based on a clinical history, the disease onset 
{
��

�����{�����
	������	�������
���
����
���
� 

in the upper third of the left thigh in their previ-
ously completely well-being child two weeks before  
a hospitalization. A week after that, the child also 
developed hematomas on the skin in the projection 
of the ankle joints, on the shins and upper extre- 
mities, the occurrence of which was accompanied  
by an increase in body temperature up to febrile 
values, moderate shortness of breath, swelling 
of the lips. The boy was treated by a family doc-
tor with a diagnosis of acute respiratory disease  
and received symptomatic treatment. The child 
was admitted to the city hospital as his condition 
clinically deteriorated (worsening of respiratory 
disorders). After a general clinical examination, 
chest X-ray and ultrasound examinations, a pre-
sumptive diagnosis was made: left-sided pneumo-
nia. A PCR test was negative for SARS-CoV-2,  
but a medical history of contact with his father 
who had coronavirus disease a week before the on-
�����"������	�������������������
�����{
����������H�
IgG and IgM antibodies against COVID-19 were 
afterwards detected in the boy at a hospital. The 
child was diagnosed with bilateral polysegmental 
pneumonia, PE and referred for further examina-
tion and treatment to the RMCFH.

Upon admission to the RMCFH, the child’s 
condition was serious due to signs of degree  
II respiratory failure. On examination: shortness of 
breath at rest, persistent dyspnea with pronounced 
involvement of accessory muscles in the act  
of breathing, subcostal, intercostal, supracostal 
retractions. The level of consciousness was not 
impaired, signs of meningeal irritation were 
negative, no focal neurological symptoms were 
detected. The skin was pale pink in color, moist, 
body temperature — 37°C, respiratory rate — 
33/min, heart rate — 90 bpm, blood pressure 
of 140/65 mmHg corresponded to grade II 
hypertension. When breathing atmospheric  
air, oxygen desaturation up to 88–90%  
was detected. Auscultation revealed rough 
respiratory sounds over the lungs, heard 
symmetrically, there were no rales; heart sounds 
{�	�� 	������
�� �����H� W��� 
������� {
��
soft, nontender to deep palpation; the liver was 
enlarged by one cm in the right midclavicular line;  
the spleen was not enlarged. Defecation and 
urination were independent, urine was light, 
diuresis was adequate.

W��� ���
��
� �
��	
��	�� ��
���
����� �����!��
of the boy are presented in tables 1–3.

Admission laboratory examinations includ-
ing clinical blood tests revealed neutrophilic 
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Table 1
Dynamics of clinical blood test parameters

Table 2
Dynamics of coagulogram parameters

Note: ESR — Erythrocyte Sedimentation Rate.

Notes: INR — International Normalized Ratio; APTT — Activated Partial Thromboplastin Time; FFMC — Fibrinogen-Fibrin Monomer Complexes.

leukocytosis with a leukocyte formula left shift, 
thrombocytopenia, and an increase in erythrocyte 
sedimentation rate (ESR). Biochemical blood anal-
ysis showed hypoproteinemia, hypoalbuminemia,  
increased lactate dehydrogenase (LDH) and C-re-
active protein (CRP). The coagulogram indicated 
hemostasis disorders in the form of disseminated 
intravascular hypercoagulation characteristics 
and an increase in D-dimer. Natriuretic peptide 
was within the normal range (3.94 pc/ml) being 
additionally tested. A clinical urinalysis revealed 
slight proteinuria, moderate leukocyturia and mi-
croerythrocyturia. These changes were transient  
and eliminated within a week. The rate of diuresis 
{
�����
��������H�����~!��H

Instrumental examinations demonstrated signs 
of left ventricular overload through an assess-
ment of ECG; hypertrophy of the interventricular  
septum (IVST — 9 mm), an increase in the right 
ventricle chamber dimension (RVD — 18 mm) and 
������
	�� 
	��	�� ������ ��{� ����
���� L����Q� � 
34 m/s) with normal myocardial contractility (ejec-
tion fraction — 67%) determined via Echo-CG.

Contrast-enhanced computed tomography  
angiography of the chest and mediastinum or-

gans revealed the presence of bilateral areas with  
increased attenuation of the lung tissue as a ground-
glass opacity pattern localized mainly on the right 
as well as bilateral pulmonary consolidations which 
were triangular in shape in the lower lobes (S8) 
distributed peripheral to subpleural spaces. There 
were no bronchial or tracheal obstructions. After 
a contrast agent injection into the right and left  
������
	��
	��	�������������������!���"�
����"���"-
ferent sizes were seen up to the level of the segmen-
tal pulmonary arteries. Conclusions: PE, bilateral 
pulmonary infarction-associated pneumonia in the 
lower lobes, bilateral polysegmental pneumonia.

A lung ultrasound examination revealed right-sid-
ed pneumonia (a hypoechoic consolidated area of lung 
tissue was visualized) and signs of right-sided pleurisy 
L
�������������"�����	
����������{
������
���YH

An abdominal ultrasound examination showed 
hepatomegaly (right lobe — 110 mm, left lobe — 
60 mm) and enlargement of the pancreas (head/
body/tail — 15/13/16 mm).

Doppler ultrasound scanning of the renal arte- 
	����	���
������
��������������{�����
�����
	
��-
ters corresponded to the norm (V min-max in the 
right main renal artery — 0.24–0.74; V min-max  

Parameter Reference 
values

Day of hospital stay 
Day 1 Day 7 Day 13 Day 20 Day 23

���������������|� 3.5–4.7 4.00 3.50 3.7 4.03 4.50
�������������|� 110–145 125 99 110 117 132
�����������]|� 150–410 65 78 48 169 140
������������]|� 4.5–10.5 15.0 12.6 14.9 10.0 8.9
Myelocytes, % 0–1 0 0 0 0 0
Metamyelocytes, % 0–1 0 0 0 0 0
Band neutrophils, % 1–5 17 15 8 4 2
Segmented neutrophils, % 35–65 68 76 41 50 60
Lymphocytes, % 20–54 3 4 36 25 30
Monocytes, % 2–10 5 5 9 10 7
Eosinophils, % 1–5 7 10 6 10 1
Basophils, % 0–1 0 0 0 1 0
�/�����|� 4–12 20 20 18 9 6

Parameter Reference 
values

Day of hospital stay
Day 1 Day 7 Day 13 Day 17 Day 23

INR, c.u. 0.8–1.2 1.0 1.2 1.2 1.12 1.13
������ ��������������¡�¢�|�£ 70–100 95 79 83 89 83
Thrombin time, s 15–21 13.7 16.4 15.6 14.6 19
APTT, s 25–43 24,4 31,4 24,3 25 33
Z������������|� 2–4 6.2 2.9 3.9 4.9 4.3
ZZ+�����|£ 3–4 3.0 4.0 3.0 4.0 5.0
!"¡������¤�|�� 0.5 2.19 2.21
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in the left main renal artery — 0.23–0.73), and 
spectral parameters were increased (Resistive In-
dex of the right main renal artery — 0.68; Resistive 
Index of the left main renal artery — 0.70). 

The diagnosis of MIS was made on the basis  
of the following criteria: severe disease requir-
ing hospitalization, age <21 years, fever >38°C 
that lasted longer than 24 hours, laboratory signs  
�"� ���
��
����� #��� ������������ �	!
�� �������-
ment (respiratory, cardiovascular systems and 
�~��Y�
��{����
��
���	������Q^�`���L���������	��
of close contact with the known case of COVID-19 
within the previous month and the presence of de-
tected antibodies). The following laboratory signs 
�"� ���
��
�����{�	��������
���"�\^_`����	�����
��
	�
���� ����� X_��� ��	���!���� �`����	�� ����
along with neutrophilic leukocytosis, decreased  
albumin level, and thrombocytopenia.

The diagnosis of subtotal PE was made based on 
the chest CT and a cardiac surgeon consultation.

The diagnosis of hereditary thrombophilia  
{
��
���	�����������!�!�����
��
	~�	���"���	��-
bophilia panel. A genetic examination revealed pri-
�
	����	���������
�"�	������	���������������
�������
life: Gene F2 — prothrombin (20210 G>A); Gene 
F7 — (10976G>A); F13A1(103G>T); PAI -1  
(675 5G>4G) ITGB3-b — integrin (1565 T>C) — 
mutation, heterozygous state was detected.  
His brother carried the same mutation, that was 
not accompanied by cardiovascular complications.

During his stay in the hospital, the boy’s  
temperature periodically rose to febrile values, 

a hemorrhagic maculo-petechial rash occurred 
over the trunk and neck followed by itching. He  
was also developed cough, a mixed type of breath-
lessness at rest and worsening dyspnea on exertion. 
Arterial hypertension was documented only on ad-
mission and did not require antihypertensive the- 
	
��H� W��� ���� ����	{���� �������

����� ���	
����
oxygen therapy, antithrombotic and antibacterial 
treatment.

Schönlein–Henoch purpura and heredi-
�
	�� ��	���������
� {�	�� 
������	��� 
�� 
� ����` 
rential diagnosis in the patient presenting with  
a hemorrhagic syndrome of the bruise-like type. 
Other systemic diseases were also ruled out: an-
tiphospholipid syndrome, systemic vasculitis. 
The child was consulted by professors at the De-
partments of Pediatrics and Infectious Diseases,  
a cardiac surgeon, a cardiorheumatologist, a hema-
tologist, as well as by the Head of the Hemostasis 
Department at OHMATDYT hospital in Lviv.

Given the concurrent course of MIS with 
thrombophilia, it was decided to escalate low-mo-
lecular-weight heparin (enoxaparin) therapy to 
requiring additional direct-acting oral anticoagu-
lant (rivaroxaban) at a dose of 5 mg/day, to con-
tinue dynamic monitoring of the child's condition,  
to control D-dimer, ferritin, CRP, procalcitonin, 
coagulogram parameters.

The child received treatment according to Pro-
tocol No. 3094 «Provision of medical assistance for 
the treatment of coronavirus disease (COVID-19)» 
dated December 31, 2020 [18] and International 

Table 3
Dynamics of blood biochemical parameters

Notes: ALT – Alanine Aminotransferease; AST – Aspartate Aminotransferase; LDH – Lactate Dehydrogenase; CPK – Creatine Phosphokinase.

Parameter Reference 
values

Day of hospital stay
Day 1 Day 5 Day 10 Day 15 Day 20

_���������|� <39 28 35 59 – 90
_/��������|� <47 24 22 33 – 38
_�������� ��� �������������|� 145–420 100 –
�����������������¤���|� 3.4–21.5 9 14,8 – 7
�!�������|� <295 427 360
������ ���������|� 52–78 59 74 58 58 65
_���������|� 35–54 30 40 31 29 35
§���������|� 1.8–6.4 5.9 4.0 5.2 4.3 2.1
������������¤���|� 45–105 56 61
]������������|� 3.8–6.1 5.1 5.0
_��������§|� <120 73 49 65 – 47
��¨��§|� <145 44
§������������������|� 1.2–3.9 2.7 1.9 2.5 – 1.0
�"������©�� ����������|�� <6 12 6 6 6 6
ª�«������|� 135–148 138 142 140 141 143
¨«������|� 3.5–5.3 4.3 4.3 4.4 3.9 4.4
��"������|� 98–107 109 115 114 112 112
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Recommendations «Interim Clinical Guidance for 

������ {���� �����
���� �	� 
���	���� ��Q^�`�����
Belgium, December 1, 2020 [15,21], namely,  
�������

����� ���	
���� !��
�
�	��
������ 
��� 
syndromic therapy. He received fraxiparin, enox-
aparin and rivaroxaban for the purpose of an-
����	������
� �	�
�����H� �	��� ���� �	��� �
�� 
of his stay at the RMCFH, the patient was pre-
scribed dexamethasone at a dose of 0.1 mg/kg body 
weight, which amounted to 6 mg/day (2 mg 3 times 
a day), for 10 days with gradual withdrawal. Frax-
iparin was administrated at a dose of 0.1 ml/10 kg 
body weight (5700 IU anti-Xa) once daily sub-
cutaneously for one week, and then — enoxaparin  
0.5 ml 2 times a day (10,000 anti-Xa IU, 200 an-
ti-Xa IU/kg) for 8 days with the following switch 
���	��
	��
�
���	���"�	����
���
��
�������"��H���!� 
2 times (5 mg/day), and then for 3 months with  
an increased dose to 15 mg/day.

The patient presented improvements in his 
general condition as well as normalized laboratory 
�����!�� 
��� {
�� ���
�
	!��� ����� 
"��	� 
� ��`�
��
stay at the hospital with instructions for further 
follow-up by a family doctor and a cardiologist.  
It was recommended to control motor (with gra- 
dual expansion) and drinking regimens, to main-
tain treatment with rivaroxaban at a dose of  
15 mg/day for 21 days with a possible further ex-
tension of up to three months with the dose cor-
rection. The patient was advised to check-up blood 
parameters and coagulogram with glomerular 
���	
����� 	
��� 

�
��
����� ��
�� ���	�� �{�� {��~��
and Echo-CG and ECG — after three weeks.

Discussion
The presented clinical case demonstrates the 

development of a particular complication of post-
COVID MIS in the child — PE. PE is a condition 
characterized by an obstruction of the pulmonary ar-
tery or its main branches with a clot or its fragments 
which are formed in the systemic circulation veins or 
the right heart cavities and subsequently displaced to 
����������
	��
�	
��
�����{����������������{�����H

It is necessary to rule out thrombophilia  
(a predisposition to thrombi formation with a 
localization in vessels or heart cavity) in patients 
diagnosed with PE. According to the British 
Society for Haematology (BSH) Clinical Guide-
lines, thrombophilias are inherited or acquired con-
ditions that are associated with VTE, such as DVT 
and PE [2]. Thrombophilia does not always result 
�����	���������������!���

�������
	�
��������	��~��"�
its occurrence, that is, so, it is a pathological condi-

tion that leads to thromboembolism. The frequency  
of hereditary thrombophilias predisposing to 
VTE is 5–10% in the general population and 
reaches 40% in patients who have had a VTE [5].  
The most common hereditary thrombophilias in-
clude the carriage of Leiden mutations, prothrom-
���� ���
������� �	������ �� ���
���
��� �	������ _�
���
���
��� 
��� 
�����	������ ���
���
�� ����H� �
-
cording to Hedegaard S.S. et al., 9 of the 27 (33%) 
children with venous thrombosis had hereditary or 


���	��� ��	���������
�� {��
�� {
�� ��!���

�����
higher than in the general population [13].

Being comprehensively assessed, the examined 
child was diagnosed with an underlying hereditary 
disease — primary thrombophilia (prothrombin 
mutation), that caused the development of SARS-
CoV-2 thrombotic complications. A mutation  
at nucleotide 20210 in the gene encoding pro-
thrombin results in states with increased cir-
culating concentrations of prothrombin, which  
is further proteolytically converted to thrombin. 
According to studies by F. Vazquez et al., the preva-
lence of this gene mutation 20210 was from 2 to 5% 
in the general population, and more often among 
white patients [25].

The pathogenesis of thrombosis almost invari-
ably is complex, and thrombotic episodes occur as  

� 	������ �"� 
� 
�������� ������
�� �"� ����	����� !�-
netic and environmental factors. There is current-
ly little information available about the cause of 
thrombosis in MIS-C, although the mechanism is 
thought to be similar to that in acute COVID-19. 
It is believed that the main triggering factor of 
hypercoagulation in SARS-CoV-2 infection is di-
rect or indirect damage to the endothelium as a re-
����� �"� ��	
�� ��"�
����� 
��� �������
� ���
��
������ 
resulting in the activation of tissue factor path-
ways, platelets, and several cytokines [7].

The coagulopathy that occurred in the pa-
tient, whose case is presented in this article, was 
related to COVID-19 and had its own mecha-
nistic characteristics. The presence of mutations  
in the genes encoding central regulators of throm-
bopoiesis (i.e., thrombopoietin and its receptor 
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��Y� ��	�
���
����������� ���� �	���	������
� ��
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�����
leading to the development of pulmonary throm-
boembolism associated with certain risk factors 
[4]. According to V. Wanga et al., children with  
a history of concomitant diseases (most often — 
obesity — 32.4% and bronchial asthma or reactive 
airways disease — 16%, respectively) were more 
likely to develop a severe course of the disease and 
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had a higher risk of death from COVID-19 [26]. 
Acute diseases or concomitant diseases are proba-
bly associated with an increased risk of thrombo-
embolic diseases in children.

The majority of patients with MIS had a re- 
levant history of previous exposure to someone  
infected with SARS-CoV-2 or tested positive by 
serological tests or RT-PCR. Based on the epide-
miological data, M. Santaniello at al. have noticed 
that SARS-CoV-2 infection acted as a trigger  
"�	���������`��"�
���������
��
��	���	�
��������H

According to a systematic literature review con-
ducted by H. Singh et al., cutaneous manifestations 
of MIS-C in children were quite common (25%), 
�

�		�������	�����
����
����!���

��������

������
for early diagnosis of the disease [22]. Skin lesions 
in our patient had the character of the hemorrhagic 
maculo-petechial rash occurred over the trunk and 
neck, which was accompanied by itching. The ma- 
nifestation of cutaneous symptoms could also be 
explained by the high serum prothrombin level in 
the child diagnosed with hereditary thrombophilia.

W������
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is the major precipitating factor for coagulopathy, 
��{���	�� ���� �	�
���� ��
�
������ ���~��!� ���
�-
mation with hemostasis dysregulation and throm-
bosis warrants further long-term studies. Research 
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���!���
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procalcitonin, D-dimer, and natriuretic peptide  
���
����	���{����\^_�
"��	�
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infection. Severe viral infections activate the 
blood coagulation system and increase the risk for 
thromboembolism. A viral infection is responsible 
for the activation of endothelial cells, platelets and 

leukocytes, followed by the formation and release  
of thrombogenic microparticles containing tis-
sue factor, which further drives the cascade of 
coagulation [1,9,12,16]. Increased levels of CRP  
to 12 mg/ml, LDH to 427 units/l, and D-dimer  
����H����!�{�	������
�������������
���������������-
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have caused coagulation disorders in the child.

Conclusions
\����������� ���
��
��	�� ����	���� ���

children associated with the coronavirus disease 
2019 has a wide range of clinical manifestations 
and requires timely diagnosis, adequate treatment 
and careful dynamic monitoring.
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in the coronavirus disease is the major trigger  
of coagulopathy, on the other hand, the presence  
of the underlying condition in the form  
of hereditary thrombophilia in the child compli- 
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syndrome and contributed to the development  
of pulmonary embolism.

In case of pulmonary embolism detection, 
especially in young patients, examinations 
��� 
���	�� �	� 	���� ���� ��	����
	�� �	� 

���	���
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venous thromboembolism prevention programs. 

This clinical case report is a contribution  
to the study on the issues of multisystem 
���
��
��	������	�������
����	����������!����~��
between pulmonary complications (transient  
or persistent) and serious sequelae in the future.
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