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Abstract Hereditary thrombocytopenias such as Bernard-Soulier syndrome are rare but are often misdiagnosed as ITP
due to similar clinical presentation. The article describes 17 patients with chronic recurrent ITP who underwent NGS testing
due to poor response to therapy. Of the 17 patients, 5 were found to have various forms of hereditary thrombocytopenia, while
the remaining 11 cases were found to have pathological and conditionally pathological genes, the clinical presentation of
which was combined with thrombocytopenia and hemorrhagic syndrome, in many cases resistant to platelet concentrate
transfusion. Also presented are cases from the practice of patients who received treatment for chronic ITP with no effect or
temporary effect, which was accompanied by severe hemorrhagic syndrome.
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1. Introduction

The most common cause of isolated thrombocytopenia
in children is idiopathic thrombocytopenic purpura (ITP).
Hereditary thrombocytopenias such as Bernard-Soulier
syndrome are rare but are often misdiagnosed as ITP
due to their similar clinical presentation. Hereditary
macrothrombocytopenia is a rare disorder that is often

misdiagnosed as idiopathic immune thrombocytopenia (ITP).

Automated blood cell counters in routine clinical practice
commonly miss giant platelets and underestimate the
mean platelet volume (MPV). Misdiagnoses may expose
patients to unnecessary immunosuppressive treatment [1,2].
Therefore, genetic testing in the form of whole genome or
whole exome sequencing can help to accurately diagnose
and determine the correct treatment strategy. Hereditary
thrombocytopenia (HIT) is an example of a common
misdiagnosis; up to 40% of patients with HIT are initially
misdiagnosed as chronic ITP [3].

Goal. Assess the significance and role of using next
generation sequencing (NGS) research in chronic forms of
ITP in children.

2. Materials and Methods

Peripheral blood, case history materials of 17 patients with
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chronic ITP. Average age 5.6 years, girls - 7, boys - 10. The
following were performed: peripheral blood, bone marrow -
hemogram, myelogram, whole exome sequencing of peripheral
blood DNA, clinical examination, family history, if necessary,
additional radiological and biochemical studies [4,5].

The laboratory of the study was carried out in the optimum
conditions recommended on the kit, and the raw data
obtained were made ready for analysis by going through a
series of processes. Current versions of different databases
were used for interpretation of variants during the analyses.
Mutations with a minor allele frequency greater than 5%
were note valuated. Detected variants were classified
according to ACMG (American College of Medical Genetics
and Genomics) criteria published in 2015. As a result of the
analyzes, pathogenic, possibly pathogenic and clinically
unknown variants associated with the patient's clinic were
reported. In addition, even if it is not related to the patient's
clinic, pathogenic and possibly pathogenic variants detected
in the genes recommended to be reported by ACMG were
added to the report [6].

The patients were searched for pathogenic variants
of the nucleotide sequence associated with hereditary
thrombocytopenia and other diseases with similar phenotypic
manifestations.

3. Discussion

NGS study was conducted in 17 patients with chronic
recurrent ITP, due to poor response to therapy. The results
are presented in Table 1.



3280

Xusanova Diyora Ziyadullaevna et al.:

Results of Next-Generation Sequencing

Studies in Children with Chronic ITP (Single Center Experience)

Table 1. Characteristics of the examined patients and interpretation of the identified genes

. NGS,
Ne | Patient/Age/sex Gen
Pathogen
Mutations of the KRT81 gene with AD type of inheritance Monilethrix
1 A., 11y., boy Mutations of the ZNF335 gene with AR type of inheritance associated with the development of Primary Microcephaly
Breakdowns in exon 18 of the GRIP1 gene associated with the development of Fraser Syndrome
CFHR5 CFHR5- Nephropathy
0. 5y MODY diabetes type 1/ Renotubular Fanconi
2. ' ol h HNF4A — MODY syndrome with MODY diabetes
g Hereditary motor and sensory neuropathy type 6A /
MEN2 Charcot-Marie-Tooth disease, axonal, type 2A
X.4 NOTCH3 Lateral meningocele syndrome
3. bo y. MPO Myeloperoxidase deficiency
y pPCCB Propionic acidemia
SCN3A Developmental and epileptic encephalopathy 62 /
4 K., 8 months Epilepsy, familial focal, with variable foci
‘ boy CUBN Imerslund-Grasbeck syndrome 1
GNPTAB Mucolipidosis
M., 2y. .

5. boy MLH1 Lynch syndrome 2 (AD - Autosomal Dominant)
6 X., 20y GATAL—1 Anemia, X-linked, with/without neutropenia and/or
' boy platelet abnormalities (XLR-X-linked Recessive)

D., 5y. - . . .
7. girl RBMB8A Rna-binding motif protein 8 - autosomal recessive
B., 2y. i i i ;
8. 3 y TERT NM_198253.3 - Dyskeratosis conggnlta, autosomal domlnapt 2;
girl Autosomal Dominant Autosomal Recessive
F.., 2y. .
9. girl GP1BA Homozygous Bernard-Soulier syndrome, type Al
Z.,2y. -Souli
10. . y GP1BA Homozygous Bernard Souller_syndrome, type Al
girl Bernard-Soulier
1 1., 11y. KMT2D Heterozygous Kabuki syndrome 1
' girl PAH Heterozygous Phenylketonuria
Sh., by . . .
12. boy WAS Wiskott-Aldrich syndrome Hemizygous
h. ic ri
13, Sh., By DSG2 Heterozygonus Arrhythmo_genlc right
boy ventricular dysplasia 10
PIEZO1 Heterozygous Hereditary dehydrated stomatocytosis with
14 Z,5y. or without pseudohyperkalemia and/or perinatal edema
' boy PHKA2 Hemizygous Glycogenosis types 1Xal and 1Xa2
DMD Hemizygous Duchenne muscular dystrophy
sh., 3y BSND Heterozygous Bartter ?yndrome, Type 4a
15. Heterozygous Congenital hydrocephalus,
boy MPDZ - : : L
with or without brain or eye abnormalities
FBN1 Heterozygous Marfan syndrome
Familial atrial fibrillation/Brugada syndrome/Dilated
T, 10 i i ili
16. , 10y SCNSA cardiomyopathy 1E/Progressive familial heart block
boy 1A/Long QT syndrome
Heterozygous Intellectual disability with seizures
SETD1B and language delay
17 T., 2y. G6PD Heterozygous G6PD deficiency hemolytic anemia
' girl TNFRSF13B Heterozygous Common variable immunodeficiency

Of the 17 patients, 5 were found to have various forms of
thrombocytopenia,
Bernard-Soulier syndrome — 2 patients, Wiskott-Aldrich

hereditary

such as Homozygous

syndrome Hemizygous - 1, Heterozygous Kabuki syndrome
— 1, Anemia, X-linked, with/without neutropenia and/or
platelet abnormalities (XLR-X-linked Recessive) — 1.
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While the remaining 11 cases were found to have
pathological and conditionally pathological genes, the
clinical presentation of which was combined with
thrombocytopenia and hemorrhagic syndrome, in many
cases resistant to platelet concentrate transfusion. Below are
the cases from practice, these are patients who received
treatment for chronic ITP with no outcome for treatment,
accompanied by severe hemorrhagic syndrome, which
required, in some cases, platelet concentrate transfusions.
Clinical cases.

1. Girls, twins, 2 years old, were hospitalized in the 1st
oncohematology department of the Scientific and Practical
Medical Center for pediatric oncology, hematology and
immunology with the diagnosis: ITP, chronic recurrent form,
hemorrhagic syndrome.

Complaints upon admission about the appearance of
bruises and nosebleeds.

Anamnesis morbi: The mother told, they have been sick
since 4 months of age. The disease began acutely, a few
hours after vaccination. Multiple petechiae and small bruises
appeared on the skin, nosebleeds. Received hemostatic
therapy and transfusions of fresh frozen plasma in the
hospital at the place of residence. In the blood test from
08/11/2023, platelets were 18.0 thousand. In the myelogram
from 21.08.2023 blasts - 4.0%, lymphocytes - 10.8%, bone
marrow punctate is cellular, there are many megakaryocytes,
24 were examined, of which: with platelet pinching - 3,
platelet-containing - 2, platelet-free - 6, naked - 13.

They received intravenous immunoglobulin in a course
dose of 10.0 grams, prednisolone 10 mg orally from
08/14/20203, ceftriaxone, symptomatic treatment.

In the blood test from 08/23/2023: hemoglobin - 111.0g/1,
erythrocytes - 4.02 million, platelets - 14.0 thousand, leukocytes -
8.97 thousand, neutrophils - 3.91 thousand, ESR - 2 mm / h.

After discharge, they were repeatedly treated in the
hospital at the place of residence, frequent nosebleeds were
noted. Repeated hospitalization at the Hematology Center
from 05/27/2024 to 06/15/20204. with a diagnosis: Idiopathic
thrombocytopenic purpura, chronic relapsing form, hemorrhagic
syndrome. Severe posthemorrhagic anemia. Sepsis. Bilateral
bronchopneumonia. Delayed speech and physical development.
They received platelet concentrate No. 2, erythrocyte mass
No. 1, octagam in a course dose of 15.0 grams for 3 days,
prednisolone 15 mg for 3 days, methylprednisolone 32 mg
orally, revoleid, meropenem. In the coagulogram from
10/2/2024, APTT-32 sec., PTI-105%, fibrinogen-2.91 gl/l.
Indirect Coombs test from 10/2/2024 positive 1:8, transfusions -
platelet concentrate No. 1. The condition has improved, the
bleeding has stopped.

Blood test for NGS taken on 06/01/2024.

The patients were searched for pathogenic variants
of the nucleotide sequence associated with idiopathic
thrombocytopenic purpura, Fanconi aplastic anemia, and
other hereditary diseases with similar phenotypic manifestations.
A previously undescribed variant of the nucleotide sequence
in exon 3 of the GP1BA gene in the homozygous state was
identified, leading to premature termination of protein
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translation. The GP1BA gene encodes the alpha subunit
of Glycoprotein Ib, a glycoprotein of the platelet surface
membrane that functions as a receptor for the wvon
Willebrand factor [1-2]. Mutations in the GP1BA gene with
the AR type of inheritance are associated with the
development of Bernard-Soulier syndrome, type Al [5,6].
Based on the NGS results from 08/08/2024, the diagnosis
was: Bernard-Soulier syndrome type Al.

2. The patient, a girl, aged 10, was undergoing inpatient
treatment at the Scientific and Practical Center for Pediatric
Oncology, Hematology and Immunology with the diagnosis:
Immune thrombocytopenic purpura, chronic relapsing form.
D69.3. Generalized hemorrhagic syndrome. Concomitant:
Congenital heart defect, atrial septal defect. Congenital
dislocation of the hip joints.

Complaints upon admission: weakness, lethargy,
decreased appetite, pale skin, the appearance of multiple
hemorrhages and bruises on the body and bruises at the
injection sites, profuse nosebleeds. Anamnesis morbi: the
patient was diagnosed with delayed speech development by a
neurologist since 2017. The operation was performed in
2016 in India with the diagnosis: Congenital heart defect,
atrial septal defect. The operation was performed with the
diagnosis: Congenital dislocation of the hip joints. For the
last 2 days, profuse gum bleeding was noted at the site of
the extracted tooth, the patient was referred for further
examination and treatment to the outpatient clinic of the
Center and with the diagnosis: ITP? To exclude a systemic
blood disease, she was hospitalized in the department. Then,
from 09/04/2024 to 09/20/2024, she received inpatient treatment
with the diagnosis: Idiopathic thrombocytopenic purpura,
acute course. Received antibiotic therapy; antifungal therapy;
hemostatic therapy; Octagam 1g-20 ml intravenous drip No.
16 bottles of 4 bottles No. 4 days; Laboratory data: blood test
from 11.03.25. gem.-132.0 g / I; erythr.-4.92; thrombus-5.0
thousand; leukocytes-5.27; granulocytes-3.28; p / y-2; s /
y-61; lymph.-30; mon.-6; eos.-1; ESR-6 mm / h; Blood
coagulation profile from 12.03.25. Platelet aggregation with
ADP-3%; APTT-55 sec.; PTI-100%; FP-2.5; Ultrasound of
abdominal organs from 03/14/25. Conclusion: Diffuse
changes in the liver parenchyma. Diffuse and focal changes
in the spleen parenchyma.

NGS study was performed. Conclusion from 06/27/2024
A previously described variant of the nucleotide sequence
in exon 39 of the KMT2D gene was identified in a
heterozygous state, leading to premature translation termination.
The KMT2D gene encodes histone methyltransferase, which
methylates histone H3. The encoded protein is part of a large
protein complex called ASCOM, which has been shown to
be a transcriptional regulator of the beta-globin and estrogen
receptor genes [7]. Mutations in the KMT2D gene with the
AD inheritance pattern are associated with the development
of Kabuki syndrome. The detected variant was previously
described in patients with Kabuki syndrome and was
registered in the gnomAD control sample with a frequency
0f 0.00006199% (on 1 chromosome out of 1,613,048). Based
on the totality of information, the detected variant of the
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nucleotide sequence should be regarded as a pathogenic
variant. The patient is also a carrier of Phenylketonuria - A
previously undescribed variant of the nucleotide sequence in
exon 7 of the PAH gene was detected in a heterozygous
state, leading to a missense substitution of the amino acid in
codon 243. The PAH gene encodes Phenylalanine hydroxylase,
which catalyzes the hydroxylation of phenylalanine to
tyrosine, the rate-limiting step in phenylalanine catabolism.
Mutations in the PAH gene with the AR type of inheritance
are associated with the development of Phenylketonuria and
was not registered in the gnomAD control sample. Then she
received Hormone therapy - prednisolone - 5 mg at the rate
of 2 mg / kg for a total of 45 mg orally according to the scheme
(short courses); 1VIG Bioven 2.5 g - 50 mg intravenously
drip 9 bottles 3 + 3 + 3 bottle according to the scheme,
Eltrombopag tab. 25 mg orally. As a result of the therapy, the
patient’s condition improved and the hemorrhagic syndrome
was relieved.

Kabuki syndrome (KS) is a clinically recognisable
syndrome in which 70% of patients have a pathogenic
variant in KMT2D or KDM6A. Understanding the function of
these genes opens the door to targeted therapies. Kabuki
syndrome (KS) is a dominantly inherited disorder mainly
due to de novo pathogenic variation in KMT2D or KDM6A
genes. We conclude that KMT2D sequencing followed by
array CGH is a diagnostic strategy with the highest diagnostic
yield. The field of dysmorphology has been changed by the
use Artificial Intelligence (Al) and the development of Next
Generation Phenotyping (NGP) [8,9]. Based on the NGS
results from 06/27/2024, the diagnosis was: Kabuki
syndrome (KS).

4. Conclusions

All 17 patients were initially diagnosed with immune
thrombocytopenia, and received therapy with intravenous
immunoglobulins and steroids. In these patients, the clinic
had a pronounced hemorrhagic syndrome, hereditary burden,
and early onset of the disease, which, according to
international recommendations, is an indication for NGS
testing. This contributed to the timely diagnosis and avoided
unnecessary toxicity and the use of third-line drugs such as
rituximab, cyclosporine, and mycofolenate mofetil, which
are used to treat chronic ITP. Establishing an accurate
diagnosis also made it possible to identify patients who need
further allogeneic bone marrow transplantation. For patients
for whom there is no curative treatment due to the hereditary
nature of the disease, it improved the quality of life and
determined the prognosis.

Copyright © 2025 The Author(s). Published by Scientific & Academic Publishing
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