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Introduction
Paediatric immunology and Haematopoietic Stem Cell 

Transplantation (HSCT) represent two intertwined fields at the 
forefront of modern medicine, offering life-saving treatments for 
children with a range of immunodeficiencies and haematological 
disorders. Understanding the intricate interplay between the immune 
system and hematopoietic stem cells is crucial for developing effective 
therapies that can provide durable and curative outcomes for these 
patients. The immune system in children undergoes a complex process 
of development, maturation, and regulation, essential for protecting 
against infections, tumours, and other foreign invaders while 
maintaining self-tolerance [1]. However, disruptions in this delicate 
balance can lead to immunodeficiencies, where the immune system is 
unable to adequately respond to pathogens, or haematological disorders, 
such as Leukemia or inherited bone marrow failure syndromes.

Primary Immunodeficiency Disorders (PIDs) encompass a 
heterogeneous group of over 400 genetic defects affecting various 
components of the immune system, leading to recurrent infections, 
autoimmune manifestations, or increased susceptibility to 
malignancies. Advances in genetic sequencing technologies have 
facilitated the identification of novel disease-causing mutations, 
improving diagnostic accuracy and enabling personalized treatment 
approaches. For children with severe immunodeficiencies or high-
risk haematological malignancies, HSCT offers a potentially curative 
therapy by replacing the defective immune system or malignant cells 
with healthy donor-derived hematopoietic stem cells. Over the years, 
refinements in transplantation techniques, such as the use of alternative 
donor sources (e.g., haploidentical or cord blood grafts), development 
of reduced-intensity conditioning regimens, and improvements in 
supportive care strategies, have expanded the applicability and success 
of HSCT in paediatric patients [2].

Despite these advancements, challenges remain, including 
graft rejection, Graft-Versus-Host Disease (GVHD), infectious 
complications, and long-term effects on growth and development. 
Moreover, the rarity and heterogeneity of many paediatric 
immunodeficiencies and haematological disorders pose obstacles to 
conducting large-scale clinical trials and establishing standardized 

treatment protocols. In this review, we aim to provide a comprehensive 
overview of the current landscape of paediatric immunology and 
HSCT, encompassing recent research findings, emerging therapeutic 
strategies, and future directions [3]. By understanding the underlying 
pathophysiology of these conditions and leveraging innovative 
approaches, we strive to improve outcomes and quality of life for 
children affected by these disorders.

Study background

The field of paediatric immunology and haematopoietic stem cell 
transplantation (HSCT) has rapidly evolved over the past few decades, 
driven by advancements in basic science research, clinical practice, and 
technology. Historically, paediatric immunology emerged as a distinct 
discipline with the recognition of Primary Immunodeficiency Disorders 
(PIDs) in children, characterized by recurrent infections, autoimmune 
phenomena, and increased susceptibility to malignancies. Early studies 
focused on characterizing the genetic basis and immunological defects 
underlying PIDs, laying the foundation for improved diagnostic 
tools and targeted therapies [4]. With the advent of next-generation 
sequencing technologies, the genetic landscape of PIDs has expanded 
exponentially, enabling the discovery of novel disease-causing 
mutations and further delineation of disease pathogenesis.

Concurrently, HSCT emerged as a transformative therapy for 
children with severe immunodeficiencies or high-risk haematological 
malignancies, offering the potential for long-term disease control or 
cure. Initial successes in HSCT were tempered by challenges such as 
graft rejection, Graft-Versus-Host Disease (GVHD), and infectious 
complications. However, ongoing refinements in transplantation 
techniques, including the development of alternative donor sources 
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Abstract
Paediatric immunology and Haematopoietic Stem Cell Transplantation (HSCT) have witnessed significant 

advancements in recent years, offering new hope to children with various immunodeficiencies and haematological 
disorders. This review provides a comprehensive overview of the latest research findings and emerging trends in 
the field. Recent advancements in HSCT techniques, including alternative donor sources such as haploidentical and 
cord blood transplantation, as well as reduced-intensity conditioning regimens, are examined in detail. Furthermore, 
we review the latest strategies aimed at improving HSCT outcomes, such as graft engineering, post-transplantation 
immune reconstitution, and infectious disease management.
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(e.g., haploidentical, cord blood), optimized conditioning regimens, 
and improved supportive care measures, have significantly enhanced 
transplant outcomes and expanded the pool of eligible patients [5]. 
Moreover, the recognition of the importance of immune reconstitution 
post-HSCT and the management of infectious complications has led 
to the implementation of multidisciplinary care teams comprising 
immunologists, transplant physicians, infectious disease specialists, 
and supportive care providers. These collaborative efforts aim to 
optimize patient outcomes and minimize treatment-related morbidity 
and mortality.

Despite these advancements, several knowledge gaps and clinical 
challenges persist in the field of paediatric immunology and HSCT. 
These include the need for standardized diagnostic criteria and 
treatment protocols for rare immunodeficiency disorders, strategies 
to mitigate long-term complications of HSCT, and the development 
of novel targeted therapies for refractory or relapsed diseases. In this 
study, we aim to provide a comprehensive review of the current state 
of knowledge in paediatric immunology and HSCT, with a focus on 
recent advancements, emerging trends, and future directions. By 
synthesizing existing literature and highlighting key areas of research 
and clinical practice, we hope to contribute to the ongoing efforts to 
improve outcomes for children affected by immunodeficiencies and 
haematological disorders [6].

Description

This study aims to provide an in-depth exploration of paediatric 
immunology and Haematopoietic Stem Cell Transplantation (HSCT), 
two interconnected fields crucial for the management of children with 
immunodeficiencies and haematological disorders. Beginning with an 
overview of the immune system's development and function in children, 
the study delves into the complexities of Primary Immunodeficiency 
Disorders (PIDs) and their genetic and immunological underpinnings 
[7]. 

The discussion extends to the role of HSCT as a curative therapy 
for paediatric patients with severe immunodeficiencies or high-risk 
haematological malignancies, highlighting recent advancements in 
transplantation techniques, alternative donor sources, conditioning 
regimens, and supportive care strategies. Furthermore, the study 
examines the challenges and opportunities in immune reconstitution 
post-HSCT, infectious disease management, and long-term follow-up 
care. Through a comprehensive review of the current literature and 
emerging trends, this study seeks to contribute to the understanding 
of paediatric immunology and HSCT and to stimulate further research 
aimed at improving outcomes and quality of life for children affected 
by these conditions [8].

Results and Discussion
The results of our study highlight significant advancements in 

paediatric immunology and haematopoietic stem cell transplantation 
(HSCT), underscoring the progress made in understanding and treating 
a diverse array of immunodeficiencies and haematological disorders in 
children. Through elucidating the genetic and immunological basis 
of Primary Immunodeficiency Disorders (PIDs), recent research has 
not only improved diagnostic accuracy but also paved the way for 
personalized treatment approaches tailored to individual patient needs. 
Moreover, the expansion of next-generation sequencing technologies 
has led to the identification of novel disease-causing mutations, further 
enriching our understanding of disease pathogenesis and informing 
the development of targeted therapies [9].

In the realm of HSCT, our findings demonstrate significant strides 
in improving transplant outcomes and expanding the applicability 
of HSCT to a broader spectrum of paediatric patients. Advances in 
transplantation techniques, such as the utilization of alternative donor 
sources like haploidentical and cord blood grafts, have addressed 
the challenge of donor availability and compatibility, offering new 
hope to patients without matched sibling donors. Furthermore, the 
refinement of conditioning regimens, including reduced-intensity 
and non-myeloablative approaches, has reduced treatment-related 
toxicity while maintaining graft efficacy, particularly in patients with 
underlying comorbidities or those deemed unfit for conventional high-
dose conditioning.

Despite these advancements, several challenges persist, including 
the risk of graft rejection, Graft-Versus-Host Disease (GVHD), 
infectious complications, and disease relapse. Future research efforts 
should focus on refining risk stratification strategies to identify patients 
at highest risk for adverse outcomes, developing novel approaches to 
enhance graft tolerance and reduce GVHD incidence, and investigating 
targeted therapies for refractory or relapsed diseases. Furthermore, the 
establishment of collaborative networks and registries to facilitate data 
sharing and multicentre trials will be instrumental in advancing the 
field and translating research findings into clinical practice. Overall, our 
study underscores the transformative impact of recent advancements in 
paediatric immunology and HSCT, while also highlighting the ongoing 
challenges and opportunities for further innovation and improvement 
in patient care [10].

Conclusion
In recent years, paediatric immunology and haematopoietic stem 

cell transplantation (HSCT) have seen remarkable progress, offering 
renewed hope to children with immunodeficiencies and hematological 
disorders. Through improved understanding of disease mechanisms, 
alongside advances in diagnostics and treatments, significant 
strides have been made in identifying and managing primary 
immunodeficiency disorders (PIDs). Particularly, HSCT has emerged 
as a transformative option, widening the pool of eligible patients 
and boosting transplant success rates while minimizing side effects. 
The integration of alternative donor sources, refined conditioning 
protocols, and comprehensive supportive care has heralded a new era, 
enabling more children to undergo transplantation and achieve lasting 
disease remission or cure.
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