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ABSTRACT

Immunosuppressive states in infants, whether congenital or acquired, present significant clinical challenges due to
increased susceptibility to infections, immune dysregulation, and higher morbidity rates. These conditions stem
from congenital immunodeficiencies, prematurity, maternal factors, and medical interventions, necessitating
targeted immunomodulatory strategies. Effective approaches include pharmacologic agents such as immunoglobulin
replacement therapy, cytokine therapy, and corticosteroids, as well as advanced cellular therapies like hematopoietic
stem cell transplantation (HSCT) and gene therapy. Additionally, vaccination strategies and microbiota-based
interventions play crucial roles in immune enhancement. This review highlights current and emerging
immunomodulatory interventions, emphasizing their mechanisms, efficacy, and safety. A deeper understanding of
these therapies can improve clinical outcomes, reduce complications, and enhance long-term immune function in
affected populations.
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INTRODUCTION

The neonatal immune system is inherently immature,
leaving infants highly susceptible to infections,
immune dysregulation, and autoimmune
complications [17]. Immunosuppressive states can be
congenital, as seen in primary immunodeficiencies
like severe combined immunodeficiency (SCID) and
Wiskott-Aldrich syndrome, or acquired due to
prematurity, maternal factors, or medical
interventions [27] Premature infants, for instance,
exhibit impaired T-cell function, reduced antibody
production, and an overall delayed immune response,
increasing their vulnerability to opportunistic
infections and systemic inflammation [37]. Maternal
factors, including in utero exposure to infections,
autoimmune  diseases, or immunosuppressive
therapies during pregnancy, can significantly
influence neonatal immune development [47].
Additionally, infants undergoing chemotherapy,

radiation, or post-transplant immunosuppression
often experience secondary immunodeficiency,
necessitating tailored interventions to minimize
infection risk and improve immune function [57].
Effective management of immunosuppression in
infants requires a delicate balance between enhancing
immune responses and preventing excessive immune
activation, which could lead to detrimental
inflammation or autoimmunity. Immunomodulatory
strategies, including pharmacologic agents, cellular
therapies, vaccination approaches, and microbiota-
based interventions, are critical for optimizing
immune function [67] in this vulnerable population.
This review explores these strategies in depth,
focusing on their mechanisms, efficacy, and safety,
with the goal of improving clinical outcomes and
long-term health in immunocompromised infants.

Causes of Immunosuppressive States in Infants
Congenital Immunodeficiencies

Primary immunodeficiencies, such as severe
combined immunodeficiency (SCID), X-linked
agammaglobulinemia, and DiGeorge syndrome,
result in profound immune dysfunction due to defects

in T cells, B cells, or other components of the immune
system [7]. These conditions lead to severe and
recurrent infections, failure to thrive, and increased
susceptibility to opportunistic pathogens. Early
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transplantation (HSCT) or gene therapy are critical
to improving survival rates [87].

Prematurity

Preterm infants exhibit an immature immune system
with impaired T-cell responses, reduced production
of immunoglobulins, and lower levels of maternal
antibodies [97]. The underdeveloped mucosal
immunity and deficits in neutrophil function increase
their vulnerability to bacterial sepsis, respiratory

tract infections, and necrotizing enterocolitis.
Delayed exposure to maternal microbiota and
deficiencies in critical nutrients such as zinc and
vitamin D further compromise immune responses,
necessitating tailored immunonutrition strategies
and prophylactic interventions [77].

Maternal Factors

Maternal infections, autoimmune diseases, and
immunosuppressive therapies during pregnancy can
disrupt fetal immune development. Congenital
infections such as cytomegalovirus (CMV) and HIV
can impair neonatal immune function, while maternal
use of corticosteroids or immunosuppressants may

lead to transient or persistent immunodeficiency in
newborns [107]. Placental transfer of maternal
autoantibodies can also contribute to neonatal
immune dysregulation, as seen in neonatal lupus

1],

Medical Interventions

Infants receiving chemotherapy, radiation, or post-
transplant immunosuppression are at high risk for

secondary immunodeficiency due to the depletion of

lymphocytes and hematopoietic progenitor cells.
These conditions necessitate infection prevention
strategies [107].

Pharmacologic Immunomodulation
Immunoglobulin Replacement Therapy

Intravenous immunoglobulin (IVIG) and
subcutaneous immunoglobulin (SCIG) are essential
in managing infants with antibody deficiencies [127].
These therapies provide passive immunity, prevent
recurrent infections, and support humoral immune
function in  conditions such as  X-linked
agammaglobulinemia and common variable

immunodeficiency. IVIG is administered in hospital
settings, whereas SCIG allows home-based
administration, improving patient convenience and
compliance [187. These treatments are particularly
beneficial in preventing severe bacterial and viral
infections in immunocompromised infants.

Cytokine Therapy

Interleukin-7 (IL-7): Stimulates T-cell development
in lymphopenic infants and promotes immune
reconstitution after immunosuppressive treatments
[147. It has shown potential in enhancing T-cell
proliferation in patients recovering from severe
infections and chemotherapy-induced
immunosuppression [157]. Interferon-gamma (IFN-
Y): Enhances macrophage activation, which is critical
in chronic granulomatous disease. IFN-y therapy has

been associated with improved pathogen clearance,
particularly for intracellular bacterial and fungal
infections [167]. Granulocyte Colony-Stimulating
Factor (G-CSF): Indicated in neutropenic infants to
increase neutrophil production, reducing the risk of
severe infections. G-CSF is widely used in neonates
with congenital neutropenia, sepsis, or after
myelosuppressive treatments to accelerate immune
recovery [17,187].

Corticosteroids and Immunosuppressants

In cases of excessive I1mmune activation,
corticosteroids (e.g., dexamethasone) and
immunosuppressants (e.g., tacrolimus, cyclosporine)
are used to modulate immune responses [197]. These
agents help manage autoimmune cytopenias,
inflammatory  disorders, and graft-versus-host

disease following transplantation. However, their
prolonged use requires careful monitoring due to
potential adverse effects, including increased
infection risk, metabolic complications, and growth
suppression [207].

Cellular and Gene Therapies
Hematopoietic Stem Cell Transplantation (HSCT)

HSCT remains the curative treatment for congenital
immunodeficiencies, including SCID and Wiskott-
Aldrich  syndrome [217]. Early transplantation
significantly improves survival rates and immune
system reconstitution, particularly when performed

before the onset of severe infections. Matched sibling
donors offer the best outcomes, but haploidentical or
unrelated donor transplants have been increasingly
successful with advancements in conditioning
regimens and graft manipulation techniques [227].

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited



www.idosr.org Robert, 2025

Gene Therapy
Recent breakthroughs in gene therapy have enabled immunosuppressive therapy [28,247]. Ongoing
targeted correction of genetic defects in primary research aims to refine gene-editing techniques,
immunodeficiencies. Lentiviral vector-based gene including CRISPR-Cas9, to enhance precision and
therapy has been successfully applied in X-linked safety in correcting immune-related genetic
SCID and chronic granulomatous disease, restoring disorders.

functional immunity without the need for long-term
Vaccination Strategies
Tailored Vaccine Schedules

Infants with immunosuppression require contraindicated in those with severe
individualized  vaccination schedules. Non-live immunodeficiency [257]. Post-vaccination immune
vaccines (e.g., inactivated influenza, pneumococcal, responses should be closely monitored, and booster
and meningococcal vaccines) are prioritized, while doses may be necessary to achieve adequate immunity
live vaccines (e.g, MMR, rotavirus) are [267].
Passive Immunization

Monoclonal antibodies, such as palivizumab for Advances in monoclonal antibody therapies are
respiratory syncytial virus (RSV), provide passive expanding protection against other viral and bacterial
immunity to high-risk infants, reducing the incidence pathogens in immunocompromised infants.

of severe lower respiratory tract infections [27].
Nutritional and Microbiota-Based Interventions
Probiotics and Prebiotics

The gut microbiota plays a crucial role in immune rates in  preterm infants [287]  Prebiotic
development. Probiotics containing Lactobacillus and supplementation may further support beneficial
Bifidobacterium species have shown promise in microbial colonization, reducing inflammation and
enhancing immune responses and lowering infection improving gut barrier integrity [297.
Micronutrient Supplementation
Nutrients such as zinc, vitamin D, and omega-3 fatty Emerging research highlights the role of vitamin D
acids are essential for immune function. Their in modulating both innate and adaptive immunity,
supplementation in at-risk infants has been associated with potential implications for infection prevention
with improved immune responses, reduced infection and immune-mediated disorders [317].
rates, and better overall health outcomes [307].
CONCLUSION
Immunomodulatory strategies play a crucial role in approaches further support immune resilience.
managing immunosuppressive states in infants by Advancements in precision immunotherapy and
enhancing immune function while minimizing personalized treatment strategies will continue to
complications. Pharmacologic therapies, including improve outcomes, reducing morbidity and
immunoglobulin replacement and cytokine therapy, enhancing long-term health in immunocompromised
help restore immune balance, while cellular infants. Ongoing research and innovation remain
interventions such as HSCT and gene therapy offer essential in optimizing care for this vulnerable
curative potential for congenital immunodeficiencies. population.
Tailored vaccination strategies and microbiota-based
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