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ABSTRACT

Neonates are particularly vulnerable to infections due to the immaturity of their immune systems. Both innate and
acquired immunity contribute to their susceptibility, with innate immunity providing the first line of defense and
acquired immunity gradually developing after birth. Deficiencies in neonatal phagocytic function, complement
activation, and cytokine production impair pathogen clearance, while delayed antibody responses and limited
immunological memory further increase infection risk. Factors such as gestational age, maternal health, and
microbiota composition significantly influence neonatal immune function. Understanding these mechanisms is
crucial for developing targeted interventions, including breastfeeding promotion, maternal vaccination, and
microbiome modulation, to enhance neonatal immune defenses. This review highlights the complex interactions
between innate and acquired immunity in neonates and discusses potential strategies to reduce infection-related
morbidity and mortality.
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INTRODUCTION

Neonates face an increased risk of infections due to
the immaturity of their immune systems at birth [17].
During this early period of life, their immune
responses are still developing, leaving them
vulnerable to a variety of pathogens. While maternal
antibodies provide some level of protection during the
initial months, this passive immunity only offers
temporary defense [27]. Consequently, neonates must
rely on their own developing immune mechanisms to
fight off infections. The immune system is made up of
two primary components: innate immunity and
acquired immunity [87. Innate immunity, the first
line of defense, is present at birth and provides
immediate, though nonspecific, protection against
pathogens. This includes physical barriers, like the
skin, and immune cells that can quickly respond to
invaders. However, the innate immune system is not
always sufficient to completely protect neonates,
especially from more complex or persistent infections
[47].

Acquired immunity, on the other hand, develops more
gradually as the infant is exposed to various antigens
[5]. This adaptive immune response involves the
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production of specific antibodies and the activation of
memory cells that can recognize and respond more
effectively to future infections. Although this system
becomes more robust over time, it is not fully
developed at birth and takes several months to
mature [6]. The interplay between innate and
acquired immunity in neonates determines their
overall susceptibility to infections. A well-functioning
innate immune system can help mitigate the risks
until acquired immunity becomes more eftective [77].
Understanding these processes is crucial for ensuring
the health and protection of neonates during this
vulnerable period of life.
Innate Immunity in Neonates

Innate immunity provides an immediate but
nonspecific defense against pathogens, serving as the
first line of protection in neonates [87]. However, due
to the immaturity of their immune systems, several
components  of innate immunity function
suboptimally, increasing their susceptibility to
infections.

Physical and chemical barriers play a crucial role in
limiting pathogen entry. The skin and mucosal
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surfaces act as protective layers, while antimicrobial
peptides help neutralize invading microbes. Despite
these defenses, neonates have thinner skin and
immature mucosal immunity, making them more
vulnerable to infections [97].

Phagocytic  cells, such as neutrophils and
macrophages, are essential for pathogen clearance
[10]. These cells identity, engulf, and destroy

harmful  microorganisms. However, neonatal
phagocytes exhibit reduced chemotaxis,
phagocytosis, and microbial killing capacity

compared to those in adults. This diminished function
compromises their ability to respond effectively to
infections [117].

Pattern recognition receptors (PRRs), including toll-
like receptors (TLRs), detect pathogen-associated
molecular patterns (PAMPs) and trigger immune
responses. TLR signaling in neonates is less robust,
leading to impaired cytokine production and delayed
pathogen clearance. As a result, their immune
responses to infections are often weaker and less
coordinated [127. The complement system, a key
component of innate immunity, enhances pathogen
recognition and destruction through opsonization
and direct lysis. However, in neonates, this system is
functionally immature, reducing its efficiency in
eliminating microbes. The lower
complement proteins and reduced activation of the
cascade further contribute to their vulnerability [1387.
Overall, while innate immunity provides essential
early protection, its functional limitations in neonates
make them more prone to infections. Understanding
these weaknesses can help in developing targeted
interventions to strengthen neonatal immune
responses and reduce infection-related complications
in this vulnerable population.

Acquired immunity in neonates
Acquired immunity in neonates involves antigen-
specific responses mediated by B and T lymphocytes.
However, due to the immaturity of their immune
system, neonates exhibit deficiencies in both humoral
and cellular immunity, making them more susceptible
to infections [14].

Maternal antibodies provide temporary passive
immunity to neonates. Immunoglobulin G (IgG) is
transferred across the placenta during the third
trimester, offering protection against various
pathogens. However, these maternal antibodies wane
within months after birth, leaving neonates
increasingly vulnerable to infections until their own
immune responses mature [15].

B-cell function in neonates is underdeveloped, leading
to impaired antibody production. Neonatal B cells
produce lower levels of immunoglobulins and
respond poorly to T-independent antigens, which do
not require T-cell help for activation [167]. This
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results in weaker antibody responses to certain
bacterial infections, making neonates more prone to
illnesses caused by encapsulated bacteria such as
Streptococcus ~ pneumoniae and  Haemophilus
influenzae.

T-cell responses in neonates are also immature.
While neonatal T cells are functional, they exhibit a
bias toward anti-inflammatory responses, which
helps prevent excessive immune activation that could
be harmful to the developing body [177]. However,
this bias also limits their ability to clear infections
efficiently. Reduced production of pro-inflammatory
cytokines and delayed activation of cytotoxic T cells
further weaken neonatal immunity.

The development of immunological memory is slow
in neonates, leading to prolonged susceptibility to
recurrent infections [187]. Memory B and T cells take
time to mature, delaying the ability to mount rapid
and robust responses to previously encountered
pathogens [197. This slow development is one reason
why multiple doses of vaccines are required in early
childhood to ensure lasting immunity.

Several factors influence neonatal immune
competence and susceptibility to infections.
Gestational age plays a significant role, as preterm
infants have even greater immune immaturity,
making them highly vulnerable to sepsis and other
life-threatening infections [207]. The composition of
the gut microbiota is another critical factor, as it helps
regulate immune system development. An imbalance
in the neonatal microbiome, known as dysbiosis, can
predispose infants to infections and inflammatory
diseases [217]. Additionally, maternal health during
pregnancy impacts neonatal immunity. Maternal
infections, poor nutrition, and immune deficiencies
can affect the transfer of protective antibodies and
influence the development of the neonatal immune
system [187] Understanding the limitations of
acquired immunity in neonates is essential for
developing strategies to enhance their immune
protection, such as maternal vaccinations,
breastfeeding, and targeted immunotherapies.
Factors Influencing Neonata Susceptibility to
Infections

Several factors influence neonatal immune
competence and their susceptibility to infections
[197. One of the most critical factors is gestational
age. Preterm infants, born before full immune
development, exhibit even greater immune
immaturity than full-term neonates [227. Their
underdeveloped immune defenses make them highly
vulnerable to severe infections such as sepsis,
pneumonia, and necrotizing enterocolitis. The lack of
sufficient maternal antibody transfer, which primarily
occurs in the third trimester, further compromises
their protection [237].

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

The composition of the gut microbiota also plays a
crucial role in shaping neonatal immune responses.
The gut serves as a primary site for immune system
development, with beneficial microbes helping to
regulate immune function and maintain homeostasis
[247]. However, an imbalance in microbial
colonization, known as dysbiosis, can predispose
neonates to infections and inflammatory conditions
such as necrotizing enterocolitis. Factors such as
mode of delivery, antibiotic use, and feeding practices
influence the establishment of a healthy microbiome
[257.

Maternal health during pregnancy significantly
impacts neonatal immunity. Maternal infections can
lead to intrauterine inflammation, which may impair
fetal immune development. Additionally, maternal
nutrition plays a key role in shaping neonatal immune
function, as deficiencies in essential nutrients such as
vitamins A, D, and zinc can compromise immune
responses [267]. The overall immune status of the
mother, including her vaccination history and
presence of chronic conditions, also affects the
transfer of protective antibodies and immune factors
to the neonate [27] Understanding these factors is
essential for developing strategies to enhance
neonatal immune protection and reduce infection
risks.

Strategies to Enhance Neonatal Immunity
Enhancing neonatal immunity is essential to reducing
infection risks and improving overall health outcomes
[277]. Several strategies can help support and
strengthen the developing immune system during
this vulnerable period.
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Breastfeeding plays a crucial role in boosting neonatal
immunity. Human milk contains immunoglobulins,
particularly secretory IgA, which provides mucosal
protection against pathogens [287. Additionally,
breast milk is rich in cytokines, growth factors, and
antimicrobial peptides that support immune system
maturation. The presence of prebiotics in breast milk
also promotes the growth of beneficial gut bacteria,
further enhancing immune function.
The use of probiotics and prebiotics is another
potential strategy for improving neonatal immunity
[297. Probiotics, which consist of beneficial live
bacteria, help establish a healthy gut microbiome,
promoting immune regulation and reducing the risk
of infections [807. Prebiotics, non-digestible food
components that stimulate the growth of beneficial
bacteria, further contribute to immune system
development. Modulating the gut microbiota through
these interventions may help protect neonates from
inflammatory conditions and infections [317].
Vaccination is a key approach to enhancing neonatal
immunity. Early immunization strategies, including
maternal vaccination during pregnancy, help confer
passive immunity to the neonate [327. Vaccinating
mothers against diseases such as influenza, pertussis,
and COVID-19 provides protective antibodies that
are transferred to the infant. Additionally, timely
administration of neonatal vaccines, such as those for
hepatitis B and tuberculosis, helps initiate active
immune responses [337]. By implementing these
strategies, it is possible to enhance neonatal immune
protection, reduce the risk of infections, and promote
long-term health benefits for infants.

CONCLUSION

Neonatal immune responses differ significantly from
those of older children and adults, making neonates
more vulnerable to infections. While innate immunity
provides an immediate defense, its immaturity results
in reduced pathogen clearance. Acquired immunity
develops gradually and requires antigen exposure to
become fully effective, leaving neonates susceptible
during this early stage of life. Understanding these
immunological limitations is essential for developing
strategies to strengthen neonatal immunity.
Breastfeeding, maternal vaccination, and microbiome

modulation are promising approaches to enhance
immune protection. Additionally, early immunization
and nutritional support can further improve neonatal
immune responses. Future research should focus on
optimizing immune-boosting interventions to reduce
infection risks and improve neonatal health outcomes.
By addressing the unique challenges of neonatal
immunity, healthcare providers can develop targeted
strategies to enhance immune defenses, ultimately
reducing the burden of infectious diseases in this
vulnerable population.
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