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Abstract  

Neonatal sepsis is a pathophysiological response to the presence of microorganisms or their toxins in the blood during 

the first 28 days of life. Despite advances in neonatal intensive therapy and care, sepsis is still an important cause of 

morbidity and mortality in neonates, especially preterm and low birth weight neonates. Early neonatal sepsis manifests 

itself in the first 72 hours of life. The main risk factor for early neonatal sepsis is chorioamnionitis, and the most  

important causative are Streptococcus group B and Escherichia coli. Late neonatal sepsis manifests itself after 72 hours of 

life, and most often occurs in preterm neonates. Among the causative agents of late neonatal sepsis, coagulase-negative 

Staphylococcus dominates. The neonates are highly dependent of the innate immune system to defend against infection. 

In the pathophysiological response of the organism to infection, microcirculation, neutrophils and monocytes are first  

activated, and then the complement and the coagulation system. Also, mitochondrial dysfunction contributes to tissue 

damage in neonatal sepsis. The delayed response of adaptive immunity in the neonatal period is compensated by  

transplacental transfer of IgG antibodies originated from the mother, but also the IgA antibodies that the neonates  

receive from mother's milk. Compared to adults, the immune response have quantitative and qualitative differences, 

which contributes to their increased susceptibility to infection.  
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Introduction 

Despite advances in neonatology and neonatal intensive therapy and care, sepsis is still an important cause of morbidity 

and mortality in neonates, especially preterm and low birth weight (LBW) neonates. Neonate’s immune system is  

developing, and they have little immunological memory, which increases their vulnerability to microorganisms and  

infection (1,2). Data on the incidence of sepsis in the neonatal period, during the first four weeks of life, are scarce and 

missing from many countries in the world. The Global Burden Disease (GBD) Study published in 2018 estimated 1.3  

million annual cases of neonatal sepsis, approximately 937 cases per 100000 live births, and 203000 deaths associated 

with neonatal sepsis (3-5). 

Definition of neonatal sepsis  

Bacteriemia refers to bacteria in the bloodstream that are alive and capable of reproducing. However, when the immune 

response is inadequate, either due to immaturity, congenital immune disorders, or becomes overwhelmed,  

microorganisms, their parts and toxins spread, and septicemia occurs. Undiagnosed and untreated bacteremia leads to 

the development of systemic inflammatory response syndrome (SIRS), sepsis, septic shock and multiple organ  

dysfunction syndrome (MODS) (6,7). 
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Neonatal sepsis is a pathophysiological response to the presence of microorganisms or their toxins in the blood during 

the first 28 days of life. Neonatal sepsis is classified by age of onset and timing of the sepsis episode as early-onset sepsis 

(EOS) and late-onset sepsis (LOS). Early-onset sepsis is defined as infection of a sterile site before 72 hours after birth, 

and LOS refers infection after 72 hours of life (8,9,10). 

Risk factors and etiology of early-onset neonatal sepsis 

Early-onset sepsis is usually due to vertical transmission of microorganisms from mother to neonate and may be  

acquired before or during delivery. Risk factors for the EOS include maternal and fetal/neonatal factors. The main  

material risk factor for EOS is chorioamnionitis, an intraamniotic infection, often as a result of prolonged rupture of the 

chorioamniotic membrane (PROM) which allows microbial invasion of the amniotic fluid (1,10,11). Research has shown 

that approximately 40% of neonates, especially born preterm, with EOS are born to mothers with chorioamnionitis  

(12-14). Other maternal factors associated with an increased risk for EOS in the neonates include maternal colonization 

by Streptococcus β-haemolyticus group B (GBS), inadequate maternal intrapartum antibiotic prophylaxis for GBS  

infection, intrapartum maternal fever, maternal urinary tract infection, PROM which lasts longer than 18 hours and  

obstetric interventions. The important neonatal risk factors for EOS are prematurity and LBW (< 2500 g). Also, meconial 

amniotic fluid, perinatal asphyxia (Apgar score < 6), need for endotracheal intubation (ETT) and insertion of an umbilical 

vascular catheter is associated with increased risk for EOS (1, 8,10,11,15-18). 

Studies indicate that the most important causative microorganisms for EOS in the term and late preterm neonates are 

GBS and gram-negative enteric bacilli, predominantly Escherichia coli. In very preterm neonates, born before 32nd weeks 

of gestation, Escherichia coli is a more common cause of EOS compared with GBS. Other bacteria, causative agents of EOS 

in the neonates, whose cumulative frequency is about 30%, are shown in Table 1 (10, 17-19). 

 
Table 1. Etiology of early-onset neonatal sepsis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Risk factors and etiology of late-onset neonatal sepsis 

Late-onset sepsis in the neonates is usually due to horizontal transmission of microorganisms from the community or 

the hospital. The leading risk factor for LOS in the neonates is prematurity. The incidence of LOS is inversely proportional 

to gestational age and birth weight. Late-onset sepsis is a complication of treatment of preterm neonates in neonatal  

intensive care units (NICU). Other factors associated with prematurity and an increased risk of LOS are immaturity of the 

innate and adaptive immune response, insufficient breastfeeding, long-term total parenteral nutrition, need for ETT and 

mechanical ventilation, as well as presence of a central venous catheter (CVC) (1,10,15,16,20). Extensive and prolonged 

use of antibiotics allows proliferation of resistant bacteria in neonatal microbial flora and increased risk for sepsis 

(19,21,22). 

Late-onset neonatal sepsis is most often caused by gram-positive bacteria. Coagulase-negative staphylococci are the most 

commonly isolated bacteria in neonates with LOS. Staphylococcus aureus is the most common cause of LOS in the neo-

nates with CVC. In approximately of 20% neonates, gram-negative bacteria are causes of LOS. Late-onset neonatal sepsis 

caused by fungi typically affects very LBW neonates. The most common fungi that cause LOS are Candida albicans and 

Candida parapsilosis.  

Term and late preterm neonates (more 
than 34 weeks of gestation) 

Preterm neonates less than 34 weeks of 
gestation 

GBS 
Escherichia coli 

Escherichia coli 
GBS 

Listeria monocytogenes 
Staphylococcus aureus 

Coagulase-negative staphylococci 
Enterococcus sp. 

untyped Haemophylus influenzae 
gram-negative bacteria (including Klebsiella, Enterobacter) 
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In developing countries, gram-negative bacteria are the most common causes of LOS in the neonates (1,8,10,17-20). The 

Etiology of LOS is shown in Table 2. 

Table 2. Etiology of late-onset neonatal sepsis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The role of skin and epithelial barriers in neonatal sepsis 

The skin and mucous membranes of the gastrointestinal tract (GIT), respiratory tract, and genitourinary tract are 

covered by a continuous epithelium consisting of tightly connected cells that provide a physical barrier to the 

penetration of microorganisms. Epithelial cells also produced antimicrobial proteins and peptides (APP), including  

defensins and cathelicidins, which kill microorganisms by damage their outer membranes. Thus, mucous membranes 

represent chemical barriers against infection (23,24).  

Vernix caseosa is a protective layer on the skin surface of late preterm and term neonates, which improves its function as 

a physical barrier to the penetration of microorganisms. Vernix caseosa is produced by the fetal sebaceous glands during 

the last trimester of pregnancy and is absent in extremely preterm neonates. Also, vernix contains APP and antioxidants 

which can kill or inactivate microorganisms that cause neonatal sepsis, such as GBS, Escherichia coli and Candida 

(23,25,26).  

In preterm neonates, there is immaturity of the skin and incompletely developed stratum corneum of the skin. Also, skin 

and mucous membranes are injured by various invasive diagnostic and therapeutic procedures (ETT, venipuncture, 

placement of a CVC, bladder catheterization). These are factors that reduce the efficiency of the skin and mucous 

membranes as a physical and chemical barrier against microorganisms and increases the risk of sepsis (8,23,24).   

The respiratory tract is the site of daily intake of a huge number of microorganisms that are normally found in the 

environment. However, the presence of an endotracheal tube and/or the use of positive pressure ventilation (PPV) can 

lead to injury of epithelial cells and decrease in mucociliary clearance, which further increases the risk of infection. 

Surfactant proteins A and D (SP-A, SP-D), lung collectins, are essential components of innate immune system. These 

proteins play an important role in host defense and regulate inflammation during bacterial, viral and fungal infection. A 

surfactant deficiency as a consequence of prematurity or of injury associated with mechanical ventilation increases the 

risk of developing neonatal infection (23,27-30).  

The mucosa of the GIT, soon after birth, is colonized by bacteria that form the intestinal microbiota. In the presence of 

the microbiota type 3 intestinal innate lymphoid cells produces interleukin (IL)-17, drives neutrophilia and can protect 

the neonates of the infection. Damage to the mucosa of the GIT, as a result of prolonged use of antibiotics, hypoxia and 

other stress conditions, lead to the translocation of bacteria and the development of necrotizing enterocolitis (NEC) and 

LOS in the neonates. In preterm neonates, additional factors, such as lower acidity of gastric contents, intestinal 

hypomotility and less amount of protective mucus, increase the risk of developing sepsis (23,31-34).  

 

 

Bacteria Fungi 

Gram-positive bacteria 
− Coagulase-negative staphylococci 
− Staphylococcus aureus 
− GBS 
− Enterococcus sp. 

  
Gram-negative bacteria 

− Escherichia coli 
− Klebsiella 
− Enterobacter 
− Citrobacter 
− Pseudomonas 
− Serratia 
− Acinetobacter 

Candida albicans 
Candida parapsilosis 
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Invasion of the subepithelial space and activation of innate immunity 

After damage to the skin and mucous membranes, microorganisms penetrate through the layer of epithelial cells, pass 

through the basal membrane and enter the subepithelial space, where they come into contact with cells of the innate 

immune response. Microorganisms recognition by local immune sentinel cells. As a result of contact between 

microorganisms, their parts and toxins, and components of innate immunity, an inflammatory response develops. The 

cells and molecules of innate immunity recognize structures which are common to different classes of microorganisms 

but are absent on human cells. The molecules of microorganisms that stimulate innate immunity are called  

pathogen-associated molecular patterns (PAMPs) and these are usually structures necessary for their survival and  

infectivity, including cell wall and membrane components (lipopolysaccharide (LPS) of gram-negative bacteria,  

peptidoglycan of gram-positive bacteria), nucleic acids such as deoxyribonucleic acid (DNA) and ribonucleic acid (RNA), 

flagellum and carbohydrates. These PAMPs are recognized by pattern recognition receptors, and they are found on the 

surface of phagocytes, dendritic cells, and many other cell types. Also, molecules that are released from damaged or  

necrotic host cells, recognized by the innate immune system, are called damage-associated molecular patterns (DAMPs). 

Cellular receptors for microorganisms and damaged cells belong to several protein families, including Toll-like receptors 

(TLRs), NOD-like receptors (NLRs), C-type lectin receptors, retinoic acid-inducible protein 1 like receptors (RLRs),  

peptidoglycan recognition proteins and β2-integrins. The most important among them are TLRs and there are 10 types in 

human population. Each type of TLRs is specific for a certain component of the microorganism. For example, TLR-2  

recognizes peptidoglycan, TLR-4 is specific for LPS. Also, the protein flagellin, which is part of bacterial flagella, signals 

through TLR-5 and TLR-9 recognizes unmethylated CpG double-stranded DNA. Nucleic acids, such as single-stranded or 

double-stranded RNA, which are part of the viral cell, recognized by TLR-3, TLR-7 and TLR-8 (23,24,35,36).  In the GIT 

after birth, there is a reduced reactivity of TLRs to LPS, which probably represents a form of adaptation of the neonates 

to avoid a strong response to gram-negative bacteria colonizing the GIT (37). Activation of TLRs by PAMPs and DAMPs 

generates signals and triggers the production and activation of various transcription factors. The most important  

transcription factor is nuclear factor kB (NF-κB), which stimulate expression of inflammatory cytokines and chemokines, 

as well as endothelial adhesion molecules that play important roles in the regulation of the inflammatory process 

(23,24,38,39). Because TLRs play the most important role in recognition and response to microorganisms,  

polymorphisms or mutations in genes for individual TLRs are associated with increased risk for the development of sep-

sis in the neonates. Function of other types of receptors for microorganisms, such as NLRs or RLRs, has not been  

extensively studied in neonates with sepsis (9,23,40). 

Changes in blood vessels in inflammation 

Endothelial cells form a single layer of cells that lines all blood vessels and provides a barrier and regulation of the  

exchange of substances between the circulating blood and the surrounding tissues. Endothelial cells are interconnected 

by adherent junctions and tight junctions. The endothelial cell layer is covered by an extracellular structure called  

glycocalyx, which is rich in carbohydrates. The studies have shown the significant role of vascular endothelial activation 

in the early stage of inflammation caused by infection (41,42). During tissue damage caused by the action of  

microorganisms and infection, there is a reaction of microcirculation blood vessels. First, there is a short-term  

vasoconstriction of arterioles, followed by vasodilation with increased arterial blood flow. Due to its extracellular apical 

position, microorganisms in the blood first react with the glycocalyx and lead to its disruption. Damage to the glycocalyx 

increases the permeability of endothelial cells associated with capillary leakage, the release of proteins and fluids into 

the interstitial space, hypovolemia and edema formation. As a result of protein and fluid transudation into the  

interstitium, blood viscosity increases, blood flow slows down, increasing exposure of leukocytes to endothelial adhesion 

molecules and their adhesion to the surface of the endothelium. The disruption of glycocalyx and activation of vascular 

endothelium creates a prothrombotic environment and can make a contribution to diffuse microvascular thrombosis 

(10,41,43,44).  

Vasoactive mediators, such as platelet activating factor, thromboxane, leukotrienes, nitric oxide (NO), histamine,  

bradykinin, and prostaglandins, produced by activated leukocytes, platelets, and endothelial cells, change vascular tone 

and contribute to vascular permeability. The balance of NO, a vasodilator, and endothelin-1, a vasoconstrictor, can be  

disrupted due to damage to the vascular endothelium, which consequently leads to ischemia and tissue damage (9,23).   
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The role of phagocytes in pathogenesis of neonatal sepsis 

Two types of phagocytes participate in inflammation, neutrophils and monocytes. The main role of these cells is  

phagocytosis, recognition, ingestion and killing of microorganisms. Neutrophils or polymorphonuclear leukocytes are 

the first cells in early stage of inflammation, especially in response to bacteria and fungi. Neutrophils arrive at the focus 

of infection 6-24 hours after the initial damage, but they live for only several hours in tissues. Chemokines, bacterial 

products or cytokines (especially IL-8), stimulate migration of neutrophils in the focus of infection. Reactive oxygen and 

nitrogen species produced by neutrophils during phagocytosis, as well as the lysosomal enzyme called myeloperoxidase, 

which is found in their azurophilic granules, have a strong bactericidal effect (8,9,24). Neutrophils in neonates have 

quantitative and qualitative deficiencies, which reduces their ability to fight infection and increases the risk of  

developing sepsis. In neonates, especially those born prematurely, there is a limited reserve of neutrophil progenitors in 

the bone marrow, the proliferative pool of neutrophils is reduced, which results in decreased development and  

production of neutrophils. Neutropenia increases the risk for the development of bacterial infection, and it ’s especially 

often seen in neonatal sepsis caused by gram-negative bacteria. Neonatal neutrophils also have functional limitations, 

such as reduced mobility due to inadequate adhesion to the vascular endothelium, migration and chemotaxis towards 

the focus of infection and reduced phagocytosis capacity. In addition, neutrophils in the neonatal period have fewer  

cytotoxic granules in the cytoplasm, which reduces their ability to kill microorganisms (45,46,47). 

After 24-48 hours of the initial tissue damage in the infection, neutrophils are replaced by monocytes. Monocytes are less 

numerous in the peripheral blood compared to neutrophils and move more slowly, so they arrive later at the focus of 

infection. During inflammation, monocytes migrate to extravascular tissues and differentiate into cells called  

macrophages, which provide long-term protection against infection. In addition to performing phagocytosis, monocytes 

have other important roles in host defense, such as the production of cytokines that regulate and initiate inflammation, 

remove dead tissues and initiate the process of tissue repair (24). In neonates, monocytes/macrophages have a  

completely preserved ability to phagocytose, ingest and kill microorganisms due to the strong production of reactive  

oxygen species (ROS). However, in the neonatal period, monocytes/macrophages have a reduced ability to produce  

proinflammatory cytokines (48,49). 

Mediators of inflammation 

In response to microorganisms, macrophages, dendritic cells, mast cells, endothelial cells, fibroblasts, platelets and other 

cell types produce cytokines, various molecules and substances, that participate in the inflammation process.  

Proinflammatory cytokines lead to the activation of the vascular endothelium, increase the expression of endothelial  

adhesion molecules and facilitate the production of chemokines, which leads to the migration of leukocytes to the focus 

of infection. Also, these cytokines participate in the activation of the complement system, as well as the activation of the 

coagulation and fibrinolysis system. In addition, they stimulate the production of vasoactive substances. The main  

proinflammatory cytokines are tumor necrosis factor alpha (TNF-α), IL-1β, IL-6 and IL-8 which are mainly produced by 

macrophages. Compared to adults, neonates with sepsis produce lower levels of proinflammatory cytokines, such as  

IL-1β, TNF-α, interferon-γ (IFN- γ), and IL-12 (9,23,50). 

In inflammation, cells also produce anti-inflammatory mediators, which antagonize and modulate the effects of  

proinflammatory cytokines. The leading anti-inflammatory role is played by IL-10 and transforming growth factor beta 

(TGF-β). Also, endogenous cortisol has an anti-inflammatory role, it reduces the intensity of the systemic inflammatory 

response in severe sepsis and septic shock. Cortisol production by adrenal cortex cells increases in the early stage of  

neonatal septic shock. However, in neonates born before 32nd weeks gestation, there is a condition called transient or 

relative adrenal insufficiency (RAI) as a result of the developmental immaturity of adrenal cortex. In conditions with  

increased demands for cortisol, such as sepsis and septic shock, RAI causes insufficient production of cortisol, which  

contributes to hemodynamic instability and hypotension in preterm neonates (50,51,52).  If the homeostasis of 

inflammatory mediators is disturbed due to excessive production of proinflammatory cytokines, a "cytokine storm" 

occurs, which results in the development of SIRS and MODS (9,53). 

Measurement of the concentration of proinflammatory and anti-inflammatory cytokines in the blood of neonates with 

sepsis has been shown to be useful for early diagnosis of sepsis and prediction of disease severity (50). Proinflammatory 

cytokines, including IL-1, IL-6 and TNF-α, stimulate hepatocytes to increase the synthesis and production of positive 

acute-phase reactants, such as C-reactive protein (CRP), procalcitonin (PCT), serum amyloid A (SAA), lactoferrin,  

haptoglobine and fibrinogen.  
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IL-6 is the main cytokine that stimulate CRP production. Measuring the concentration of acute-phase reactant proteins is 

important in clinical practice for diagnosing sepsis and monitoring the effectiveness of therapy (23). 

Role of complement system in host defense and pathogenesis of neonatal sepsis 

The complement system consists of several proteins, mostly from the group of proteolytic enzymes, whose activation 

breaks down other complement proteins. In addition, the complement system participates in the regulation of the  

inflammation process, by activating the coagulation system, increasing the production of proinflammatory cytokines, 

activating leukocytes and increasing their migration to the focus of infection (24,54). There are three pathways of  

activation of the complement system cascade, the alternative, classical and lectin pathways. The main component of  

complement system is plasma protein called C3, which is broken down by enzymes into proteolytic fragments, C3a i C3b. 

Fragment C3a facilitates phagocytosis and fragment C3b initiates the next steps of activation complement system,  

resulting in the formation of a multiprotein complex called the membrane attack complex (MAC), that insert into cell 

membrane of microorganisms, leads to its disruption, increased permeability and osmotic lysis (24).  

The complement system in neonates is under development and has reduced functional capacity. The neonates, especially 

very preterm neonates, have reduced basal levels of proteins of the complement system, which increases their  

susceptibility to infections. Dysregulation of the complement system results in excessive activation of the vascular  

endothelium and production of proinflammatory cytokines, leading to SIRS, sepsis, and septic shock (2,9,54). 

Activation of the coagulation cascade in neonatal sepsis 

The coagulation system is composed of several plasma proteins that are activated by the action of various substances 

that are released from damaged tissue or by inflammation. Coagulation consists of three pathways, the extrinsic,  

intrinsic, and common pathways. The result of the activation of the coagulation system is the creation of thrombin, which 

breaks down fibrinogen and creates a fibrin clot. It creates a procoagulant state in the microcirculation surrounding the 

focus of infection, which it aims to prevent further dissemination of infection, keeps microorganisms at the site of  

inflammation, which are phagocytosed by neutrophils and macrophages. In addition, the activation of this system aims to 

prevent bleeding.  Certain features of neonatal hemostasis, such as decreased levels of vitamin K-dependent coagulation 

factors, decreased thrombin generation, and decreased levels of coagulation inhibitors, increase the risk of bleeding in 

the neonatal period. Also, reduced platelets function, especially in preterm neonates, increases the risk of bleeding. 

Neonatal sepsis is often associated with thrombocytopenia, probably due to damage to the vascular endothelium and 

activation of the reticulo-endothelial system, as well as increased platelet consumption and decreased level of 

thrombopoietin (23,55,56).       

A massive, uncontrolled and prolonged inflammatory response resulting from damage to the vascular endothelium and 

systemic activation of the coagulation system leads to the emergence of disseminated intravascular coagulation (DIC). 

This acquired condition of consumptive coagulopathy leads to bleeding, but also to microvascular thrombosis, due to the 

deposition of fibrin in small blood vessels. This results in inadequate tissue perfusion and the occurrence of MODS. The 

development of DIC is correlated with an elevated serum concentration of IL-6. Laboratory findings in DIC include  

prolongation of the prothrombin time (PT), prolongation of the activated partial thromboplastin time (aPTT), low  

fibrinogen, elevated D-dimers, and hemolytic anemia (23,57,58).    

Mitochondrial dysfunction in neonatal sepsis 

Oxidative phosphorylation or phosphorylation related to electron transport is the main metabolic pathway for the 

production of cellular energy in the form of adenosine triphosphate (ATP). Enzyme complexes that participate in the 

process of electron transport are located on the inner mitochondrial membrane. Although oxidative phosphorylation is 

extremely important for cellular metabolism, during the process itself, ROS are created and free radicals spread, which 

lead to cell damage. During sepsis, there is a dysfunction of electron transport in mitochondrial enzyme complexes, 

which reduces the production of ATP for normal cell functioning. Also, mitochondrial dysfunction leads to disturbance of 

vascular endothelium homeostasis, microcirculation damage and development of hyperinflammation, accompanied by 

increased production of ROS. Damage to mitochondria during sepsis leads to increased oxidative stress, reduced 

glutathione concentrations, mitochondrial membrane disruption, and leakage of mitochondrial DNA (mDNA) into the 

circulation, which can be recognized by the host's innate immune cells as DAMPs, contributing to the persistence of 

systemic inflammation. Overall, mitochondrial dysfunction is a important mechanism contributing to organ failure in 

neonatal sepsis and poor clinical outcome (9,10,59). 
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Adaptive immune response and passive immunoglobulins in neonatal infections 

Neonates are highly dependent on components of the innate immune system to defend against infection during the first 

days of life. Adaptive components of the immune system have a delayed response in the neonatal period. In EOS, the  

protective role of adaptive immunity is completely absent, since it takes 5-7 days for the multiplication of specific clones 

of T- and B-lymphocytes and the creation of immunological memory. Compared to adults, neonatal lymphocytes, as the 

main cells of adaptive immunity, have significant quantitative and qualitative differences. The proliferative capacity and 

ability to activate T-lymphocytes in response to the microorganism are limited, and B-lymphocytes have a predominantly 

"naive" phenotype. Memory B-lymphocytes are rare. The most abundant class of antibodies produced by neonatal  

B-lymphocytes is IgM (23,60,61,62).  

The delayed response of adaptive immunity in the neonatal period is compensated for by passive immunity. Starting 

from the 20th weeks of gestation, transplacental transfer of maternal antibodies to the fetus occurs. These antibodies are 

predominantly of the IgG class, and they provide protection against infection in the first six months of life. All IgG  

antibodies in neonates are of maternal origin. As a result of a shorter gestation period, preterm neonates have a lower 

serum concentration and diversity of IgG antibodies compared to term neonates, disappearing from the circulation  

earlier, which contributes to their increased susceptibility to developing sepsis. Neonatal immunity and neonate defense 

against infection is also contributed by the amount of antibodies that the neonate receives from mother's milk through 

breastfeeding (23,62,63). 

 

Conclusion 

Neonatal sepsis is a devastating condition and significant cause of morbidity and mortality, especially in preterm  

neonates. Since the clinical signs of neonatal sepsis are nonspecific, knowledge of risk factors originating from the  

mother and/or the neonate can help identify the group of neonates who are at the highest risk for developing sepsis and 

its complications. Complex molecular and cellular systems are involved in the pathophysiology of neonatal sepsis.  

Numerous cytokines and acute-phase reactants produced during sepsis may be useful as biochemical markers for early 

diagnosis, monitoring of the effects of therapy and as predictors of outcome. Future research into the pathogenesis of 

neonatal sepsis should identify new markers for rapid and precise biochemical diagnosis. 

Conflict of Interest 

The authors have indicated they have no potential conflicts of interest to disclose. 

References 

1. Shane AL, Sa nchez PJ, Stoll BJ. Neonatal sepsis. Lancet. 2017;390(10104):1770-80. doi: 10.1016/S0140-6736(17)

31002-4. 

2. Basha S, Surendran N, Pichichero M. Immune responses in neonates. Expert Rev Clin Immunol. 2014;10(9):1171-84. 

doi: 10.1586/1744666X.2014.942288.  

3. Fleischmann C, Reichert F, Cassini A, et al. Global incidence and mortality of neonatal sepsis: a systematic review and 

meta-analysis. Arch Dis Child. 2021;106(8):745–52. doi: 10.1136/archdischild-2020-320217.  

4. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, preva-

lence, and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: a 

systematic analysis for the global burden of disease study 2017. Lancet. 2018;392:1789–858. doi: 10.1016/S0140-

6736(18)32279-7 

5. GBD 2017 Causes of Death Collaborators. Global, regional, and national agesex-specific mortality for 282 causes of 

death in 195 countries and territories, 1980-2017: a systematic analysis for the global burden of disease study 2017. 

Lancet. 2018;392:1736–88. doi: 10.1016/S0140-6736(18)32203-7. 

6. Seifert H. The clinical importance of microbiological findings in the diagnosis and management of bloodstream infec-

tions. Clin Infect Dis. 2009;48(4):S238-45. doi: 10.1086/598188.  

7. Smith DA, Nehring SM. Bacteremia. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; [updated 

2023 Jul 17; cited 2024 May 5]. Available from: https://www.ncbi.nlm.nih.gov/books/NBK441979/. 

https://sciencevolks.com/paediatrics/
https://pubmed.ncbi.nlm.nih.gov/28434651/
https://pubmed.ncbi.nlm.nih.gov/28434651/
https://pubmed.ncbi.nlm.nih.gov/25088080/
https://pubmed.ncbi.nlm.nih.gov/25088080/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8311109/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8311109/
https://pubmed.ncbi.nlm.nih.gov/30496104/
https://pubmed.ncbi.nlm.nih.gov/30496104/
https://pubmed.ncbi.nlm.nih.gov/30496104/
https://pubmed.ncbi.nlm.nih.gov/30496104/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)32203-7/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)32203-7/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)32203-7/fulltext
https://pubmed.ncbi.nlm.nih.gov/19374579/
https://pubmed.ncbi.nlm.nih.gov/19374579/
https://www.ncbi.nlm.nih.gov/books/NBK441979/


86 

 Newer Insights in Etiology and Pathogenesis of Neonatal Sepsis 

SVOA Paediatrics  

 

8. Glaser MA, Hughes LM, Jnah A, Newberry D. Neonatal Sepsis: A Review of Pathophysiology and Current Management 

Strategies. Adv Neonatal Care. 2021;21(1):49-60. doi: 10.1097/ANC.0000000000000769. 

9. Wynn JL, Wong HR. Pathophysiology and treatment of septic shock in neonates. Clin Perinatol. 2010;37(2):439-79. 

doi: 10.1016/j.clp.2010.04.002. 

10. Bethou A, Bhat BV. Neonatal Sepsis-Newer Insights. Indian J Pediatr. 2022;89(3):267-73. doi: 10.1007/s12098-021-

03852-z.   

11. Lee SA. Early-Onset Sepsis. In: Cantey JB, ed. Neonatal Infections: Pathophysiology, Diagnosis and Management, 1st 

ed. Cham: Springer; 2018, p. 3-10. 

12. Beck C, Gallagher K, Taylor LA, et al. Chorioamnionitis and Risk for Maternal and Neonatal Sepsis: A Systematic Re-

view and Meta-analysis. Obstet Gynecol. 2021;137(6):1007-22. doi: 10.1097/AOG.0000000000004377.  

13. Randis TM, Rice MM, Myatt L, et al. Incidence of early-onset sepsis in infants born to women with clinical chorioam-

nionitis. J Perinat Med. 2018;46(8):926-33. doi: 10.1515/jpm-2017-0192.  

14. Schrag SJ, Farley MM, Petit S, Reingold A, Weston EJ, Pondo T, et al. Epidemiology of Invasive Early-Onset Neonatal 

Sepsis, 2005 to 2014. Pediatrics. 2016;138(6):e20162013. doi: 10.1542/peds.2016-2013.  

15. Shifera N, Dejenie F, Mesafint G, et al. Risk factors for neonatal sepsis among neonates in the neonatal intensive care 

unit at Hawassa University Comprehensive Specialized Hospital and Adare General Hospital in Hawassa City, Ethio-

pia. Front Pediatr. 2023;11:1092671. doi: 10.3389/fped.2023.1092671. 

16. Arau jo BC, Guimara es H. Risk factors for neonatal sepsis: an overview. J Pediatr Neonat Individual Med. 2020;9

(2):e090206. doi: 10.7363/090206 

17. Cantey JB. Clinical features, evaluation, and diagnosis of sepsis in term and late preterm neonates. In: UpToDate 

[Internet]. Wolters Kluwer [updated 2023 October 18; cited 2024 May 5].  

18. Pammi M. Clinical features and diagnosis of bacterial sepsis in preterm infants <34 weeks gestation. In: UpToDate 

[Internet]. Wolters Kluwer [updated 2024 February 15; cited 2024 May 5].   

19. Nizet V, Klein JO. Bacterial sepsis nad meningitis. In: Remingthon JS, Klein JO, Wilson CB, Maldonado YA, Nizet V, eds. 

Remington and Klein’s Infectious Diseases of the Fetus and Newborn Infant. 8th ed. Philadelphia, PA: Elsevier Saun-

ders, 2016; p. 217-90.   

20. Vora N. Late-Onset Sepsis. In: Cantey JB, ed. Neonatal Infections: Pathophysiology, Diagnosis and Management, 1st ed. 

Cham: Springer; 2018, p. 11-20. 

21. Boscarino G, Romano R, Iotti C, et al. An Overview of Antibiotic Therapy for Early- and Late-Onset Neonatal Sepsis: 

Current Strategies and Future Prospects. Antibiotics (Basel). 2024;13(3):250. doi: 10.3390/antibiotics13030250. 

22. Gyllensva rd J, Studahl M, Gustavsson L, et al. Antibiotic Use in Late Preterm and Full-Term Newborns. JAMA Netw 

Open. 2024;7(3):e243362. doi: 10.1001/jamanetworkopen.2024.3362. 

23. Wynn JL, Wong HR. Pathophysiology of Neonatal Sepsis. In: Polin RA, Abman SH, Rowitch DH, Benitz WE, Fox WW, 

editors. Fetal and Neonatal Physiology. 5th edition. Philadelphia, PA: Elsevier Saunders, 2017; p. 1536-52.   

24. Abbas AK, Lichtman AH, Pillai S. Basic Immunology: Functions and Disorders of the Immune System. 6th ed. Philadel-

phia, PA: Elsevier Saunders, 2020. 

25. Tollin M, Bergsson G, Kai-Larsen Y, et al. Vernix caseosa as a multi-component defence system based on polypep-

tides, lipids and their interactions. Cell Mol Life Sci. 2005;62(19-20):2390-399. doi: 10.1007/s00018-005-5260-7.  

26. Visscher MO, Narendran V, Pickens WL, et al. Vernix caseosa in neonatal adaptation. J Perinatol. 2005;25(7):440-46. 

doi: 10.1038/sj.jp.7211305. 

27. Awasthi S, Coalson JJ, Yoder BA, et al. Deficiencies in lung surfactant proteins A and D are associated with lung infec-

tion in very premature neonatal baboons. Am J Respir Crit Care Med. 2001;163(2):389-97. doi: 10.1164/

ajrccm.163.2.2004168. 

https://sciencevolks.com/paediatrics/
https://pubmed.ncbi.nlm.nih.gov/32956076/
https://pubmed.ncbi.nlm.nih.gov/32956076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2891980/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2891980/
https://pubmed.ncbi.nlm.nih.gov/34170492/
https://pubmed.ncbi.nlm.nih.gov/34170492/
https://pubmed.ncbi.nlm.nih.gov/24396135/
https://pubmed.ncbi.nlm.nih.gov/24396135/
https://pubmed.ncbi.nlm.nih.gov/33957655/
https://pubmed.ncbi.nlm.nih.gov/33957655/
https://pubmed.ncbi.nlm.nih.gov/29791315/
https://pubmed.ncbi.nlm.nih.gov/29791315/
https://pubmed.ncbi.nlm.nih.gov/27940705/
https://pubmed.ncbi.nlm.nih.gov/27940705/
https://pubmed.ncbi.nlm.nih.gov/37138573/
https://pubmed.ncbi.nlm.nih.gov/37138573/
https://pubmed.ncbi.nlm.nih.gov/37138573/
https://jpnim.com/index.php/jpnim/article/view/e090206
https://doi.org/10.7363/090206
https://pro.uptodatefree.ir/Show/5043
https://pro.uptodatefree.ir/Show/5043
https://medilib.ir/uptodate/show/88740
https://medilib.ir/uptodate/show/88740
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7158364/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7158364/
https://www.mdpi.com/2079-6382/13/3/250
https://www.mdpi.com/2079-6382/13/3/250
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2816684
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2816684
https://www.google.com/search?q=Wynn+JL%2C+Wong+HR.+Pathophysiology+of+Neonatal+Sepsis.+In%3A+Polin+RA%2C+Abman+SH%2C+Rowitch+DH%2C+Benitz+WE%2C+Fox+WW%2C+editors.+Fetal+and+Neonatal+Physiology.+5th+edition.+Philadelphia%2C+PA%3A+Elsevier+Saunders%2C+2017%25
https://www.google.com/search?q=Wynn+JL%2C+Wong+HR.+Pathophysiology+of+Neonatal+Sepsis.+In%3A+Polin+RA%2C+Abman+SH%2C+Rowitch+DH%2C+Benitz+WE%2C+Fox+WW%2C+editors.+Fetal+and+Neonatal+Physiology.+5th+edition.+Philadelphia%2C+PA%3A+Elsevier+Saunders%2C+2017%25
https://www.ncbi.nlm.nih.gov/nlmcatalog?cmd=PureSearch&term=101312426%5Bnlmid%5D
https://www.ncbi.nlm.nih.gov/nlmcatalog?cmd=PureSearch&term=101312426%5Bnlmid%5D
https://pubmed.ncbi.nlm.nih.gov/16179970/
https://pubmed.ncbi.nlm.nih.gov/16179970/
https://pubmed.ncbi.nlm.nih.gov/15830002/
https://pubmed.ncbi.nlm.nih.gov/15830002/
https://pubmed.ncbi.nlm.nih.gov/11179112/
https://pubmed.ncbi.nlm.nih.gov/11179112/
https://pubmed.ncbi.nlm.nih.gov/11179112/


87 

 Newer Insights in Etiology and Pathogenesis of Neonatal Sepsis 

SVOA Paediatrics  

28. Liu J, Abdel-Razek O, Liu Z, et al. Role of surfactant proteins A and D in sepsis-induced acute kidney injury. Shock. 

2015;43(1):31-8. doi: 10.1097/SHK.0000000000000270. 

29. Ujma S, Horsnell WG, Katz AA, et al. Non-Pulmonary Immune Functions of Surfactant Proteins A and D. J Innate Im-

mun. 2017;9(1):3-11. doi: 10.1159/000451026.  

30. Bartlett JA, Fischer AJ, McCray PBJ. Innate immune functions of the airway epithelium. Contrib Microbiol. 

2008;15:147-63. doi: 10.1159/000136349.  

31. La Rosa PS, Warner BB, Zhou Y, et al. Patterned progression of bacterial populations in the premature infant gut. 

Proc Natl Acad Sci U S A. 2014;111(34):12522-527. doi: 10.1073/pnas.1409497111.  

32. Sharma R, Tepas JJ 3rd, Hudak ML, et al. Neonatal gut barrier and multiple organ failure: role of endotoxin and proin-

flammatory cytokines in sepsis and necrotizing enterocolitis. J Pediatr Surg. 2007;42(3):454-61. doi: 10.1016/

j.jpedsurg.2006.10.038.  

33. Cotten CM, Taylor S, Stoll B, et al. Prolonged duration of initial empirical antibiotic treatment is associated with in-

creased rates of necrotizing enterocolitis and death for extremely low birth weight infants. Pediatrics. 2009;123

(1):58-66. doi: 10.1542/peds.2007-3423.  

34. Duess JW, Sampah ME, Lopez CM, et al. Necrotizing enterocolitis, gut microbes, and sepsis. Gut Microbes. 2023;15

(1):2221470. doi: 10.1080/19490976.2023.2221470. 

35. Kumar H, Kawai T, Akira S. Pathogen recognition by the innate immune system. Int Rev Immunol. 2011;30(1):16-34. 

doi: 10.3109/08830185.2010.529976. 

36. Trinchieri G, Sher A. Cooperation of Toll-like receptor signals in innate immune defence. Nat Rev Immunol. 2007;7

(3):179-90. doi: 10.1038/nri2038. 

37. Levy O. Innate immunity of the newborn: basic mechanisms and clinical correlates. Nat Rev Immunol. 2007;7(5):379

-90. doi: 10.1038/nri2075.  

38. Ballambattu VB, Gurugubelli KR. Neonatal sepsis: Recent advances in pathophysiology and management. In: Bagchi 

D, Das A, Downs BW, editors. Viral, Parasitic, Bacterial, and Fungal Infections: Antimicrobial, Host Defense, and Ther-

apeutic Strategies. 1st ed. United Kingdom: Elsevier Saunders, 2023; p. 503-13. 

39. Mogensen TH. Pathogen recognition and inflammatory signaling in innate immune defenses. Clin Microbiol Rev. 

2009;22(2):240-73. doi: 10.1128/CMR.00046-08. 

40. Abu-Maziad A, Schaa K, Bell EF, et al. Role of polymorphic variants as genetic modulators of infection in neonatal 

sepsis. Pediatr Res. 2010;68(4):323-29. doi: 10.1203/PDR.0b013e3181e6a068.  

41. Pietrasanta C, Pugni L, Ronchi A, et al. Vascular Endothelium in Neonatal Sepsis: Basic Mechanisms and Translational 

Opportunities. Front Pediatr. 2019;7:340. doi: 10.3389/fped.2019.00340.  

42. Mezu-Ndubuisi OJ, Maheshwari A. Role of the Endothelium in Neonatal Diseases. Newborn (Clarksville). 2022;1

(1):44-57. doi: 10.5005/jp-journals-11002-0025.  

43. Fatmi A, Saadi W, Beltra n-Garcí a J, et al. The Endothelial Glycocalyx and Neonatal Sepsis. Int J Mol Sci. 2022;24

(1):364. doi: 10.3390/ijms24010364.  

44. Nimah M, Brilli RJ. Coagulation dysfunction in sepsis and multiple organ system failure. Crit Care Clin. 2003;19

(3):441-58. doi: 10.1016/s0749-0704(03)00008-3. 

45. Melvan JN, Bagby GJ, Welsh DA, et al. Neonatal sepsis and neutrophil insufficiencies. Int Rev Immunol. 2010;29

(3):315-48. doi: 10.3109/08830181003792803. 

46. Lawrence SM, Corriden R, Nizet V. Age-Appropriate Functions and Dysfunctions of the Neonatal Neutrophil. Front 

Pediatr. 2017;5:23. doi: 10.3389/fped.2017.00023. 

47. Moerdler S,  Susan LaTuga M. Neonatal Neutropenia. Neoreviews. 2018;19(1):e22–e28. doi: 10.1542/neo.19-1-e22 

48. Kollmann TR, Crabtree J, Rein-Weston A, et al. Neonatal innate TLR-mediated responses are distinct from those of 

adults. J Immunol. 2009;183(11):7150-60. doi: 10.4049/jimmunol.0901481. 

49. Doughty C, Oppermann L, Hartmann N-U, et al. Monocytes in Neonatal Bacterial Sepsis: Think Tank or Work-

horse? BioChem. 2022; 2(1):27-42. doi: 10.3390/biochem2010003 

https://sciencevolks.com/paediatrics/
https://www.google.com/search?q=Liu+J%2C+Abdel-Razek+O%2C+Liu+Z%2C+et+al.+Role+of+surfactant+proteins+A+and+D+in+sepsis-induced+acute+kidney+injury.+Shock.+2015%3B43(1)%3A31-8.+doi%3A+10.1097%2FSHK.0000000000000270.&rlz=1C1SQJL_enIN1105IN1105&oq=Liu+J%2C+A
https://www.google.com/search?q=Liu+J%2C+Abdel-Razek+O%2C+Liu+Z%2C+et+al.+Role+of+surfactant+proteins+A+and+D+in+sepsis-induced+acute+kidney+injury.+Shock.+2015%3B43(1)%3A31-8.+doi%3A+10.1097%2FSHK.0000000000000270.&rlz=1C1SQJL_enIN1105IN1105&oq=Liu+J%2C+A
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6738803/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6738803/
https://pubmed.ncbi.nlm.nih.gov/18511860/
https://pubmed.ncbi.nlm.nih.gov/18511860/
https://pubmed.ncbi.nlm.nih.gov/25114261/
https://pubmed.ncbi.nlm.nih.gov/25114261/
https://pubmed.ncbi.nlm.nih.gov/17336180/
https://pubmed.ncbi.nlm.nih.gov/17336180/
https://pubmed.ncbi.nlm.nih.gov/17336180/
https://pubmed.ncbi.nlm.nih.gov/19117861/
https://pubmed.ncbi.nlm.nih.gov/19117861/
https://pubmed.ncbi.nlm.nih.gov/19117861/
https://pubmed.ncbi.nlm.nih.gov/37312412/
https://pubmed.ncbi.nlm.nih.gov/37312412/
https://pubmed.ncbi.nlm.nih.gov/21235323/
https://pubmed.ncbi.nlm.nih.gov/21235323/
https://pubmed.ncbi.nlm.nih.gov/17318230/
https://pubmed.ncbi.nlm.nih.gov/17318230/
https://pubmed.ncbi.nlm.nih.gov/17457344/
https://pubmed.ncbi.nlm.nih.gov/17457344/
https://pubmed.ncbi.nlm.nih.gov/19366914/
https://pubmed.ncbi.nlm.nih.gov/19366914/
https://pubmed.ncbi.nlm.nih.gov/20463618/
https://pubmed.ncbi.nlm.nih.gov/20463618/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6700367/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6700367/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9217741/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9217741/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9820255/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9820255/
https://pubmed.ncbi.nlm.nih.gov/12848314/
https://pubmed.ncbi.nlm.nih.gov/12848314/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3103186/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3103186/
https://pubmed.ncbi.nlm.nih.gov/28293548/
https://pubmed.ncbi.nlm.nih.gov/28293548/
https://publications.aap.org/neoreviews/article-abstract/19/1/e22/87297/Neonatal-Neutropenia?redirectedFrom=fulltext
https://doi.org/10.1542/neo.19-1-e22
https://pubmed.ncbi.nlm.nih.gov/19917677/
https://pubmed.ncbi.nlm.nih.gov/19917677/
https://www.mdpi.com/2673-6411/2/1/3
http://dx.doi.org/10.3390/biochem2010003


88 

 Newer Insights in Etiology and Pathogenesis of Neonatal Sepsis 

SVOA Paediatrics  

 

50. Machado JR, Soave DF, da Silva MV, et al. Neonatal sepsis and inflammatory mediators. Mediators Inflamm. 

2014;2014:269681. doi: 10.1155/2014/269681.  

51. Picone S, Aufieri R, Paolillo P. Adrenal insufficiency in the preterm infant. Ital J Pediatr. 2015;41(Suppl 1):A30. doi: 

10.1186/1824-7288-41-S1-A30.  

52. Fernandez EF, Watterberg KL. Relative adrenal insufficiency in the preterm and term infant. J Perinatol. 2009;29 

Suppl 2:S44-9. doi: 10.1038/jp.2009.24. 

53. van der Poll T, Shankar-Hari M, Wiersinga WJ. The immunology of sepsis. Immunity. 2021;54(11):2450-64. doi: 

10.1016/j.immuni.2021.10.012. 

54. Yu JC, Khodadadi H, Malik A, et al. Innate Immunity of Neonates and Infants. Front Immunol. 2018;9:1759. 

55. Manco-Johnson MJ. Hemostasis in the Neonate. Neoreviews. 2008; 9 (3): e119–e123.  doi: 10.3389/

fimmu.2018.01759. 

56. Ree IMC, Fustolo-Gunnink SF, Bekker V, et al. Thrombocytopenia in neonatal sepsis: Incidence, severity and risk fac-

tors. PLoS One. 2017;12(10):e0185581. doi: 10.1371/journal.pone.0185581. 

57. Veldman A, Fischer D, Nold MF, et al. Disseminated intravascular coagulation in term and preterm neonates. Semin 

Thromb Hemost. 2010;36(4):419-28. doi: 10.1055/s-0030-1254050.  

58. Davila J. Coagulation Disorders in the Newborn. Neoreviews. 2018; 19 (1):e11–e21. doi: 10.1542/neo.19-1-e11 

59. Lira Chavez FM, Gartzke LP, van Beuningen FE, et al. Restoring the infected powerhouse: Mitochondrial quality con-

trol in sepsis. Redox Biol. 2023;68:102968. doi: 10.1016/j.redox.2023.102968.  

60. Randolph DA. The Neonatal Adaptive Immune System. Neoreviews. 2005;6(10): e454–e462. doi: 10.1542/neo.6-10-

e454 

61. Adkins B, Leclerc C, Marshall-Clarke S. Neonatal adaptive immunity comes of age. Nat Rev Immunol. 2004;4(7):553-

64. doi: 10.1038/nri1394  

62. Markovic  M. Imunski odgovor kod novorođenc eta. U: Rankovic  Janevski M, urednik. Klinic ki seminari 2012. Beograd: 

Institut za neonatologiju, 2013; str. 45-57. 

63. Clements T, Rice TF, Vamvakas G, et al. Update on Transplacental Transfer of IgG Subclasses: Impact of Maternal and 

Fetal Factors. Front Immunol. 2020;11:1920.  doi: 10.3389/fimmu.2020.01920. 

Citation: Palic  I, Djordjevic -Vujic ic  A, Palic  D. Newer Insights in Etiology and Pathogenesis of Neonatal Sepsis. SVOA 

Paediatrics 2024, 3:4, 79-88. https://doi.org/10.58624/SVOAPD.2024.03.070  

Copyright: © 2024 All rights reserved by Palic  I., et al. This is an open access article distributed under the Creative 

Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,  

provided the original work is properly cited.  

https://sciencevolks.com/paediatrics/
https://pubmed.ncbi.nlm.nih.gov/25614712/
https://pubmed.ncbi.nlm.nih.gov/25614712/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4595174/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4595174/
https://pubmed.ncbi.nlm.nih.gov/19399009/
https://pubmed.ncbi.nlm.nih.gov/19399009/
https://pubmed.ncbi.nlm.nih.gov/34758337/
https://pubmed.ncbi.nlm.nih.gov/34758337/
https://pubmed.ncbi.nlm.nih.gov/30105028/
https://publications.aap.org/neoreviews/article-abstract/1/10/e191/86950/Hemostasis-in-the-Neonate?redirectedFrom=fulltext
https://publications.aap.org/neoreviews/article-abstract/1/10/e191/86950/Hemostasis-in-the-Neonate?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/28977011/
https://pubmed.ncbi.nlm.nih.gov/28977011/
https://pubmed.ncbi.nlm.nih.gov/20614393/
https://pubmed.ncbi.nlm.nih.gov/20614393/
https://publications.aap.org/neoreviews/article-abstract/19/1/e11/87295/Coagulation-Disorders-in-the-Newborn?redirectedFrom=fulltext
https://doi.org/10.1542/neo.19-1-e11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10711241/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10711241/
https://publications.aap.org/neoreviews/article-abstract/6/10/e454/92283/The-Neonatal-Adaptive-Immune-System?redirectedFrom=fulltext
https://doi.org/10.1542/neo.6-10-e454
https://doi.org/10.1542/neo.6-10-e454
https://pubmed.ncbi.nlm.nih.gov/15229474/
https://pubmed.ncbi.nlm.nih.gov/15229474/
https://pubmed.ncbi.nlm.nih.gov/33013843/
https://pubmed.ncbi.nlm.nih.gov/33013843/
https://doi.org/10.58624/SVOAPD.2024.03.070

