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Neonatal sepsis is a systemic bacterial, viral, or 
fungal infection that poses a potentially fatal 
threat to both term and preterm infants. Sepsis 

affects 4 to 22 newborns per 1000 live births glob-
ally.1,2 Although changes in intrapartum screening and 
antibiotic administration over the last 2 decades have 
significantly reduced risk and severity, sepsis remains 
a top 10 cause of neonatal death in the United States.3-5 
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ABSTRACT
Background:  Early-onset sepsis, occurring within 72 hours of birth, and late-onset sepsis, occurring after this time 
period, present serious risks for neonates. While culture-based screening and intrapartum antibiotics have decreased the 
number of early-onset cases, sepsis remains a top cause of neonatal morbidity and mortality in the United States.
Purpose: To provide a review of neonatal sepsis by identifying its associated risk factors and most common causative 
pathogens, reviewing features of the term and preterm neonatal immune systems that increase vulnerability to infection, 
describing previous and the most current management recommendations, and discussing relevant implications for the 
neonatal nurse and novice neonatal nurse practitioner.
Methods/Search Strategy:  An integrative review of literature was conducted using key words in CINAHL, Google 
Scholar, and PubMed.
Findings/Results:  Group B streptococcus and Escherichia coli are the most common pathogens in early-onset sepsis, 
while Coagulase--negative staphylococci comprise the majority of cases in late-onset. The neonatal immune system is 
vulnerable due to characteristics including decreased cellular activity, underdeveloped complement systems, preferential 
anti-inflammatory responses, and insufficient pathogenic memory. Blood cultures remain the criterion standard of diag-
nosis, with several other adjunct tests under investigation for clinical use. The recent development of the sepsis calcula-
tor has been a useful tool in the management of early-onset cases.
Implications for Practice:  It is vital to understand the mechanisms behind the neonate’s elevated risk for infection and 
to implement evidence-based management.
Implications for Research:  Research needs exist for diagnostic methods that deliver timely and sensitive results. A tool 
similar to the sepsis calculator does not exist for preterm infants or late-onset sepsis, groups for which antibiotic steward-
ship is not as well practiced.
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Neonatal sepsis is classified on the basis of the timing 
of presentation as early-onset or late-onset. Early-
onset sepsis (EOS) is an infection acquired by vertical 
acquisition of a pathogen from mother to neonate that 
presents between birth and 72 hours of life. Late-onset 
sepsis (LOS) presents after 72 hours of life, and is typi-
cally acquired horizontally from the neonate’s envi-
ronment, though it can result from a delayed presenta-
tion of vertically acquired maternal pathogens.5-7 
Because of the more common horizontal acquisition, 
LOS is often considered a hospital-acquired infec-
tion.5-7 The purpose of this manuscript is to provide a 
review of neonatal sepsis by identifying its associated 
risk factors and most common causative pathogens, 
reviewing term and preterm neonatal immune features 
that increase vulnerability to infection, describing pre-
vious and the most current management recommenda-
tions, and discussing relevant implications for the neo-
natal nurse and novice neonatal nurse practitioner.

RISK FACTORS

Risk factors for EOS and LOS vary by the nature of 
pathogen acquisition, though the primary characteris-
tic that places neonates at greatest risk for infection is 
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decreased gestational age, regardless of the mecha-
nism of transmission. Neonates of extreme prematu-
rity and very low birth weight (VLBW), defined as less 
than 1500 g, are more likely than term infants to be 
diagnosed with sepsis.2,8 In addition to gestational age, 
risk for EOS is associated with maternal factors. His-
torically, a diagnosis of maternal chorioamnionitis has 
been used to identify infants at risk. The relationship 
between chorioamnionitis and EOS is consistently 
observed in the preterm population; however, it is 
much less common in term infants.5,9 More recently, 
the individual maternal features of peripartum fever 
and length of time from rupture of membranes to 
delivery have been used to better assess EOS risk, and 
thus there has been a shift from the use of chorioam-
nionitis to the term intra-amniotic infection (IAI).3,4 
Racial and ethnic disparities exist in the number of 
infants affected by EOS, though they are not indepen-
dent predictors of disease. The relationship between 
race and neonatal sepsis is influenced by lack of pre-
natal care, substance abuse, and a 50% increase in 
premature birth among black women when compared 
with any other race.3,10,11

While maternal factors primarily influence risk of 
EOS, neonatal characteristics primarily influence 
risk of LOS. Neonatal factors include prematurity, 
VLBW status, and the presence of congenital anom-
alies. Infants with these factors often require inva-
sive devices, delayed enteral feeding, medications, 
and complex management in a neonatal intensive 
care unit.2,8 Central venous catheters and endotra-
cheal tubes, both commonly required in these groups 
of neonates, allow for direct pathogen entrance. 
Delayed enteral feedings and the administration of 
certain medications (ie, antibiotics, histamine recep-
tor antagonists, and proton pump inhibitors) affect 
the neonate’s microbiome and contribute to patho-
genic vulnerability.2,6,8

In addition to neonatal characteristics, external 
factors have been shown to contribute to the occur-
rence of LOS. A high acuity unit with increased 
workload can lead to decreased compliance with 
infection prevention measures and a significant ele-
vation in LOS risk. A retrospective cohort study12 
found that for every 1% of infants younger than 32 
weeks present in a unit census, there is a 2% increase 
in sepsis risk.

COMMON PATHOGENS

Early-Onset Sepsis
Group B streptococcus (GBS) and Escherichia coli 
(E coli) together account for nearly 70% of cases of 
EOS.11 In term neonates, GBS is the most common 
pathogen (40%-45% of cases), followed by E coli 
(10%-15% of cases).4 These statistics are reversed in 
the preterm population, as E coli is responsible for 
50% of cases, while GBS accounts for only 20% to 

25% of cases.5,13 Although GBS occurs more fre-
quently overall, E coli is the leading cause of mor-
bidity and mortality associated with EOS.10,11,14 
Other less common pathogens include Streptococcus 
pneumoniae, Staphylococcus aureus, Enterococcus 
spp., gram-negative bacilli (Enterobacter spp. and 
Haemophilus influenzae), and Listeria monocyto-
genes.11 Polymicrobial infections are rare.10

Late-Onset Sepsis
Late-onset sepsis is most often caused by gram-
positive bacteria but can also be attributed to gram-
negative bacteria, fungi, and viruses.2,15,16 The most 
common gram-positive LOS agents include coagu-
lase-negative staphylococci (50% of cases), S aureus 
(7% of cases), and GBS (1% of cases).2,6,16,17 Gram-
negative bacteria contribute to 20% to 42% of LOS 
cases and include E coli, Klebsiella pneumonia, Ser-
ratia marcescens, Enterobacter spp., and Pseudomo-
nas aeruginosa. E coli is the most common gram-
negative species, and P aeruginosa the most 
fatal.6,16,17 Rates of fungal LOS vary by institution, 
ranging from 5% to 28%, and typically affect 
VLBW infants.2,6,16 The most common fungi are 
Candida albicans and Candida parapsilosis, which 
are becoming more prevalent in patients with central 
venous catheters.2,6 Viruses are the least common 
agents attributed to LOS but can significantly impact 
the long-term outcomes of those affected. Of the 
viral pathogens, herpes simplex viruses are the most 
common agents, with manifestation of symptoms 
between 5 and 28 days of life.2,16

THE NEONATAL IMMUNE RESPONSE

Neonatal immunity comprises the innate and acquired 
immune systems (Figure 1). Innate immunity is the 
neonate’s first-line response to infection and is driven 
by phagocytes and the complement cascade.16 The 
innate system also regulates tolerance to self and 
interacts with T and B cells from the acquired immune 
system to generate memory responses to antigens that 
the body has previously encountered.18 Acquired 
immunity is the slower but more directed immune 
response, driven by lymphocytes and maternally 
acquired antibodies.16 See Table 1 for a description of 
the key cells in each of these systems. The neonate has 
a variety of immune deficiencies across both of these 
systems that increase vulnerability to infection.

Innate Immunity
The innate immune system encompasses the epithe-
lium, many different cell types, cytokines, and the 
complement cascade that are primarily relied upon 
during the first several postnatal days.18 The skin 
and epithelial membranes of the respiratory and gas-
trointestinal tracts provide a physical barrier to pro-
tect against pathogen entry. If this barrier is breached, 


