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Definition & Epidemiology

Early-onset sepsis (EOS) is defined as the onset of symptoms of 
infection within the first 72 hours of life, although cases may present 
up to 6 days after birth.

UpToDate: EOS define as <7 days after birth for term infants and 
≤72 hours after birth for preterm infants

Overall incidence of EOS is 0.5 to 0.9 cases per 1000 live births



Pathogenesis 

Early-onset infection is usually due to vertical transmission by 

ascending contaminated amniotic fluid or during vaginal delivery from 

bacteria in the mother's lower genital tract or rarely by transplacental.

Maternal chorioamnionitis (or intraamniotic infection) is a well-

recognized risk factor.

Maternal group B streptococcal (GBS) colonization is another 

important risk factor.

Use of forceps during delivery and electrodes placed for intrauterine 
monitoring increase the risk.



Maternal risk factors

Maternal factors associated with an increased risk of EOS
in the neonate, particularly GBS infection, include: 
chorioamnionitis (intraamniotic infection) 

Maternal fever 

Maternal GBS colonization

Preterm delivery 

Prolonged rupture of the membranes(>18 hours)

Maternal GBS screening and intrapartum antibiotics
reduces the risk of GBS infection but does not eliminate it.



Etiologic agents

The two most common pathogens are group B Streptococcus 
(GBS) followed by Escherichia coli. In contrast, E coli is the most 
commonly isolated organism among very-low-birth-weight preterm 
infants.

National estimates for incidence of GBS EOS among term infants 
decreased from 0.30 to 0.17 per 1000 LB (2006–2015), whereas 
those for E coli remained stable at 0.08 per 1000 LB (2005–2014).



Etiologic agents



Clinical presentation 

The clinical signs of sepsis in a neonate are varied and often 
nonspecific. Detection requires that clinicians maintain a high index of 
suspicion. Familiarity with epidemiologic risk factors is crucial to 
determining the threshold index of suspicion.

EOS cases, 93% of infants had documented signs of infection within 
the first 3 days after birth.

These signs most frequently included tachypnea (>60 breaths/min 
sustained over 30 min), increased work of breathing, and tachycardia 
(>160 beats/min), followed by acidosis and hypotension

Findings of hyper- or hypothermia, lethargy or irritability, hypotonia, 
respiratory distress, cyanosis, apnea, feeding difficulties, jaundice, 
bleeding problems, and abdominal distention may be seen.

Lethargy or poor feeding may be the only symptoms initially.



Fetal and delivery room distress

The following signs during labor and delivery may be early indicators 
of neonatal sepsis:

Intrapartum fetal tachycardia, which may be due to intraamniotic 
infection 

Meconium-stained amniotic fluid, which is associated with a two fold 
increased risk of sepsis 

Apgar score ≤6, which is associated with a 36-fold increased risk of 
sepsis



Approach

In neonates <7 days old, the approach to the evaluation depends

upon whether the neonate is 

Symptomatic or 

Well appearing



Symptomatic neonates

Infants with signs and symptoms of sepsis should undergo a full 
diagnostic evaluation and receive empiric antibiotic treatment. 

Full diagnostic evaluation includes :

Blood culture 

Lumbar puncture

Complete blood count (CBC) with differential and platelet count 

Chest radiograph (if respiratory symptoms are present)  

Cultures from tracheal aspirates if intubated 

CRP and/or procalcitonin levels – These tests are not routinely 
required but may be helpful in determining length of therapy if 
followed serially



Well-appearing neonates

Well-appearing infants with identified risk factors for neonatal 
sepsis, particularly GBS, should be observed for 36 to 48 hours.

Decisions regarding evaluation and use of empiric antibiotics are 
based upon the nature of the risk factor(s) and whether or not the 
mother received adequate intrapartum antibiotic prophylaxis. 

Accepted approaches to determining the need for laboratory 
evaluation and empiric antibiotics include:

➢Categorical risk assessment 

➢Early-onset sepsis calculator 

➢Clinical observation 



Categorical approach

Easily visualized as flowcharts. Risk factors are arranged sequentially, 
dichotomous manner in which the answers are yes or no, “if this, then that”.

Factors frequently considered include GA, duration of membrane rupture, 
suspected maternal chorioamnionitis, maternal GBS status and adequacy of 
IAP, and infant clinical status. 

Advantages: familiarity of such approaches in medicine and the ease of use. 

Disadvantages: 

loss of information in the dichotomization of variables and a simplified 
presentation of risk factor relationships that may be complex. 

Overidentification of at-risk infants due to the prevalence of commonly 
included risk factors compared with the incidence of EOS, with associated 
consequences of mother-infant separation and resource utilization.





Multivariate risk estimation
Neonatal EOS calculator is a combination of 2 multivariable prediction models that 
incorporate perinatal risk factors and the infant’s evolving clinical condition

The perinatal model uses the known incidence of EOS in the term population and 
incorporates 5 factors (GA, duration of membrane rupture, highest maternal 
temperature during labor, type and timing of administration of maternal antibiotics 
during labor, and maternal GBS status) to provide the probability of EOS at the 
time of birth for that infant. 

The user can then categorize the evolving clinical examination over the next 12 to 
24 hours into well-appearing, equivocal, or clinical illness, based on prespecified 
definitions, and incorporate the risk model for clinical condition to obtain a final 
probability of infection. 

The calculator models do not use laboratory test findings



• The probability of EOS is expressed as the predicted number of EOS cases per 
1000 LB. 

• The recommendations on the current sepsis risk calculator Web site are to 
obtain blood culture and use close clinical observation if the final risk estimate is 
greater than 1 per 1000 LB and to administer empirical antibiotic treatment if the 
final risk estimate is greater than 3 per 1000 LB.

• Comparison of the categorical approach with the calculator was found to reduce 
EOS evaluations from 14% to 5% and antibiotic use in the first 24 hours after 
birth from 5% to 3%.

• A meta-analysis of 13 studies found that adoption of the sepsis risk calculator 
was associated with significant reduction in empirical antibiotic use, with no 
difference in proportion of missed cases (defined as newborns with EOS not 
initiated on antibiotic therapy within 24 hours after birth). Thus in the setting of 
similar safety profiles, the multivariate risk model was significantly more 
efficient, cost effective, and reduced unnecessary antibiotic exposure for infants



Early-onset sepsis calculator

A web-based tool that estimate the risk of EOS in patients based 
on risk factors

The calculator require to input the local incidence of EOS. If it is 
unknown, the users should enter "0.5 per 1000." 

The calculator provides guidance on the diagnostic evaluation and 
empiric antibiotic treatment. 

The calculator is not valid for preterm infants <34 weeks and  late-
onset sepsis



Serial clinical observation

• A third strategy relies on serial clinical observation of newborn infants to achieve 
timely recognition of those who become ill with EOS, without use of empirical 
antibiotics based on maternal risk factors. This approach is justified by studies 
demonstrating that term newborn who do not exhibit clinical signs of illness rarely 
have EOS. 

• Most importantly, all incorporate structured programs of serial examinations of 
newborn infants over the first 12 to 48 hours after birth, most frequently over the 
first 6 to 8 hours and less so thereafter

• The specific details of observation-based strategies vary among different 
implementations. Components of the assessments differ (and are not as specific 
as those that inform the sepsis risk calculator), but typically include skin color and 
perfusion, signs of respiratory distress, temperature instability, and general 
wellbeing (lethargy, irritability, seizures).





➢Reports of observation-based strategies address safety and effectiveness.

➢Rates of laboratory testing decreased from 6.3% to 0.5% and antibiotic treatment 
from 1.2% to 0.5%

➢No case infant had an adverse outcome resulting from this strategy. 

➢Notably, 15 infants with EOS had been “not at-risk”  were identified, emphasizing 
the value of serial clinical observation in the identification of infected newborns 
without specific perinatal risk factor.

➢Among infants born to women with clinical chorioamnionitis,  observation-based 
protocol reduced antibiotic exposure from 100% to 21.0% and subsequently to 
10.3%. In the entire cohort of 20,394 infants 35 weeks’ gestation or more, 
antibiotic exposure declined by 63%.

➢In this cohort, treatment based on clinical signs of illness still resulted in antibiotic 
administration to 120 infants for each case of EOS, indicating a persistent need 
for tools that can help identify infants who do not have EOS despite not appearing 
well.





Laboratory studies



Cultures

• EOS is diagnosed by isolation of pathogenic organisms from blood and CSF. In first 72 hours, the 
yield of urine cultures is very low and are not indicated. Cultures of surface swabs (ear, skin, 
umbilical stump) or gastric aspirate specimens are not informative. 

• If adequate volumes of blood (1 mL) are obtained, enriched medium with antibiotic neutralization 
resins in continuous-reading detection systems reliably detect bacteremia at levels of 1 to 10 
colony per ml of blood. The sensitivity of a single blood culture is approximately 90%.

• Inoculation of 2 culture bottles may help distinguish contaminant species from true infections.

• In 95% of neonatal sepsis, blood cultures become positive within 24 to 36 hours, justifying 
decisions to discontinue empirical therapy at that time. Continuing antibiotics beyond 36 hours to 
avoid interruption of treatment in infants with (yet unreported) bacteremia is estimated to require 
treatment of nearly 3600 infants who ultimately have definitively sterile cultures

• False-positive and false-negative results may occur. False-positive results from nonpathogenic 
organisms introduced during specimen collection. some infants with serious bacterial infections 
such as pneumonia are not bacteremic and have sterile blood cultures; the content and duration of 
antibiotic treatment in such cases is left to clinical judgment.



CSF culture

Making criteria for obtaining cultures of CSF in EOS, difficult to define and is more controversial. 

Only 3-4% of infants with EOS in cohort studies were diagnosed with meningitis, GBS isolated 
from CSF alone in approximately 2 cases per 1,000,000 LB, No cases of meningitis were 
identified among 284 asymptomatic infants who underwent lumbar puncture because of 
maternal risk factors. 

In most cases, definitively among well-appearing term infants, LP can be deferred until blood 
culture yields a pathogen. Although deferring CSF culture may compromise pathogen isolation, 
fluid analysis can still be useful to optimize content and duration of antibiotic treatment

LP is indicated if other findings (eg, seizures) point specifically to CNS disease. Selection of at-

risk infants for LP based on elevation of CRP levels is not supported by data.

Lumbar puncture is indicated in neonates with:

Clinical findings concerning for sepsis 

Positive blood culture

Worsening clinical status while on antibiotic



WBC count, CRP, and Procalcitonin 

Virtually all these tests suffer from very low sensitivity at soon after the onset of 
infection and most are quite nonspecific in the immediate newborn period. As 
such, these laboratory tests have no utility in making decisions about initiating or 
withholding antibiotic therapy in infants at risk for EOS. 

Serial normal blood cell counts and these markers at 36 hours of age associated 
with low probabilities of EOS and provided sufficient reassurance to stop 
antibiotic therapy. It remains unclear why serial acute-phase reactants that 
correlate with sterile blood culture results are necessary, although those with 
concern for “culture negative” sepsis may find such test results reassuring. 
These tests have very low positive predictive value for culture-confirmed 
bacteremia. 



Empirical and definitive 
treatment



Empiric antibiotic therapy
Indications: 

➢ Ill appearance 

Concerning symptoms: temperature instability, respiratory,        
cardiocirculatory, or neurologic symptoms 

➢ CSF pleocytosis (WBC count of >20 to 30 cells/µL) 

➢ Confirmed or suspected maternal chorioamnionitis (intraamniotic 
infection) 

➢ High estimated sepsis risk based on a validated risk calculator 



Empiric antibiotic therapy
➢Empirical treatment  is targeted to the two predominant pathogens, GBS and E coli. 

➢ The combination of ampicillin and gentamicin remains the currently preferred 
empirical treatment. This combination will also provide coverage for less common 
organisms causing EOS.

➢Use of third-generation cephalosporins, will be effective for most resistant E coli 
strains but not for Enterococcus or Listeria. It should be added to the empiric 
regimen if the CSF Gram stain reveals gram-negative bacilli.

➢Beta-lactamase-producing organisms rarely cause EOS in term, so routine use of  
carbapenems is not indicated. If there is concern for meningitis caused by a 
multidrug-resistant gram-negative organism, carbapenem such as meropenem is 
the preferred agent.

➢The addition of a broader-spectrum antimicrobial should be reserved for term 
infants who are critically ill or responding poorly to treatment while cultures are 
pending or for whom preliminary culture results identify gram-negative bacilli. 



Definitive treatment

Definitive treatment depends on pathogen isolation in culture and 
determination of antibiotic susceptibilities and ideally consists of the 
narrowest-spectrum antibiotic appropriate to the clinical situation. 

Other considerations for definitive therapy are the presence or 
absence of meningitis, as well as any evidence of renal or hepatic 
dysfunction.

If gram-negative meningitis is suspected or confirmed, a 
cephalosporin or carbapenem, providing superior CNS penetration, 
is preferred.



Content of intrapartum antibiotics

Informed by antibiotic susceptibility of the most common EOS 
isolates. 

All GBS bacteria remain sensitive to penicillin and ampicillin, but 
increasing prevalence of resistance to clindamycin (21-47% of 
isolates) and erythromycin (49-58% of isolates) 

E coli strains causing EOS, in contrast, are more likely to be 
resistant to the common first-line antibiotics (ampicillin and 
gentamicin), particularly among preterm infants and after prolonged 
exposure to maternal intrapartum antibiotics.



Major recommendations
• Systematic strategies for reduction of unnecessary diagnostic testing, empirical 

antibiotic administration, and disruption of mother-infant bonding, while 
maintaining a high level of vigilance for neonatal sepsis, should be adopted by 
every birthing facility.  

• No matter what approach is taken to the initial evaluation EOS, ongoing careful 
observation of all infants is necessary over the first 24 to 48 hours to ensure 
recognition of infants who become ill from any cause within that time period. 

• With some exceptions, ampicillin and gentamicin remain the preferred 
antibiotics for empirical treatment of infants who meet threshold criteria. 

• Antibiotic therapy should be focused to use the narrowest-spectrum agent to 
which the culture isolate is susceptible, or discontinued after 36 hours if blood 
cultures are sterile (in the absence of evidence of a focal serious bacterial 
infection)
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