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Neonatal sepsis is a clinical syndrome consisting of nonspecific 
symptoms and signs of infection accompanied by bacteraemia in 
the first 28 days of life.[1,2] Early-onset sepsis (EOS) presents within 
the first 72 hours of life, and late-onset sepsis (LOS) presents after 
72 hours of life.[3-6] The nonspecific features of sepsis may include 
lethargy, poor feeding or feeding intolerance, irritability, temperature 
instability, brady- or tachycardia, glucose instability, poor perfusion, 
apnoea, and a bleeding tendency.[1,2]

EOS is primarily the result of intrapartum vertical transmission 
of bacteria from the mother to the neonate, either transplacentally 
or due to ascending infection from the genital tract.[2-4,6] LOS is the 
result of horizontal transmission of bacteria from the environment 
and healthcare providers’ hands,[3,6] and has a peak incidence at 
between 15 and 17 days of life.[2]

Incidence and mortality
The risk of neonatal sepsis and death increases with decreasing birth 
weight[6] and gestational age,[4,7] with better outcomes in neonates that 
receive early empirical antimicrobial treatment.[3] However, ~95% 
of neonates initiated on empirical antimicrobials for suspected EOS 
were shown to have no laboratory evidence of infection.[7] Available 
South African (SA) data have reported the overall incidence of 
neonatal sepsis to be 8.5 - 10%, with LOS accounting for the majority 
of these infections (83.2 - 94.3%).[8-9] The mortality rate was found 
to vary between 24.2% and 40%, and 19.7% and 22.5% for EOS and 
LOS, respectively, with an overall mortality of 20.8 - 23%.[8,9] Death 
due to Gram-negative sepsis is more common (69.2 - 80%).[8,9]

Making the diagnosis of neonatal sepsis
The gold standard for confirming neonatal sepsis is a positive 
culture from a sterile site, including blood,[6,10] cerebrospinal fluid 
(CSF)[7] or urine.[11] Culture results may only become available after 
48 - 72 hours, and initiation and continuation of antimicrobials in 
these situations often rely on good clinical judgement. 

Blood investigations, including the full blood count and acute-
phase reactants, such as C-reactive protein (CRP) and procalcitonin 
(PCT), are time-dependent and should be performed 6 - 12 hours after 
delivery to allow for an inflammatory response.[4,8] The total white cell 
count has a poor positive predictive value for neonatal sepsis and is 

not useful in making the diagnosis.[4,5] While neutropenia has a better 
specificity for neonatal sepsis, values are dependent on gestational 
age, time after birth, and delivery method.[4,5] The immature-to-total-
neutrophil ratio (I:T ratio) has the best sensitivity of all the neutrophil 
indices, but the positive predictive value is only 25%.[4] The I:T ratio 
is best used to exclude neonatal sepsis, with a negative predictive 
value of 99%.[4] CRP values start to increase 6 - 8 hours after infection 
and peak at ~24 hours,[4] with only 35 - 65% of neonates having 
a raised CRP at the onset of illness.[3] Serial CRP values at 24 - 48 
hours after the onset of sepsis have a better sensitivity and specificity 
when compared with a single CRP value.[3] Two consecutive CRP 
values of <10 mg/L, obtained 24 hours apart, have a negative 
predictive value of 99%.[3-5] PCT is slightly more sensitive than CRP, 
but with a lower specificity,[4] as it may increase physiologically in 
the first 24 hours post-delivery, and may increase in response to 
non-infectious conditions.[4,5] PCT values increase 2 hours after 
infection and peak ~12 hours later.[4] A PCT value of <0.1 ng/mL  
is considered normal in a neonate >72 hours old.[5] 

At least 1 mL of blood should be collected for sterile blood cultures, 
with appropriate measures taken to reduce contamination. Suggested 
factors to differentiate between true infection and contamination 
include the identity of the organism, the number of positive 
cultures of the same organism, the time taken to flag positive, the 
quantity of bacterial growth, and the source or site of the culture.[10]  
The positive predictive value for true bacteraemia improves when 
multiple cultures (≥2) grow the same organism,[12,13] with the presence 
of only one positive culture out of at least two being suggestive of 
contamination.[10] Cultures that flag positive after 48 - 72 hours 
are more likely to be contaminants.[10,12,13] Limited evidence exists 
for using the quantity of bacterial growth to differentiate true 
bacteraemia from contamination, and low colony counts in a 
high-risk population should not be dismissed as contamination.[10]  
Lastly, cultures taken from a vascular catheter may represent true 
bacteraemia, contamination, or catheter colonisation. To distinguish 
between these, it is recommended that cultures are taken from both 
the catheter and peripherally.[10]

Coagulase-negative staphylococci (CoNS), which are skin 
commensals and represent ~80% of contaminated blood cultures,[10] 
have recently emerged as pathogenic organisms causing LOS,  
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especially in premature and very-low-birth-weight (VLBW) 
neonates.[2,5,6] To exclude contamination, most clinicians require at 
least 2 positive cultures of CoNS.[2] Another study has shown that ≤15 
hours’ time to positivity for CoNS had a positive predictive value of 
84% for true bacteraemia.[10] CoNS is responsible for more than 50% 
of cases of LOS in developed countries, and 35 - 46.5% in developing 
countries, with a mortality rate of up to 10.2% in VLBW neonates.[2]  
Indwelling medical devices are the largest contributing factor for 
CoNS sepsis in VLBW infants.[2] 

The sensitivity for diagnosing invasive fungal sepsis on blood 
culture remains poor (<50%).[14-15] Risk factors for fungal sepsis 
include extremely low birth weight (ELBW), gestation <28 weeks, 
previous exposure to antibiotics (third-generation cephalosporins or 
carbapenems), thrombocytopenia, central venous lines, mechanical 
ventilation, use of antacids (histamine-2 blockers or proton-pump 
inhibitors), use of total parenteral nutrition, delayed enteral feeding, 
and prolonged hospital stay (>7 days).[3,14,16] A clinical predictive 
model for candidaemia is available (Table 1),[14,16] with a combined 
score of 2 having a sensitivity of 85%, and a moderate specificity of 
47% for neonatal candidaemia.[16] Considering the high mortality for 
invasive fungal sepsis in neonates, it may be acceptable to use the 
candidaemia scoring model in empirical antifungal decision-making. 
The detection of (1,3)-β-D glucan to diagnose invasive fungal sepsis 
in neonates has also been proposed, although very few studies have 
included neonates. If adult reference ranges are used, where >80 pg/
mL is considered positive, 60 - 80 pg/mL is considered equivocal, 
and <60 pg/mL is considered negative, the assay has a sensitivity of 
70.7% and a specificity of 77.4%. These values should, therefore, be 
used as an adjunct to the clinical picture, haematological values, and 
the candidaemia score in the diagnosis of invasive fungal sepsis.[15] 
All patients with a positive fungal culture should have a full systemic 
evaluation (urine, blood, CSF, renal sonar, and fundoscopy) for 
invasive fungal sepsis.[16]

Sterile urine specimens should be collected for urinalysis and 
culture in neonates suspected to have LOS ≥6 days of life.[4,5,11,17] 
Although there are no clear criteria for the diagnosis of urinary tract 
infections (UTIs) in neonates,[18] many clinicians use the following 
guide: growth of any urinary pathogen (≥1 000 CFU/mL) from a 
suprapubic specimen, or if a catheter specimen was taken, growth 
of ≥50 000 CFU/mL of a single uropathogen, or between 10 000 and 
50 000 CFU/mL of a single uropathogen with evidence of pyuria.[11]

A lumbar puncture (LP) should be performed on all neonates 
with suspected sepsis, as nearly one-quarter of neonates with 
blood-culture-positive sepsis have concurrent meningitis,[4,5] and 
up to 38% of neonates with proven meningitis have a negative 
blood culture.[4,5] CSF indices indicating neonatal meningitis are 
controversial,[4] as there is considerable overlap between CSF values 
in neonates, with and without meningitis.[19,20] Adjusting the CSF 
white blood cell (WBC) count for the number of red blood cells 
in the CSF is unreliable, resulting in loss of sensitivity for only a 
slight gain in specificity.[4,5,7,20] Lab CSF values suggestive of neonatal 
meningitis include a WBC count >21 cells/µL,[7,20] with a sensitivity 
and specificity of ~80%.[7,20] The CSF protein varies inversely with 
gestational age,[4,5] with a value >1.5 g/L in a preterm neonate and  
>1.0 g/L in a term neonate being highly suggestive of bacterial 
meningitis.[20] Of all the variables, a low CSF glucose has the greatest 
specificity for meningitis.[4] The ratio of CSF to serum glucose is 
not useful in neonates, and a CSF glucose of <1.1 mmol/L in a 
preterm, and <1.7 mmol/L in a term neonate is suggestive of bacterial 
meningitis.[20] If the diagnosis of meningitis is questionable due to 
marginal WBC counts or other parameters, but the clinical picture is 
suspicious, the LP should be repeated within 24 - 48 hours.[7,20]

It remains controversial whether tracheal aspirates should be taken 
from neonates suspected to have ventilator associated pneumonia 
(VAP),[21] defined as the presence of a new pneumonia in a patient 

who has required assisted ventilation through an endotracheal tube 
in the previous 48 hours.[21,22] Tracheal aspirates have a low sensitivity, 
low specificity, and poor positive predictive value in the diagnosis of 
VAP.[21] They may, however, identify the organisms colonising the 
airway, guiding the choice of antimicrobial therapy.[21] An organism 
may be considered significant if ≥106 CFU/mL are present.[23] A 
negative tracheal aspirate culture has a high negative predictive 
value for excluding a VAP.[21] The radiographic picture, clinical, 
and laboratory criteria may be used to make the diagnosis of VAP 
without a culture result.[21,22]

Osteomyelitis, although uncommon, is another consideration in a 
neonate suspected of sepsis, and may be accompanied by positive 
blood cultures in severe disease.[24]

Pathogenic organisms and contaminants
The most common organisms, accounting for ~70% of cases of EOS in 
the developed world, are Streptococcus agalactiae (Group B Streptococcus 
(GBS)) and Escherichia coli (E. coli).[1,3-5] The majority of LOS (70%) 
in the developed world is due to Gram-positive infections,[1,3,25] with 
CoNS,[6] Staphylococcus aureus, Enterococcus spp., and GBS being most 
common in VLBW infants.[3] Approximately 18 - 20% of LOS is due 
to Gram-negative infections (mostly Enterobacteriaceae spp.), and 12% 
due to fungal infections (Candida spp.).[3]

EOS in the developing world is most commonly caused by E. 
coli, Klebsiella spp. and S. aureus.[3] LOS is mainly caused by Gram-
positive organisms, such as CoNS,[6] S. aureus, S. pneumoniae and S. 
pyogenes,[3] although the proportion of LOS caused by Gram-negative 
organisms is rising.[25] An SA study published in 2005 reported that 
Gram-negative organisms (E. coli) are responsible for the majority 
of EOS, and Gram-positive organisms (CoNS, Enterococcus faecalis, 
viridans streptococci) are the major contributors to LOS (57.9%).[8] 
This contrasts with two more recent SA studies, which reported that 
LOS and healthcare-associated infections are predominantly due to 
Gram-negative organisms, such as Acinetobacter spp., Klebsiella spp., 
Enterobacter spp., and E. coli (46.1 - 48.2%).[9,26] The most common 
Gram-positive organism was CoNS in one study,[9] and S. aureus and 
Enterococcus spp. in the other.[26] However, the result of the latter 
study may have been skewed, as all CoNS cultures were excluded and 
it was considered a contaminant.[26] 

Other pathogenic organisms include Listeria monocytogenes, 
Neisseria meningitides, N. gonorrhoeae, Haemophilus influenzae, 
Pseudomonas aeruginosa, members of the Bacteroides fragilis group, 
and Cryptococcus neoformans.[10]

Microorganisms that may be considered as contaminants in the 
majority of cases include Corynebacterium spp., Bacillus spp. other 
than Bacillus anthracis, Propionibacterium acnes, Micrococcus spp., 
and Clostridium perfringens.[10] 

Identifying neonates at risk for sepsis
The need for empirical antimicrobial therapy is driven by the existence 
of risk factors for EOS, and clinical symptoms and signs for LOS.[1-3]  
Chorioamnionitis, maternal intrapartum pyrexia (temperature 

Table 1. Variables of the Candidaemia Score[14,16]

Variable Score
Unexplained thrombocytopenia (<150 000/µL)  
on the day of blood culture 2 points

Third-generation cephalosporin or carbapenem  
use in the 7 days prior to blood culture 1 point

Gestational age 25 - 27 weeks 1 point

Gestational age ≤24 weeks 2 points
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>38°C), prematurity (<37 weeks’ gestation), low birth weight, 
assisted instrumental delivery, low Apgar scores, maternal 
colonisation with GBS or a previous neonate with a GBS infection, 
and prolonged rupture of membranes before delivery of >18 
hours are all risk factors for EOS.[3-5] Prematurity, prolonged 
hospital admission, repeated invasive procedures, deep intravenous 
lines, intravenous lipids in total parenteral nutrition, prolonged 
antimicrobial administration, and mechanical ventilation are risk 
factors for LOS.[2,6]

Recommended empirical antimicrobial 
regimens
Knowledge of the most common pathogens and the antimicrobial 
susceptibility patterns is important to select the appropriate empirical 
antimicrobial(s).[3] Empirical antimicrobial therapy can be targeted 
when the culture result becomes available.[27]

In developed countries, all GBS isolates are sensitive to penicillin, 
ampicillin and vancomycin.[3] Ninety-six percent of E. coli isolates 
are sensitive to gentamycin or a cephalosporin, and 78% of E. coli 
isolates are resistant to ampicillin.[3] In combination, ~94% of EOS 
isolates (GBS, CoNS, non-pyogenic streptococci, and E. coli) are 
sensitive to a combination of penicillin plus gentamicin, and 100% of 
these organisms are sensitive to the combination of amoxicillin plus 
cefotaxime;[3] however, routine use of cefotaxime has been shown 
to rapidly increase bacterial resistance and prolonged use increases 
the risk for invasive fungal infections.[4,5] In SA, all GBS isolates are 
sensitive to ampicillin and 85.7% of E. coli isolates are sensitive to 
amikacin, with 100% sensitivity of both organisms to cefotaxime.[9]  
Although empirical therapy for EOS should be individualised 
per hospital or region, a widely accepted empirical regimen is a 
combination of ampicillin plus an aminoglycoside.[3,4] 

Empirical antimicrobial therapy for suspected LOS should, 
ideally, cover both Gram-positive and Gram-negative orga- 
nisms.[3,6] In developed countries, 95% of organisms causing LOS 
are sensitive to a combination of gentamicin with either amoxicillin 
or flucloxacillin,[6] or amoxicillin plus cefotaxime.[3] Only 79% of 
organisms are sensitive to cefotaxime alone.[3] In countries where 
invasive CoNS is increasing, vancomycin may be recommended 
as part of empirical therapy.[3] In developing countries, LOS due 
to gram-negative organisms, such as K. pneumoniae, E. coli, 
Pseudomonas spp., and Acinetobacter spp., is rising.[3] Approximately 
70% of K. pneumoniae and E. coli are resistant to the combi- 
nation of ampicillin plus gentamycin, and 50% are resistant to 
cefotaxime.[3] S. aureus is a common Gram-positive organism 
causing LOS, with methicillin resistance increasing.[3] In SA, 
~40% of Gram-negative organisms are multidrug-resistant 
(75.6% Klebsiella spp., 86.5% Enterobacter spp., and 33.3% 
E. coli), including 14% of Acinetobacter spp. that are pan-drug  
resistant.[26] Gram-negative organisms are most resistant to 
ampicillin, gentamicin, and cefotaxime.[9] Of the Gram-positive 
organisms, 90 - 100% of S. aureus isolates and 55% of CoNS isolates 
are methicillin-resistant, and therefore require vancomycin.[8,9,26] 
Taking these antimicrobial resistance patterns into consideration, as 
well as the wide variety of organisms, there is insufficient evidence 
to recommend any antimicrobial regimen above another for the 
empirical management of suspected LOS.[3]

The combination of intravenous ampicillin plus an amino- 
glycoside should cover most urinary pathogens for the treatment of 
neonatal UTIs. Ampicillin may need to be substituted with vancomycin 
for the treatment of hospital-acquired UTIs, as the predominant 
organisms include CoNS, S. aureus and Enterococcus spp. Ideally, 
the urine culture should be repeated after 48 hours to document 
sterilisation.[11]

The recommended empirical antimicrobials for suspected early-
onset meningitis are ampicillin plus an aminoglycoside[3,4] or ampicillin 

plus cefotaxime.[3,5] For late-onset meningitis, a combination of 
vancomycin plus a third-generation cephalosporin, with or without 
an aminoglycoside, is recommended.[3] Once the Gram stain, capsular 
antigen, or culture results are available, antimicrobials can be targeted.[28] 

Empirical antifungal therapy must be determined by the 
institution's resistance pattern of fungal isolates, and can be targeted 
when the culture result is available.[14,16] The most common empirical 
antifungals used are amphotericin B and fluconazole, although 
fluconazole should not be used as empirical therapy if it had 
been administered as fungal prophylaxis.[16] Amphotericin B is the 
preferred antifungal for suspected fungal meningitis.[29,30] 

Antimicrobial management of a VAP should be guided by local 
data on pathogens and sensitivity, and usually includes a broad-
spectrum antimicrobial.[21,22]

Osteomyelitis requires a two-pronged management plan, including 
surgical drainage of pus and prompt initiation of antimicrobials 
targeted against the most common organisms. Gram-positive 
organisms, such as S. aureus, group A Streptococcus, GBS and 
alpha-haemolytic streptococci are responsible for most cases 
of osteomyelitis. Therefore, a combination of oxacillin plus an 
aminoglycoside is recommended as empirical therapy until culture 
results are available. If a unit has a high incidence of methicillin-
resistant S. aureus (MRSA), oxacillin may be substituted with 
vancomycin.[24]

Antimicrobial duration
Stopping antimicrobials timeously is important as they disturb the 
neonate’s faecal flora, disrupting the normal development of the 
nascent immune system.[7] Additionally, unnecessary antimicrobial 
administration is increasing antimicrobial resistance worldwide.

The appropriate duration of empirical antimicrobial therapy for 
culture-negative suspected EOS is debated, but standard practice is to 
stop antimicrobials if the culture remains negative for 48 - 72 hours 
and the patient has no clinical or haematological signs of infection.[3,5,6] 

There are limited randomised controlled trials evaluating the 
outcome of shorter or longer antimicrobial courses for neonatal 
pneumonia and proven bacterial sepsis without meningitis or deep-
seated infections. In a cohort of neonates of ≥32 weeks gestation  
and ≥1 500g, there was no difference in outcome or the need 
for readmission in the group receiving a short course (4 days) of 
antimicrobials for the management of pneumonia, provided the 
neonate was asymptomatic for the preceding 48 hours.[3] Antimicrobial 
durations of 7 - 14 days were compared in a similar group of neonates 
with blood-culture positive sepsis. As all of the neonates had a similar 
outcome, a duration of 7 days seems reasonable, provided the neonate 
is both clinically asymptomatic and has a CRP <10 mg/L by day 5 of 
treatment.[3] Longer antimicrobial courses of 10 - 14 days may still be 
appropriate for smaller or sicker neonates.[3]

Neonates with positive fungal blood cultures should receive an 
antifungal for a total duration of 14 - 21 days after the first confirmed 
negative culture,[29] and fungal clearance should be confirmed by 
two negative blood cultures, 24 hours apart.[16] When amphotericin 
B is used, a cumulative dose of 25 - 30 mg/kg is recommended to 
prevent relapse.[29] The duration of empirical antifungals for culture-
negative suspected fungal sepsis is unknown, but it is recommended 
to continue antifungals until the culture is reported as negative 
(incubated for at least 5 days).[12,16] 

Definite data for the duration of treatment of neonatal UTI is lacking, 
but 7 - 14 days of antimicrobials are usually sufficient.[11,18] Renal 
ultrasound examination is recommended for all neonates diagnosed 
with the first UTI. [11,18]

Meningitis due to GBS should be treated for 14 - 21 days,[4] 

Listeria monocytogenes meningitis treated for ≥21 days and Gram-
negative meningitis for ≥21 days.[3,4] Meningitis secondary to Gram-
positive organisms (other than GBS and L. monocytogenes) may be 
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treated with 14 days of antimicrobials.[28] Currently, the adjunctive 
use of dexamethasone in neonatal bacterial meningitis cannot be 
recommended, owing to insufficient evidence.[3] Antifungals for 
confirmed fungal meningitis must be continued until the CSF 
parameters (protein, glucose, and WBC count) have returned to 
normal and the CSF culture is negative, which may take weeks to 
months.[30] Repeated LPs are not recommended, with the exception of 
neonates who do not respond adequately to 48 hours of treatment, and 
to document CSF sterilisation in neonates with Gram-negative[3] and 
fungal meningitis.[30]  

The management of CSF culture-negative suspected meningitis 
should be guided by the blood culture result and CSF parameters.[20]  
If both the CSF and blood cultures taken prior to initiation 
of antimicrobials are negative, antimicrobial therapy may be 
discontinued after 48 - 72 hours.[28] Neonates with a positive blood 
culture, but negative CSF culture, and with raised CSF WBC should 
be treated for meningitis - 10 days of antimicrobials for Gram-
positive bacteraemia and 14 days for Gram-negative bacteraemia.[28]  
If the LP was delayed and antimicrobials were administered, resulting 
in negative CSF and blood cultures, the duration of therapy should 
be guided by the CSF parameters.[28] If the CSF WBC count 
is raised, suggesting meningitis, antimicrobial therapy should be 
individualised (no standard duration), but if the CSF WBC is 
normal, antimicrobials can be discontinued after 48 - 72 hours.[28] 

The combination of the clinical condition, biomarkers of infection, 
and radiographic picture can aid in determining when to discontinue 
antimicrobials for a VAP, although a duration of 7 - 10 days is usually 
sufficient.[22] 

Osteomyelitis must be treated for a total duration of 4 - 6 weeks 
with intravenous antimicrobials; however, a longer duration of 
therapy is recommended if the causative organism is S. aureus 
(methicillin-sensitive or resistant).[24]

Antimicrobial stewardship
The core principles common to all antimicrobial stewardship 
(AMS) programmes are: (i) correctly identifying patients who need 
antimicrobial therapy; (ii) using local and regional antibiograms 
to guide prescribing; (iii) avoiding antimicrobials with overlapping 
activity; (iv) administering the correct dose at the correct intervals; 
(v) regularly reviewing the culture results and adjusting antimicrobials 
appropriately; (vi) monitoring drug levels and adjusting the dose 
accordingly; and (vii) stopping antimicrobials promptly when guided 
by negative cultures.[13] The Department of Health Advisory Committee 
on Antimicrobial Resistance and Healthcare Associated Infection has 
developed the ‘Start Smart – Then Focus’ principles of AMS to guide 
clinicians on the appropriate use of antimicrobials (Table 2).[7] 

Conclusion
Sepsis is a leading cause of death during the neonatal period, and 
clinicians must have a high index of suspicion, as neonates present 
with nonspecific clinical signs and symptoms. Early empirical 
antimicrobial treatment is associated with better outcomes in 
neonatal sepsis, but antimicrobials must be discontinued timeously 
to prevent the emergence of further antimicrobial resistance.
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