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Neonatal Sepsis:
Fighting Infection in the 

First Days of Life

Outline

• Why does it matter?

• Why aren’t we making progress?

• What limitations around 
diagnostics and management are 
hindering our ability to reduce 
neonatal sepsis?

• What can we do now, and what 
can we aim for in the future, to 
stop babies dying from 
infections?



The first week of life continues to account for the greatest 
risk of death and disability – largely due to infections

Institute for Health Metrics and Evaluation, 2019
https://vizhub.healthdata.org/gbd-compare/

Proportion due to infections 

Neonatal Period



Progress in Global <5 Mortality

Sources: Liu et al. Lancet 2016. Global, regional, and national causes of under-5 mortality in 2000–15:
WHO Data Platform; Global Under 5 mortality. Platform.who.int

What progress have we made since 2015?
-Reduced pneumonia deaths by 18%
-Reduced diarrhoeal deaths by 28%
-Reduced HIV/AIDS deaths by 26%
-Stagnant progress in malaria and neonatal sepsis/meningitis

2015 data 2025 data

Infection accounts 
for ~40% of 
prematurity 
burden



1. Vulnerable host (esp. preterm):
• Immunologically immature: Decreased polymorphonuclear 

leucocyte and cell-mediate immune function
• Less diverse microbiome: Particularly following exposure to 

intrapartum antibiotics

Why are neonates so at risk of infection?

Host 

Vector

Pathogen

2. Risk of hospital-acquired infections
• Multiple invasive procedures: ventilation, long line access
• Prolonged hospitalisation à risk of exposure to multiple empirical 

courses of antibiotics, enhancing selective pressure à risk of MDR 
infections

• Exposure to multiple caregivers: parents, carers, healthcare 
workers (colonisation risk)

3. Rapidly rising gram-negative bacteria burden
• Plasmid-mediated resistance à spread of MDR infections
• Dry antibiotic pipeline to treat MDR infections, particularly for 

neonates



What limitations in diagnostics and management are 
hindering our ability to reduce neonatal sepsis?



Seale et al. LID 2014
Clark et al. Pediatrics. 2006;117(6):1979-1987.

Neonatal sepsis is difficult to diagnose – 
and so we cautiously over-prescribe antibiotics

Antibiotics are the most frequently 
prescribed medication in NICUs

Neonatal sepsis is a heterogeneous clinical presentation, with symptoms that mimic many other serious conditions in infants
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Blood cultures remain the gold standard of diagnosis, yet high rates of culture-
negative sepsis abound, due to:

1.  Challenges in obtaining adequate blood culture volumes in small, sick neonates

2.  High rates of pre-exposure to intrapartum and postnatal antibiotics

3.  Limited microbiological capacity in many health-care settings

Poor diagnostic tests + Overlap in signs & symptoms with other clinical conditions 
à Overuse of empiric antibiotics 

à Challenges in targeting treatment to microbiologically-confirmed diagnoses
à Prolonged broad-spectrum therapy

à Drives selection pressure & propagates AMR

Neonatal Sepsis is Difficult to Diagnose 
and Difficult to Define

Reliance on blood cultures reduces the inclusion of ‘culture negative’ infections in research

• Risks selection bias, as culture-negative infections are responsible for ~50% of all cases



As neonatal sepsis remains so difficult to diagnose, we rely on empirical antibiotics being efficacious
But are our EOS/LOS assumptions still accurate & appropriate?

The rules we inherited vs the evolving reality

1970s
EOS/LOS dichotomy

established in US NICUs

1990s
GBS + E. coli

entrenched as primary
EOS pathogens 

(HIC data)

2005
2013

WHO Pocketbook:
Amp + Gent as

first-line globally

Today
Global Guidelines remain

Local hospitals increasingly use 
broad-spectrum (carbapenem-
based) therapy without clearer 
recommendations to treat MDR 
infections à propagates AMR

The founding assumption:

Classification* Assumed pathogen(s) Assumed acquisition First-line empiric regimen

Early-onset sepsis (≤72h) GBS, E. coli Vertical (maternal) Ampicillin + gentamicin

Late-onset sepsis (>72h) E. coli, GBS, S. aureus, CoNS Horizontal (environmental) Amp/gent
(or cloxacillin/vancomycin if 
MSSA/MRSA/CoNS suspected; 
amikacin if hospital-acquired)

2015-2025
DeNIS, ANISA, 

BARNARDS, NeoObs & 
NeoSEAP studies 

identify high rates of 
MDR gram-negative 
infections as early as 

day one of life

*Classification based on historical 
surveillance data from HICs



Questioning the paradigm of ‘EOS’ and ‘LOS’

-Prospective cohort study of 13,530 neonates 
across 3 tertiary centres in Delhi (2011-2014)

‘What is increasingly obvious is that the historic 
delineation of  early- and late-onset sepsis in an 
era of  increasing antimicrobial resistance is 
perhaps out-dated.”  

 



The University of SydneyMeta-analysis of species prevalence causative of EOS (%) in upper vs low- and lower-middle income countries

Low and lower-middle income countriesUpper-middle and high-income countries

There are significant differences in the bacteria causing 
neonatal sepsis in lower vs upper-middle income countries

Harrison et al. PIDJ 2024



The University of Sydney



The University of Sydney

How and when are babies acquiring these pathogens?

ESBL colonisation is common in 
mothers at delivery, yet CRE 

colonisation is rare

Neonates admitted to the NICU 
quickly become colonised with CREs, 

with 1 in 4 positive by discharge

n=189 mother-infant dyads swabbed at delivery, then q72-hourly until discharge; tertiary NICU in Jakarta, Indonesia



The University of Sydney

How and 
when are 
babies 
acquiring 
these 
pathogens?

Kaplan–Meier curves summarising the cumulative time to neonatal colonisation of 189 hospitalised neonates, with: 
a. any resistant gram-negative bacteria
b. ESBL-producing bacteria
c. carbapenem-resistant Enterobacterales
d. carbapenem-resistant gram-negative (non-fermenting) bacteria (including Acinetobacter spp. and Pseudomonas spp.)



What is the likelihood the currently-recommended empirical regimens 
are efficacious in treating neonatal sepsis?
Findings from the NeoSEAP study, 2024

<50% coverage provided by 
ampicillin/gentamicin/3GC for 

neonates in SE Asia & the Pacific



We’re currently stuck in a perpetuating cycle
Rapidly rising prevalence of MDR gram-negative bacteria causing neonatal sepsis 
à High rates of broad-spectrum empiric antibiotic use
à Drives selection pressure 
à Further propagates AMR

NeoOBS study: Escalation was common; de-escalation was rare
• Most common empirical therapy combinations prescribed:
 1. Meropenem+vancomycin (n=438, 14%) 

2. Ceftazidime+amikacin (n=435, 14%)
3. Piperacillin/tazobactam+amikacin (n=410, 13%)

NeoSEAP study
• High rates of ‘Watch’ and ‘Reserve’ antibiotics prescribed
• Evolving carbapenem resistance & colistin resistance in gram-negative pathogens

Harrison et al 2025 PIDJ; Russell et al. PLOS Medicine 2023. 



What can we do now
and what can we aim for in the future 
to stop babies dying from infections?



The University of Sydney

1. Improve our surveillance data 
i. To ensure our empiric guidelines remain efficacious; and
ii. To reduce broad-spectrum empirical prescribing clinicians are needing to utilise, without better guidelines

The literature currently predominates with:
- Data from high-income countries
- Biased towards reporting of hospital-acquired infections

To truly understand neonatal sepsis, we need:
- Data from resource-constrained healthcare settings
- Community-acquired infections



2. Cease antibiotics as soon 
as possible

• Cultures before any empirical treatment
• Reduce redundant (double) coverage
• Stop antibiotics after 5 to 7 days if culture-negative 

and clinically improving
• Target therapy where possible
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3. Immediate and continuous Kangaroo Mother Care (KMC)
especially for premature and LBW neonates

18.3

7.1

5.4
4.6 4.8

2.7

9

12.3

3.1
3.8

6.1

8.5
7.8 8

0

2

4

6

8

10

12

14

16

18

20

NICU admission
% live births

ANTIBIOTIC USE
% live births

Hypothermia %
NICU admissions

Kangaroo
care/10 babies

<2000 g

Exc BF on NICU
discharge/10

babies

Exc
breastfeeding in

postanal
ward/10 babies

Neonatal deaths 
‰ live births%

Before EENC After EENC

Da Nang Women and Children’s Hospital, Vietnam:
Immediate KMC care is now routine for all neonates
- ⇩antibiotic use
- ⇩NICU admission
- ⇩sepsis incidence
- ⇩neonatal mortality
- ꜛ Excl breastfeeding (Immunoglobulin, microbes, cytokines à promotes neonatal immune development
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Immediate and continuous Kangaroo Mother Care (KMC)
especially for premature and LBW neonates
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4. Focus our research efforts on the licensing of antibiotics that will 
treat the pathogens causative of neonatal sepsis 
ie, with coverage against MBLs



The University of Sydney

5. Ensure the research is conducted in 
the regions where the burden is 
greatest
 
”Most people from LMICs know their own problem but 
there is a lack of time, high clinical burden of our job, 
low opportunity of funding for research.

Local funding opportunities are small and scattered – we 
need capacity to be part of bigger and better funding 
for research.”

Dr Nina Dwi Putri
Paediatric Infectious Diseases Specialist & PhD Candidate

Cipto Mangunkusumo Hospital, Jakarta, Indonesia 



What might the future (need to) hold 
to reduce the ongoing burden of neonatal sepsis?



Questions?


