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We have made minimal progress in diminishing neonatal sepsis – 
and AMR threatens to increase this morbidity & mortality burden

GBD 2021 Collaborators. Lancet Global Health, 2025.



Sepsis is a disease of inequity

Age-standardised sepsis incidence (A) and mortality (B) per 100 000 population and SDI, by location and underlying cause category for both sexes, in 2017
Every point represents one country or territory. 195 countries and territories worldwide are categorised according to SDI. 

SDI=Socio-demographic Index: a composite index of income, education and fertility rate
Rudd KE et al. The Lancet 2021 

Sepsis incidence is highest in 
countries with the lowest 
sociodemographic index

Sepsis mortality is also highest 
in countries with the lowest
sociodemographic index



Neonatal Sepsis is a disease of inequity

Neonatal sepsis mortality rates 
Per 100,000 neonates; 2023 data



The growing burden of AMR is also inequitably geographically distributed

Murray CJL et al. Lancet 2022;399:629e55



Investing in neonates provides a ~10-fold 
return on investment

Within the first 24h of life: 
1.2 million intrapartum stillbirths; >1m neonatal deaths

~113,000 maternal deaths

75% of neonatal deaths 

www.lancet.com/series/everynewborn
Bhutta et al. Lancet 2024.

Rudd KE et al. The Lancet 20201. doi: 10.1016/S0140-6736(19)32989-7
Murless-Collins S et al. Reproductive Health 2025

The investment gap: 96% of global health funding is focussed on infants and children
• Increasing our investment in high-quality, family-centred care for vulnerable newborns provides a 

return of between US$9–12 for every US$1 invested
• Available interventions can reduce infection-related neonatal deaths by 84%

• Immunisation
• Prevention of congenital syphilis
• Clean birth practices and skilled birth attendance
• Immediate and continuous Kangaroo mother care (KMC)
• Exclusive breastfeeding promotion
• Antibiotics to treat neonatal sepsis

http://www.lancet.com/series/everynewborn


The Research Gap

Only 4 new 
anti-infectives 

have been approved for 
use in neonates 

this century 
(v’s 44 for adults)



Why conventional evidence-
generation fails 

neonatal sepsis research



Neonatal sepsis is poorly defined

Hayes et al. Neonatal sepsis definitions from randomised clinical trials. Nature, 2021.

• The most common signs and symptoms are completely non-specific
• Some studies require clinical + laboratory diagnostics, others don’t
• Even for culture-positive infections, there’s a lack of consistency in interpretation of pathogenic vs contaminant bacteria



Limitations in attempts to define neonatal sepsis
The nSOFA score 

Unrealistic in LMIC settings, 
where the bulk of neonatal infections occur

Adult sepsis definitions have moved away from a microbiological focus, and instead multiorgan dysfunction 
predominates as the key inclusion for sepsis trials



The Pathophysiology of Neonatal Sepsis is Unique
01 Rapidly changing PK/PD

Postnatal age, gestational age & weight 
drive variable ADME — leading to 
considerable variation in dosing guidelines 
across formularies. 

High-quality PK/PD data are lacking for 
many drugs used in neonates.

02 No identifiable infection source

Unlike adults, neonates frequently have 
bloodstream infection without a focal source

This is one of the key reasons neonates 
are excluded from trials for new 
antibiotics – which are frequently licensed 
for specific indications (cIAI, HAP/VAP etc)

03 Permeable blood-brain barrier

Neonates are more likely to develop CNS 
infections, requiring drugs with CNS 
penetration – a property that many newer 
antibiotics in the pipeline lack.

04 Heterogeneous clinical presentation

Sepsis signs mimic many other serious 
conditions.

Results in non-standardised trial 
populations and makes it hard to 
extrapolate adult syndrome-based trial 
findings.

05 High rates of culture-negative sepsis

Due to
-Frequent pre-exposure to 
antibiotics (intrapartum & postnatal)
-Difficulties in obtaining adequate neonatal 
blood culture volumes
-Limited microbiological capacity in many health-
care settings
 



The Neonatal Sepsis Management Gap
Empiric Guidelines were curated using data from high-income healthcare settings

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
Clinicians increasingly 

need to use broad-
spectrum empiric 

(carbapenem-based) 
therapy à propagates 

AMR

2015-2025
Data from multiple studies 

focused on high-burden 
neonatal sepsis countries 

(DeNIS, ANISA, BARNARDS, 
NeoObs & NeoSEAP) reveal 

high rates of MDR gram-
negative infections as early 

as day one of life

Today
Increasing burden of 

infections due to 
multidrug-resistant 

infections: MBLs 
predominate

Class B 
metallo-𝜷-
lactamases 

predominate



Pincipe et al. Pharmaceuticals 2022

The Antibiotic Pipeline includes very few agents with 
activity against MBLs



In high-income countries
Off-label use of the few 

active agents is increasing

The Neonatal Sepsis Management Gap

In low/middle-income 
countries

Neonatal mortality is 
increasing



Neonatal sepsis requires a 
different evidence-generation 

paradigm





The University of Sydney

Focussed research efforts on the licensing of antibiotics that will 
treat the pathogens causative of neonatal sepsis globally 
ie, with coverage against MBLs



The University of Sydney

Focussed research efforts on improving our PK/PD data of antibiotics that will 
treat the pathogens causative of neonatal sepsis globally 

Alongside efforts focused on developing neonatal dosing and licensing for new candidate drugs, 
enhanced PK and efficacy data for older antibiotics should also be prioritised

• Broad susceptibility profile
• Penetrates the BBB
• Promising safety profile
• PK studies complete in neonates:

• Only requires twice-daily dosing (without the need for a prolonged infusion)
• Stability at room temperature 



New clinical trial designs



Page 22The University of Sydney

– A shift is needed from single independent RCTs to global 
network approaches involving multiple stakeholders 
including academia, industry and non-governmental bodies. 

– Standardised neonatal sepsis definition

– Key inclusion/exclusion criteria

– Standardise safety reporting 

– Ensure representation from resource-rich & resource-
constrained settings

– Enrol neonates with both CAI and HAI

– Build on the research networks already collaborating 
(ACORN, BARNARDS, NEOSEAP, NEOSEP1)

We have achieved this before (eg, development of  optimal 
formulations to treat paediatric HIV or TB) and can do it again

Improve Neonatal Trial Recruitment & Completion
New 

clinical 
trial 

designs



Page 23The University of Sydney

Neonatal sepsis needs new trial designs

Schematic comparison of conventional fixed design and adaptive design with 
sample size re-assessment (SSR) and adaptive enrichment

Thorlund et al. (2018)

New 
clinical 
trial 

designs

• Adoption of adaptive trial protocols
• Allow the prospectively planned modification of a clinical 

trial design using accumulated data

• Personalised Randomised Controlled Trial (PRACTical) design
• Pragmatic eligibility criteria to enhance recruitment 
• Currently utilised in the NeoSEP1 study



Regulatory vision



Streamline regulatory approval

• Promote adaptive trials
• Parallel enrolment (not sequential) should be 

utilised, to ensure neonates are not studied last
• Harmonise neonatal sepsis definitions and 

safety reporting
• Embed PK/safety cohorts into adaptive 

platform trials
• Enrol adolescents (≥12 years) in phase 3 adult 

trials
• Ensure representation (and prioritisation) of sites 

from high-burden, resource-constrained 
healthcare settings

Regulatory 
vision



In Summary
What do we need from clinical trials to bridge the 
diagnostic and management gap in neonatal sepsis?



Neonatal sepsis requires a 
different evidence-generation 

paradigm

Questions?


