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The Significant Global Burden of Neonatal Infections

3m ~0.5m ~17%
Cases of 
neonatal sepsis 
occur each year

Deaths globally in 
babies due to 
neonatal sepsis.

Mortality rate

In the context of growing antimicrobial resistance (AMR), 
this burden is gradually rising, 

particularly in resource-constrained healthcare settings
Fleischman et al. ADC 2021
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The growing mortality burden of AMR is inequitably globally distributed

Primarily borne by 
regions with the 
least access to 

surveillance strategies to 
prevent AMR, and the 

broad-spectrum 
antibiotics needed to 
treat MDR infections

Murray CJL et al. Lancet 2022;399:629e55
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The growing mortality burden of AMR is also inequitably distributed across 
age ranges, with neonates one of the most at risk

Institute for Health Metrics and Evaluation (IHME), University of Oxford. MICROBE. University of Washington, 2022.
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– Immunologically immature:
– Decreased polymorphonuclear leucocyte and cell-mediate 

immune function

– Vulnerable microbiome:
– Particularly following exposure to intrapartum antibiotics

– Preterm infants:
– Less exposure to breastmilk if unable to tolerate enteral feeds 

(otherwise protective)
– Multiple invasive procedures: ventilation, long line access
– Exposure to multiple caregivers: parents, carers, healthcare 

workers (colonisation risk)
– Prolonged hospitalisation ! risk of exposure to multiple 

empirical courses of antibiotics, enhancing selective pressure !
risk of MDR infections

Why are neonates so at risk of infections?

Collins et al. 2018 ADC 
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– Neonatal sepsis is difficult to diagnose: 
–Overlap in signs & symptoms of possible serious bacterial infections (pSBI) and other 

clinical conditions results in overuse of antibiotics

What are the current challenges in surveillance of neonatal infections?

Seale et al. LID 2014
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What are the current challenges in the surveillance of neonatal infections?

• Clinical signs of neonatal sepsis are unreliable and difficult to 
distinguish from other neonatal conditions

• There is subsequently a reliance on microbiological cultures 
for a definitive diagnosis of sepsis

– A very insensitive test in neonates due to difficulties in 
attaining adequate blood volumes and frequent pre-
exposure to antibiotics

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

– Responsible for ~half of all cases of neonatal 
sepsis

– Even relying on cultures, there is inconsistency in 
pathogen inclusion (eg, coagulase-negative 
Staphylococci) 

– This is in contrast to adult surveillance, where there is less 
reliance on microbiological confirmation and multiorgan 
dysfunction predominates as the key inclusion for sepsis
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Lack of consensus for a definition of neonatal sepsis

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



The University of Sydney

Limitations in attempts to define neonatal sepsis:
The nSOFA score 

Unrealistic in LMIC settings, where the bulk 
of neonatal infections occur
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– “Early onset” sepsis (presumed vertical transmission): 
– Streptococcus agalactiae (GBS)
– E coli

– “Late onset” sepsis (horizontal transmission): 
– E. coli
–GBS
– S. aureus
– Klebsiella spp.
– CoNS

As neonatal sepsis remains so difficult to diagnose, we rely on 
efficacious empirical antibiotics based on the ‘traditional’ bacterial causes 
of neonatal sepsis:

*Classification based on historical 
surveillance data from HICs

*This classification has significantly 
influenced surveillance research, and 
empirical treatment of neonatal sepsis, 
globally.
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Global Guidelines 
reflect (passive) 

surveillance data 
from 

high-income 
countries,

and may be outdated
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Questioning the EOS and LOS paradigm



The University of Sydney

What surveillance data do we have to clarify the 
contemporary causes of neonatal sepsis?
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What are the contemporary causes of neonatal sepsis?
DeNIS Study: 2016, India

“The currently available studies on sepsis are from well-
established surveillance networks in high-income countries such as 
the USA, the UK, and Germany. 

Such infection surveillance networks are a rarity in low-income and 
middle-income countries; the few available ones have used passive 
surveillance.”

-Prospective cohort study of 13,530 neonates across 3 tertiary 
centres in Delhi (2011-2014)
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“The dominance of previously considered nosocomial-pathogens in EOS may be 
due to ultra-early horizontal transmission from delivery rooms and NICUs, or 
vertical transmission from the maternal genital tract colonised with these 
pathogens after unhygienic personal and obstetric practices.” 

The DeNIS study revealed 
(1) A paucity of infections due to traditionally-labelled ‘EOS’ bacteria 
(2) The significant burden of infections due to MDR gram-negative infections in neonatal sepsis
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– Population-based surveillance of 
infants 0-59 days in Bangladesh, 
India, Pakistan from 2011-2014

– Identified proportions of infectious 
causes of possible serious bacterial 
infections (pBSI) via  blood culture and 
molecular assay of blood and 
respiratory samples (TaqMan array).
– 6,022 pSBI episodes identified among 

63,114 babies

– The leading pathogens identified as 
responsible for pBSI were respiratory 
syncytial virus, followed by 
Ureaplasma spp. 

What are the contemporary causes of neonatal sepsis? 
The ANISA study, 2018

Attributed proportions of causal pathogens tested during possible serious bacterial infection episodes, 
(A) Estimates from overall model. (B) Estimates by age of onset. 
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– Molecular methods revealed a substantial proportion 
of pSBI episodes were not due to infection
– However, there was a predominance of bacterial causes 

among babies who died (92% of deaths were attributed to 
bacterial infections)

– Gram-negative bacteria (esp Klebsiella spp. and E coli) were 
among the top pathogens resulting in death among babies 
with pSBI

What are the contemporary causes of 
neonatal sepsis? 
The ANISA study, 2018
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What are the contemporary causes of Neonatal Sepsis?
Burden of Antibiotic Resistance in Neonates from Developing Societies (BARNARDS) study, 2021

• Seven LMICs across Africa and South Asia
• 36,285 neonates enrolled across 2015-2017

-Of whom 2,483 were diagnosed with culture-positive sepsis
• WGS conducted on 916 isolates
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What are the contemporary causes of Neonatal Sepsis?
Findings from the BARNARDS study, 2021

– Klebsiella pneumoniae (n = 258) was 
the predominant cause of neonatal 
sepsis

– 67% (597/885) of gram-negative 
isolates were resistant to at least one 
β-lactam and one aminoglycoside, 
suggesting WHO guidelines are 
unlikely to be efficacious

– All isolated pathogens were resistant 
to multiple antibiotic classes, including 
those used to treat neonatal sepsis. 

Class B metallo-𝜷-
lactamases predominate
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What are the contemporary causes of Neonatal Sepsis?
Findings from the NeoObs study, 2023

17.7% of infants were (blood) culture-positive (564/3,195), of which 63% 
(355) had gram-negative bacterial infections (predominantly Klebsiella 
pneumoniae (n=132) or Acinetobacter spp (n=72), which were frequently 
resistant to WHO-recommended regimens (n=43, 33%) and carbapenems 
(n=50, 71%)
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Indonesia:
1.Jakarta
2. Bandung (West Java)
3. Surabaya (East Java)

Vietnam: 
1. Da Nang
2. Nha Trang 

Sabah

Colombo, Sri Lanka

Manila, Philippines

What are the contemporary causes of Neonatal Sepsis?
Findings from the NeoSEAP study, 2024
Neonatal Sepsis in South East Asia and the Pacific

Analysis of 14,804 blood cultures collected over 2019-2020, of which 2,131 were positive (1,483 with significant pathogens)
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Figure 3. Pooled frequency of positive species isolated across all-sites (n=1,483). Pink = gram-negative bacteria, blue = gram-positive bacteria, green= fungi.

What are the contemporary causes of Neonatal Sepsis?
Findings from the NeoSEAP study, 2024

Dickson, B. et al. 2024, in submission
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What are the contemporary causes of Neonatal Sepsis?
Findings from the NeoSEAP study, 2024

Dickson, B. et al. 2024, in submission
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A closer look - Indonesia
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Indonesia

Klebsiella spp., Acinetobacter spp., and Enterobacter spp. responsible 
for ~60% of culture-positive neonatal sepsis cases 
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Gram-negative resistance: NeoSEAP sites, Indonesia



The University of Sydney

MDR neonatal sepsis in Indonesia
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Treatment regimens for neonatal infections: Indonesia

1st line 2nd line

Neonatal sepsis

EOS (community-acquired) Ampicillin + gentamicin Ampicillin-sulbactam + gentamicin

LOS (community-acquired) Ampicillin + gentamicin Ampicillin-sulbactam + gentamicin

Neonatal meningitis Cefotaxime

Late-onset, hospital-acquired sepsis
Or HAP/VAP

Cefoperazone-sulbactam + amikacin Piperacillin-tazobactam + amikacin; or 
Meropenem 

ESBL-producing pathogen identified Meropenem

CRE pathogen identified -Polymixin + meropenem +/-
fosfomycin
-Ceftazidime-avibactam, if available 
-Tigecycline + fosfomycin
-Tigecycline + levofloxacin
*microbiologically-guided where 
possible; all consulted with Paed ID

With no culture results: 
Levofloxacin+tigecycline
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Without adequate surveillance, there is broad-spectrum empirical prescribing, driving 
selection pressure and increasing hospital-acquired MDR infections
Findings from the NeoObs study

• Over 200 different empiric antibiotic combinations 
prescribed

• Most common empirical therapy combinations 
prescribed:

1. Meropenem+vancomycin (n=438, 13.9%) 
2. Ceftazidime+amikacin (n=435, 13.8%)
3. Piperacillin/tazobactam+amikacin (n=410, 13%)
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What is needed for active, prospective, 
surveillance-based programs?

”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 surveillance 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 



The University of Sydney

What are the limitations of our currently available surveillance data that guides 
empirical treatment for neonatal infections?

- Data from HICs
- Biased towards sampling of hospital-

acquired infections in preterm babies

- Data from LMICs
- Community-acquired infections

- Particularly early-onset infections 
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Practical solutions: The ACORN project 

Active surveillance to develop a comprehensive data capture system for 
patient-focussed AMR surveillance in LMIC settings
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Improved surveillance data can enable the development of efficacious empirical 
antibiotic regimens to treat neonatal infections
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– More data from low-income countries and 
community-based settings

– Consensus on a validated neonatal sepsis 
definition 

– Improved diagnostics to remove the 
reliance on culture-based methods
– Molecular methods, metagenomics

– Reporting of age of onset of neonatal 
infections as a continuous variable
– To remove the paradigm of ‘EOS’ vs ‘LOS’

In summary:
What do we need for improved surveillance of neonatal infections?
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Questions?
phoebe.williams@sydney.edu.au


