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Newborn Survival: A Global Priority

WHO standards of care 
for small and sick 
newborns (2020)

What Needs to be 
Done? 

Why is Infection 
Important? 

The Burden The Response

2.4m
Number of global annual 

newborn deaths1

~80%
Percentage of neonatal 

deaths that are preventable 
or treatable

SDG Target 
3.2 NMR 
≤12/1000 
live births by 
2030

ENAP Target
80% districts 

to have a 
facility 

providing level 
two newborn 
care by 2025

30 million
Estimated number of small 

and sick newborns requiring 
admission each year2

Abbreviations: SDG; Sustainable Development Goal,  NMR; neonatal mortality rate,  ENAP; Every Newborn Action Plan, WHO; World Health Organisation, HCAI; healthcare-
associated infection, AMR; antimicrobial resistance
References: 1. Levels and trends in child mortality: Report 2021. United Nations Inter-agency Group for Child Mortality Estimation (UN IGME) 2. WHO: Survive and Thrive: 
Transforming Care for every Small and Sick Newborn.  

BUT HCAIs and AMR 
are a major threat to 
gains being made in 

newborn survival



Managing Newborns with Infections

Abbreviations: WHO; World Health Organisation, HCAI; healthcare-associated infections, LMICs; low- and middle-income countries 

1 Preventing & Controlling Neonatal 
Infections

2   Infection Detection

3 Care for Neonatal
Infections

Preventing patients and health workers 
from being harmed by avoidable infections

Ascertainment of true cases to guide 
treatment and care

Care of neonates with infection 
using internationally accepted care 
standards - advocated by WHO

This is the first scoping review to 
synthesize all published literature on 
neonatal infection prevention, 
detection and care bundles 
addressing HCAI in LMICs:

• Five electronic databases
• 3,619 records screened
• 44 eligible studies identified

Key Finding: Detection elements 
were a major gap (Fig 1). 

Fig 1: Frequency of the groups of 
bundle elements.

Published in Lancet EClinical medicine doi: https://doi.org/10.1016/j.eclinm.2021.101259

Acknowledgement: 
Alexandra Molina Garcia

https://doi.org/10.1016/j.eclinm.2021.101259


Detection of Neonatal Infection 
Microbiological Culture (i.e., Blood/CSF)

Point-of-Care Test (POCT)

Area for innovation – not yet standard care practice.

‘Gold standard’ definitive diagnostic for neonatal sepsis.

Challenges to culture use:

• Ward: Contamination, consumables, norms, 
trained personnel

• Laboratory: Consumables, procedures

• Interface: Time-lag, communication

Challenges to POCT development:
Lack of data points to 

estimate the utility of a POCT

Considered standard practice for neonatal sepsis in resource-rich settings (NICE guideline, 2021).

Key messages:

Culture is doable

Communication between ward & lab is essential for QI

Effective culture use = key component of newborn infection care

Abbreviations: POCT; point-of-care test, TPP; target product profile, NICE; National Institute for Health and Care Excellence (UK), QI; quality improvement, 
CSF; cerebrospinal fluid

Not testing for a single organismNeeds to be cheap, specific, & sensitive



Neonatal Blood Culture: A Collaborative Process 

Abbreviations: CSF; cerebrospinal fluid, AMR; antimicrobial resistance, AST; antibiotic sensitivity testing
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NEST360: Newborn Essential Solutions & Technologies 

4 countries

65 facilities

>90 000
annual newborn 
admissions at 
health facilities 
where NEST360 is 
implemented 

NEST-Equipped  
Hospitals

Upcoming NEST 
Implementation

# of hospitals where NEST is installed

13 Kenya
37 Malawi
7 Nigeria
6 Tanzania

Nigeria

Kenya

Tanzania

Malawi



Detection Gap: NEST360 Data

Key

Note: For brevity, the 21 facilities with 0.0% blood culture use were excluded from the figure.

Despite the major detection gaps noted at the country level, 
there was significant variation in blood culture use at the 
facility level, with some facilities outperforming. 

Fig 2 depicts the facility-level blood culture coverage for 49 
NEST360-implementing facilities.

Country Level Detection Gap Facility Level Assessment of Detection

Acknowledgement: Sarah Collins

Abbreviations: CSF; cerebrospinal fluid, HFA; Health Facility Assessment 

Fig 1 shows the major gap between antibiotic and microbiological 
culture (blood and CSF) use for inpatient newborn care at the country 
level.

Note: All 65 NEST360 facilities 
have laboratory access (HFA)



Towards Targeted Action Plans –
Understanding Barriers and Enablers to Culture

Abbreviations: HSBB; health system building block, lab; laboratory 

10 facilities 
selected as sites 
for qualitative 
research visits

Step 1: Highest
performing facility in 
each country selected 

Step 2: Facility from 
each of the lower tiers 
with the highest number 
of recorded admissions 
selected

• Identification of significant bottlenecks by HSBB at each facility
• General & tier-specific actionable solutions that will inform targeted action 

plans

• Semi-structured interviews  
• Non-participant observation

Ward : doctors, midwives, nurses

Ward-Lab Interface: ward & lab staff 
cadres

Lab: technicians, managers 
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Adapted WHO Health System Building 
Blocks (HSBBs)



High-Level Initial Findings –Pilot Study

Ward

Lab

Barriers Enablers

• Financial
• Target Population

• Research Activity
• Prioritisation at Management Level
• Health Worker Knowledge

• Procurement of Blood Culture Bottles
• Human Resources

• Ward-Laboratory Relationship
• Availability/Collection of Local Data
• External Research Activity

Questions:

1. At your facility, which babies receive a blood culture? 
2. What is your blood culture coverage target? 
3. In your experience, are there ways to increase blood culture use in the ward?

Questions:

1. What barriers do laboratories face in conducting blood culture in your facility?
2. How does culture data from your laboratory effect the care newborns receive? 
3. In your experience, are there ways to increase blood culture use in the laboratory?



Implementation Learning 
Seminar Series and Toolkit 

Join the IPC HSBB group and wider group to share ideas, 
tools and inputs.

https://newborntoolkit.org http//eepurl.com/hLb8lr

Thank-you for listening today!

Sign up for the 
newsletter:

Let’s continue to learn together for the 
benefit of every newborn!

Visit and contribute to 
the Toolkit:

Email: james.cross@lshtm.ac.uk Twitter: @JHenryC

mailto:james.cross@lshtm.ac.uk




Dr Oliver Pearse

Neonatal infection and environmental 
contamination on a neonatal unit in Malawi



• Neonatal mortality
• ≤ 12 per 1,000 live births 

by 2030

• Where are we now?
• 17

Sustainable development goal

Levels & trends in child mortality 2017 (UNICEF) -https://www.unicef.org/publications/files/Child_Mortality_Report_2017.pdf



• 42% decline
• 39/1,000 in 2000 to 22/1,000 in 2017 

Neonatal mortality - Malawi

Data from: healthynewbornnetwork.org/numbers



Malawi Liverpool-Wellcome Trust & Queen Elizabeth 
Central Hospital



Malawi Liverpool Wellcome Trust Clinical Research 
Programme (MLW) at Queen’s Hospital, Blantyre, Malawi



Queen Elizabeth Central Hospital



Malawi-Liverpool-Wellcome Trust



Chatinkha nursery



Neonatal infection



Neonatal infections over time
9



Proportion of resistant paediatric isolates 

Iroh Tam, 2019



Resistance of Klebsiella isolates at QECH

Musicha, 2017





Environmental swabbing



Prevention is better than (trying to) cure 

• Can we stop babies from getting ceftriaxone resistant Klebsiella 
in the first place?

• Infection prevention and control (IPC)!

• What are the best areas to target limited IPC resources?

Research question:

What  are the most important transmission routes of 
ceftriaxone resistant Klebsiella pneumoniae? 



Study design: 
Prospective cohort study recruiting mother-neonate dyads (pairs)

Methods:
1. Clinical data
2. Stool samples and swabbing approx. every 3 days

1. Neonate, mother, staff, environment, cots
3. Genomic data (bacterial)

1. Single isolates and plate sweeps

Methodology



Sample processing



Isolates from different sample types



Environmental swabbing results



• ESBL organisms found on most surfaces

• Including items such as multi-use tubing that is sterilised after 
use

• Highlights importance of IPC

• And dangers of re-using items of equipment

Environmental swabbing results



• In general it is not necessary

• It can be useful in an outbreak setting to 
determine source of outbreak

• Other markers of general cleanliness are 
cheaper and easier

Use of environmental swabbing for clinical practice



• Hand hygiene

• Plastic neonatal resuscitaires and cots

• Patient spacing and flow management

• Waste management

• Use of UV light boxes to decontaminate small items of equipment

• Single use oxygen tubing

Infection prevention and control



Neonatal infections over time
22



• Use of blood cultures essential in determining causative agent and 
resistance pattern of infecting organism. 

• Environmental swabbing has shown us that the hospital environment 
is not clean.

• A focus on IPC can help reduce infections and mortality in neonates. 

Conclusions
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Antibiotic Stewardship in a 
Neonatal Unit in India

Dr Sushma Nangia
Director Professor & Head
Department of Neonatology

LHMC & associated KSCH & SSKH, New Delhi



Rational use of antibiotics (WHO)

• Rational use of antibiotics refers to the correct, proper 

& appropriate use of antibiotics.

• Rational use requires that patients receive the 

appropriate medicine, in the proper dose, for an 

adequate duration, and at the lowest cost to them and 

the community.



Challenges to antibiotic prescribing in NICU

• Non-specific signs & symptoms 

• Blood Cultures (Gold standard) are positive in 20-30% of cases. 

• CONS: Infection?, Colonization??

• Antibiotic therapy to treat ‘presumed infection’ has shown to be 

8.8 - fold higher than antibiotic use to treat ‘culture-proven infection.

• A point prevalence study of 29 NICUs, shows that 67% of infants 

were receiving at least one antibiotic on the day of the survey. 

Wirtschafter DD, Padilla G, Suh O, Wan K, Trupp D, Fayard EE J Perinatol. 2011 Aug



Effects of Antibiotics on Neonate

• Delay the colonization of microflora - Bifidobacterium and 
Lactobacillus.

• Limit the number of bacterial species &
• Restrict the diversity & volume of normal flora, -

Reduced protection from invading pathogens. 

• An inverse dose-response relationship between duration of 
antibiotics & number of species in the gut flora at 30 
days of life

• Alter gut flora: Colonization with resistant organisms



Antibiotic Use & Burden of Antibiotic 
Resistance

• Broad spectrum antibiotic exposure:

– MDR gram-negative bacilli  & development of invasive candidiasis.

– Increased morbidity & mortality & increased healthcare costs.

• Prolonged duration of empiric antibiotic therapy – Increased risk of:
– Death , 
– NEC
– LONS, 
– Increased duration of hospital stay, separation from mother & increased 

cost.

• Antibiotics can cause adverse events:   

– Nephrotoxicity, hepatotoxicity, and hematological abnormalities.



Antibiotic Stewardship

• Antimicrobial stewardship is recognized as a critical patient safety & 

quality imperative to combat the emergence of MDR & preserve activity 

of existing agents.

• Primary goal of antimicrobial stewardship is to optimize clinical 

outcomes and minimizing unintended consequences of antimicrobial 

use, including toxicity & the emergence of resistance.



Strategies for improved Antimicrobial 
Prescribing

• Ensure Antibiotics are indicated

• Select appropriate antibiotics with a narrow spectrum if possible, 

to minimize collateral damage.

• Ensure antibiotic duration is evidence-based & takes into account 

clinical response. Use the shortest appropriate length of therapy.

• Re-evaluate therapy based on culture reports, laboratory data, 

clinical status etc. De-escalate therapy, and discontinue when 

appropriate



Antimicrobial Stewardship: Components

• Prospective Audit with intervention and feedback

• Formulary restriction & preauthorization 

• Education – residents nurses parents

• Guidelines and clinical pathways

• Antimicrobial order forms – What & how much

• Dose optimization – check dose, write it, No CST

• Parenteral to oral conversion



1. Document Indication 
2. Standard unit protocol -Written policy on criteria to initiate antibiotics: 

Strategies for Improved Antimicrobial 
Prescribing

Learning through one’s own experience

Early-onset sepsis
1. Risk factor-based approach
• ELBW babies with 2 or more risk factors for early-
onset sepsis* -

 Maternal fever > 100.4 degrees F
 Foul-smelling liquor
 Rupture of membranes > 24 hours
 Single unclean or >3 sterile vaginal examinations 

during labour
 Perinatal asphyxia (Apgar score <4 at 1min)

• Clinical chorioamnionitis in the mother

2. Clinical / Sepsis work-up-based 
approach

 Strong clinical suspicion of sepsis 
(Shock / Sclerema neonatorum/ Sepsis 
in the co-twin etc).

 Any baby with at least two risk factors 
for sepsis and a positive Sepsis screen*



Standard unit protocol
a. Written policy on criteria to initiate antibiotics: 

Strategies for Improved Antimicrobial 
Prescribing

Learning through one’s own experience

Late-onset sepsis

• Strong clinical suspicion of sepsis and / or 

• Positive septic screen with consistent symptomatology

• No alternative explanation for symptoms – RD, FI, lethargy, apnea etc.

Not all NICU admissions require antibiotics



Standard unit protocol
b. Choice of antibiotics: 

Strategies for Improved Antimicrobial 
Prescribing

•    Protocolized Antibiotic Policy of NICU

• Decide 1st & 2nd line drug(s) based on sensitivity pattern of your NICU

• Choice of antibiotics to be changed according to sensitivity pattern of 

antibiogram of NICU (Audit every 6/12 monthly).

• Protocolized environmental sampling of NICU.

Always send blood culture before starting antibiotics 



Strategies for Improved Antimicrobial 
Prescribing
Track your cultures on time



Standard unit protocol
c. Duration of antibiotics: 

Strategies for Improved Antimicrobial 
Prescribing

• Stop the antibiotics once the culture is sterile and the baby is asymptomatic

Avoid unnecessary prolonged antibiotic treatment

Consensus not evidence



Standard unit protocol

d. Dosage of antibiotics - Adjust dosage based on: GA, DOL, LFT & KFT

Strategies for Improved Antimicrobial 
Prescribing



Standard unit protocol

d. Dosage of antibiotics

Strategies for Improved Antimicrobial 
Prescribing

Learning through one’s own experience



Standard unit protocol                                                                                                       

e. Upgradation of antibiotics

Strategies for Improved Antimicrobial 
Prescribing

Unwarranted upgradation of antibiotics should not be done

Always send a blood culture before upgrading

Clinical deterioration - Respiratory deterioration, feed intolerance, lethargy (no 

alternate explanation) Shock / Sclerema neonatorum despite being on antibiotic 

therapy with current antibiotics (1st line) for a minimum duration of 48 hours.

Learning through one’s own experience



Standard unit protocol

e. Upgradation of antibiotics

Strategies for Improved Antimicrobial 
Prescribing

Based on BACTEC sensitivity -

• If there is no clinical improvement - BACTEC shows a different sensitivity    

pattern, change antibiotics as per the sensitivity report. 

• If there is clinical improvement - no need to change antibiotics 

send a repeat BACTEC is to be sent.

Learning through one’s own experience



Standard unit protocol

f.  Keep a track of records of antibiotic usage

Strategies for Improved Antimicrobial 
Prescribing

• Keep track of antibiotics usage in the unit. This will help in:

 Identifying the surge of infection in the unit

 Identifying the source of infection

 It helps in taking early measures of infection control



f. Keep a track of records of antibiotic usage

Strategies for Improved Antimicrobial 
Prescribing



Asepsis while IV fluid preparation

Infection prevention strategy

Perform hand hygiene before preparing iv fluid



Infection prevention

• Hand hygiene
• Cleanliness of the unit
• Equipment hygiene
• IV Fluid & Drug prep
• Feeding utensils hygiene
• Mother’s own milk use
• Maternal involvement
• Kangaroo mother care

Infection management

• Written unit policy for ab initiation
• Choice of antibiotic
• Sepsis workup & Blood c/s
• Dose
• Duration
• Upgradation 
• Stoppage
• Tracking antibiotic use

Components of Antibiotic Stewardship in our 
Neonatal Unit



Thank you 



Infection prevention, control and management in 
the neonatal unit

Q & A



Implementation Toolkit for Small & Sick Newborn Care
The Seminar Series, organised by 8 health system building blocks, encourages collaborative and cross-country 
implementation learning for quality small and sick newborn care.

Upcoming seminars:

Access the toolkit and event info here:

Please sign up to our toolkit newsletter:

https://newborntoolkit.org

http://eepurl.com/hLb8lr

Seminar Series

19th July Leadership & Governance 
20th September Financing
11th October Infrastructure
18th October Pandemic Protection & Pivot
1st November Medical Supplies & Devices
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