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High income countries
~12 million births

Upper middle income countries
~39 million births

~45 million facility births~44 million births at home

Low and middle income countries
Low and middle income countries140 million births per year

World you are born into determines your survival… and of disability

And the chance of being counted correctly - highest risk, least data (“Inverse data law”)



Data waterfall … 

Clinical Infectious Diseases #GBSburden

Cascade affecting case ascertainment for GBS or any invasive bacterial disease 

Lawn JE, et al Clinical Infectious Diseases. 2017;65(S2):S89-99
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WHO and UNICEF, 2018, From Li Liu, et al. Lancet, 2016

1. Preterm birth top cause of CHILD 
deaths + important cause of disability 
and loss of human capital

WHY do children die?
Global causes of child deaths under 5 years of age in 2017
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3. Neonatal infections:

2. Birth complications27% 
infections 

26% 
chronic 
conditions ¿

“Black box” for aetiological data regarding 
600,000 deaths due to neonatal infections. 

5.3 million 
deaths



Tetanus
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Urinary 
tract 
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CHD
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Figure adapted from Seale … Lawn Lancet ID 2013 

*Young Infants Clinical Signs Study Group. Clinical signs that predict severe illness in children under age 2 
months: a multicentre study. Lancet 2008; 371(9607): 135-4

WHO definition for Possible Severe Bacterial Infection (pSBI): 

The presence of any one of the following six signs : 

(1) a history of difficulty feeding, (2) history of convulsions, (3) movement only 
when stimulated, (4) respiratory rate of 60 breaths per minute or more, (5) 
severe chest in-drawing, (6) temperature >37·5 0C, or <35·50C* 

Cases - clinical syndromesCases 
clinically 
assessed 

Sepsis
Invasive blood stream

Meningitis
Invasive CSF infection

Pneumonia
Invasive respiratory infection

Increasing 
complexity

for 
clinical 
& lab 

diagnosis 

Possible Severe 
Bacterial Infections

(pSBI)



Neonatal pSBI estimates

Geographic distribution of data included

Estimated total cases of pSBI

6·9 million per year (5.5-8.3)

Overall incidence risk 7.6% (95%CI 6.1-9.2%)

Input data 259 944 neonates, 20 196 pSBI cases

Cases 

clinically 

assessed 

Source: Lancet ID, Seale … Lawn JE, 2014

Neonatal meningitis cases ~200,000 

(2012)



https://www.meningitis.org/meningitis/meningitis-progress-tracker

Neonatal meningitis cases 153 240 Neonatal meningitis deaths 19,530

“All models are wrong but some are useful!!” Lord Box

CFR 
13% ?

https://www.meningitis.org/meningitis/meningitis-progress-tracker
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2% Investigation results available 

43 LP 

26 Blood cultures

Mismatch of investigation vs antibiotics use in a Gambian Teaching Hospital  (N=4999)

94% inpatient neonates given antibiotics 

Cases with laboratory investigation 

Uduak Okomo et al Paediatrics and International Child Health 2015

Cases micro-
biologically 
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NATURE PEDIATRIC RESEARCH 

5 papers with first global estimates of 

incidence/prevalence & impairment:

• Preterm birth 

• Retinopathy of Prematurity (ROP)

• Intrapartum-related neonatal encephalopathy

• Neonatal infections

• Neonatal jaundice

47 authors, 35 institutions led by LSHTM

Input to Global Burden of Disease with IHME

Long term disability after neonatal conditions

http://www.nature.com/pr/journal/

Beyond Neonatal Survival

Neonatal conditions accounted for 7.5% of worldwide DALYs in 2017
Similar burden to all of Cardiovascular DALYS, 3 x HIV/AIDS 

Mostly (>95%) attributed to mortality



Moderate to severe neurodevelopmental impairment (8 studies, N=451) 

Anna C. Seale et al 2013, Ped Res, Nature Publishing 2013

Mod to severe impairment = 23% (95% CI: 19–26%)

Survivors of Neonatal Meningitis

Mild impairment 12% (95% CI: 5–19%) 

Hearing impairment 7% (95% CI: 3–12%)

MIND THE GAP

Age of follow up
(aged 2 to 5 yrs)

Less likely to detect 
mild impairments 

Old, small, studies 

Measurement tools..
>100 child development 

assessment tools 



One study of follow up 

after neonatal sepsis 

(average 2 yrs old)

Kilifi, Kenya – only 24 

cases, ~17% “cerebral 

palsy”

Survivors of Neonatal Sepsis

MIND THE GAP



Figure 7

Anna C. Seale et al 2013, Ped Res, Nature Publishing 2013

MIND THE GAP



upported by a grant to the London School of Hygiene & Tropical

Medicine from the Bill & Melinda Gates Foundation.

Editors: Joy E Lawn, Anna C Seale.

Lead authors: Joy E Lawn, Neal Russell, Jennifer Hall, Anna C Seale,

Fiorella Bianchi-Jassir, Kirsty Le Doare, Lola Madrid, Maya Kohli-Lynch,

and Cally J Tann.

Expert Advisory Group: Ajoke Sobanjo-ter Meulen, Carol Baker,

Linda Bartlett, Claire Cutland, Michael Gravett. Paul Heath, Margaret

Ip, Shabir A Madhi, Craig Rubens, Samir Saha, Stephanie Schrag and

Johan Vekemans.

Group B Streptococcus



Survivors of Group B Strep Meningitis

Maya Kohli-Lynch et al , CID, 2017 

Mod to severe impairment = 18% (95% CI: 13-22%)

MIND THE GAP

Age of follow up
(aged 18 months)

Less likely to detect mild 
impairments 

13/15 studies more than 10 
yrs ago

Mod to severe neurodevelopmental impairment (15 studies, N=453, to age of 18 months) 

Measurement tools..
>100 child development 

assessment tools 



Clinical Infectious Diseases #GBSburden

‘Iceberg’ of data on 

neurodevelopmental outcomes

Kohli-Lynch, et al Clinical Infectious Diseases. 2017;65(S2):S190-99

Moderate/severe 
Neurodevelopmental 

impairment after infant 
GBS meningitis 
and GBS sepsis

Survivors of infant 
GBS meningitis and GBS sepsis

Cases of infant invasive  
GBS disease 

Lack of cohorts, 

inconsistent case 

definitions, 

Messy tools & timing, 

• 229,000 survivors of infant GBS 
disease with

• Sepsis: 171,000

• Meningitis: 58,000

• Risk of neurodevelopmental 
impairment after

• GBS Meningitis: 18% 
moderate/severe NDI at 18 months

• GBS Sepsis: not able to quantify long 
term outcomes 

• Mild neurodevelopmental 
impairment not quantified 

Min est of 10,000 infants (3000-27,000) per year moderate-severe neurodevelopment 
impairment after GBS meningitis, and unknown after GBS sepsis

Step 4. Neurodevelopmental impairment after GBS



Finagel’s laws of information 

1. The information you have is not what you want

2. The information you want is not what you need

3. The information you need is not what you can obtain

4. The information you can obtain costs more than you want to pay

1. The information we NEED

2. The information we have that we can USE now!

3. The information that we must OBTAIN!

4. The information system that would cost less if we INTEGRATED more!

Laws to improve health 
information 

Pessimistic 

20th century 

Scottish man

Actionable

21st century 

Measurement

improvement



Multi-domain measurement = messy!

Fernald LCH, Prado E, Kariger P, Raikes A, SIEF World Bank 2017
Boggs, Dorothy, et al. "Rating early child development outcome measurement tools for 

routine health programme use." Archives of disease in childhood 104.Suppl 1 (2019): S22-S33

• Measuring neurodevelopment is multi-
domain. Must include hearing and vision.

• Over 100 tools (mostly measure 6mnths-
3years) but few meet accuracy and 
feasibility criteria 

• Major challenges: cost, training 
requirements and adaptability

• Need for a simple, adaptable measurement 
that can be used across multiple LMICs

WHO working on a new score (GSED) short and long form



New data collection in progress

Electronic cohorts:
• Denmark
• Netherlands

Cohort re-enrolment 
studies in 5 Low- middle 
income countries:
• Argentina
• India
• Kenya
• Mozambique
• South Africa

Survivors of Group B Strep Meningitis and Sepsis 

Age up to 30 yrs!

Age ~3-15!



Closing data gaps Closing care gap
CLOSE THE GAP Image courtesy of Dr Ziyaad Dangor

Bad data will always be with us – but we need to smell it, improve it & use it! 

1. Careseeking and UHC (+ active surveillance)

2. Clinical care improved quality

3. Lab investigations, LP to become the norm

4. Lab capacity strengthening (esp for GBS) 

Innovation – diagnostics, new interventions

• Follow up systems for at-risk newborns and COHORT 
studies to 5 years and beyond 

• Improved measures/tools to detect multi-domain 
impairment, feasible in routine programmes
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ADVANCE NOTICE 
Group B Strep Global Conference 

ISSAD 2021 in London @joylawn

Children, adults 
families affected need 

care, support and 
voice, not just a 

statistic 



STROBE – Neonatal Infections 

The Lancet Infectious Diseases 2016 16, e202-e213DOI: (10.1016/S1473-3099(16)30082-2) 

Challenge 1 – exposure and definitions 


