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Undernutrition underlies almost 
half of all under-5 deaths
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Sustainable Development Goal 2

“Ending 
malnutrition 
in all its forms 
by 2030…”
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Overlapping and interacting causes of 

enteropathy

Prendergast and Kelly, Am J Trop Med Hyg 2012



Could this be the 
answer to stunting?
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Effects of IYCF and WASH on stunting and 
diarrhoea at 18 months of age

IYCF

Humphrey JH et al., Lancet Glob Health 2019
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Diarrhoea at 18 months



3 trials globally of WASH and IYCF for 
stunting

Bangladesh Kenya SHINE

Stunting IYCF YES  YES YES

WASH NO NO NO

Anemia IYCF YES YES YES

WASH NO NO NO

Diarrhea IYCF YES NO NO

WASH YES NO NO

Pickering AJ et al., Lancet Glob Health 2019



3 trials globally of WASH and IYCF for 
stunting

Bangladesh Kenya SHINE

Stunting IYCF YES  YES YES

WASH NO NO NO

Anemia IYCF YES YES YES

WASH NO NO NO

Diarrhea IYCF YES NO NO

WASH YES NO NO

Pickering AJ et al., Lancet Glob Health 2019



Carriage of enteric pathogens from 
early infancy
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Cumming O et al., BMC 
Medicine 2019

Pickering AJ et al., Lancet Glob 
Health 2019

WHO/UNICEF Position Paper 2019
https://www.who.int/water_sanitation_

health/

WASH needs a transformational shift to be truly 
beneficial for child health
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SHINE Study (Zimbabwe 2012-23)
Ppln: 30% HAZ <-2, pregnant women 
recruited 
Rnd: Cluster randomized trial
Intn: Lipid-based nutrient supplement 
(LNS) 6-18 mo, and / or WASH
Growth effect: +0.11 HAZ
Long-term: School-age (7yr) follow-up

Why long-term SHINE follow-up?

→ Modern conditions

→ How well do modern interventions (LNS) work by school-age

Previous long-term follow-up 
intervention study: INCAP (Guatemala 
1969-77) 
Ppln: 50% HAZ< -3, women & children < 
7 yrs
Rnd: Village level randomisation
Intn: Protein vs low-energy drink
Growth effect: +0.62 HAZ
Long-term: Higher IQ, work capacity 
(men) & education (women)
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Growth in 1st 18 months is strongly associated with
7yr school-age growth, brain function & strength

1. Early life growth influences child 
function at age 7 years

• 18 mo height: 7yr cognition, broad jump, body 
composition

• 18 mo head circumference: 7yr all child measures of 
cognition, grip strength, body composition

• Birth weight: 7yr growth, Lean mass, peripheral fat, grip 
strength

• 3 month MUAC: 7yr growth, Lean & fat mass, grip 
strength, executive function
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The first 18 months’ growth associates with 7-year body composition, brain 
function & strength

18 month height 18 month head circumference

Le
an
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• Schooling exposure duration: cognition, physical 
function, growth

• Socioeconomic status: cognition & physical function

• Food security: cognition & physical function

• Caregiver education: cognition, handgrip strength, 
growth

• Caregiver depression: cognition & physical function

• Child-parent relationship: cognition

2. The current environment of the child 
influences their function at age 7 years
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3. Children who are HIV-exposed have reduced 
cognition, fitness & growth at age 7 years

• Children born to mothers with HIV (children HIV-
exposed uninfected, HEU) had reduced cognitive 
function:
– ↓ Total cognition: “IQ”
– ↓ Literacy & numeracy
– ↓ Executive function: self-control, memory & reasoning

• Physical function
– ↓ Cardiovascular fitness

• Growth
– ↓ Head circumference



• The early-life growth benefit of IYCF seen at 18 months was 
not significant by 7 years

• No effect of IYCF on cognition at 7 years
• WASH interventions had no consistent effect
• But…
• IYCF intervention increased grip strength

– Small but significant effect: 0.1 standard deviations (2% increase)

• HIV-exposed children showed no long-term benefit of 
interventions
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4. The SHINE interventions had no long-term effect on 
growth or cognition
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Summary and implications

• Early-life growth is associated with school-age function
• The child’s environment shapes their growth and development
• Children born to mothers with HIV have reduced school-age 

function
• The SHINE IYCF intervention from 6-18mo of age had short-term 

benefits but no evidence of sustained effects 
– Small effect on grip strength may indicate better muscle quality

• →We need to find new ways to promote growth and 
development
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How else can we tackle stunting?

• Deeper

• Broader

• Earlier

• Longer



Undernutrition is multifactorial



Nurturing care to promote child 
development



Intervening earlier to prevent stunting
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Newborn phenotypes in 541,285 live 
births in 23 countries

Erchick DJ et al., BJOG 2023



Infection and inflammation in pregnancy 
may drive adverse birth outcomes

Proinflammatory cytokines

Maternal plasma 

Placenta

Amniotic fluid

Cord blood

Tjoa et al, J Reprod Immunol 2003

Bartha et al, Acta Obs Gynae 2003

Heyborne et al, AJOG 2003

Hahn-Zoric et al, Ped Res 2002

Neta et al, Am J Epidemiol 

Trevisanuto et al, Neonatology 2007



Periapical infections associated with 
preterm birth and IUGR in Malawi

Periapical infections in 23.5% women
Preterm birth 10.0% versus 7.3% (adjusted diff 3.5%, 95%CI 1.1, 8.1)
Stunting 20.9% versus 14.2% (adjusted diff 9.0%, 95%CI 2.7, 15.2)
PAF due to periapical infection 9.7% preterm birth, 12.8% stunting)

Harjunmaa U, Trop Med Int Health 2015



Oral health assessments in rural Zimbabwe
• Basic Periodontal Examination

• Full mouth plaque score

• Gingival bleeding score



Reduced fetal 
growth

Enteric inflammation

Increased permeability

LPS + other 
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Could maternal EED reduce fetal growth?



Antibiotics during pregnancy: COMBI trial

1000 pregnant women enrolled at ANC booking
Follow-up of infants to 31 December 2023

Primary outcome: Birth weight
Secondary outcomes: Preterm birth, SGA

Data in early 2024

PACTR registration: 202107707978619 



Cotrimoxazole lowers systemic inflammation in 
HIV infection through multiple mechanisms

Bourke CD et al., Sci Transl Med 2019



Longer duration of intervention

• The home environment continues to shape health, 
growth and development

• “Missing middle” of childhood (age 5 to adolescence)

• Ongoing nutrition, nurturing care, social protection, 
and education support may be critical
– Few trials of interventions after the first 1000 days

– Window of opportunity prior to the adolescence growth 
spurt
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We know how to prevent stunting 
(slowly)



Part 2: Wasting



Rytter M et al., PLOS One 2014
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Non-oedematous Oedematous
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deficiency state” 

(Waterlow)



An extensive enteropathy
occurs in malnutrition

“The ‘tissue 
paper’ intestine 
of patients with 
severe 
kwashiorkor is 
well known to 
tropical 
pathologists…”

Burman D, Arch Dis Child 1965



Therapeutic Approaches to 
Malnutrition Enteropathy (TAME)

Amadi B et al., EBioMedicine 2017

New interventions to target the gut in SAM
Budesonide

N-acetylglucosamine
Colostrum

Teduglutide



Jones KD, et al., Food Nutr Bull 2014

Current concept of malnutrition 

pathogenesis
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Current concept of malnutrition 

pathogenesis





The Gut Microbiota – A Complex Ecosystem



Smith MI, Science 2013



Blanton LV et al, Science 2016

“Repair” of the microbiota



Malawian children 6-59mo old

7 days of amoxicillin vs cefdinir vs placebo

Mostly kwashiorkor, high HIV prevalence

Trehan I et al., N Engl J Med 2013

Antibiotics for malnutrition



Antibiotics improve growth in animals

Eyssen and de Somer, J Exp Med 1962



Antibiotics improve growth in humans

Gough E et al., BMJ 2014



Mortality remains high in children leaving 
hospital after treatment for severe malnutrition

• 745 children
• Zambia and Zimbabwe
• Admitted with 

complicated SAM
• Discharged from hospital 

and followed for 52 
weeks

Bwakura-Dangarembizi et al., Am J Clin Nutr 2021



Broader packages of antimicrobials may be 
beneficial
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Enhanced prophylaxis: CTX* +

-12 weeks INH/B6* 300/25mg/d (anti-TB)

-12 weeks fluconazole 100mg/d (anti-fungal) 

-5 days azithromycin 500mg/d (anti-bacterial &

  anti-protozoal) 

-single-dose albendazole 400mg (anti-helminth)

Standard prophylaxis: CTX 
(most received additional INH/B6* from 12 

weeks depending on national guidelines)

ART-naïve HIV-infected adults & 
children >5 years with CD4<100 

cells/mm3



Co-SAM: An adaptive clinical trial to 
reduce mortality / readmission

• More digestible
• Anti-inflammatory
• Resolve metabolic 

disturbance

• Antibacterial
• Antifungal
• Anti-TB

• Child play
• Friendship Bench



Nurturing Care Framework



Combined play and psychosocial 
support

Noble C et al., Am J Clin Nutr 2021





Developing a convalescent package of 
care







Tackling malnutrition at both ends

Prevention of 
stunting

Treatment of 
wasting

Convalescence 
following SAM
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