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Objective: We conducted a longitudinal study to assess the 
impact of a hand-washing intervention on growth and 
biomarkers of child health in Nepali slums. This is the first 
study to evaluate the impact of hand-washing on markers of 
subclinical, asymptomatic infections associated with 
childhood growth faltering.  
 
Methods: We recruited a total sample of infants in the target 
age-range (3–12 months) living in the eight largest 
Kathmandu slums, allocating them to intervention (n = 45) 
and control (n = 43) groups. In intervention areas, a smallscale 
community-based hand-washing program was implemented 
for six months; in control areas, mothers continued their 
normal practices. Time series linear regression was used to 
assess the impact of the intervention on levels of morbidity, 
mucosal damage, immune stimulation and growth. 
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Results: As expected, children with higher levels of mucosal 
damage exhibited worse growth over the period of the 
intervention (P = 0.01, <0.001 and 0.03 for height-for-age, 
weight-for-age, and weight-for-height z-scores, respectively). 
We observed a 41% reduction in diarrheal morbidity (P = 
0.023) for the intervention group relative to control. However, 
the hand-washing intervention did not lower levels of 
mucosal damage or immune stimulation, nor slow growth 
faltering. 
 
Conclusions: Reducing exposure to pathogens is an important 
global health priority. This study confirms the importance of 
hand-washing campaigns for reducing childhood morbidity. 
Yet our data suggest that promoting hand-washing is 
necessary but not sufficient to address chronic, subclinical 
infections. From a human biology standpoint, tackling the 
root causes of childhood infections is needed to address 
growth faltering in the context of highly contaminated slum 
environments.  
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Infection 

Diet Growth 

“Healthy children grow well; 
sick children do not” 

4 



Panter-Brick et al. (2009) BJN, 101.  5 



Diarrhea:  
> 3 loose stools in 24hs  

Subclinical infections 

Damage and 
inflammation of the 
mucosal lining of the 
gastrointestinal tract 
→mal-absorption, mal-
digestion, inflammation, 
immune response 
→growth retardation 

No infection 
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Impact study of behavioral intervention 

Hand-washing with soap: 
(Rabie and Curtis, 2006)  

Clinical morbidity 
Mucosal damage 
Immune stimulation 
Growth faltering  
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Study design 

• 3-12 month old children in 8 slum settlements 
in Nepal 

• Target sample size 100, 88 analyzed 

• 8 settlements (4 cases and 4 controls) 

 
Intervention 

Control 
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Data collection 

• Demographic and SES variables 
• Hand-washing behaviors (before/after intervention) 

– Direct observation (n=75) for 3 h from 6 AM 
– Questionnaire 
  
(1) after toilet 
(2) After cleaning the baby’s bottom 
(3) Before cooking 
(4) Before feeding the baby 
(5) Before eating foods  
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Hand washing intervention 

• In-depth interview + FGDs 

• Community meeting in each area 
 *education, discussion, short play 

 Daily visits for 2 wks  

 ～1 or 2 visits/week for 6 months 
 Meeting/2wks + new soap 
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Health measures 

• Six months from May 2007 (launch) 

 

• Monthly: mucosal damage, immune 
stimulation, growth 

• Weekly: Mobidity 
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Subclinical infection 

Mucosal damage= Lactose: creatinine urinary 
test (Panter-brick et al., 2009) ↑ 
Lactose from breast milk → hydrolyzed by lactase 

 

Immune stimulation= AGP (α-1-acid 
glycoprotein) and IgG on DBSs ↑ 

  Whatman 903 

Hb and albumin 
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Results 
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Intervention G 
↓ 

Crowded 
Firewood 
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Intervention → hand washing with soap (reported) ↑ 
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Intervention → Diarrhea ↓ 
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Mucosal damage 
→ HAZ, WAZ, WHZ ↓ 

Immune stimulation 
→ HAZ, WAZ, WHZ ↓ 
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No impact of intervention on mucosal damage 
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IgG WHZ 

WAZ 

Bad impact  
of Intervention？ 
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Findings 

Hand washing intervention  
 → behavioral changes (reported) 
 → diarrhea ↓ 
 → subclinical infection (mucosal damage, immune 

stimulation) NS 
 → Growth NS 
 
[Interpretation]  
Hand washing can reduce severe forms of infection, 

but not sub clinical (often chronic) forms of 
infection. 
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Points that should be considered 

• Small sample size.    

• Observation period   

• Slum children who have numerous chances of 
infection (contaminated foods/water, poor 
quality and over-crowded houses etc). A 
Giardia study by Goto et al. (2008, 2009)  in 
BGD.   → Behaviors and Environment.   
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Unexpected negative impact of 
intervention 

SES difference between Intervention group and 
control group? Intervention group was “over 
crowded” and “poor” at baseline? 

Heterogeneity in slums 
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