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Diarrhoeal disease is a major cause of death 
 
Common pathogens include : viruses (rotavirus), 
bacteria (shigella, salmonella) and protozoa 
 
Some pathogens are now amenable to vaccination 
 
Broader interventions improving water supply can 
reduce the incidence of diarrhoeal disease but are not 
universally implemented 
 
ORS saves lives as part of ICMI, but uptake still limited 
 
Climate change is likely to influence diarrhoeal disease 
 
 



Burden of disease  

 

 

 

 
 
 



Global Burden of Diarrhoeal disease and MDG4 

 

 

 

 

 
 
 

Current estimates that 8.8 million deaths under age of 5 in 
2008 
 
A large proportion of mortality in under 5s globally is due to 
infectious diseases (68%)  
 
Hence targeting infectious diseases, and particularly diarrhoeal 
disease, is a major part of achieving MDG4 (to reduce under 5 
mortality by 2/3) 
 
 
 
 
 
 
 

Source: Black et al Lancet 2010 



Global Burden of Diarrhoeal disease and MDG4 

 

 

 

 

 
 
 

Source: Black et al Lancet 2010 



Distribution of diarrhoeal deaths by WHO region 

 

 

 

 

 
 
 

Boschi-Pinto Bull WHO 08 



Estimated proportion of under 5 mortality due to 

diarrhoeal disease 

 

 

 

 

 
 
 



 

 

 

 

 
 
 

Deaths due to diarrhoea per 100,000 children younger than 5 years  

Santosham et al LID 10 



 

 

 

 

 
 
 

 - Classifies diarrhoea (watery, persistent, dysenteric) 
 - Classify dehydration    

Type 
diarrhoea 

% all 
childhood 
diarrhoea 

%all 
childhood 
deaths due to 
diarrhoea 

% deaths 
preventable 
by standard 
case 
management 

Acute Watery 80 50 100 

Dysentery 10 15 80 

Persistent 10 35 80 

Total 100 100 90 

ICMI (WHO) 
 

 - Intervention bundle includes ORS, vitamin A, zinc 
supplements   



Causes of disease  

 

 

 

 
 
 



Pathogens causing diarrhoeal disease 

 

 

 

 

 
 
 

ACUTE  

       Bacteria 

 Shigella 

 Salmonellae  

 Vibrio cholerae 

 E Coli 

 Campylobacter 

       Viral 

 Rotavirus 

 Hepatitis A,E 

 SMRVs (Norwalk) 

        Protozoa 

 Entamoeba histolytica 

 

  

   

 

 

CHRONIC (> 2weeks)  

 

 Giardia 

 Amoebiasis 

 Tropical sprue 

 Non-infective 

Malignancy 

UC 

Coeliac 

Lactase deficiency 

Drugs   



Shigellosis 

 

 

 

 

 
 
 

Small gram negative rods 

40 serotypes 

4 groups  

Group A S dysenteriae 

Group B S flexneri 
Group C S boydii 
Group D S sonnei 
 

 

Typically low infecting dose  

(cf salmonellae)  

• Incubation 3 – 4 days 

• Prodrome - fever 

• Diarrhoea for 1 week (1 day to 1 

month)  

• Can be severe – “dysentery” 

• Complications include: 

   bacteraemia, septicaemia, 

pneumonia, 

keratoconjunctivitis, arthrirtis, 

Reiter’s syndrome in 

HLAB27+ individuals  

 



Shigella and dysenteric diarrhoea 

 

 

 

 

 
 
 

Major cause of dysenteric diarrhoea 

 

Kotloff et al (1999) Bull WHO 

 

 Estimated 1.1 million deaths p.a. 

 61% are in those under age 5 

 S. flexeneri most common in developing countries 

 S. sonnei most common in industrialised countries 

  

Dysenteric diarrhoea responds less well to ORT and risk of 

death with dysenteric vs watery diarrhoea 2-7x 

 

 

  



Cholera 

 

 

 

 

 
 
 

• Contaminated water / food  

 

 

• Pandemic in developing world 

with epidemics 

 

• Toxin mediated from 01 & 0139 

serotypes of Vibrio cholerae 

• Incubation 3 – 4 days 

• Mild to severe 

• Profuse watery stool – “rice 

water” 

• Shock 

• Not fever 

• Diagnosis 

– Comma-shaped darting 

bacteria 

– Slide agglutination for 01 & 

0139 serotypes 

– Antibody detection 

 



Viral diarrhoeal disease 

 

 

 

 

 
 
 

Organisms 

 

 

Rotavirus 

Enteric adenoviruses 

Calciviruses 

Small round viruses 

Small round structured viruses (SRSVs) 

(Norwalk) 

Coronaviruses (Hep A & E) 



Rotavirus 

 

 

 

 

 
 
 

• Commonest viral gastroenteritis in children 

 

• Important cause of mortality in developing world 

 

• About 40% of hospitalisations with diarrhoea in SSA are with 

rotavirus 

 

• Incubation 24 hours 

 

• Lasts 2 – 4 days 



Interventions to treat disease  

 

 

 

 
 
 



Treatment  

 Fluids including ORS 

 Zinc 

 

Prevention 

 Promotion of breast feeding with Vit A 

 supplements 

 Promotion of handwashing 

 Vaccination for rotavirus and measles 

 Improved water supply and quality 

 Improved community sanitation 

 

 

 

 

 

 

 

 
 
 

UNICEF/WHO Package of interventions 



ORS 

 

 

 

 

 
 
 

From Santosham et al LID 10 

20% reduction in stool output 

30% reduction in vomiting 

40% reduction in need for unscheduled IV treatment 

 

Low osmolality ORS now recommended 



Evidence for impact of ORS solutions? 

 

 

 

 

 
 
 

Egypt 

 - Between 1980 and 1991 Decline of 76% in diarrhoeal 

death rate in absence of change in diarrhoeal incidence and 

more modest reduction in non-diarrhoeal deaths 

 

Brazil 

 - Between 1980 and 1990 under 5 mortality due to 

diarrhoea fell by 67% whilst non-diarrhoeal mortality fell by 

32% 

 

Formulation changed  in 2002 with aim of improving outcome 

 

 

  

 



- Reduces duration of episodes of both acute and 

chronic diarrhoea  

 

- Reduces risk of recurrence in next 2-3 months 

 

- When introduced to community programmes, 

increased uptake of ORS 

 

- Overall approximately 50% reduction in mortality 

 

 

 

 

 

 

 
 
 

Zinc: evidence for impact 



Oral rehydration solution: uptake 

 

 

 

 

 
 
 
% children under 5 with diarrhoeal disease who receive ORS 

From Santosham et al LID 10 



ORS 

 

 

 

 

 
 
 

Source: UNAIDS 2011 



Oral rehydration solution: uptake 

 

 

 

 

 
 
 

Possibly hampered by introduction in to ICMI 

 

Less specific funding 

 

Changes to definition of what was considered acceptable fluid 

schedule 

 

Similarly, challenges to zinc use 

 

 - often not procured, or given in package of care 

 - lack of awareness of its potential benefits 

 

 

From Santosham et al LID 10 



Interventions to prevent disease  

 

 

 

 
 
 



 

 

 

 

 
 
 

Improving the product to increase uptake 

Better flavours (no longer a concern that might od with newer 

Formulations 

 

More convenient packaging/dosing, bundling with zinc 

 

Better distribution (e.g. schools, community workers) 

 

 



Interventions to prevent disease  

 

 

 

 
 
 



Interventions to reduce diarrhoeal disease 

 

 

 

 

 
 
 

Vaccination 

 

Breast feeding 

 

Water provision and water quality 

 

Hygiene and Sanitation 

 

 

 

 

 

 

 

 



Rotavirus vaccination 

 

 

 

 

 
 
 

Source : Ciarlet , Merck 



Rotavirus vaccination: landmark study 

 

 

 

 

 
 
 

Source : Ciarlet , Merck 



Rotavirus vaccination: landmark study 

 

 

 

 

 
 
 

Source : Ciarlet , Merck 



Rotavirus vaccination 

 

 

 

 

 
 
 

2006 WHO: advocated use of licensed rotavirus vaccine in 

Europe and Americas 

 

Greater efficacy data needed from regions of greatest 

burden, particularly SSA and SE Asia 

 

Two recent papers published on efficacy 

 

 

 

 

 



Rotavirus vaccination: Efficacy in Africa 

 

 

 

 

 
 
 

Armah et al 2010 

 

Design: Multicentre placebo controlled trial (Ghana, Kenya, Mali) 

 

Subjects: 5468 infants randomised 1:1 vaccine (3 doses)/placebo 

 

HIV positive not excluded, given with EPI schedule 

 

Primary endpoint: severe GE (Vesikari >=11) 14 days after final 

dose  

 

 

Source : Armah et al 2010 

 



Rotavirus vaccination 

 

 

 

 

 
 
 

Source : Armah et al 2010 

 



Rotavirus vaccination: Efficacy in Asia 

 

 

 

 

 
 
 

Zaman et al 2010 

 

Design: Multicentre placebo controlled trial (Bangladesh,Vietnam) 

 

Subjects: 2036 infants randomised 1:1 vaccine (3 doses)/placebo 

 

Primary endpoint: severe GE (Vesikari >=11) 14 days after final 

dose  

 

 

Source : Zaman et al 2010 

 



Rotavirus vaccination: Efficacy in Asia 

 

 

 

 

 
 
 

Source : Zaman et al 2010 

 



Scale up 

 

 

 

 

 
 
 

Source : Zaman et al 2010 

 

Desire to scale up vaccination 

 

Needs innovations in cold chain supply 

 

Concerns that it might jeapordise EPI 

 



Breastfeeding 

 

 

 

 

 
 
 

Source: UNAIDS 2011 



Other Interventions to reduce diarrhoeal disease 

 

 

 

 

 
 
 

Water 

 Improved provision of water or water supply at either 

 household or community level 

 Water quality – removal of microbes 

 

Hygiene 

 Hygiene and Health education and promotion 

 (e.g.handwashing) 

 Advice on handling pets 

 

Sanitation 

 Different methods of excreta disposal (particularly 

 latrines) 

 

 

 



 

 

 

 

 
 
 

Fewtrell et al LID 2005 



Water Supply Interventions 

 

 

 

 

 
 
 

Zeng-sui et al Bull WHO (1989) 

 

Setting: Rural China 

Methodology: Case/control study 

Period: June-October 1983 

Subjects: 10290 intervention group, 9397 controls 

Intervention: DWTW (deep well tap water)  

Outcome measure: Enteric infectious diseases 



Water Supply Interventions 

 

 

 

 

 
 
 

Zeng-sui et al Bull WHO (1989) 
 



Water Quality Interventions 

 

 

 

 

 
 
 

Quick et al  (2002) 

 

Setting: Periurban (Kitwe, Zambia) 

Methodology: Case-control household intervention 

Period: April-June 1999 

Subjects: 260 households (1584 persons) 

Intervention: (1) point of use sterilisation with 

hypochlorite, (2) durable plastic storage bottles, (3) 

community education 

Outcome measure: Episodes of diarrhoea 

 

Limitations: non-randomised, field site contaminated by 

local enterprise 



Water Quality Interventions 

 

 

 

 

 
 
 



 

 

 

 

 
 
 

Sanitation remains a major global issue 



Comparison of interventions 

 

 

 

 

 
 
 

Fewtrell et al LID 2005 

 



Climate change and diarrhoeal disease  

 

 

 

 
 
 



Climate change and diarrhoeal disease 

 

 

 

 

 
 
 

Factors potentially associated with diarrhoeal disease 

 

 - Weather; short terms trends in temperature and rainfall 

 

 Methods: time-series analysis; weather exposure and outcome usually at one 

location 

 

 Use: early warning systems 

 

 - Climate; longer terms trends in climate 

 

 Methods: cross-sectional analysis,use of mean values over longer time 

periods; multilocational 

 

 Use: Infrastructure planning  

  

 

 

 

 



    

Source : HPA 



Short term association (El Nino, Peru) 

 

 

 

 

 
 
 

  

 

 

 

 

Checkley Lancet 2000 



Longer term association 

 

 

 

 

 
 
 

Methods: Global cross-sectional multi site study 

 

Primary outcome: Age-specific all cause diarrhoeal morbidity in 

children under 5 years old 

 

Exposures: mean monthly rainfall, mean temperature and climate 

type 

 

 

 

Lloyd et al 2007 



Study sites and climate type 

 

 

 

 

 
 
 



Outcomes 

 

 

 

 

 
 
 



 

 

 

 

 
 
 

Concluded that 
 
Studies of short term association between rainfall and diarrhoeal illness 
are inconclusive 
 
Negative association between rainfall and diarrhoeal disease, possibly 
due to increased water scarcity 
 
Didn’t see an impact of mean temperature 
 
 
 
 
 
 
 



Suggested reading: 

 

Diarrhoea: why children are still dying and what can 

be done (UNICEF/WHO 2010) 

 

 

Bridging the gap from knowledge to delivery in the 

control of diarrhoea  (Isanaka, Bull WHO 2012) 

 

 

 

 



Questions 

 

 


