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There is increasing evidence that enteric infections, caused by pathogens that target the human 
digestive system, can have a profound impact on early childhood physiological and cognitive 
development. Dr. Brewer presented a talk focusing on this issue, starting with a brief history of enteric 
disease studies. He began by noting the tremendous progress that has been made in reducing the 
mortality associated with such previously devastating enteric diseases as cholera, typhoid fever and 
salmonella and mentioned some of the important tools used to reduce these diseases such as oral 
rehydration therapy, small bowel biopsy capsules, and quantitative PCR for pathogen identification. 
Nonetheless, as mortality from enteric infections has diminished, there has been an increased 
awareness of more subtle yet still significant morbidities associated with these gastrointestinal diseases. 
One of the first discoveries noted an apparent correlation between a stunting of childhood height and 
the frequency of enteric infections. Shortly thereafter significant regional differences in oral vaccine 
efficacy were noted that again appeared to primarily correlate with the frequency of enteric infection. In 
the 1990s there was increasing appreciation of the connection between days of diarrhea and diminished 
IQ levels.  

This gradual accumulation of observational data has resulted in the development of what can now be 
called the MAL-ED Hypothesis: 1) infection with specific entero-pathogens leads to malnutrition by 
causing intestinal inflammation and/or by altering the barrier and adsorptive functions of the gut; 2) the 
combination of enteric infections and malnutrition results in growth and cognitive impairments in young 
children and may lead to impaired immunity as measured by responses to childhood vaccines. Based on 
this hypothesis, an international research effort has begun among populations with a high prevalence of 
malnutrition and enteric infections to identify and characterize the factors associated with a child’s risk 
of enteric infection, chronic diarrhea, and malnutrition. Dr. Brewer pointed out that these factors 
interact in a complex fashion that lead to and in turn are affected by impaired gut function, vaccine 
response and cognitive and physical development. The bottom line, as Dr. Brewer put it, is that 
adequate nutrition is necessary, but may not be sufficient, to prevent childhood growth and cognitive 
deficiencies. Given that these impacts appear generally irreversible past the age of five, and that stunted 
mothers lead to stunted babies, the need to develop effective interventions is clear and urgent.  
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