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Today’s Discussion: 
 

 

• Results from GEMS: “Global Enteric Multicentre Study” 
• Causes and patterns of severe diarrheal illnesses in children 

 

• Results from MAL-ED:  “The Malnutrition & Enteric Disease 

Study” 
• New findings relating enteric disease to child growth and cognitive 

development 

 

• Pathogen-specific Systemic Effects: 
• Rotavirus – antigenemia & seizures 
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What if the world was re-sized in proportion to 

diarrheal deaths?  
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• Population-based case-control study of acute, medically 

attended moderate-to-severe diarrhea 
 

• Children <5 years old living in 7 Sub-Saharan Africa & South 

Asian countries 

 

 

 

 

 
 

 

 

 

• 7 low socioeconomic regions  
 

• Systematic diarrhea surveillance with follow-up                                       

2-3 months later 

GEMS:  Global Enteric Multicentre Study 
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GEMS: Most common severe diarrhea pathogens 

 
Infants: 

Rotavirus 
Cryptosporidium 

ETEC 

1 year olds: 

Rotavirus 
Shigella 

Cryptosporidium 

2-5 year olds: 

Shigella 
Rotavirus 

C. jejuni 
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Pathogens causing the majority of moderate-to-severe 

diarrhea in children under age 5 

 

GEMS:  Global Enteric Multicentre Study 

 

Rotavirus: universally the leading cause of diarrhea in infants and 1-2 

year olds; twice the disease burden as any other diarrheal pathogen; 

greatest cause of childhood diarrheal mortality worldwide; vaccine has 

been introduced in 93 countries to date 
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 “…improvements in sanitation and hygiene… may have 

disproportionately reduced the bacterial and parasitic causes of 

diarrhea (which are mainly transmitted through contaminated food and 

water), but may have had less of an impact on rotavirus diarrhea 

(which is largely spread person-to-person), resulting in an increase in 

the proportion of diarrhea attributable to rotavirus.”  

Satter, et al. Vaccine 2017 

Improvements in sanitation are associated with lowered 

risk of bacterial/parasitic enteric infections  

(but are not associated with viral enteric etiologies) 

Berendes, et al. Trop Med Int Health 2017 
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“Rotavirus vaccines should be included in all national 

immunization programmes and considered a priority, 

particularly in countries with high rotavirus 

gastroenteritis-associated fatality rates, such as in 

south and south-eastern Asia and sub-Saharan Africa.” 
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Pathogens causing the majority of moderate-to-severe 

diarrhea in children under age 5 

 

GEMS:  Global Enteric Multicentre Study 

 

Shigella: causes 64% of bloody dysentery but also 13% of watery 

diarrhea; S. flexneri causes most endemic disease; incidence increases 

with age, with highest levels in 2-5 year olds; association with poor 

sanitation/hygiene  
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Pathogens causing the majority of moderate-to-severe 

diarrhea in children under age 5 

 

GEMS:  Global Enteric Multicentre Study 

 

Cryptosporidium: protozoan infection; unexpected finding: second highest 

incidence among infants regardless of HIV status; among 1-2 year olds it 

was associated with a significantly higher risk of death 2-3 months 

following infection 
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Pathogens causing the majority of moderate-to-severe 

diarrhea in children under age 5 

 

GEMS:  Global Enteric Multicentre Study 

 

ETEC producing heat-stable toxin: causes watery diarrhea and a cholera-

like severe diarrhea; vaccine being developed 
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GEMS:  Global Enteric Multicentre Study 

 

Giardia: found more often in controls rather than diarrheal cases; may 

actually interfere with pathogenic mechanisms of other pathogens 

 

Norovirus: high incidence (esp. in first 2 years of life), and associated with 

growth faltering; However, attributable fraction in GEMS diminished by 

a.) large numbers of asymptomatic carriage/shedding, b.) geographic 

variation in incidence, c.) methods excluded vomit-only cases, and d.) 

typically shorter illness; vaccines are in clinical trials 
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GEMS found that severe 

gastroenteritis episodes were 

associated with a                 

8.5X higher risk of death 

from any cause within 2 months 

Kotloff, et al. Lancet 2013 
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• longitudinal community-based study of children <2 

years old with sampling during healthy and acute 

diarrheal episodes 
 

• Low- and middle-income countries across Africa, 

Asia, & South America 
 

• Community cases 
 

• Cohort serially followed 

MAL-ED:  The Malnutrition & Enteric Disease Study 



DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Guerrant, et al. Nature Reviews 2013 

Checkley, et al. Intern J Epidemiol 2008 

Diarrhea significantly increased the likelihood of 

stunting in an analysis of 9 African, South American, 

and Asian countries 

Diarrhea is a significant contributor to malnutrition and 

stunting among children of lower socio-economic status 
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• MAL-ED:   Length for Age most impacted by diarrheal pathogens (i.e., 

stunting rather than wasting) 

• Deficits accumulated due to incomplete recoveries from repeated insults 

(including nutritional factors and re-infection), even absent diarrhea 
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MAL-ED:  The Malnutrition & Enteric Disease Study 

 

“Higher enteropathogen burdens in non-diarrhea stools, as well as 

lower energy and protein density of complementary foods, were 

found to be associated with poorer growth in children with 

accumulated impacts on weight and length at 24 months.” 

Caulfield, et al. BMJ Global Health 2017 

PREVAIL maternal-infant cohort subjects, used with consent 2017 
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“ EAEC subclinical infection with any other pathogen was negatively 

associated with delta weight-for-length (P < 0.05) and weight-for-age 

(P > 0.05) z scores between 0 and 6 months.” 

 

Lima, et al. J Peds Gastro Nutr 2018 

MAL-ED:  The Malnutrition & Enteric Disease Study 
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MAL-ED:  The Malnutrition & Enteric Disease Study 

• Children in settings of undernutrition and enteric disease are 

at risk for insufficient brain growth, as well as linear growth 

• Measurements of head circumference were most predictive 

of cognitive scores at age 2 

 

 

Scharf, et al. Matern Child Nut 2018 
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Growth faltering during early childhood is 

associated with: 
 

• increased risk of illness and 

death 

• fewer years of schooling 

• lower earning potential 

 

 

 

Undernutrition arises from dietary inadequacies and high 

enteric illness burden, related to (and further causing) poor 

socioeconomic & environmental situations 

Olofin, et al. PLoS One, 2013 

Black, et al. Lancet 2008 

Hoddinott, et al. Am J Clin Nutr 2013 
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“Tropical Sprue” 

c. 1934 

 

 

 

 

“…characterized by apyrexial morning diarrhea…” 

 

“…after some years of residence in an endemic area…” 
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• Most children hospitalized with 
rotavirus are viremic, indicating extra-
intestinal involvement 
 

• Rotavirus antigenemia observed in 61-
90% of infected children 
 

• RV-antigenemia has been observed to be 
associated with increased severity (fever 
and vomiting) 
 

• Breastfed infants have been shown to 
have reduced risk of RV-antigenemia in 
some settings 

 

 

 Rotavirus gastroenteritis: A systemic infection   

Blutt, et al. PLoS Medicine 2007   

Das, et al. PLoS One 2016   

Hemming, et al. Pediatr Infect Dis J 2014   
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Payne DC, et al. Clin Infect Dis 2013 

Rotavirus vaccination was 

associated with a 20% 

reduction in risk of seizures 

requiring hospitalization/ED 

care compared with 

unvaccinated children during 

the year following vaccination 

Rotavirus vaccine could avoid systemic complications 

from rotavirus infections (e.g. seizures) 

Australia: 36-38% reduction in ED/hosp. febrile seizures up to 2 years post-vaccination  
(Sheridan SL, et al.  JPIDS 2016) 

 

Spain: 16-34% reductions in hospitalized seizures post-vaccination 
 (Pardo-Seco J, et al.  PIDJ 2015) 
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GEMS found the most 

prevalent, severe childhood 

enteric diseases include: 

 
• Rotavirus 

• Shigella 

• Cryptosporidium 

• ST-ETEC 

In Summary: 

And, severe diarrhea episodes were associated with a                 

8.5X higher risk of death from any cause within 2 months 
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MAL-ED found that 

cumulative enteric infections 

contribute to:  

 

Schlaudecker, et al. Curr Opin Infect Dis 2011 

• Protein energy malnutrition 

• Child growth faltering and likely cognitive delays 

• Deepening vulnerability to further infections 

In Summary: 
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Rotavirus gastroenteritis is associated 

with antigenemia and can be considered 

a systemic infection 

 

Schlaudecker, et al. Curr Opin Infect Dis 2011 

Rotavirus vaccination may avert pediatric 

seizures, in addition to the well-documented 

prevention of severe acute gastroenteritis 

In Summary: 
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Thank you! 
 

 

Daniel Payne, PhD, MSPH 

 

DVP6@CDC.GOV 

PREVAIL maternal-infant cohort subjects, used with consent 2017 
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•The incidence of confirmed or CIDT-positive infections per 100,000 was highest for Campylobacter and Salmonella, which is 

consistent with previous years. 

•The number of CIDT-positive reports is increasing. The number of Campylobacter, Salmonella, Shigella, Vibrio, and Yersinia 

infections diagnosed by CIDT alone increased 114% in 2016 compared with the 2013–2015 average. 

•Although CIDTs can provide timely information for clinical management of foodborne infections and are easier for laboratories to do, 

increasing use of CIDTs affects interpretation of public health surveillance data and our ability to monitor progress toward achieving 

prevention goals. It is difficult to interpret whether these are true changes in incidence or whether the change is in part or completely 

due to changes in diagnostic testing practices and procedures. 

•Trends for some pathogens may be more affected than others by changes in use of CIDTs. Listeria infections, for which CIDTs have 

not previously been available, and cases of HUS, which do not rely on CIDT, did not change significantly in 2016 compared with the 

previous three years. 

•Recent changes in diagnostic practices also challenge our ability to find outbreaks and monitor disease trends. Some information about 

the bacteria causing infections, such as subtype and antimicrobial susceptibility, can be obtained only if a CIDT-positive specimen is 

also cultured. FoodNet is gathering additional information to better understand the effect of CIDT on surveillance. 

 

Pros 

CIDTs are faster and easier to use than the traditional method (culture) for detecting bacteria. (Culturing is a method that helps an 

organism multiply so that scientists can isolate it and then do tests on it, such as determining if it is resistant to antibiotics.) 

Cons 

CIDTs do not provide an isolate, which contains the organism that caused the illness. Isolates are vital to answering important 

questions, such as: Is the organism a particularly virulent strain? Is it likely to respond to antibiotics? Has it recently been found in 

others who are sick, suggesting an outbreak? 

 

 

To maintain public health surveillance of foodborne and other bacterial enteric diseases and to preserve the quality of clinical decision 

making, it will be necessary to: 

Enhance surveillance methods to capture information on the type and brand of CIDTs that clinical labs are using, so investigators can 

examine the lab results critically 

Examine the criteria for diagnosing a case of enteric infection (called a case definition) to inform evidence-based best practices and 

clinical guidelines 

Encourage and implement reflex culturing at clinical laboratories or submission of culture-ready specimens to public health 

laboratories 

Develop culture-independent methods to identify characteristics of disease-causing bacteria, such as serotype, antimicrobial resistance, 

and virulence. 

 

http://wwwn.cdc.gov/nndss/script/casedefDefault.aspx
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“Exclusive breastfeeding 0-6 months was protective against 

diarrhea (0-2 months: RR 0.39, 95% CI 0.32, 0.49; 3-5 months: 

RR 0.83, 95% CI 0.75, 0.93) and ARI (3-5 months: RR 0.81, 

95% CI 0.68, 0.98).” 

 

“Children with recent illness who were exclusively breastfed 

were half as likely as those not exclusively breastfed to 

experience diarrhea in the first 3 months of life.” 

Richard, et al. Am J Trop Med Hyg 2018 

MAL-ED:  The Malnutrition & Enteric Disease Study 
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Economic burden of rotavirus 

Treating rotavirus diarrhea is expensive for families and countries 

Inpatient admission for one 

episode of severe rotavirus 

diarrhea costs 10% of the 

average family’s monthly income 

Treating one episode of 

rotavirus diarrhea can amount 

to 85% of the average 

family’s monthly income 

Rotavirus hospitalization 

costs more than 25% of 

the average family’s 

monthly income 
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