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Objectives
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What is an enteric 
disease?

• Group of diseases associated with ingestion of microorganisms and microbial
toxins that attack the gastrointestinal track.

• Symptoms:

• Nausea

• Vomiting

• Diarrhea

• Abdominal cramps

• Fever

• Chills with loss of appetite

• Appear 30 minutes to 10 days after contact
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https://faculty.sites.uci.edu/messaoudilab/gut-microbiome/
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Enteric Pathogen

• Diarrheal Diseases

• 750,000 deaths annually

• Bacteria, Viruses, and eukaryotic parasites

• Example:
• Bacteria: Salmonella, E. coli, Campylobacter, Vibrio

• Virus: norovirus, rotavirus, and hepatitis A virus.

• Significant concern in areas with poor 
sanitation

Enterobacter: Video, Anatomy, Definition 

& Function | Osmosis

https://www.osmosis.org/learn/Enterobacter
https://www.osmosis.org/learn/Enterobacter


Data Collection in Jericho

• Lower poverty levels compared to Kibera

• Better access to basic services
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Kaloleni where the mighty once lived | Nation

Kaloleni: a Kenyan Garden City - INTI - 

International New Town Institute

GUEST POST: The Politics of Decay in a Nairobi Council 

Estate by Constance Smith | The Cultural Politics of Dirt in 

Africa – 1880-present (sussex.ac.uk)

https://nation.africa/kenya/counties/nairobi/kaloleni-where-the-mighty-once-lived-884794
http://www.newtowninstitute.org/spip.php?article1005
http://www.newtowninstitute.org/spip.php?article1005
https://blogs.sussex.ac.uk/dirtpol/2014/12/19/guest-post-the-politics-of-decay-in-a-nairobi-council-estate/
https://blogs.sussex.ac.uk/dirtpol/2014/12/19/guest-post-the-politics-of-decay-in-a-nairobi-council-estate/
https://blogs.sussex.ac.uk/dirtpol/2014/12/19/guest-post-the-politics-of-decay-in-a-nairobi-council-estate/


Data Collection in Kibera
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• Extreme Poverty 

• Largest slum in Nairobi 

• Largest urban slum in Africa

Inside Kibera Slums in Nairobi, Kenya - The 

Roaming Fork

Children in kibera slum hi-res stock photography 

and images - AlamyKibera: Life in Kenya's biggest slum | CNN

https://theroamingfork.com/kibera-slums-nairobi-kenya/
https://theroamingfork.com/kibera-slums-nairobi-kenya/
https://www.alamy.com/stock-photo/children-in-kibera-slum.html?sortBy=relevant
https://www.alamy.com/stock-photo/children-in-kibera-slum.html?sortBy=relevant
https://www.cnn.com/2012/06/04/africa/gallery/kibera-nairobi-slum-gallery/index.html


Study Design

DATA CLEANING 

DATA COUNTING 

FITTING MODELS

DIC COMPARISON

SUMMARIZATION AND 

VISUALIZATION
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Data Cleaning 

• NA removal

• Changing columns

• Spaces changed to underscores or excluded

• Combine data for continuity

• Merging original data with data obtained from the counting 

process (next slide)



Data Counting

• Some behaviors required counting based on behavior type

• Counting function

• Behavior of interest (BOI)

• Separate by subject and day of observation

• One count = BOI + hand in mouth

• Not counted if hands were washed

• Summed subject counts

• Run through model fitting function (next slide)
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Fitting Models

Poisson

Negative Binomial

Zero-Inflated Poisson (ZIP)

Zero-Inflated Negative Binomial (ZINB)
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Fitting Models



DIC Comparison

• 4 types of models (previous slide)

• 4 types of categorization:
• 3-month age bins (0 months to 12 months)
• Neighborhood (Jericho vs. Kibera)
• Age and neighborhood
• No categorization

• Deviance Information Criterion (DIC)
• Model selection criterion
• Bayesian stats
• Want lowest DIC
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Results/Analysis

• Many behaviors varied considerably with 

age

• Example:

• Mouth to caregiver's hair/skin

• This trend makes sense/was expected
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Results/Analysis

• Some behaviors are quite concerning and occur at high rates:

• Examples: among some groups, behaviors such as mouthing animal 
feces had rates up to 3.44 times per hour

• Other concerning behaviors occurred at lower rates:

• Examples: rates for mouthing trash were mostly 0, with the highest 
non-zero rate being 1.57 times per hour

• Some behaviors varied considerably between Jericho and Kibera:

• Social evolution & development

• Less poverty in Jericho
• Extreme poverty in Kibera
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Neighborhood Differences



Neighborhood Differences



Conclusion

• We found models for the rates of 42 behaviors

• Vast majority grouped by age and neighborhood

• Behaviors, wealth, & Jericho

• Behaviors, less wealth, & Kibera
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Future Steps

• Combine our results with microbiological data:

• Soil samples, water samples, caregiver hand rinses, toy rinses

• Transmission efficiency

• Identify how children are getting exposed
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