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Institute for Global Leadership 
•  IGL Mission: “prepare new generations 

of critical thinkers for effective and ethical 
leadership” 

•  2012-2013 Theme: Global Health & 
Security 

•  IGL students expected to learn skills and 
apply them to a global health problem 

•  My Duty: Teach spatial epidemiology 
techniques in StatPlanet and ArcGIS 

•  3 students paired with me and chose 
cholera in Bangladesh as problem of 
interest 



Cholera in Matlab, BD 

•  1 million diagnoses in Bangladesh annually 
•  Waterborne, diarrheal disease 
•  Matlab particularly susceptible 

–  Consists of 142 villages 
–  Poor, rural fishing community near Meghna Delta 
–  V. cholerae occurs naturally in river 
–  Poor water, sanitation, and hygiene (WaSH) 
–  Served by International Centre of Diarrheal Disease 

Research, Bangladesh (ICDDR,B) 



Research Questions 

Over the course of a year… 
•  How does cholera progress spatially and 

temporally in Matlab, Bangladesh? 
– Known: temporal bimodality 
– Explore: spatial characteristics 

•  What factors drive disease proliferation? 
– Known: WaSH, socioeconomic status 
– Explore: environmental drivers 



Datasets for Matlab, BD 

•  Cholera case data (2000-2009) from the 
International Centre of Diarrheal Disease 
Research, Bangladesh (ICDDR,B) 

•  GIS data from the Center for Environmental 
and Geographic Information Systems 
Bangladesh (CEGISBD) 

•  Environmental data from Bangladesh 
Agricultural Research Council (BARC) 
rain, humidity, temperature  



Methods 

•  Create map shapefile for Matlab, BD 
•  Separate all 2000-2009 cases by month !  

12 aggregate case files (Jan, Feb, etc.) 
•  Plot cases against shapefile for each 

month 
•  Perform cluster analysis for each month 
•  Compare cases and clusters against 

monthly trends in environmental drivers 
(humidity, rainfall, temperature) 



Incidence (Case) Visualizations 

•  Plot monthly aggregate cases against 
shapefile using StatPlanet 

•  Outcome: 12 visualizations that show how 
incidence changes geospatially from one 
month to the next 
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Getis-Ord Outputs 
•  Perform cluster analysis by plotting monthly 

aggregate cases against shapefile using 
ArcGIS 
–  “cluster”: village that has a statistically dissimilar 

case count relative to its neighbors 
– Getis-Ord function produces z-score for each 

village 
– Village with score beyond -1.96 and 1.96 

considered statistically significant (p = .05) cluster 
•  Outcome: 12 outputs that show how 

clustering changes geospatially from one 
month to the next 
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Environmental Drivers 

•  Low temperature = low cholera 
–  Less sunlight = less phytoplankton 
–  Phytoplankton serve as natural host for V. cholerae 

•  High rainfall = low cholera 
–  Reduced salinity 
–  V. cholerae require brackish water 
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Results 

•  Bimodal peaks during April/May & 
November/December 

•  Mid-level rainfall/humidity + high 
temperatures = high cholera 

•  Clustering is geographically disperse 
during lulls (early fall and late winter), but 
concentrated near Meghna delta (SE 
corner) during peaks 

•  Proximity to river = high cholera 



Discussion 

•  Before: Expectation that cholera should 
exhibit generally disparate spatial 
distribution due to poor WaSH, SES 

•  Now: Spatial distribution is skewed near 
the delta in Matlab, especially during 
incidence  peaks 
– More disparate during lulls 
– Conclusion: Outbreaks begin due to 

environmental (hydro-climatic) factors 
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