


Our Mission 
•  Understand spread of endemic cholera in Bangladesh 
•  Fill Information Gaps 

–  When do outbreaks start? 
–  Where do they begin? (Village Zero) 
–  How and why do they spread? 
–  Is prediction possible? 

•  Test Local Knowledge 
–  Annual incidence starts near coast 
–  First occurs before monsoon (Spring) 
–  Spreads inland after monsoon (Fall) 

•  Use empirical evidence to help water, sanitation, and 
hygiene (WASH) players better allocate resources 
–  Players wish to reduce cholera, have not been successful 
–  Our Theory: Provide resources to Village Zero, stem spread 

 



Bangladesh, Summer 2012 
•  Worked with our existing 

partner to obtain cholera 
data from Matlab, 
Bangladesh 
–  International Centre of 

Diarrheal Disease 
Research, Bangladesh 
(ICDDR,B) 

– Both temporal and spatial 
parameters available 

•  Started data analysis for 
current project… 
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Spatiotemporal patterns of  
annual cholera outbreaks in  
Matlab, Bangladesh 
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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 temporally 

and spatially in Matlab, Bangladesh? 
•  What factors drive disease proliferation? 

– Known: WaSH, socioeconomic status 
– Explore: environmental drivers 



Topics & Hypotheses 

•  Environmental Determinants 
HA

1: Cholera incidence varies with respect to 
temperature, rainfall, and humidity. 

•  Temporality 
HA

2: Cholera incidence experiences bimodal 
annual seasonality. 

•  Geospatial Clustering 
HA

3: Cholera incidence is not randomly and 
uniformly distributed in space. 



Datasets for Matlab, BD 
•  Cholera case data (2000-2009) from the 

International Centre of Diarrheal Disease 
Research, Bangladesh  

•  Environmental data (2000-2008) from Bangladesh 
Agricultural Research Council 

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



Environmental Determinants 

•  Multiple Linear Regression 
•  Data Resolution: 12 entries 

– Mean monthly rainfall, temperature, humidity 
averaged over 9 years (2000-2008) 

– Monthly cholera case counts averaged over 
10 years (2000-2009) 

– 1 entry per month (January, February, etc.) 
containing average values for case count, 
rainfall, temperature, and humidity = 12 
entries 
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Environmental Data Visualization 

•  High temperature = high cholera 
–  More sunlight = more 

phytoplankton 
–  Phytoplankton serve as natural 

host for V. cholerae 
•  High rainfall = low cholera 

–  Reduced salinity 
–  V. cholerae require brackish 

water 

 
 
 …Humidity? 

–  Mid-level = high cholera 
–  High-level = low cholera 
–  Low-level = low cholera 
 



Multiple Linear Regression 

•  Independent Variables: Mean monthly 
rainfall, temperature, humidity 
– Rainfall = very positively skewed… 
– Log-transformation of rainfall for model! 

•  Dependent Variable: Mean monthly 
cholera case count (n) 

•  5 assumptions for MLR met 



Multiple Linear Regression 
•  Model:  

 
 

 
•  R2 = .62 
•  Estimate directionality consistent with data 

visualization! 
– Rainfall: (-) 
– Temperature: (+) 
– Humidity: (+), but <1 

n  =  –129  –  23.7(lograin)  +  4.42(temperature)  
+  .94(humidity) 



Temporality 

•  Harmonic Regression (Poisson 
Generalized Linear Model) 

•  Data Resolution: 120 entries 
– Monthly cholera case counts (2000-2009) 
– 1 entry per month for 10 years total (January 

2000 thru December 2009) = 120 entries 



Harmonic Regression 

•  Created 2 cosine and 2 sine variables to 
model bimodal annual seasonality via 
harmonic regression 

•  Ran Poisson GLM  
– Covariates: Cosine and sine variables  
– Dependent Variable: Monthly cholera case 

count (N) 



Harmonic Regression 

•  Model:  
 

 
•  Omnibus Test: p <.001 
•  So what does this mean? 
•  Plot predicted values against months… 

√N  =  2.76  –  .128cos(2πt/12)  –  .142sin(2πt/12)  
+  .139(4πt/12)  –  .389(4πt/12) 



Harmonic Regression: Predicted Values 
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Geospatial Clustering 

•  Getis-Ord Hotspot Analysis 
•  Data Resolution: 1906 entries à 12 data 

files 
– Daily cholera case counts (2000-2009) 
– 1906 total cases separated by month 
– 12 aggregate data files created (January, 

February, etc.) 
– Hotspot analysis performed for each data file 



Getis-Ord Hotspot Analysis 
•  Plotted each data file 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 
•  (-) = Fewer cases than neighbors 
•  (+) = Higher cases than neighbors 

•  Outcome: 12 outputs that show how clustering 
changes geospatially from one month to the next 



Getis-Ord Hotspot Analysis 
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Review of Results 
•  Environmental Determinants:  

Low rainfall + high temperature + mid-
level humidity = high cholera 

•  Temporality:  
–  Bimodal peaks in April (Spring) and 

November (Fall) 
–  Lulls at February (Winter) and August 

(Monsoon) 
•  Geospatial Clustering:  

–  Positive clusters concentrated near 
Meghna Delta (SE corner) 

–  Fewer, more disperse clusters during lulls  
–  Negative clusters further from Delta during 

peak incidence 



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 



Next Steps 

•  Collect environmental and disease data from 
other districts in Bangladesh using mHealth 
(mobile health) technologies 

•  Create predictive, comprehensive 
spatiotemporal model for cholera in 
Bangladesh using this study as a base 

•  Reliable forecasting à efficient 
redistribution of disease-mitigation resources 
to regions that are most vulnerable 


