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1. Introduction  
Since the initial transmission mechanism of Cholera was revealed by John Snow in 1854, 
the cause and spread of this disease has been under continuous research. Snow’s study 
showed how disease incidences can be linked to a source based on the spatial distribution 
of the patients. However, Snow’s work did not address the question of diffusion 
mechanisms. The predominant transmission mechanism of Cholera is via the fecal-oral 
route but in recent years several scientists have pointed toward a number of other 
transmission mechanisms that might contribute to the prevalence of the disease.  

Cholera risk factors vary and stem from multiple transmissions including interactions 
between human hosts, pathogen and environment leading to person to person 
transmission (secondary transmission) and transmission via the environment (primary 
transmission) (Hartley et al., 2006). It is possible for the toxigenic V. cholerae to survive 
in surface water for up to several years (Codeco, 2001). Especially oceans and brackish 
water seem to function as a long term biotic reservoir for cholera (Emch et al., 2008). 
Driving factors for the ecology of V. cholerae are meteorological and climate variation. 
Where environmental forcing plays an important role at the macro level, secondary 
transmission is more related to local environmental variation. 

 
 Examples of local variation that influences the spread of cholera are water sources for 

household activities (pipe – well water), food control (seafood, fish and contamination 
during preparation) (Said, 2006) and sanitation (Emch et al., 2008). Fotedar (2001) 
provided evidence that houseflies (Musca domestica) are able to carry V. cholerae. Osei 
& Duker (2008) related cholera transmission to the mechanisms of filth breeding flies 
and flood water contamination. Spatial dependency of cholera infection on the proximity 
to and density of refuse dumps was shown by  Osei et al. (2010) indicating that runoff 
from dump sites carry fecal materials to local rivers, creating a pathway for fecal 
contamination of surface water. Hartley et al. (2006) investigated the relative importance 
of the transmission factors and found a dependency on sanitation, population density and 
hygiene. We continue this work by investigating the relative importance of micro level 
transmission mechanisms by means of an agent-based simulation model. 
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There are relatively few mathematical Cholera models, perhaps because of the 
complex transmission mechanisms. A model was developed by Codeco (2001), who 
extended an existing model by Capasso for an Italian cholera outbreak. This model 
allows for long term dynamics incorporating an environmental reservoir of V. cholerae. 
A line of spatially explicit mathematical models was developed based on hydrology-
driven cholera spreading (Bertuzzo et al., 2008, Bertuzzo et al., 2009, Righetto et al., 
2010), and an age structured model was developed by Agheksanterian & Gobbert (2007). 
 

2. Cholera model 
The model presented in this research is a geographically explicit agent-based Cholera 
simulation. It is a micro scale, hydrology-driven model that differs from already existing 
ones in that it: 

‐ Includes the spread of Cholera from dumpsites by the housefly (M. domestica) 
‐ Includes runoff from dumpsites as a pathway of bacteria and feces to rivers 
‐ Includes human to human transmission of cholera  
‐ Is based on a synthetic population representing age categories, income levels and 

other population dynamics like hygiene levels and access to pipe water. 
 
The proposed model consists of four different sub-models: (i) a hydrological model for 
the transport of the V. cholerae pathogen (ii) an epidemic model (iii) a house fly model 
for modeling flies as disease carriers (iv) a human interaction model. 

2.1 Hydrological sub-model  
The hydrological model consists of three elements, an elevation raster, line elements 
representing the river branches and rainfall particles. Rainfall particles will flow downhill 
according to the elevation surface and can be transferred into carriers of feces or carriers 
of feces with pathogen.  The model assumes constant flow of water along the river 
branches. Changes in river water volume and speed of flow are not taken into account. 
Growth rate of free-living bacteria (in water) is normally negative (Bertuzzo et al., 2008). 
Because of the small area included in the simulation no “bacterial mortality” is 
implemented. 
 

2.2 Epidemic sub-model  
The model is based on the cholera transmission model from Hartley (2006) including 
hyper-infectivity. Hyper-infectivity is the fact that V. cholerae when passed through the 
gastrointestinal tract (via a human being) transfers into a short-lived hyper-infectious 
state (Hartley et al., 2006). The existence of this hyper-infectivity is associated with the 
explosive nature of some cholera outbreaks. Chance of developing the disease after 
exposure to hyper infective V. cholerae is very high. After recovery people become 
immune and this immunity lasts for at least two years (Koelle et al., 2005). For the time 
span of this simulation the immunity is permanent and no waning is considered. 
Currently the severity of the disease is not modeled although some cases are known to be 
asymptomatic. 
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2.3 House Fly sub-model  
House Fly density maps were generated around the locations known to be exposed to 
human excreta (refuse dumps and rivers). For this model, density layers were regarded to 
be static. Assumption is made that flies are able to carry V. cholerae from open dumpsites 
to surrounding areas within a critical buffer distance of 500 meters (Osei and Duker, 
2008). Within this buffer distance transmission can occur. 
 

2.4 Human interaction sub-model  
Agent unit is the individual person. Individuals are grouped into families. Prior to the 
start of the simulation families are distributed over houses, with multiple families living 
in a single building. Important attributes of families include the income level and the 
level of hygiene. Composition of families is based on Census data. Individuals are age 
specific and their behavior is based on age grouping. Individual behavior includes all 
activities that can lead to disease exposure including drinking/eating, caring for diseased 
relatives, dumping of feces and playing at dumpsites. 
 

 
 

Figure 1. The Interface of the model 
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3. Case study 
Study area is Kumasi, capital city of Ashanti Region located in south central Ghana. 
Kumasi has a population of approximately 3.5 million. The study area is located in the 
north-eastern part of the city. A severe outbreak of cholera occurred in this area in 2005 
(data: Kumasi Metropolitan Disease Control Unit).  

In the paper we will present the conceptual design and the initial findings of the 
model. Findings include the comparison of different transmission mechanisms. 
Importance of an agent-based cholera model is that the heterogeneity of the population is 
accounted for and that experiments can be conducted with intervention and changes in 
behavior of population. In future, we will continue to include behavioral changes of 
agents into this model. 
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