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ABSTRACT 
We have designed a modeling framework to model spread of an infectious disease with the 

aim of helping decision and policy makers to take important decisions to control the 

epidemics. Whenever a disease outbreak happens, government authorities face a problem of 

selecting best strategy to contain the disease spread as resources and allocated budgets are 

usually limited. Moreover selecting a location for construction of a new healthcare centre is 

another problem where government authorities want to take informed decision. Following 

framework can help decision makers to decide optimum way of distributing resources (drugs, 

vaccines or isolation) and also help them deciding the optimal location for new health care 

units.  

THE NEED OF THE MODEL 
The freely available Web site 'healthmap.org' and mobile app 'Outbreaks Near Me' deliver 

real-time intelligence on a broad range of emerging infectious diseases Through an 

automated process, the system monitors, organizes, integrates, filters, and visualizes online 

information about facilitating early detection of global public health threats. Following the 

similar concept, researchers are building India’s first map of infectious diseases. This platform 

is planned to contain more detailed information about infectious disease such as vector 

density obtained from official data and other related labs/institutes in addition to the real-

time surveillance data. This platform can be used to report new cases of infectious disease 

and from this, policy and decision makers will know that a disease outbreak has happened at 

some particular locations. At this point, they are interested in knowing optimal strategies for 

controlling further spread of the disease. This framework is constructed to help policy makers 

to take informed decisions. Input for the model can be obtained from this 

‘healthmapforindia.org’ as the data keeps getting updated and disease dynamics and optimal 

strategies can be predicted for controlling the specific epidemics. 

MODEL DESCRIPTION 
Our framework uses agent based approach to capture the dynamics of the system (motion of 

individual) and a generic infection model (SIS, SIR or SEIR etc.) is used to capture the disease 

spread among the population. Choice of agent based modeling over network based models is 

justified as individuals in real time interact more as individual meeting rather than as 

described in the network based models. Spread of diseases inherently stochastic due to the 

uncertainty about disease transmission and human interaction. [1]  

 



 

Figure 1: Our agent based model is a comprehensive tool for modeling spread of the disease. 

It can be used to compare different strategies to combat epidemics and find an optimum 

strategy under the constraints of fixed budget/fixed drugs and vaccines. It is also capable of 

high end visualization purposes that can help policy makers to better understand the 

epidemics and hence choose best strategies under provided constraints more intuitively. 

Inputs required for the model 
Our model requires information about population such as population structure (Table 1), age 

structure and daily behaviour pattern. Daily behaviour pattern (Table 2) is used to place 

individuals at different location where they can interact with other individuals. Age structure 

is critical for capturing real dynamics of some disease spread as individuals in certain age 

group are at higher risk of getting infected than those of other age groups. Inherent 

characteristic of disease is specified by choosing right model of infection such as SIS, SIR, SEIR 



or SEINR and disease parameters. At the onset of outbreak, disease parameters are known 

with uncertainties. However, policy makers are usually interested in knowing best strategies 

given parameter uncertainties as waiting for getting more accurate parameters is not 

advantageous. Last, our model requires information about population density and land use 

map. Population density is used to calculate the transmission probabilities. This is essential 

for bigger settings such as part a of metro city or small city however for small and well defined 

system such as IISc, this information is not required as transmission probabilities can be 

calculated from more exact calculations as dynamics of people residing in IISc is well known.  

Model capabilities 
Our model is capable of predicting disease dynamics. It can also be used to answer questions 

such as where most of the infections are spread, what is the inherent dynamics of the system, 

which sets of individual are highly connected with other individuals. It can be used to help 

decision makers take the decision in selecting optimum strategies under constraints such as 

fixed number of vaccines and drugs. Important questions such as how to distribute such drugs 

can be answered through optimization of the objective function. This objective function is 

determined from the nature of the problem in hand and is usually one of the following 

objective functions.  

1)  Minimizing the peak in infected individual population 

2) Minimizing the total infection spread after the therapeutic interventions have been 

made 

3) Minimizing area under the curve of infected individual population. This area is 

proportional to the work force of the system and minimization of work force would 

mean both the peak and time required for reaching that peak are minimized.  

Basic control strategies are vaccination, quarantining and treatment. Depending on the 

specific disease, one or more of these primary strategies might not be possible to be 

implemented. For example, a new viral infection has entered the population and there are no 

drugs or vaccines available for controlling the disease. In such scenario, choice amongst the 

primary strategies become trivial and limiting to what can be implemented. However for more 

common and other disease for which drugs and vaccines are available, then one may have to 

consider the full spectrum of possibilities and first choose among the primary strategies and 

then sub-strategies (For vaccination, it can be fully vaccinating a small group or partially 

vaccinating the whole population.) Questions about when to give drugs (or duration between 

consecutive vaccine dosages if two or more doses of vaccines are needed for generating 

resistant against the disease.) can also be answered. Spread of the disease can be visualized 

on the map. Integration of visualization in this analysis framework is important for real-time 



decision making and also to observe other important features such as hotspot (where most 

of the infections happen) in the system.  

 

Figure 2: Snapshot of a map containing two added layers. One is for buildings such as 

departments, mess, hostel and ground and the other one is for displaying individual with the 

corresponding disease status (Susceptible, Exposed, Infected or Recovered) 

IISC CASE STUDY 
To show how our model works, a case study has been performed for a hypothetical disease 

spread using SEIR infection model (Susceptible, Exposed, Infected and Recovered) in the 

Indian institute of science, Bangalore. Relatively isolated system such as IISc is chosen purely 

for convenient purpose and to show capabilities of our prototype. However the same can be 

extended to bigger settings with quite a few modifications. Perez et al [2] have constructed a 

similar framework (Agent based modeling) and used it to model measles outbreak using SEIR 

infection model in a city of Burnaby, BC, Canada. For computational simplicity, number of 

individual chosen for the simulation was 1000 compared to the total population of 

approximately 0.1 million. (A hundred fold reduction). However, Perez et al have only studied 

the dynamics of the disease and have not considered strategies to control the disease.  



For IISc case study, number of individuals selected for simulation was 110 individuals (100 

students and 10 teachers.). Initially three people were considered to be infected and 

simulation parameters were set to typical values and model was validated against expected 

outcomes. Different vaccination strategies were explored and the model was tested in its 

capability of explaining expected outcomes. For example, if limited drugs are available, then 

treating infected individuals with full force and treating them immediately (hit hard and hit 

early!) is the optimal solution for drug allocation problem for diseases that follow SEIR. Our 

model correctly predicted the outcome. 

Table 1: Table showing sample information about population structure. This information is 

used to place different individuals at different location. At these locations, an infected 

individual can meet a susceptible individual and can transmit the disease. For small settings 

like IISc, one can get detailed information about population structure. For bigger settings, 

such detailed information is tedious to get and is shown not to be a limiting factor. For 

example, Perez et al have considered 30% of their population to be student and rest to be 

office employees. Schools or office to which an individual is affiliated can be provided as the 

one closest to her house in absence of better knowledge of the same.  

Individual Hostel Mess Department 

1 𝐻3 𝑀2 𝐷8 

2 𝐻1 𝑀1 𝐷4 

: : : : 

𝑖 𝐻4 𝑀1 𝐷5 

: : : : 

𝑁 𝐻2 𝑀2 𝐷7 

 

 

  



Table 2: Daily routine of a typical student of IISc. This routine decides where and when the 

individuals will meet. Since common hall such as mess and ground/gym are the places where 

most of the infection occurs, a fixed time for going to such high mixing places can lead to 

unrealistically high transmission rate. Hence, to better represent reality, students are set to 

go to mess at a time which follows normal distribution around an average time.  

Time Place 

7:00 - Breakfast Time Hostel 

Breakfast Mess 

Lab/classes Department 

Lunch Mess 

Lab/classes Department 

Snacks Mess 

After Snacks 
Ground (20%) 

Department (80%) 

Dinner Mess 

Hostel for sleep Hostel 
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