
Modelling Epidemiology: Compartment Models 
 
Introduction: 
 
Epidemiology is a branch of medicine which deals with the incidence, distribution, and possible              
control of diseases and other factors relating to health. It has helped identify risk-factors for               
diseases and suggest possible interventions with the help of mathematical modelling. 
 
Models are only as good as the assumptions on which they are based. If a model makes                 
predictions which are out of line with observed results and the mathematics is correct, the initial                
assumptions must change to make the model useful. 

There are two types of models in epidemiology: 

a) Stochastic: "Stochastic" means being or having a random variable. A stochastic model is 
a tool for estimating probability distributions of potential outcomes by allowing for random 
variation in one or more inputs over time. Stochastic models depend on the chance 
variations in risk of exposure, disease and other illness dynamics. They are used when 
these fluctuations are important, as in small populations. 

b) Deterministic: In a deterministic model, individuals in the population are assigned to 

different subgroups or compartments, each representing a specific stage of the 

epidemic. The transition rates from one class to another are mathematically expressed 

as derivatives. While building such models, it is assumed that the population size in a 

compartment is differentiable with respect to time and that the epidemic process is 

deterministic. 

Deterministic model or Compartment Model : 
 
Two compartment model:  

a) SIS model:  S ---> I ---> S 
Eg. Influenza 

Three compartment model: 
a) SIR model: S ---> I ---> R 

Eg. Flu 
Four compartment model: 

a) SEIR model: S ---> E ---> I ---> R 
b) MSIR model: M ---> S ---> I --->R 

Eg. Measel 
Here    S = Susceptible 

I = Infected 
R = Resistant 
M = Maternal Immunity 

 



Stability Analysis: 
SIS Model: 
 

 



 
 

 
 
 
 



 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



SIR model: 

 
 



 
 



 
 



 
 



 
 
 



 

 



 

 
 
 
 
 
 
 
 



Conclusions :  
SIR model: 
The fundamental parameter that governs the epidemic behaviour is the basic reproductive ratio, 
R0; which is defined as the average number of secondary cases produced by a single infectious 
individual in a totally susceptible population. Values of R0 < 1 means that any epidemic is failure 
as the chain of transmission cannot be maintained, whereas R0 >1 mean that an epidemic is 
possible. 
 
 
Code for the SIS and SIR Model : 
SIR: 
 
#!/usr/bin/env python2 
# -*- coding: utf-8 -*- 
""" 
Created on Mon Nov 20 12:35:21 2017 
 
@author: jitendrian 
""" 
import matplotlib.pyplot as plt 
import csv 
def SIR(mu, beta, gamma, N, I0, R0, n, dt): 
    susceptible = [] 
    resistant = [] 
    infected = [] 
    susceptible.append(N-I0-R0) 
    resistant.append(R0) 
    infected.append(I0) 
    for i in range(1,n): 
        s1 = mu*N - ((beta/N)*infected[i-1]*susceptible[i-1]) - mu*susceptible[i-1] 
        r1 = gamma*infected[i-1] - mu*resistant[i-1] 
        i1 = ((beta/N)*infected[i-1]*susceptible[i-1]) - gamma*infected[i-1] - mu*infected[i-1] 
        susceptible.append(susceptible[i-1] + dt*(s1)) 
        resistant.append(resistant[i-1] + dt*(r1)) 
        infected.append(infected[i-1] + dt*(i1)) 
 
  
    plt.plot(susceptible, resistant, label='S,R') 
    plt.plot(resistant, infected, label='R,I') 
    plt.plot(infected, susceptible, label='I,S') 
    plt.title('Phase potrait') 
    plt.legend(loc = 'upper right') 
    plt.savefig('phasep.png') 
    #plt.show() 
    plt.close() 
  
    plt.plot(susceptible, label='S') 
    plt.plot(resistant, label='R') 



    plt.plot(infected, label='I') 
    plt.title('S,I,R vs Time') 
    plt.legend(loc = 'upper right') 
    plt.savefig('vstime.png') 
    #plt.show() 
    plt.close() 
  
    z = zip(susceptible,resistant,infected) 
    name = 'phase.dat' 
    with open(name, 'wb') as fp: 

a = csv.writer(fp, delimiter='\t') 
for x in z: 

a.writerow(x) 
    fp.close() 
  
if __name__=="__main__": 
    mu = 0.2 
    beta = 0.5 
    gamma = 0.2 
    N = 100 
    I0 = 90 
    R0 = 5 
    n = 1000 
    dt = 0.05 
    SIR(mu, beta, gamma, N, I0, R0, n, dt) 
 
SIS: 
 
#!/usr/bin/env python2 
# -*- coding: utf-8 -*- 
""" 
Created on Wed Nov 15 22:20:34 2017 
 
@author: jitendra 
""" 
#import numpy as np 
import matplotlib.pyplot as plt 
def SIS_noBirth_Death(N, I0, b, g, n, dt): 
    #N=population 
    #I0 = infected at t=0 
    #t = number of iterations 
    suseptible = [] 
    infected = [] 
    suseptible.append(N-I0) 
    infected.append(I0) 
    for i in range(n): 
        k = -b*suseptible[i]*infected[i] + g*infected[i] 
        suseptible.append(suseptible[i] + dt*k) 



        infected.append(infected[i] - dt*k) 
 
    k = str(b)+str(g)+".png" 
    z = zip(suseptible, infected) 
    plt.plot(suseptible, label='Suseptible') 
    plt.plot(infected, label='infected') 
    plt.legend(loc='upper right') 
    plt.title("S,I VS Time") 
    plt.xlabel("Time") 
    plt.ylabel("S or I") 
    plt.savefig(k) 
    plt.close() 
  
if __name__=="__main__": 
    N = 100 
    I0 = 20 
    g = 0.1 
    b = 0.002 
    n = 1000 
    dt = 0.05 
    SIS_noBirth_Death(N, I0, b, g, n, dt) 
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