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ABSTRACT  
The rate at which an infectious disease spread 

during a pandemic is estimated with the 

Susceptible Exposed Infected Removed (SEIR) 

model and computed using Gabriel Goh’s 

epidemic calculator. In this paper, we consider 

the population of a specified area, the fluidity 

of the people in the target population in the area 

under investigation, the contagious nature of 

the micro-organism involved together with its 

vector(s) and the herd immunity of the 

population, to formulate, using S-E-I-R Model, 

the different population of infected persons’ 

ratio levels for various factors K1, K2, K3, … Kn 

of contagious nature of micro-organisms 

spreading each type of disease.  The essence of 

which is to determine the fluidity value “F” at 

which the population must operate for a typical 

disease with contagious factor Ki to minimize 

the effect of an outbreak. This study 

incorporated the fluidity metrics into the well-

known model and shows that  
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INTRODUCTION 

The S-E-I-R model is one of the compartmental 

models used in the mathematics of 

epidemiology. The randomness of natural 

selection determines the qualification of any 

member of the population into the first 

compartment and the progress thereafter is 

subject to the four Ordinary Differential 

Equations (ODE) (Kermack & Mckendrick, 

1927; Brauer, 2016 and Inaba, 2017; Brauer, 

Castillo-Chavez, & Feng, 2019).  

 

  

 

 

The four ODEs are: 
dS

dt
= -

Rt

Tinf
∙ SI  (1) 

dE

dt
=

Rt

Tinf
∙ SI-Tinc

-1 E; (2) 

  
dI

dt
= Tinc

-1 E-Tinf
-1 ;    (3) 

dR

dt
= Tinf

-1 I    (4) 
 
S = Number of Susceptible populations; 

Rt= Number of Recovery in time t; 

Tinf= Length of Infection Period; 

E = Number of Susceptible populations that are 

Exposed to a disease-causing agent; 

 Tinc= Length of Incubation Period;  

I = Number of Susceptible-Exposed population 

that are Infected; R = Number of Infected that 

are Removed either by Death or Recovery. 

Each of the equations gives the rate people 

leave the four compartments. In simplifying the 

model, it is assumed that all the population 

under consideration passes through all four 

stages. Thus, the sum of these compartments 

gives the number of populations under 

consideration. That is, at any particular time ‘t’, 

S(t) + E(t) + I(t) + R(t) = N. (5) 

It is extremely important to note that in a 

disease where no one has acquired natural 

immunity by genetic makeup the S = N is equal 

to the total population of the area under 

investigation. So also, anyone who has 

recovered from the disease is no longer 

susceptible to that disease. The diseases with an 

already proven record of protection from them 

by vaccination automatically remove the 

immunised population from the susceptible 

group as well. An infected individual who has 

started receiving treatment is assumed to 

remain infectious until he/she leaves the 

infection compartment. Previous studies on the 

S-E-I-R model have established that R0 the 

basic reproduction number/ratio, which is the 

average number of the susceptible person(s) an 

infected individual will infect during his/her 
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illness, is a major factor in determining the 

progress of a particular disease becoming an 

epidemic, endemic, or a pandemic (Wolfram 

Research, Inc., 2020; (Inaba, 2017). Depending 

on the mode of transmission, a human-to-

human infectious disease with R0 < 1 is less 

likely to become an epidemic and the one with 

R0 = 1 will be around for a long time and 

become endemic while diseases that their R0 >
1 may become a pandemic (Nishiura & Inaba, 

2007) 

. When vectors are involved, the values of R0 

depend on a variety of factors which are mostly 

environmental conditions that nurture the 

reproduction of the vectors. In modelling an all-

encompassing S-E-I-R that provides healthcare 

professionals a reliable tool in tracking diseases 

outbreak among a specified population, the 

value of R0 =
β

γ
  is a constant that is obtained 

for each disease. β is the infection rate and γ is 

the rate of recovery. Thus, for a human-human 

infectious disease with R0 = 10 among a 

susceptible population of 1000 will become an 

epidemic in10-10 days 

 

Goh’s Epidemic Calculator  

The outbreak of a new disease with no proven 

procedure for cure or treatment comes with the 

challenge of management in which the S-E-I-R 

model becomes very useful in controlling the 

vital statistics that affect the dynamics as the 

infection progresses. Whether for a disease that 

runs its course over many years as in leprosy or 

the one that the individual moves through all 

the four compartments of S-E-I-R in few days 

as in coronavirus disease, efforts are geared 

toward flattening of the curve by adjusting the 

infection rate and exposure of susceptible 

persons to infection. The model can near 

accurately predict the length of time (Period) 

within which the specific number of people will 

be infected within a population upon 

introduction of an index case. Goh’s epidemic 

calculator provides the means of determining 

what other parameters will be when one or 

more parameter(s) is/are adjusted. For a disease 

with a basic reproduction ratio of R0 = 2.2 , 

number of initial infections = 1 and population 

size = 1,097 there will be total number of 17 

fatalities in 184 days. 

 

The Population Fluidity Levels  

In curtailing physical interaction in human-to-human infectious disease like the COVID - 19 

pandemic, restriction of movement of the populace to Fi (i = 1 – 5) levels of population fluidity: 

  Level  Fi           Attributes 

      1 F1 Closure of all international borders. All activities within the country continue 

as usual while no one comes in and no one goes out. 

      2 F2 Closure of schools, places of worship, entertainment venues where more than 

twenty (20) people share public space. 

      3 F3 Closure of markets and offices where non-essential business transactions take 

place. 

      4 F4 Ban on inter-state travels.  Movements are only allowed within one’s state of 

residence. 

      5 F5 Total shutdown. Restriction on all movement outside the place of abode. 

The Herd Immunity 

Studies have shown that upon exposure to 

mild agents of infection disease-causing 

organisms individuals acquire immunity that 

protects them from getting infected 

(MFMER, 2020). This mild exposure can 

occur when infected persons mingled with 

the non-infected population. Herd immunity 

can also occur when a sufficient proportion 

of the population becomes immune to the 
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disease through vaccination or through being 

infected and recovered from the disease to 

the point that makes human to human 

infection very unlikely 

(www.mayoclinic.org). By reducing the 

population fluidity, the likelihood of 

acquisition of herd immunity during a 

pandemic is minimised while an increase in 

population fluidity will result in an upsurge 

in the number of infected persons as the 

susceptible population is exposed to infected 

persons more so, is a disease in which 

sizeable percentage of the infected 

population is asymptomatic. 

 

Optimizing F  

Here, we seek to find the optimal population 

fluidity level Fi at which the infection rate is 

minimised and the threshold for herd 

immunity is maximised. 

Proposition1: For any given R0 there exists Fi 

such that: 

 

 

{
 
 
 
 

 
 
 
 
dE

dF
=
dI

dF
=
dR

dF
= 0                                                                                                            (6) 

d2E

dF2
< 0;                                                                                                                              (7)

d2R

dF2
= 0                                                                                                                              (8)

d2I

dF2
> 0                                                                                                                              (9)

 

In a pandemic where the exposure rate is kept 

constant by any means of regulating the 

movement of the infectious population 

having contact with susceptible people, we 

measure the effect of reducing the rate people 

entering the exposed compartment have on 

the infectious block and the rate at which the 

system removes participants. That is: 
dE

dF
= R0N-R0E-β

1

N
E            (10) 

dI

dF
= β

1

N
E-(γ + R0)I             (11) 

While 
dR

dF
=

d N

dF
-
dE

dF
-
dI

dF
                    (12) 

Solving equations 10 and 11 for critical points, we have: 

β(F) =
N

E
(N-E)R0            (13) 

β(F) =
N

E
(γ + R0)I                 (14) 

Note that for existence of Fi which will also satisfy the removed compartment: 

β(F) = R0N              (15) 
At this population fluidity level: 
d2E

dF2
= -

E

N
β'(F) < 0           (16) 

d2I

dF2
=

E

N
β'(F) > 0           (17) 

The removed compartment at this point is either maximum or minimum. 
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CONCLUSION 

The infectious compartment is minimised while 

the maximum number of persons will be 

exposed to the disease. Using the data obtained 

from NCDC between March and October 2020 

and applying Goh’s result that R0 = 2.2 for 

COVID-19 we can scientifically advise that the 

population fluidity be kept at this fluidity level. 

This study had only generated the equations 

incorporating the fluidity of the population. 

However, empirical analysis and 

recommendation will be explored with the real-

life data in the next stage of the study. 
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