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Abstract  

Every mathematical solution to a problem corresponds to a model that more or less corresponds to reality. One of the many possibilities is the 
solution to epidemiological problems (processes) using the susceptible-infected-removed (SIR) model. Like any model, this model also has its 
advantages and benefits that allow us to close such a complicated reality as the origin and course of the epidemic into simple differential equations 
(DE) and through the model’s parameters modify it and compare it with reality. This is possible only in the case of a comprehensive understanding 
of reality in all its breadth and depth. This study focuses on another solution to the epidemiological or epizootiological processes based on the 
newly designed simulation, which assigns individuals a certain score in time intervals. In this case, the score from the simulation has a normal 
probability distribution with certain parameters N (µ, σ) in given time intervals. This score level also divides the given individuals into certain 
groups based on the given (selected) critical level. This determines whether individuals are with manifestations of the disease or without signs of 
the disease. In the study, the epidemic curve (EC) simulation results could be used to solve the current pandemic caused by COVID-19. It can 
be stated that the newly proposed model could be more suitable because it permanently confirms the agreement of experimental and expected 
frequencies.   
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INTRODUCTION 

The emergence and spread of  infectious diseases have been observed and studied for many years. At present, 
with the spread of  COVID-19, this topic may resonate much more intensely than ever before. The ability to 
predict how a stated disease is reported provides researchers with the opportunity to evaluate vaccination 
options, individual isolation, or other effective measures that have a significant impact on its further spread and 
mortality levels. Mathematical modeling of  these processes is a tool that allows us to study the mechanisms and 
conditions of  origin and give rise to conditions of  their spread with the possibility of  predicting and evaluating 
the strategy of  their control [1]. A mathematical model is an imaginary microworld consisting of  entities 
behaving according to precisely specified rules. The specific language of  mathematics allows us to formulate 
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these rules concisely and unambiguously and helps to state clearly our assumptions, of  course, with certain 
limitations. After creating a mathematical model, mathematical analysis, often combined with computer 
simulation, allows us to investigate the overall behavior of  the model, thus supporting the significance of  our 
assumptions. Such a mathematical expression of  reality makes it possible to predict the future within the model 
and study its behavior due to changes in its parameters [1,2]. The mathematical expression of  infectious disease 
development in a population characterizes the transmission of  a pathogen from a host to susceptible individuals 
based on the mode of  transmission of  the infection. Part of  this process includes the incubation period, which 
is the time between infection and the onset of  clinical symptoms, disease duration, and acquiring immunity, 
either naturally or by vaccination. In describing such a model, the output may include information on the 
number of  individuals potentially at risk during the epidemic, the duration, and the peak of  emerging diseases, 
allowing an epidemic curve (EC) to be generated, which provides information on the number of  sick individuals 
during the epidemic at some point in time [2]. The creation of  virtual reality (mathematical model) begins the 
next part of  the work associated with the comparison, that is, comparing to what extent the model meets the 
real-life requirements. Furthermore, it is necessary to define the conditions under which the given abstraction 
offers relevant results, either by adaptation of  the model, if  it allows this, or by changing and tuning the 
parameters of  this mathematical model [3]. Generally, there are two types of  epidemiological models: stochastic 
and deterministic models. A stochastic model is a tool for estimating the probability distribution of  potential 
outcomes by allowing for random variables at one or more inputs over time [4-6]. It is used when there is a 
fluctuation in model parameters or when observing small populations. In the case of  large populations, the 
deterministic or compartmental susceptible-infected-removed (SIR) model can be used. In this case, individuals 
in the population are divided into subgroups of  compartments that represent certain conditions in the 
epidemiological process [7-9]. Movements from one class to another are expressed as derivatives, so the 
mathematical model is formulated by differential equations (DE). For example, for a certain disease, it is 
necessary to divide the population into subgroups, including those who are susceptible to the disease, those 
who are ill, and those who are cured or immunized. These subgroups are called compartments [10]. The 
solution to the course of  the disease as an interaction between immunity and the disease itself  is based on the 
assignment of  a certain score. This study aims to develop a new simulation method to solve the epidemiological 
or epizootiological process. 

METHODOLOGY 

Basic Description of  The Simulation Model 

This principle is explained in general, and then the following examples of  diseases are discussed; disease from 
a point source of  infection, disease from a continuous source of  infection, and disease from a discontinuous 
source of  infection. It should be noted that these types of  diseases used in this work were taken from the 
available epidemiological resources [11] to create a suitable simulation model - The Web contains information 
on the course and evaluation of  EC representing certain types of  diseases. 

General Description of  the Procedure 

The description of  this solution to the prediction of  infectious diseases is presented in Excel (see EXCEL file 
ECPSI, spreadsheet K). Initially, each individual is defined, whether in the sample or in a subpopulation, by the 
initial immunity value from 0 to 100, which represents the initial condition or state of  these individuals in the 
sample in terms of  overall immunity (this range can be adjusted with respect to the problem, i.e., 0–1000 and 
0–10,000). The initial immunity level (values of  the initial immunity score) can be varied to represent the 
condition of  a given individual in a population, that is, to express his behavior in terms of  weakening or 
strengthening his immunity. In our example, a total of  100 individuals were generated, with a score between 40 
and 100 points. Furthermore, it is possible to extend the solution and perform the stratification of  the 
population, that is, to assign a different range of  a given score to a certain group, which represents the fact that, 
in a different part of  the population, there are individuals with different immunity levels. This state is expressed 
at the point of  time t0. The infectious disease represents the height of  a certain negative score of  as given 
distribution, in this case normal, which decreases the score of  the respective infectious individuals at certain 
time points (t1–t20). In this case, a combination of  several distributions is also possible, representing attacks by 
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several diseases, but limits would have to be set, either randomly or firmly, to determine the manifestation of  
the disease. Additionally, it is possible to change the size of  the immune score based on the time or time jumps 
(points). The effect of  the disease (its rate of  spread in the body) in individuals could be due to the steepness 
of  the normal distribution represented by the infection; for example, in the normal distribution, by changing 
the standard deviation (SD, σ), we determine the change in its steepness and the more intensive decrease in the 
score from individuals. Furthermore, it is necessary to maintain a balance between the scores assigned to the 
individuals, which represent immunity, and the scores representing infection, or their combination, and the 
setting of  limits for determining the manifestation of  the disease. The response to the onset of  the disease is 
an increase in immunity, which is expressed by the height of  the positive score of  the respective distribution, 
in this case also normal, only with a shifted center to higher time points. It is possible to achieve a greater or 
lesser change in the score values at times t1–t20 and thus change the course of  the disease or change the overall 
model of  the disease by changing the average of  these two distributions and their SD. Essentially, it is the sum 
of  the initial score (individual's condition), which is positive, the immunity score, which is also positive, and the 
infection score, which is a negative component. The last two components are shown over time by different 
distributions. The result is the final immunity score, which is used to assess and classify individuals into the 
appropriate compartments (the disease has manifested or not and resulted in death or not). Finally, the results 
can be represented in a graph, where the x coordinate represents the time and the y coordinate represents the 
number of  individuals in each compartment based on the specified boundaries. The usual imaging is by means 
of  a histogram of  individuals with clinical symptoms, the so-called EC. Based on the above-mentioned 
description, a simple model was created in an Excel file. Figure 1 shows the generated 100 individuals with a 
random immunity score from 40 to 100 (see Supplementary Information-2, RANDBETWEEN, ECCSI, 
Excel). In the case of  scores from 40 to 60, we assume a lower initial level of  immunity to the disease. In this 
case, the maximum score is 100 points. Next, the number of  time points is created; it is 20 in our case. Figure 
1 shows the given fact, where a score from 40 to 100 in initial point t0 (column C) is assigned to 100 individuals, 
and the timeline is divided into 20 points (columns D, E, F, etc.). 

 

Figure 1 | Initial simulation conditions 

Note: Image simulation source 

The method of generating a disease is shown in Figure 2. In this case, the normal distribution N (4; 2.25) 
(marked in red) and the subsequent activation of the immune system with a time delay is used, which is also 
the normal distribution N (8; 4) (marked in blue). The position of individual distributions can be modified by 
changing either the mean (we determine in which time period the maximum disease or immunity will occur) or 
SD, where we change the rate (increase) of the disease or immunity. The sum of these two distributions 
(frequencies), in the case of the disease with the sign "minus," we get the result (marked in green), in which we 
simply calculate inappropriate time points, with a generated initial score (40–100) for each individual. 
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Figure 2 | Representation of  the sum of  given scores 

Note: Image simulation source 

The number of  individuals and the score they achieved at each time point is shown in Figure 3. In this case, 36 
subjects at time t6 achieved a score higher than 10 (the threshold we selected to identify the clinical 
manifestations of  the subjects); that is, approximately 36% of  individuals are without clinical signs if  a value 
of  10 is the limit for clinical manifestations. It is possible to change the given limit and thus tune up the given 
model for the required clinical manifestations. Since we have 100 individuals, 64 individuals are with the 
manifestations of  the disease. Figure 3 also shows the course of  the EC for a given fact, that is, the number of  
individuals with a score less than ten at the given time points (at time t6, there are 64 individuals). The numerical 
values in the figures are not so important because after pressing the F9 or Enter key, a new simulation is 
performed, and the graphic outputs (frequency curves) are more important. 

 

Figure 3 | Representation of  the EC 

Note: Image simulation source 

The EC is represented in chronological time points; the x-axis (t0–t20) is represented by line C3: W3 and the y-
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axis of  individual scores are represented by line D108: W108. The method of  calculating individual scores can 
also be expressed mathematically, essentially by solving the matrix R that is explained as follows: 

[
 
 
 
 
 
𝑅1,𝑡0  𝑅1,𝑡1

  𝑅1,𝑡2  …  𝑅1,𝑡𝑙

𝑅2,𝑡0   𝑅2,𝑡1
  𝑅2,𝑡2  …  𝑅2,𝑡𝑙

𝑅3,𝑡0   𝑅3,𝑡1
  𝑅3,𝑡2  …  𝑅3,𝑡𝑙

…    …    …      𝑅𝑖,𝑡𝑗
 …

𝑅𝑘,𝑡0
  𝑅𝑘,𝑡1

  𝑅𝑘,𝑡2
 …  𝑅𝑘,𝑡𝑙

   

]
 
 
 
 
 

=

[
 
 
 
 
 
𝑅1,𝑡𝑗−1

𝑅2,𝑡𝑗−1

𝑅3,𝑡𝑗−1

…
𝑅𝑘,𝑡𝑗−1]

 
 
 
 
 

+

[
 
 
 
 
 
0 𝑛1,𝑡1

  𝑛1,𝑡2  …  𝑛1,𝑡𝑙

0 𝑛2,𝑡1
  𝑛2,𝑡2  …  𝑛2,𝑡𝑙

0 𝑛3,𝑡1
  𝑛3,𝑡2  …  𝑛3,𝑡𝑙

0  …     …   𝑛𝑖,𝑡𝑗
 …

0 𝑛𝑘,𝑡1
  𝑛𝑘,𝑡2

 …  𝑛𝑘,𝑡𝑗]
 
 
 
 
 

+

[
 
 
 
 
 
0 𝑚1,𝑡1   𝑚1,𝑡2

 …  𝑚1,𝑡𝑙

0 𝑚2,𝑡1   𝑚2,𝑡2
 …  𝑚2,𝑡𝑙

0 𝑚3,𝑡1   𝑚3,𝑡2
 …  𝑚3,𝑡𝑙

0  …      …     𝑚𝑖,𝑡𝑗
 …

0 𝑚𝑘,𝑡1
  𝑚𝑘,𝑡2

 …  𝑚𝑘,𝑡𝑙]
 
 
 
 
 

. 

Calculating score matrix R, even individuals in tj point is expressed mathematically by matrix notation, where 
the resulting score matrix (on the left side of  the equation) is obtained as the sum of  the column vector (Rt at 
time t) of  the matrix R and vectors that represent both the disease and the subsequent increase in immunity (n; 
m). Thus, the next column of  the matrix R is calculated from the previous column of  the matrix R and the 
corresponding columns in the disease and immunity matrices. This is explained in detail as follows: 

i = 1, 2, 3, ... k represents the number of  individuals; in our case, k = 100. 

j = 1, 2, 3, .... l represents the time distribution; in our case, l = 20. 

At time t0, we will generate Ri based on the estimation of  the subpopulation state in terms of  immunity, which 
represents the initial column vector of  the score (in the matrix R, the first column), in our case randomly 
assigned scores in intervals of  40–100. We will calculate the following value: R1,t1 = R1,t0 + n1,t1 + m1,t1 (score of  
the first individual at time t1). The next value is equal to R1,t2 = R1,t1 + n1,t2 + m1,t2; that is, we will calculate the 
next value from the previous value (score of  the first individual at time t2). When calculating, the following 
score must be calculated from the previous one. The values of  ni,tj and mi,tj are the frequencies of  the normal 
distribution ND(μi; σ2

i,tj) (D denoting disease) and NI (μi,tj; σ2
i,tj) (I denoting immunity), where the mean value 

for the disease is earlier than that for immunity. That is, the increase in the immune score is due to the action 
of  the pathogen on the organism (in this model case). Additionally, it is possible to generate these n and m 
frequencies for each individual separately or together for a particular subpopulation. By the position of  the 
mean value, in this case the peak of  the disease, it is possible to determine when an individual becomes infected 
over time; of  course, in the case of  generating frequencies, for each individual separately. After calculating the 
scores, the number of  individuals with a score lower than the selected level is expressed in the histogram, and 
we get a graphical presentation of  the condition of  individuals with clinical signs (in our case individuals with 
a score less than 10; the sum in line D132: W132) (Figure 3). 

RESULTS AND ANALYSIS 

Model Analysis - Calculation of  a Suitable Model for the EC from a Point Source of  Infection 

In this part of  the paper, attention was focused on creating a suitable model of  the disease from a point source 
of  infection using the score, which was generally explained in the previous section. The effort will be to get as 
close as possible to the numbers of  ill individuals of  a given type of  disease, as shown in Figure 4, with 
theoretical frequencies that will be generated by the above-mentioned procedure. Generally, we aim to achieve 
the greatest possible agreement between the experimental and theoretical numbers of  a given disease course in 
certain time intervals. 
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Figure 4 | Illustration of  the EC 

Note. Image of the EC from the Web 

However, tuning this model is quite demanding and complicated because it is necessary to change 400 
parameters for 100 individuals, that is, their mean values and SD of  the disease and immunity and the initial 
values of  the score or the range of  this score. A suitable model was found only by an intuitive change of  these 
parameters. The score values are entered via the RAND function. This means after pressing the F9 key in 
Supplementary Information-1, Excel file ECPSI spreadsheet MS, we get new values; that is, a new simulation and a 
new recalculation of  the values will be performed. The total calculation sheet (calculation of  the matrix R) is 
shown in Figure 5 – It showed the ordinal numbers of  individuals are marked in red. In this case, their number 
is 100. The initial score representing the basic level of  immunity is from 45 to 80 points. The number of  time 
points is from t0 t0 t20. 

 

Figure 5 | Total score calculation 

Note. Image simulation source 

A significant difference in the calculation of  the course of  immunity and disease compared to the common 
procedure is that the corresponding calculation of  the incidence of  immunity and disease for each individual 
was calculated separately in individual sheets of  the Excel file, where their parameters were changed: both the 
position of  immunity and disease peak and their SD. One hundred sheets were generated with different 
alternatively with identical parameters because we have one hundred individuals. Each sheet represents the 
course of  the disease for each individual separately. Figure 6 documents the result of  the sum of  the level of  
immunity and disease for individual No. 1. 
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Figure 6 | Calculation of  the final score for individual No. 1 

Note. Image simulation source 

The calculation of the final score (marked in green) for individual No. 1 is shown in Figure 6 Red shows the 
disease score in the normal distribution with a mean at the point zero and SD = 0.45. Blue shows the course 
of the immunity score at individual time points. This is the normal probability distribution with the mean at 
point 1 and SD = 1. The final result is in row 2 and starts from column D; in this case, the final score at time 
t1 is -45 points. This value depends on equation No. 8 added to the score at time t0, that is, to initial immunity. 
The course of the resulting scores for all 100 individuals is shown in Figure 7, which is a graphical representation 
of the table in Figure 5. 

 

Figure 7 | Score graph for 100 individuals 

Note. Image simulation source 

Figure 8 shows the state of  the sum of  individuals according to a certain score, which in our case is in column 
B111: B141 and in the time intervals t0–t20. The expected numbers of  the EC are obtained as the sum of  
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individuals who have a score level in the matrix R less than 5 (chosen for this case). 

 

Figure 8 | Number of  individuals by score 

Note. Image simulation source 

Figure 9 shows the calculation of  individuals for whom the calculated score level is less than 5. The numbers 
of  the diseases at times t0–t20 are in the line "Result." 

 

Figure 9 | Calculation of  expected model frequencies 

Note. Image simulation source 

In this paper, the consensus of  the suitability of  the achieved model with the EC frequencies was calculated 
using the Kolmogorov–Smirnov (K–S) test. As in the case of  simulating the model frequencies, the individual 
critical values and the value of  the testing criterion are recalculated in this case. Critical values are calculated for 
significance levels α = 0.05 and α = 0.01. Figure 10 shows the calculation of  the testing criterion and the critical 
values for a given particular simulation. 
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Figure 10 | Calculation of  the test criterion as well as the critical values of  the K–S test 

Note. Image simulation source 

Figure 11 It shows the experimental frequencies of  the disease and the expected frequencies, which represent 
a theoretical model. This figure shows to what extent the empirical frequencies correspond to the given model, 
that is, expected frequencies in a given simulation. 

 

Figure 11 | Comparison of  expected and experimental frequencies 

Note. Image simulation source 

Calculation of  a Suitable Model for the EC From a Continuous Exposure Source of  Infection 

In this case, (Supplementary Information-2, EXCEL file ECCSI, spreadsheet MS) as in the previous one, it is 
a matter of  achieving an agreement between the experimental frequencies, which are given by the fact (disease) 
and expected frequencies, calculated using the given model (Figure 12). 
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Figure 12 | EC from a continuous exposure source of  infection 

Note. Image of the EC from the Web 

In this case, for simplicity, the procedure for calculating the expected frequencies is not explained as their 
calculation is essentially the same as the calculation explained in the previous example; it is just a different type 
of  disease. The state of  experimental and expected frequencies is shown in Figure 13. 

 

Figure 13 | Model for continuous exp. source of  infection 

Note. Image simulation source 

Calculation of  a Suitable Model for the EC From a Discontinuous Source of  Infection 

In the latter case, (Supplementary Information-3, EXCEL file ECNCSI, spreadsheet MS) we only mention the 
type of  disease (Figure 14) and one of  the possible solutions of  the concordance of  experimental and expected 
frequencies (Figure 15). In this case was used the time intervals t0–t40. 
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Figure 14 | EC from non-continuous exp. source of  infection 

Note. Image of the EC from the Web 

 

Figure 15 | Model for non-continuous exp. source of  infection 

Note. Image simulation source 

DISCUSSION 

Generally, it is necessary to compare this proposal with a reality that should be correctly understood and 
analyzed in depth when proposing any mathematical expression of  reality. The correct number and type of  
parameters in the model will ensure simple and comfortable work with it in terms of  predicting the extent and 
course of  the infection and their suitability, which more or less modify it and bring it closer to reality. The 
validity of  a mathematical model is based on deep knowledge of  the origin, transmission, and causative agents 
of  the disease (pathogens) and the whole complex of  conditions that both infected and susceptible organisms 
must meet [1]. This is a constant work based on understanding the real world, choosing a suitable model, or 
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designing another model, that is, virtual reality [3]. In the above-mentioned cases, it is possible to extend the 
solution and perform the stratification of  the population, that is, to assign a certain range of  a given score to a 
certain group, which represents the fact that, in another part of  the population, there are individuals with 
different levels of  immunity. It is also possible to combine multiple distributions, which represent attacks by 
several diseases, but limits would have to be set, either randomly or firmly, to determine the manifestation of  
the disease. It is also possible to change the size of  the immune score depending on the time or time points. 
The effect of  the disease (its rate of  spread in the body) in individuals could be stated by the steepness of  the 
normal distribution represented by the infection; for example, in the normal distribution, by changing the SD 
(σ), we determine the change in its steepness and the more intensive taking of  the score from the individual. 
Furthermore, it is necessary to maintain a balance between the scores assigned to the individuals, which 
represent immunity, and the scores representing infection, or their combination and the setting of  limits for 
determining the disease manifestation. In the described examples, the model uses 400 (100 individuals’ times 4 
parameters for each individual) parameters that can be changed and it is possible to generate additional n that 
better describe the behavior of  the disease through the epidemiological curve. Other types of  distribution, such 
as t-probability distribution, F-probability distribution; Erlang's probability distribution; Chi-square probability 
distribution can be used to describe the disease and immunity; and much known more. Compared to the SIR 
model, this idea may be too complicated, but it allows the creation of  a more complex model by adding, 
removing certain parameters, and most importantly, this idea is suitable for creating a simulation.  

CONCLUSIONS 

From the preliminary results of  the calculation for this type of  EC, it can be stated that the newly proposed 
model could be more suitable because it permanently confirms the agreement of  experimental and expected 
frequencies. However, the way to solve this problem is only an introductory idea (theoretical idea), which would 
need to be tested in real life using a more complicated and complex mathematical and computational apparatus. 
In this study, the solution, in the case of  functioning, could be part of  a more complicated model of  the disease, 
which includes more factors. It would be good to check if  the given way of  thinking works. In conclusion, it is 
necessary to highlight that this study presents only the basic idea of  the solution. For all types of  diseases, files 
of  their solutions were created in Excel file, which are attached to the paper. After pressing the F9 key, a new 
simulation of  values arises. The EC from a discontinuous source of  infection (Figure 14) is very similar to the 
curve of  COVID-19 at present. If  this idea is appropriate, it would be good to develop this approach to dealing 
with the current pandemic situation. 

Abbreviations: Susceptible-Infected-Removed (SIR); Differential Equations (DE); Epidem Curve (EC); 

standard deviation (SD, σ). 
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