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  Abstract 
This paper introduces some elements of mathematical modeling to show sus-
pected, recovered and deceased COVID-19 patients, and the chains adopted in 
deploying operations around the world, and it is still not definitively known when 
people acquire long-term immunity, but the formulation of proposed models for 
probability distributions allows for the definition of the finite difference scheme. 
Non-standard, some graphical results have been presented to some carefully se-
lected countries. The results showed that health safety plans and isolation of in-
fected and suspected humans, in general, is the only way so far that can reduce the 
risk of the spread of this epidemic in the near future, and also through statistical 
analysis using fitted models that revealed a high and unstable exponential growth 
of the number of confirmed cases. And deaths and cases that responded to treat-
ment based on the results of experimental COVID-19 predictions, and it is ex-
pected that the number of infected cases and daily deaths will stabilize after the 
measures taken by most countries, and this situation will continue until the largest 
number of people are vaccinated in order to obtain herd immunity, and control the 
causes. As the epidemic spreads like human gatherings and contact, the results of 
this work will be useful to practitioners in various fields of theoretical and applied 
sciences. 
 
Keywords 
Probability Distributions, Normal Distribution, Lognormal Distribution, Rayleigh 
Distribution, Exponential and Gamma Distribution, Generating, Algorithm, Mod-
eling, Epidemic, Estimation Methods, COVID-19 

 
1. Introduction 

The history of statistics in the modern sense dates from the mid-17th century, with the term probability and statistics 
itself coined in 1749 in German, although there have been changes to the interpretation of the word over time. A con-
tinuous random variable is one that is measured on a continuous scale. Abraham de Moivre’s (1667-1754) first work in 
probability density function and cumulative distribution function of continuous random variables and described the nor-
mal distribution in 1733. In 1812, Pierre de Laplace (1749-1827) introduced a host of new ideas and mathematical tech-
niques in his book, “Théorie Analytique des Probabilités” [1]. 

Before Laplace, probability theory was solely concerned with developing a mathematical analysis of games of chance. 
Laplace applied probabilistic ideas to many scientific and practical problems. The theory of errors, actuarial mathematics, 
and statistical mechanics are examples of some of the important applications of probability theory developed in the l9th 
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century [1]. 
Statisticians are constantly developing many statistical methods now for use in medical studies in pathology, which are 

concerned with studying a disease and knowing the degree of its spread in certain areas, the rate of infection and the rate 
of cure. 

The models describe the various probability distributions related to the epidemiological spread data represented by the 
adopted model, and its predictions mainly related to the random mean, making it necessary to analyse the spread phe-
nomena using approved statistical methods which in most cases can be satisfactorily describing changes in the propaga-
tion parameters of the phenomenon in time and space by means of known statistical distributions; Which is known for the 
basic characteristics of the probability distributions most used in statistical studies of the spread of epidemics by using 
the statistical information related to the prevalence modelling from the use of available data to predict the performance 
parameters of the estimated systems of the general model using a step-by-step procedure in order to approximate the 
complementary cumulative distribution by means of complementary cumulative distribution. 

The data accumulated from the experiment showed that the information on modelling the spread of epidemics using 
average values describes the changes of the spread parameters in time and space in a satisfactory description by means of 
known statistical distributions, which are sufficient to characterize the performance of the epidemiological model systems 
and must also take into account the changes in time and place and the procedural precautions taken. 

The dynamic behaviour of the phenomenon of the spread of epidemics and their causes plays a set of interfering ele-
ments in the processes of injuries and plays a decisive role in analysing the reliability of preventive systems, and in 
choosing system parameters that define the range of changes in the phenomenon of the spread of the epidemic in order to 
be able to determine the parameters of the adopted model to track changes in this situation, such as the pattern of protec-
tion ratio from interventions, prevention measures and treatment method. 

To describe the performance of prevention and treatment systems, it is often sufficient to note the time series of fluc-
tuations in the spread of the epidemic, the results of prevention and treatment, and characterize these fluctuations as a 
random process. 

The data modelling associated with ophthalmology, the variability of its prevalence, and the prediction of the per-
formance of the model systems for prevention and treatment change from one country to another also require knowledge 
of the mechanisms of interaction between the procedures adopted in each country, and the composition of the results of 
the adopted model and its predictive state change a lot according to the place and time, and therefore the modelling of 
interactions is required. 

Mathematics provides mathematical models useful for understanding the behaviour of infection as it enters society and 
for investigating conditions that will be eliminated or persistent. Now, COVID-19 is a major concern for researchers, 
governments and all people due to the high prevalence of infection and the large number of deaths that have occurred. In 
December 2019, COVID-19 was first reported in Wuhan, China, and it is an infectious disease caused by the newly dis-
covered Coronavirus. The virus that causes COVID-19 is primarily transmitted through droplets generated when an in-
fected person coughs sneezes or exhales. These drops are too heavy to be suspended in the air and to fall quickly onto 
floors or surfaces. The number of confirmed cases of COVID-19 has reached nearly four million in 187 countries, and 
nearly 295,000 people have died from this virus [2]. 

The ophthalmology uses statistical methods in order to distinguish the various physical parameters for each case that 
describe through the parameters that have been evaluated, that determine the behaviour of the epidemic signal and the 
interactions between infection processes and the data of the cases that have been treated, and that link these parameters 
between them, and may provide background probability distributions. Common statistical methods for predicting preva-
lence and prevention outcomes resulting from the approved data, and in determining the results associated with them. 
Stigler shows how statistics arose from the interplay of mathematical concepts and the needs of several applied sciences 
[2]. He addresses many intriguing questions: How did scientists learn to combine measurements made under different 
conditions? And how were they led to use probability theory to measure the accuracy of the result? Why were statistical 
methods used successfully in several applied sciences? 

2. The Probability Distribution Model 
During an infectious disease outbreak, biases in the data and complexities of the underlying dynamics pose significant 

challenges in mathematically modelling the outbreak and designing policy [2]. The random processes are often described 
by the probability density function, and in other cases in terms of the cumulative distribution function, and the probability 
density function p(x) for the random variable X, so that the probability value for the random variable representing the 
phenomenon to take the value of x in the infinitesimal interval Between x and x + dx, p(x) is dx, and the result is given in 
terms of the cumulative distribution function denoted by the symbol F(x), and represents the probability that the variable 
will take a value less than x, and the relationship between the probability density function and the cumulative distribution 
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function is shown, and as follows: 

[ ]( ) ( )dp x F x
dx

=  or ( ) ( ) d
x

c

F x p t t= ∫                               (1) 

Where: c is the minimum value that t can take. 
The situation is similar for probability, except instead of calling it a mass density, we call it a probability density. The 

function that describes the probability density is called a probability density function (pdf), denoted by ( )Xf x .  
Thinking carefully about the sand in the aquarium, one can see that probability density, i.e., the probability per unit 

change of the random variable can be expressed mathematically as; 

( ) [ ]
0

limX x

P x X x x
f x

x∆ →

≤ ≤ + ∆
=

∆
                                  (2) 

Probability density functions can take a variety of shapes. These are in fact two important properties of all pdfs; 
1. ( ) 0Xf x ≥  

2. ( ) 1Xf x
+∞

−∞
=∫  

The first one says that the “sand mass per unit length”, i.e., the probability per unit random variable, must be 
non-negative; this is a restatement of the first axiom. The second one says that the total “mass of sand”, i.e., the total 
probability, must be 1; this is a restatement of the second axiom. 

Probability evaluation using pdfs is just like mass evaluation using the mass density function. To see this in a more ri-
gorous fashion, let’s return to the definition of a pdf in equation (2). Multiplying both sides by x∆ , we obtain; 

( ) [ ]
0 0

lim limXx x
f x x P x X x x

∆ → ∆ →
∆ = ≤ ≤ + ∆  or ( ) [ ]

0
limX x

f x dx P x X x x
∆ →

= ≤ ≤ + ∆  

We can lift this requirement, letting x∆  be as large as we like, by summing the corresponding products on the left 
hand side through integration; 

( ) [ ]
x x

X
x

f x dx P x X x x
+∆

= ≤ ≤ + ∆∫                                 (3) 

Letting x a=  and x x b+ ∆ =  be any two real numbers, then [ ] ( )
b

X
a

P a X b f x dx≤ ≤ = ∫  . 

Since the interval a X b≤ ≤  corresponds to an event, equation indicates that the probability of this event may be 
computed as the area under the curve of the PDF in the interval. As a consequence of the fact that for continuous random 
variable, [ ] 0P X x= = , the interval of integration may be closed or open, i.e.; 

[ ] [ ] [ ] [ ]P a X b P a X b P a X b P a X b≤ ≤ = < < = ≤ < = < ≤  

This is not the case if the random variable is of the mixed type, i.e., if it contains some discontinuities so that it is par-
tially discrete. In this case, we use; 

[ ] ( )
b

X
a

P a X b f x dx< ≤ = ∫                                      (4) 

We are frequently interested in the case where the lower bound is −∞ a the upper bound is finite, say b, because this is 
just the probability that the random variable is less than or equal to b, i.e; 

[ ] [ ]P X b P X b−∞ ≤ ≤ = ≤                                     (5) 

3. Types of Models of Probability Distributions 
There are models that have a mathematical background that the researcher uses in order to predict results in specific 

situations when the conditions necessary to calculate the probability of each outcome are met, predict the average of 
long-term results, and estimate the variance in the results of random variables that represent the target phenomenon 
without the need to obtain all results.  
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The actual random variables that he is interested in studying, and for generalizing the results of the limited analysis to 
broader behaviors, which is a guide used to fit a random variable in order to generalize the behavior of the studied phe-
nomenon, and in this way it helps the researcher to save time and money and reach more reliable results. 

There are many models of probability distributions for different situations, and the main point is that the researcher 
must select the appropriate model that fits with the available data, facilitate the initial modeling process for this data, ex-
plain what he is trying to understand, and study using different assumptions so that the results of the model have the cor-
rect probabilities, and test the model and checking it against the real data of the random variable, but there are different 
types of random variables, the most important of which are: 

3.1. The Extended Normal Distribution Model 
This distribution applies to data that can be represented by a continuous variable with any algebraic sign. The probabil-

ity density is of the type: 
p(x) = e–T(x)                                          (5) 

Where T(x) is a non-negative quadratic polynomial, so if we use as the parameters of the mean m and the standard de-
viation σ, then p(x) is written in the following usual way: 

21 1( ) exp
22

x mp x
σσ π

  −= −  
   

                                 (6) 

Subsequently:  
21 1 1( ) exp d 1 erf

2 22 2

x t m x mF x t
σσ π σ−∞

     − −−= = +             
∫                  (7) 

Where 
2–

0

2erf ( ) e d
z

tz t
π

= ∫ . A normal distribution is encountered when the studied magnitude values are the result 

of the additive effect of several random causes, each of which is of relatively little significance. The connected lines 
represent the functions p(x) and F(x) where m is equal to zero and σ equals the integer one in the case of the tabular 
standard distribution, which expresses the correspondence between x, and F(x) for some approximate values of x or F(x), 
as well as the cumulative normal distribution. F(x) in abbreviated form is for the same condition. In complex cases, the 
stretched distribution can be used with a greater number of parameters, and mixture models can be adopted [3]. 

3.2. The Extended Lognormal Distribution Model 
It is the distribution of a positive variable in which the logarithm has a normal distribution. Then, we can directly write 

the probability density function and the cumulative distribution function as follows: 
21 1 1 ln( ) exp

22
x mp x

x σσ π

 − = −  
   

                           (8) 

Subsequently: 
2

0

1 1 1 ln 1 ln( ) exp d 1 erf
2 22 2

x t m x mF x t
t σσ π σ

   − −  = − = +             
∫               (9) 

However, in these two equations m and σ are the mean and standard deviation of the logarithm of the variable x and 
not of the variable x itself. In comparison with the normal distribution, it can be considered that the logarithmic normal 
distribution means that the numerical values of the variable are the result of several causes of little single importance, but 
with a multiplier effect. In particular, the mean value, the median value, and the most probable value (usually called the 
mode) are not the same, and the characteristic quantities of the numerical variable x are as follows: 

1. Most probable value: exp (m−σ2) 
2. Average value: exp (m) 

3. Average value 
2

exp
2

m σ 
+ 
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4. RMS value ( )2exp m σ+  

5. Standard deviation: ( )
2

2exp exp 1
2

m σ σ
 

+ − 
 

 

In the advanced cases, the stretched distribution can be used with a greater number of parameters, and mixed models 
can be adopted [4]. 

3.3. The Extended Rayleigh Distribution Model 
The Rayleigh distribution applies to a positive continuous variable, and it is related to the normal distribution consid-

ering that there is a two-dimensional normal distribution of two independent variables y and z with a mean of zero and 
the same standard deviation σ and therefore the random variable x is as follows: 

2 2x y z= +                                       (10) 

This random variable has a Rayleigh distribution. The most probable value of x is. The Rayleigh distribution repre-
sents the vector length distribution, which is the sum of a large number of isotropic vectors whose phases have a uniform 
distribution. The probability density function and the cumulative distribution function are given by: 

2

2 2( ) exp
2

x xp x
σ σ

 
= − 

 
                                  (11) 

Subsequently: 
2

2( ) 1 exp
2
xF x
σ

 
= − − 

 
                                  (12) 

The distinct values of the variable are as most probable value 𝑏𝑏
√2

; middle value: 𝑏𝑏
2
 ln2 ≈ 0.833b, average value 𝑏𝑏

2 √π 

≈ 0.886b, RMS value: b, and Standard deviation 𝑏𝑏�1 − π
4� 𝑏𝑏�1 − π

4�  ≈ 0.463b. 

The Rayleigh distribution is often used close to the origin, that is, for low values of x. In this case, it will be: 

 𝐹𝐹(𝑥𝑥) ≈ 𝑥𝑥
𝑏𝑏2

2
                                             (13) 

In the advanced cases, the stretched distribution can be used with a greater number of parameters, and mixed models 
can be adopted [5]. 

3.4. The Extended Exponential and Gamma Distribution Model 
In contrast to the previous distributions that are related to the generalized Gaussian distribution, the distribution of the 

generalized exponential distribution stems from a generalized gamma distribution, which constitutes a generalization to it. 
It is applied to an infinite positive variable, and the probability density function i 

1( ) e
( )

xp x x
ν

ν αα
ν

− −=
Γ

                                     (13) 

Γ is the Euler function of the second degree. This distribution depends on two parameters α and ν. However, α is only 

a parameter of the variable x. The characteristic values of the variable are the Median value 
ν
α

, RMS value
(1 )v v
α
+

, 

and standard deviation v
α

. The cumulative distribution of the gamma function complementary to small values shows 

that there is little chance that the variable x is much greater than zero. This explains in particular the use of the gamma 
distribution to represent the rates of increase in the spread of the epidemic since the total percentage of the time of the 
acceleration of the spread of the epidemic generally ranges between 2 and 10%. In the advanced cases, In complex cases, 
the stretched distribution can be used with a greater number of parameters, and mixture models can also be adopted [6], 
[7]. 
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4. Estimation Algorithm for Generating Predictive Values 
It is noted from the approved probability models that there is a correlation between them, and for this it is possible to 

think of building an algorithm that starts from the first step and then moves to a later step aimed at the last to approximate 
the complementary cumulative distribution by means of a complementary cumulative distribution according to an algo-
rithm, and in order to clarify the idea We build the algorithm on the log-normal distribution, as follows [8]: 

2

0

1 1 1 ln 1 ln( ) exp d 1 erf
2 22 2

x t m x mF x t
t σσ π σ

   − −  = − = +             
∫  

Alternatively, likewise: 
ln

21( ) exp d
22

x m

tF x t
σ

π

−

−∞

 
= − 

 
∫  

Likewise, a lognormal complementary cumulative distribution is defined as follows: 
21 1 1 ln 1 ln 1 ln( ) exp d erfc 1 erf

2 2 22 2 2x

t m x m x mG x t
t σσ π σ σ

∞    − − −    = − = = −                 
∫  

Alternatively, likewise: 
2

ln

1 ln( ) exp d
22 x m

t x mG x t Q

σ

σπ

∞

−

  − = − =   
  

∫  

Where ( ).Q  is the integral of the natural complementary cumulative probability [9]. Estimate the parameters m and 
σ can from a set of n pairs of (xi, Gi) as follows: 

The natural logarithmic parameters m andσ are estimated as follows: 
Step 1: Create a set of n pairs of (xi, Gi) where Gi is the probability that xi exceeds. 
Step 2: Convert the set of n pairs from (xi, Gi) to (ln xi, Zi) where: 

( ) ( )1 12 erfc 2 2erf 1 2i i iZ G G− −= = −  Equivalent ( )1
i iZ Q G−=  

( ) ( )1 12 erfc 2 2erf 1 2i i iZ G G− −= = −  Equivalent ( )1
i iZ Q G−=  

Step 3: Determine the two variables m  and σ  grant them during the least squares matching procedure of the linear 
function: 

ln i ix Z mσ= +  

As follows: 

1 1 1
2

2

1 1

ln ln
n n n

i i i i
i i i

n n

i i
i i

n Z x Z x

n Z Z
σ = = =

= =

−
=

 −   

∑ ∑ ∑

∑ ∑
 

1 1
ln

n n

i i
i i

x Z
m

n

σ
= =

−
=
∑ ∑

 

5. Mathematics Models Designed to Track the Spread of COVID-19: 
Mathematical models designed to track the spread of infectious diseases have been clarified, and with great reliance on 

available data to predict the probability of the spread of diseases around the world, which is caused by the COVID-19 
[10], in the first days of the spread of a new virus, when reliable data are still scarce, researchers resort to Mathematical 
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models that can predict the path of spread and the consequences thereof through computer models that adopt program-
matic statistical equations, and through which they calculate the probability of disease transmission from infected people 
to others, and from one region to another, and through modern computing capabilities, researchers can quickly include 
multiple inputs in these models, such as the ability of a specific disease to transmit from one person to another, and the 
movement patterns of air and land travelers among those likely to have the disease. 

During the second semester of the spread of the COVID-19 epidemic, statistician Sally Cripps from the “University of 
Washington” built a prediction model that they called HIME [10]. The aforementioned model relied on predicting what 
the epidemic curve would look like when new foci appear in new areas in the United States of America, and the Ameri-
can model relied on a few variables, including social measures of divergence, assuming that the epidemic conditions in 
some states will be similar with conditions in the states that record new infections. The model was also fed mainly from 
Chinese data, especially since China imposed harsh measures and applied social distancing strictly and for long periods. 

Sally Cripps explicitly acknowledged that his results were imprecise, as the analysis found that some of the model’s 
predictions were underestimated, indicating that she feared that lack of accuracy would undermine public confidence in 
science. Krebs pointed out that “it is not possible to rely on this model or other in major political decisions”. 

The following are a number of graphs that represent the cases of the spread of the epidemic, taken from the website 
(https://covid19.who.int/table). The model requires a set of variables, including data on disease prevalence, number of 
infected people, and time of endemicity of the epidemic in each country. These models show the differential links be-
tween the various variables that affect and are affected by the developments in the data of this epidemic, and the output of 
the model equation appears with a result that predicts the stability of the spread process, and its subsequent contraction 
until the end of the epidemic and the possibilities of controlling it. The attached graphics show the chain of spread, and 
the expectations have shown by each case and in each country referred to regarding ending the COVID-19 epidemic in a 
number of countries (see Figure 1): 

 
Figure 1. The number of cases in the world. 

The rapid spread of the epidemic in the United States of America was very fast, and it caused loss of life despite the 
economic and social capabilities that this country possesses, and it ranked first in the number of injuries and the number 
of deaths resulting from that(see Figure 2). 
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Figure 2. The number of cases in the USA. 

It is also noticed that the epidemic in Britain spread rapidly, especially after the emergence of a new, modified series, 
and it caused loss of life, and a faster spread appeared, despite the approved health protocols, whether it was the closure 
of gatherings between individuals, or the precautions for social distancing, and it occupied the first ranks in the number 
of deaths per population (see Figure 3). 

 
Figure 3. The number of cases in the United Kingdom. 

It is also noticed that the epidemic in China accepted severe precautionary measures, and this allowed the state to con-
trol the spread of the epidemic despite the population, and the epidemic spread rapidly in the beginning, and it was con-
trolled during the first three months after the announcement of the first cases that appeared in the first epidemic focus 
discovered, and he returned the curve to its natural shape despite the emergence of regressive jumps of the spread of the 
epidemic in special cases after the emergence of a new chain, and the closure of gatherings between individuals, or the 
precautions for social distancing and government strictness had positive results at the expense of the natural movement 
between the population (see Figure 4). 
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Figure 4. The number of cases in the China. 

It is noticed that the epidemic has spread in the three Arab countries (KSA, Egypt, and UEA). The epidemic has spread 
at a close pace despite the differences between these countries and the strict precautions that have been adopted regarding 
the movement of movement and movement to these countries, and the announced figures indicate that the epidemic has 
accepted severe precautionary measures. This allowed these countries to have reasonable results for other countries in the 
world, and the epidemic spread rapidly in the beginning, and it was controlled during the first six months, and the closure 
of gatherings between individuals, or the precautions for social distancing and governmental strictness had positive re-
sults (see Figures 5, 6 and 7). 

 
Figure 5. The number of cases in the KSA. 
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Figure 6. The number of cases in the Egypt. 

 
Figure 7. The number of cases in the UEA. 

Although the model that was built could change its inputs and update the basic data using the new data, the researchers 
were not able to reach the results of the dates of the end of the pandemic in each country, and for this it can be observed 
through the selected figures for the seven countries as a sample of the world, it is clear that there are differences in The 
spread of the epidemic, and also the consequences of it, whether the number of deaths, or the speed of spread, and this is 
due to the type of political systems, and the possibilities available in each country, and the method of prediction and its 
guesses is always confirmed according to the accuracy of this mathematical model. 

6. Findings and Recommendations 
The World Health Organization indicates that the epidemic is “Is far from finished”, and humans may have to live with 

some restrictions adopted for a period of two years or more to keep the COVID-19 under control, especially after the 
emergence of new strains of the COVID-19 to the announcement of new closures in various Countries around the world, 
and these measures have so far been able to limit the spread of infection, and expectations indicate that closure and sepa-
ration measures will continue despite the emergence of vaccines, and large experiments on vaccines will continue and 
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improve, and people must continue to wear masks, follow hygiene rules and maintain spacing. 
A team of epidemiologists expects the spread of the new COVID-19, and experts have highlighted that the virus will 

spread for up to two years until herd immunity develops among the population of societies, and they base their expecta-
tions on these projections on models provided by research centers such as those at Washington University and the Im-
perial College in the capital, Britain, London, whose figures showed that the virus will cause the death of millions. 

That is why everyone should prepare for a large-scale transmission of infection and not be complacent, otherwise, the 
virus may come back, and the solution available so far is strict preventive measures that must be taken by most countries 
of the world, starting with the closure of regions and cities and ending with the suspension of studies and preventing ga-
therings, and continuing with vaccinations for the largest number possible from the segments of society, especially the 
vulnerable groups, until reaching the herd immunity for society, until the community reaches the herd immunity, and 
continuing to develop mathematical models that predict the map of the spread of the Corona of all kinds and the conse-
quences of it. 
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