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The aim of this study is to predict the COVID-19 infection fifth wave in South Africa using the Gaussian mixture model for the
available data of the early four waves for March 18, 2020-April 13, 2022. The quantification data is considered, and the time unit is
used in days. We give the modeling of COVID-19 in South Africa and predict the future fifth wave in the country. Initially, we use
the Gaussian mixture model to characterize the coronavirus infection to fit the early reported cases of four waves and then to
predict the future wave. Actual data and the statistical analysis using the Gaussian mixture model are performed which give
close agreement with each other, and one can able to predict the future wave. After that, we fit and predict the fifth wave in
the country and it is predicted to be started in the last week of May 2022 and end in the last week of September 2022. It is
predicted that the peak may occur on the third week of July 2022 with a high number of 19383 cases. The prediction of the
fifth wave can be useful for the health authorities in order to prepare themselves for medical setup and other necessary
measures. Further, we use the result obtained from the Gaussian mixture model in the new model formulated in terms of
differential equations. The differential equations model is simulated for various values of the model parameters in order to
determine the disease’s possible eliminations.

1. Introduction

The coronavirus has been considered a big loss to humans in
both morbidity and mortality. Many countries around the
world suffered from the COVID-19 infection and with
restrictions such as lockdown, the economy especially of
the less developed countries badly suffered. With the passage
of time after the initial cases were reported in China, the
infection spreads around the world, and later, with muta-
tions of the newly developed variant of the virus, the world
faced once again the virus with a large number of infected
and death cases. South Africa also faced the new variant of
COVID-19 which is named to be Omicron discovered by the
South African scientists at the end of November 2021. With
the discovery of the new variant and its fast spread, the num-

ber of cases has increased in the population. The country once
again makes some recommendations to curtail the virus, and
many countries suspended their flights to South Africa which
is a big loss to their economy due to tourism. Observing the
fourth wave of COVID-19 in South Africa, the cases are now
beginning to increase, and due to the winter season, there
may be the possibility of the fifth wave.

2. Literature

Mathematical and statistical modeling is widely used by the
researcher to study infectious diseases and determine the
prediction of the cases and invoke the health authorities to
make proper recommendations regarding the new cases. It
can be observed that infected cases early reported in China
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FIGURE 1: Data versus model fitting using the Gaussian model for the time period March 18, 2020, to April 13, 2022.

and its predictions have been done in mathematical and sta-
tistical ways to determine the possible infection cases and
eliminations as well as the peak of the infection curve. The
mathematical and statistical modeling has been used by
researchers to study different physical problems arising in
engineering and scientific areas, see [1-3], in disease epide-
miology [4-6], application to ocean engineering, [7, 8] etc.
The mathematical modeling focusing on the COVID-19
infection using different approaches has been done. Due to
the vast literature on COVID-19, we highlight some of the
recent work related to this infection. For example, the model
with a time delay with a stochastic environment has been
presented in [9]. Using the fractional modeling approach
with the singular and nonsingular kernel has been studied
in [10]. The fractional model in Caputo sense has been used
to formulate the COVID-19 infection in [11]. The roles of
the media campaign in the modeling of COVID-19 are dis-
cussed in by the authors in [12]. The future case prediction
of COVID-19 in China is discussed in [13]. The authors
considered the initially reported cases of the COVID-19
infection and studied their dynamics through a mathemati-
cal model [14]. How the COVID-19 infection can be mini-
mized using the optimal controls has been studied in [15].
The fast transmission of the COVID-19 virus among other
healthy individuals and its quarantine and other dynamical
features have been discussed in [16]. Most of the countries
of the world face this infection and reduce the possible
spread by making lockdown, which is important prevention
for the COVID-19 disease and has been studied mathemat-
ically by the authors in [17]. A disease control investigation
in Italy and France is suggested in [18]. COVID-19 infection
in Nigeria has been studied by the authors in [19]. For more
interesting work on COVID-19 using quarantine and isola-
tion, robust analysis, etc, see [20, 21]. Some recent literature
on COVID-19 infection has been suggested in [22-26]. For

example, the authors in [22] determine the contributor fac-
tor of the COVID-19 deaths is the NO,. Using deep machine
learning, the authors studied the nexus among COVID-19
deaths, air pollution, and economic growth in New York
City [23]. The authors considered the case of atmospheric
pollutants as confounders to COVID-19 lethality has been
discussed in [24]. The relationship between air pollution
and COVID-19-related deaths and their application to the
three French cities have been discussed in [25]. A machine
learning approach has been utilized to study the economic
growth, air pollution, and COVID-19 deaths in India which
has been studied in [26].

The purpose of the present work is to use the Gaussian
modeling approach and ordinary equations modeling
approach to study the infection of COVID-19 in South
Africa. The disease data especially the COVID-19 infection
have many waves, and it is difficult to fit well direct into
mathematical model formulated in ordinary differential
equations and hence difficult to determine the future wave
of the infection. So, this paper will focus to study the data
of initial waves by using the Gaussian mixture model to find
fitting to the data, and then, we will use that fitting equation
in our differential equation models to study the future trend
of disease spread and its eliminations and also the prediction
of next waves. This is an entirely new idea of using the
Gaussian mixture model and then using differential equation
modeling. First, we use the initial confirmed cases of
COVID-19 of the fourth waves of South Africa and present
the data fitting using the Gaussian mixture model. Then,
we present individual wave fitting and discuss its result.
We predict the future fifth wave in the country on the basis
of the fourth layer and determine some useful information
about their starting and ending period and also the occur-
rence of the peak of the infection. We also use the ordinary
differential equation modeling approach as an application to



BioMed Research International

1.8 4 -

1.6 4 -

14 4 -

1.2 4-

0.8 4 -

0.6 1 -

04+ -

024 -

0 50 100

150 200 250 300

t

FIGURE 2: Graphical representation of the Equation (3) for the selected values of the parameters, p =2, m = 150, and o = 25.
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FiGgure 3: Sample of the Gaussian functions obtained from (3).

omicron variant which presents the disease elimination
results with the sensitive parameters. Insuring from the work
in [27] which has been done for the Poland cases and their
analysis was very nice for prediction of the future waves.
We use the same approach given in [27] to predict the fifth
layer of infection in South Africa. The epidemic model has
been added as a supplement to study the individual behavior
of each compartment. The rest of the work has been organized
as follows: a brief literature review is given in Section 2. Section
3 explores the details of the formulation of the Gaussian mix-
ture modeling and discusses the data fitting to the early cases.
The mathematical or statistical procedure to determine the
future layer is discussed in Section 4. Discussion on the fifth

wave and its finding with detailed analysis is given in Section
5. The omicron epidemic model and its formulation and the
numerical simulation are done in Section 6. Section 7 finally
discusses the main achievement of the paper.

3. Proposed Model

We assume that there are total N Gaussian waves. Let us
write a mixture Gaussian function with the help of

Y(t)=B, + Bt + iwje*((”mf)z’z"?), (1)
=i
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FIGure 5: Simulation of the Gaussian model using real data to determine the future fifth wave in South Africa.

where B, and B, are constants that, respectively, determine
the initial number of cases and the rate of change of the cases
in the initial phase, e is the exponential functions, w;, m;,
and o) respectively, denote the weight, mean, and the stan-
dard deviations of the jth Gaussian wave, and the values of
these contacts can be determined using the curve fitting.
This general Equation (1) possesses all the possible informa-
tion of N Gaussian waves. The present, previous, and future
waves can be predicted with the model (1). Model (1) deter-
mines the nature of the disease and its decay after some time.
The peak of the infected cases, the number of cases each day,

and the end of the pandemic can also be determined. This
model is well known and is usually used to predict the
dynamics of an infectious disease with the available data
and predict the future prediction of the disease. Taking
N =4, we get the following:

Y, (t) =54 + £ + 14690¢((7107300) 1 9g5p¢=((1-268)"/250)

+ 254500 ((1-482)7/520) | 5000 ,~((1-640)/650)

(2)
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FIGURe 6: Simulation results of the model (14) with various values of f3.
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FiGure 7: Continued.
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F1GURE 7: Simulation results of the model (14) with various values of &.

Figure 1 shows the comparison of Equation (2) with the
real data of South Africa. The cases of coronavirus in South
Africa from 18/03/2020 till 03/04/2020 are considered (see
[28]). In South Africa, the COVID-19 infection began since
18/03/2020 and the first wave and end on September 2020,
where the high number of cases were reported to be 13373.
Similarly, the other waves and its details of the peak is given
in Figure 1.

4. Estimations of the Future COVID-19 Wave

This section particularly focuses to determine the future
COVID-19 wave in South Africa. We determine the maxi-
mum value of COVID-19 in a future wave. An explanation
of the approach is given in detail to measure the mean, stan-
dard deviations, and peak value of the Gaussian wave by
using its sample values.

4.1. Estimation of Mean, Standard Deviation, and the Peak
Value of a Gaussian Wave. One can write the Gaussian func-
tion in the following form:

X(l’) :we—((t—m)Z/ZUz), (3)

where w is the height, m is the mean, and o is the standard
deviation of the Gaussian wave given by (3). The graphical
representation of Equation (3) is shown in Figure 2. We have

some samples of X () shown in Figure 3 that will help us in
the estimations of w, m, and o. Using Equation (3), we get

X(tl) — we—((tl—m)zlwz))
X(tz) — we*((fzfm)Z/ZO‘z))

X(t:;,) — we—(([3—m)2/20‘2).

The solution of Equations (4)-(6) can give the expres-
sions for w, m, and o given by

(t% - tf) log, (X(£,)/Y(t3)) - (t§ - t%) log, (X (t,)/X(t;))
2((t, = 1) log,(X(t,)/X(t3)) = (t; = t,) log,(X(#,)/X(t,)))

>

(- 2m) (- 1)
7= 2log,(X(t))/X(ty))

X(t)) +X(t,) + X(t3)

w= .
e—((tl—m)z/Zaz) +e—((t2—m)2/202) +e—((t3—m)2/202)

©)

One can get the value of w by substituting the value of m
and o from Equations (7) and (8), respectively, into Equa-
tion (9). These three samples are enough to get a Gaussian
wave.

5. Prediction of the Fifth Wave

The prediction of the fifth wave is very important for any
country in order to prepare themselves to tackle the infected
cases with care. The important question for any country
regarding the upcoming wave of COVID-19 is when will it
occur and when it will reach its peak. If such information
is available to the government, then they take action to
arrange proper arrangements for hospitals to better handle
the infected cases. It can be observed from (1) that any sam-
ple of Y(¢) with the recent cases can give better information
about the details of the coronavirus infection. It is due to the
fact that Y () possesses the cases of the present wave and the
coming wave. Another useful piece of information about this
function is that it is away from its mean value, so, it can be
considered that the present waves of infection are available
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FiGURE 8: Simulation results of the model (14) with various values of 7.

near the Gaussian waves, and all other related contributions
are considered negligible. We write in detail Equation (1):

Y(t)=B, +B,t + wle_(“_"’l)z/zgi) + wze_((t_mﬁz/z"%)
+awye (7 20%) gy o ((mma)r20d) (10)

n wse—((t—m5)2/2<7§) ,

where N may take any small or large positive value. It can be
observed from Equation (10) that when the initial waves
detected of the COVID-19 infection are detected, then it
possesses the information about the future COVID-19 waves
in the country, but, mostly, the information of the second
wave or the future wave. Information about the present
and determining the future waves can be measured using
the Gaussian function. One can determine the third wave
based on the second wave of the infection and similarly pre-
dict the rest of the waves and their predictions. We start the
measurement process by considering that we have some
sample availability. We give

Y,(t) =B, +B2t+wle_((t_m1)2/20%). (11)

The value of B, and B, used in Equation (11) can be
obtained using curve fitting. The beginning of the initial
value of COVID-19 in South Africa started on March 18,
2020, and ended its first wave approximately on September
30, 2020, taking a total of 197 days. The peak is obtained
to be 13833 cases while the actual peak on July 19, 2020,
was 13449 cases, which is close to the approximated one.
The expression to give the plot shown in Figure 4 is obtained
using the equation:

Y, (£) =54 + t + 13690¢”((71097)/780 (12)

We use the same analysis to predict the fifth wave by
using the function which is given by

Yo (t) =54+ t +13690¢ ((71097780) 4 1995, ((1-288)71790)
+ 254500 ((1-482)7/620) 57680, ((1-640)/650)
+ 19550, ((¢-859)°/640)

(13)

Equation (13) tells us about the prediction of the next
wave of COVID-19 in South Africa. It can be expected that
the beginning of the fifth wave in the country from 27
May 2022 will end in the last week of September 2022 (see
Figure 5). The peak will occur with a high number of
infected cases 19383, and the peak may occur on 16 July
2022 possibly or the third week of July 2022.

6. Application to Omicron Variant of SARS-
CoV-2

In many cases, it is difficult to find the COVID-19 cases fit-
ting with many waves in the differential equation disease
model, and hence, in the present paper, we use the Gaussian
model to use in the differential equation model formulated
in this section. As we used the data of COVID-19 infection
cases in South Africa and the model here, we formulate for
it. There were more cases due to Omicron, so we add the
omicron class to the model. The present model contains all
the possible information regarding the OCVID-19 infection
spread.

We give a mathematical model to understand the
COVID-19 infection dynamics with the recent variant called
Omicron. We give the first details of the mathematical
modeling of the Omicron variant. Consider the total human
population denoted by N(t) and divided into
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FIGURE 9: Simulation results of the model (14) with various values of y.

subpopulations, namely, the individuals that are not yet
infected but have the ability to attract the disease basically
known as the susceptible individuals S(¢), individuals after
getting contacts with the individuals with symptoms or with
those who do not have symptoms, or with the omicron
infected that have the incubation period are denoted by
E(t); with the completion of the incubation period, the por-
tion of individuals that do not show disease symptoms are
denoted by A while those who show disease symptoms are
denoted by I, and those who have the Omicron variant virus
is given by O(t); the individual’s recovery from the infected
population is accumulated in the class denoted by R(#). So,

we have N(t)=S(t) +E(t) + A(t) + I(t) + O(t) + R(t). The
population of the susceptible individuals is increased due
to the birth rate shown by A. In each class of the model,
the individuals die naturally with the rate y. The parameter
7 distributes the individual infection among the symptom-
atic, asymptomatic, or omicron infected with the basis of
the disease with no symptoms, disease with symptoms, and
with the Omicron virus, respectively, at a rate (1 - — ¢)7,
w1, and ¢7. The individuals in the symptomatic class die
due to infection with a rate ;. The recovery of the individ-
uals from asymptomatic, symptomatic, and omicron
infected is given by r; for i=1,--,3, respectively. The
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FiGure 10: Simulation results of the model (14) with various values of ¢.

disease transmission coefficient is 5, while the infectiousness
of symptomatic and omicron infected are, respectively, given
by p and &. All the above discussion leads to the following
system of differential equations:

ds
— =AY (t) - AS—uS,
= AY,(1) - 28-S
dE
- = — E’
7 AS—(u+1)
dA
— =ytE— (r, + n)A,
dt
il (14)
=y = @rE=(n+p+u)l,
do
i ¢TtE - (r3 + )0,
dR
I =rE+r,]+r;0-uR,
where
A+pl
A= ﬂ (15)
N

6.1. Numerical Simulation. We consider the model (14) to
obtain its numerical solution by considering the value of
the parameters A = 2553, y=1/(64.38 % 365), 5 =0.6063, p
=0.1970, £ =0.3160, T =0.3755, v = 0.3773, ¢ = 0.3541, y,
=0.01,7,=0.1038,r, =0.11, and r; = 0.001013, and the ini-
tial conditions for the model variable are S(0) = 59934846,
E(0) =200000, A(0) = 5000, I(0) = 54, and R(0) = 0. All the
simulation results are plotted with the time unit per day.
We simulate the model (14) by considering the various

values of the 5 and show that decreasing the contact among
the infected people with healthy can best decrease the
infected cases in the future (see Figure 6). The contact
among the healthy and omicron individuals can be mini-
mized by reducing the value of the contact parameter &; this
can be observed in Figure 7. The impact of the parameter 7
that distributes the infection cases among asymptomatic,
symptomatic, and omicron individuals is shown graphically
in Figure 8. It can be seen that the value of 7 can decrease the
exposed and asymptomatic cases while increasing the symp-
tomatic and omicron infected cases. Such increase and
decrease in the infected population are due to the proportion
of the cases due to the incubation of the exposed individuals.
Figure 9 shows the dynamics of the model with various
values of the parameter y. It can be observed that there is
no effect of ¥ on the exposed individuals (Figure 9(a)) and
impact on asymptomatic people (see Figure 9(b)) while
increasing the value of ¢ can best decrease the population
of symptomatic and omicron infected cases. With the
decrease in the parameter value ¢, we can observe the
decrease in the population of exposed, asymptomatic, and
recovered individuals while increasing the value of ¢ can
decrease the population of symptomatic and omicron
infected (see Figure 10).

7. Conclusion

The data fitting of the COVID-19 infection with many waves
is difficult to fit the differential equation model, so the con-
cept of the Gaussian model approach has been utilized in
order to fit the early COVID-19 waves from South Africa,
and then, we predicted the future wave in the country using
Gaussian model also by the disease model in terms of differ-
ential equation model. It should be noted that according to
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the author’s knowledge, there is no such study related to this
work. We studied the mathematical modeling of the SARS-
CoV-2 omicron variant infection dynamics with the avail-
able cases from South Africa. Initially, we used the Gaussian
modeling approach and fit the data to the early layers/waves
of the infection in South Africa. On the basis of the fitting to
the fourth wave cases, we predicted the future firth wave of
COVID-19 with the omicron variant in South Africa. The
prediction shows that the fifth wave of COVID-19 may start
in the last week of May 2022 and may end in the last week of
September 2022. We also determine the peak of the infection
curve in the third week of July 2022 with a high number of
infected 19383 cases. Further, we studied the application of
the Gaussian model to the epidemic model with a special
focus on the omicron variant. The model has been efficiently
designed to capture the asymptomatic, symptomatic, and
omicron infection. The model has been solved numerically
and, the results have been plotted graphically by assessing
the impact of the important parameters on the disease elim-
inations. The prediction of the future wave is very important
for South Africa in order to prepare themselves for the fifth
wave of the virus. The medical authorities and other health
agencies will prepare to accommodate the challenges faced
with the new virus layer/wave.
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