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ABSTRACT. The current study provides the solutions of the mathematical model based
on the coronavirus including the effects of vaccination and quarantine. The numerical
stochastic process relying on Levenberg-Marquardt backpropagation technique (L-MB)
neural networks (NN), i.e., L-MBNNs, is presented to solve the model. The entire dynamics
of the proposed model depends upon the human population, which is represented by N
and is further divided into multiple subgroups. The detail of these subgroups is presented
in the form of susceptible population (S), exposed population (E), and infected people (I).
Likewise, Q represents the quarantined and R shows the recovered or deceased individuals.
Those who have been immunized are symbolized by V. All these categories make the model
SEIQRV, that is based on a system of nonlinear differential equations. The statistics that
is used to provide the numerical solutions of the SEIQRV model is 76% for training, 10%
for testing and 14% for authorization. The correctness of the L-MBNNs is tested by using
the comparison of the proposed and reference solutions (Adam method). The statistical
representations are provided in order to check the reliability, competence and validity of
L-MBNNs using the procedures of error histograms (EH), state transitions (ST), regression
and correlation.

1. Introduction

Coronavirus is one of the dangerous and fastest spreading infectious diseases which the
entire world was faced with at different levels. Coronaviruses are hypothesized to be a
member of the viral family that infects both birds and mammals. Coronaviruses, at either
end of the spectrum, produce mild respiratory duct disorders in humans. Based on the
common cold, several diseases have been found including SARS, MERS, and coronavirus.
It is critical to observe the classification of these viruses, which may frequently produce a
risk to the community.

It is established that coronaviruses may cause bacterial or viral indirect or direct pneumo-
nia. The most recent version of coronavirus is 2019-nCoV, produced through bats. However,
there are various related theories that have been presented to its spreading. When such a
virus is assumed to have originated via bats, the first question that arises is whether these
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bats are new to our planet, and if not, why such a virus has not been produced before. Is it
acceptable to claim that the lethal virus has never come into contact with humans? Because
it was feared that such a virus had infected humans, white people began to ingest infected
bats.

Coronavirus COVID-19 is caused by acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). COVID-19 shows global healthcare threat, with extremely fast geographical
dissemination. Proactive strategies, especially conjunction with adequate sickness separa-
tion as well as population containment is necessary to reduce the high contagious public
dissemination. The development of the vaccine used to eliminate the virus was studied by
Umakanthan et al. (2020). COVID-19 reportedly infected millions of people around the
entire globe with higher death ratio (Kumar et al. 2021). There are various investigations
based on different drugs using the vaccine manufacture along with several pharmaceuticals
(see Table 1) (Amawi et al. 2020).

SARS-CoV-2, which is highly contagious in humans and has transmitted rapidly over
the globe by close human interaction or the spilling of contaminated persons’ coughs and
sneezes, is initially found in China (Wuhan city). Because of the increasing transmission
in China, WHO declared the COVID-19 disease a “pandemic”. COVID-19 seems to be a
coronavirus species that corresponds to the Sarbecovirus subfamily, which contains several
additional varieties to produce the extreme human disorders (Yüce, Filiztekin, and Özkaya
2021). Four basic elements present in the coronavirus are genetic structure (S), envelope
(E), membrane (M), nucleocapsid (N), and spike (S). S, E, M, as well as N proteins seem to
be virulent factors that are used in the reproduction of DNA. The rapidly spreading proteins
are the human cell, which has attached the human angiotensin-converting enzyme 2 (ACE2)
target. Consequently, those viral proteins potentially applied to the process of healing using
the inhibit virus replication (Ao et al. 2020).

Differential equations provide the simulations of the dynamical phenomena in a wide
range of disciplines, particularly fluid mechanics, epidemiology and engineering (Z. Ahmad
et al. 2020a,b; N. Khan et al. 2021). The use of computational techniques in epidemiology
is now common and has been a hot issue in various methodologies, which are used to
describe and understand the patterns of contagious diseases (Martcheva 2015; Brauer 2017;
A. Ciancio and Flora 2017; Agusto and M. A. Khan 2018; Ullah, M. A. Khan, and Farooq
2018; M. A. Khan and Atangana 2019; Ali et al. 2020; Sinan et al. 2022; A. Ciancio,
V. Ciancio, and Flora 2023). Furthermore, the concept of optimum management has been
used in the mathematical frameworks, which provides the avoidance of several pandemics
in different areas with different periods (Sharomi and Malik 2017; Kantner and Koprucki
2020). Scientific research using the dynamics of several infectious illnesses is applied
(Peter et al. 2021; Qureshi and Jan 2021). The fractional mathematical paradigms have
been applied by Qureshi and Jan (2021) who examined the spread of measles in the human
community. They studied and verified the findings through the actual data based on WHO.
Memory is a strategy that has already been demonstrated to employ the fractional order
structures (W. M. Ahmad and El-Khazali 2007; Song, Xu, and Yang 2010).

The existence of various scientific models may be regulated by using the power law,
while others employ the Mittag-Leffler as well as exponential decay rules. To interpret
the numerous fractional derivatives, Atangana (2017) initiated the groundbreaking differ-
entiation operators. One of the novel operators is called fractal-fractional (FF) derivative,
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which incorporates the fFF differentiation by using the revolutionary concepts of chaos,
chemical activities, complicated dynamical processes and electrical circuits (Atangana 2017;
Z. Ahmad et al. 2021).

In this study, the stochastic process Levenberg-Marquardt backpropagation technique
(L-MB) neural networks (NNs), i.e., L-MBNNs, is presented to solve the model. The entire
dynamics of the proposed model depends upon the human population presented by N, which
is further divided into multiple subgroups. The detail of these subgroups is presented using
the susceptible population S, exposed population E, and infected people I. Similarly, Q
represents the quarantined and R shows the recovered or deceased individuals. Those who
have been immunized are symbolized by V. All these categories make the model SEIQRV,
which is based on a system of nonlinear differential equations.

The remaining part of the paper is divided into the following sections. In Sect. 2 we
design a structure of the SEIQRV differential system for the COVID-19 with quarantine
and vaccination. Section 3 provides new topographies for such differential systems using
a COVID-19 SEIQRV model, providing a brief overview of stochastic solvers as well as
essential novel characteristics of the L-MBNNs. Section 4 explains the construction of
L-MBNNs. Section 5 contains the outcomes and simulations achieved using the proposed
strategy for the SEIQRV model. The conclusions are discussed in Section 6.

2. Model development

Millions of deaths due to coronavirus have been reported in the world. It is stated that
populations in isolation and the limitation can decrease the positive cases of coronavirus.
Both isolation and restriction have been identified as effective measures for the elimination
of this virus. As a result, the model examined below focuses on the entire propagation
features of the novel coronavirus (2019-nCoV), including an investigation of quarantine
and clinical isolation for the patients, who have been infected.

The current model is used to predict the spread of COVID-19 in the human population.
The whole human population is indicated by N (τ), which has been subdivided into multiple
subcategories, i.e., the overall susceptible population is reflected via S (τ), the exposing
population is portrayed by E (τ), and the infected people are depicted by I (τ). Likewise,
Q(τ) denotes those who have been quarantined, while R(τ) denotes those who have been
recovered or removed/deceased. Individuals who have been vaccinated are represented by
the character V (τ). The process flow for such explored scenario is shown in Fig. 1, in
which susceptible individuals could contact of I (τ) via channel θS I and get exposed.
Some vulnerable persons are immunized having a vaccination rate of φ and, therefore, are
classified as vaccination category V (τ).

Considering susceptible people are more infectable, we evaluated only the vaccination
of susceptible participants. People who have been exposed or infected have essentially
been accustomed with the virus’s activity and appearance, and therefore antibodies become
highly effective compared to those who are vulnerable. As a result, we decided to postpone
the immunization of these courses until time becoming. Identically, with an infection rate of
η , affected individuals complete their incubation time and acquire the infectious class I (τ).
Furthermore, some infected people will recover or die as a result of the virus including a
positive rate ς , whereas others will be quarantined having a positive rate ϕ . Finally, the
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remaining quarantined persons are either retrieved or discarded owing to sickness at a rate
of µ . Γ represents the natural death rate for all classes, whereas Γ represents the recruitment
rate rather than the birth rate. The following list describes the parameters with description.

FIGURE 1. The model’s process diagram.

The process flow of the studied model for COVID-19 occurrence is as follows: the combi-
nation of equations addressing the problem under consideration with non-negative IC’s has
been provided as ⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(︃
dS

dτ

)︃
= Γ−θS I − (φ − γ)S ,(︃

dE

dτ

)︃
= θS I − (η − γ)E ,(︃

dI

dτ

)︃
= ηE − (ϕ + ς + γ)I ,(︃

dQ

dτ

)︃
= ϕI − (µ + γ)Q,(︃

dR

dτ

)︃
= ςI +µQ− γR,(︃

dV

dτ

)︃
= φS − γV ,

(1)
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with {︄
S (0) = S ∗ ≥ 0,E (0) = E ∗ ≥ 0,I (0) = I ∗ ≥ 0,
Q(0) = Q∗ ≥ 0,R(0) = R∗ ≥ 0,V (0) = V ∗ ≥ 0.

3. Innovative topographies including an overview of stochastic solvers

Mathematical stochastic operations through L-MBNNs are introduced to solve SEIQRV
based on the COVID-19 system. The local and global stochastic operators have already
been used to address the wider range of nonlinear and complicated systems using the
stochastic computing procedures (Sabir et al. 2021b, 2022). Moreover, the fractional order
singular models have also been discussed by using the proposed schemes (Sabir, Guirao,
and Saeed 2021; Sabir et al. 2021a). Moreover, the functional form of the differential
models (Sabir et al. 2021a), Emden-Fowler delay differential model (Guirao, Sabir, and
Saeed 2020) and periodic differential system (Sabir, Guirao, and Saeed 2021) and some
other stiff models (Ghanbari and Djilali 2020; Sabir et al. 2020) have also been discussed
by using the stochastic schemes. The purpose of this study is to present the numerical
representations of SEIQRV based on the coronavirus differential system using the stochastic
L-MBNNs technique.

The L-MBNNs with this differential system using the SEIQRV COVID-19 scheme
appear to have the following major new properties:

• The nonlinear model based on SEIQRV using the dynamics of COVID-19 is
numerically stimulated by using the proposed scheme.

• The first order derivatives of SEIQRV COVID-19 scheme that relies upon SEIQRV
impacts are demonstrated to be successful in numerical investigations utilizing the
stochastic scenarios.

• The nonlinear first order derivatives of the SEIQRV based COVID-19 system are
solved using AI, which depends on the structure of L-MBNNs.

• To test the suggested scheme’s dependability, three relevant first order variations of
the SEIQRV based COVID-19 system were numerically solved.

• Through evaluating the manufactured and reference (Adam method) solutions,
magnificence of stochastic computation solver-based L-MBNNs has been proven.

• Negligible absolute error (AE) results perform the correctness of the proposed
stochastic scheme.

• The reliability of the stochastic L-MBNNs’ approach is observed through the
designed scheme along with the statistical performances of the regression, STs,
EHs, and correlated values.

4. Methodological proposal: L-MBNNs

The L-MBNNs stochastic framework has been suggested in this study to solve the
coronavirus model including the quarantine and vaccine impacts, called SEIQRV system.
For the solutions of this model, the scheme performances are implemented in the form of
stochastic operators and its implementations.
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Figure 2 depicts a single-layer neuron arrangement as well as a multi-layer optimization
strategy based on numerical stochastic L-MBNNs. The L-MBNNs processes are supplied
in Matlab via the ’n f tool function, with data such as 76% in training, 10% in testing, and
14% for authorisation stated.

FIGURE 2. L-MBNNs workflow procedure to solve COVID-19 SEIQRV related
model along with the formation of a single neuron.

5. Overall conclusions achieved by using the proposed approach

This phase shows numerical results with three different alternative changes to solve the
SEIQRV COVID-19 system utilising recommended L-MBNNs. The differential description
of each variation is presented in the scenario that follows.
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Case 1

Implement the SEIQRV COVID-19 associated model with the given values (Γ= 0.1, θ =
0.15, φ = 0.16, γ = 0.18, η = 0.2, ϕ = 0.22, ς = 0.17, µ = 0.25):

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(︃
dS

dτ

)︃
= 0.1−0.15S I +0.02S , S0 = 0.10,(︃

dE

dτ

)︃
= 0.15S I −0.02E , E0 = 0.12,(︃

dI

dτ

)︃
= 0.2E −0.57I , I0 = 0.14,(︃

dQ

dτ

)︃
= 0.22I −0.43Q, Q0 = 0.16,(︃

dR

dτ

)︃
= 0.17I +0.25Q−0.18R, R0 = 0.18,(︃

dV

dτ

)︃
= 0.16S −0.18V , V0 = 0.20.

(2)

Case 2

Employ the SEIQRV COVID-19 associated model with the appropriate values (Γ =
0.1, θ = 0.15, φ = 0.16, γ = 0.18, η = 0.2, ϕ = 0.22, ς = 0.17, µ = 0.25):

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(︃
dS

dτ

)︃
= 0.1−0.15S I +0.02S , S0 = 0.12,(︃

dE

dτ

)︃
= 0.15S I −0.02E , E0 = 0.14,(︃

dI

dτ

)︃
= 0.2E −0.57I , I0 = 0.16,(︃

dQ

dτ

)︃
= 0.22I −0.43Q, Q0 = 0.18,(︃

dR

dτ

)︃
= 0.17I +0.25Q−0.18R, R0 = 0.20,(︃

dV

dτ

)︃
= 0.16S −0.18V , V0 = 0.22.

(3)
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Case 3

Employ the SEIQRV COVID-19 associated model with the appropriate values (Γ =
0.1, θ = 0.15, φ = 0.16, γ = 0.18, η = 0.2, ϕ = 0.22, ς = 0.17, µ = 0.25):

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(︃
dS

dτ

)︃
= 0.1−0.15S I +0.02S , S0 = 0.14,(︃

dE

dτ

)︃
= 0.15S I −0.02E , E0 = 0.16,(︃

dI

dτ

)︃
= 0.2E −0.57I , I0 = 0.18,(︃

dQ

dτ

)︃
= 0.22I −0.43Q, Q0 = 0.20,(︃

dR

dτ

)︃
= 0.17I +0.25Q−0.18R, R0 = 0.22,(︃

dV

dτ

)︃
= 0.16S −0.18V , V0 = 0.24.

(4)

The simulations of the SEIQRV COVID-19 linked model are numerically shown using
stochastic L-MBNNs procedures requiring 11 neurons, with chosen data containing 76% in
training, 10% in testing and 14% authorized. The layout of a hidden, outcome, and input
neuron is shown in Fig. 3.

FIGURE 3. SEIQRV COVID-19 linked model solved using L-MBNNs.

Figures 4 to 6 depict the SEIQRV model based on COVID-19 by using the L-MBNNs
procedures. The best results using STs are examined using the visual display in Figs. 4 and
5. The MSE and STs results of training, ideal shapes and validation are provided in Fig. 4
to solve the SEIQRV system (a to c). Depending on greatest achievements of SEIQRV
scheme for epochs 20, 22 and 30, the resulting values are 5.8109×10−12, 2.0758×10−12

and 6.9089×10−11, respectively.
Overall gradient measurements are also presented in Fig. 4 (d to f) to evaluate the SEIQRV

COVID-19-linked differential model using L-MBNNs. Based on the SEIQRV system’s
top results for epochs 20, 22 and 30, the gradient performances - for instances, 1, 2 and 3
- were found to be 8.4715×10−20, 7.8693×10−08 and 9.2615×10−08, respectively. The
convergence for recommended L-MBNNs to resolve the SEIQRV COVID-19 differential
model using L-MBNNs is shown in these graphical depictions.
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FIGURE 4. STs and MSE results used to solve the SEIQRV system.

The values of the fitted curves employed to tackle each situation for the suggested
SEIQRV differentiated model are shown in Figs. 6 and 7. The effectiveness of the reference
and the results obtained are compared in these visuals. The substantiation, validation and
train to handle all situations of the SEIQRV COVID-19 associated differential model are
shown by error graphs. Various EHs, as well as accompanying regression measures, are
provided by Fig. 5 (d to f), which rely on the SEIQRV COVID-19-associated differential
model (a to c). The EHs are projected to be 4.64×10−07, 6.41×10−08 and 3.98×10−08,
respectively, for scenarios 1, 2 and 3.
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FIGURE 5. Results evaluations and EHs for the SEIQRV system.

Atti Accad. Pelorit. Pericol. Cl. Sci. Fis. Mat. Nat., Vol. 101, No. 1, A10 (2023) [18 pages]



NUMERICAL PERFORMANCE USING THE NEURAL NETWORKS TO SOLVE . . . A10-11

FIGURE 6. Regression plots to solve a SEIQRV system.
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The association is shown in Fig. 6 to corroborate the regression’s performance. The
accuracy of the stochastic L-MBNNs approach to solve the fractional order SEIQRV
COVID-19 differential model is demonstrated by the training, testing and authentication
formulations.

Table 2 shows how the SEIQRV COVID-19-linked differential model uses MSE, com-
plication, training, authenticate, iterations, validation and backpropagation to achieve
convergence.

Table 2: The L-MBNNs approach is used to evaluate the differential model of COVID-19 SEIQRV

Visualization for the result evaluations and also AE values are shown in Figs. 7-9 and
Figs. 10-12. Numerical formulas are offered to handle the SEIQRV system using stochastic
L-MBNNs. Figures 7-9 depict the consistent findings of the reference and calculated
numeric outputs. The precision of L-MBNNs for resolving the SEIQRV COVID-19-linked
differential model is verified by the overlapped outcome.

The AE factors used to resolve the SEIQRV COVID-19 system are shown in Fig. 10. In
the dynamical range of S , AE ratios for examples 1 to 3 are about 10−05 −10−07, 10−05 −
10−06 and 10−05 −10−06, respectively. For examples 1 to 3, AE ratios of E are predicted to
be in a region of 10−06 −10−08, 10−08 −10−09, as well as 10−06 −10−07. In Fig. 11, for
examples 1 to 3, the AE of I were computed at 10−05 − 10−07, 10−06 − 10−07, as well
as 10−05 −10−06, respectively. Similarly, the AE for Q was calculated as 10−05 −10−07,
10−06−10−07, and 10−05−10−06 for examples 1 to 3. Furthermore, in Fig. 12 for examples
1 to 3, the AE for R was calculated as 10−06 −10−07, 10−06 −10−08, and 10−05 −10−07,
respectively. The AE for V was calculated similarly for examples 1 to 3.

The AE results demonstrate that the L-MBNNs proposed for the SEIQRV COVID-19
scheme are successful.
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The following results are based on the SEIQRV COVID19 system:

FIGURE 7. Results for S (left) and for E (right).

FIGURE 8. Results for I (left) and for Q (right).

FIGURE 9. Results for R (left) and for V (right).
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The absolute error is based on the SEIQRV COVID-19 system:

FIGURE 10. AE for S (left) and for E (right).

FIGURE 11. AE for I (left) and for Q (right).

FIGURE 12. AE for R (left) and for V (right).
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6. Conclusion

In this research study, a compartmental mathematical framework is used to find the
numerical performances of the coronavirus dynamics along with the quarantine and vacci-
nation impacts. The numerical stochastic process L-MBNNs has been presented to solve
the model. The dynamics of the proposed model depends upon the human population that
is represented by N, which is further divided into multiple subgroups. The details of these
subgroups have been presented in the form of susceptible population S, exposed population
E and infected people I, whereas Q represents the quarantined and R the recovered or
deceased individuals. Those who have been immunized are symbolized by V. All these
categories make the model SEIQRV, that is based on a system of nonlinear differential
equations. The solution of this nonlinear model is proposed by the L-MBNNs. The statistics
has been used to provide the numerical performances of SEIQRV model, which have been
taken as 76% for training, 10% for testing and 14% for authorization. The correctness of the
designed stochastic L-MBNNs procedure is obtained through the comparison of proposed
and reference solutions. The reference solutions have been obtained by using the Adam
method. The small value of the absolute error shows the capability of the proposed scheme.
The statistical representations have been provided to check the reliability, competence
and validity of L-MBNNs using different performances based on error histograms, state
transitions, regression and correlation. In a future investigation the L-MBNNs might be
employed to produce numerical measurement data for the Lonngren wave (Hirose and
Lonngren 1985) as well as for the fluid dynamics (Vajravelu, Sreenadh, and Saravana 2017;
Durur, Tasbozan, and Kurt 2020; İlhan and Kıymaz 2020).
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