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: study shows possible infection to around 3.1 million persons without
Disease spread lockdown in Saudi Arabia at the peak of spread, which lasts for about
3 months beginning from the lockdown date (March 21%). On the other hand,
the Kingdom's current partial lockdown policy was estimated to cut the
estimated number of infections to 0.5 million over nine months. The data
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Susceptible exposed infectious shows that stricter lockdowns may successfully flatten the COVID-19 graph

recovered model curve in Saudi Arabia. We successfully predicted the COVID-19 epidemic's
peaks and sizes using our modified deep neural network (DNN) and SEIR
model.
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1. INTRODUCTION

As a result of several baffling instances of lower respiratory tract illnesses that were confirmed in
China in December 2019, a coronavirus with a genetic relationship to the SARS virus (SARS-CoV-2) was
discovered and named coronavirus disease (COVID-19) by the World Health Organization (WHO). The
fundamental RO (reproduction number) estimates for the epidemic's spread in mainland China range from 2.2
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to 3.3, with a mortality rate of around 2.3 percent [1]-[8]. It was discovered that most COVID-19 patients in
China were men who were older than 30. Fatigue, a fever, and dry cough are some of the basic COVID-19
symptoms. In addition, lymphopenia was the main type of laboratory abnormality [9]-[11]. In Singapore, a
study of COVID-19 patients indicated that moderate respiratory tract infections were most common, with
oxygen supplementation being rare [12]. To combat this illness, efficient SARSCoV-2 vaccinations and
antibody-based medications are required. Currently, responsible bodies throughout the world have examined
90 vaccinations and more than 50 antibody methods [6], [13]-[15]. There are still questions since the virus is
still not well known [16], [17], and because COVID-19 is spreading quickly, it is currently unable to create
effective vaccinations or other treatment medicines [6], [18]. Lockdowns, along with other strict controls
(such as curfews), have traditionally been used in many nations to ensure social distance [18]. The capacity
of the current health systems in many nations has been exceeded by the rising number of COVID-19 patients
[18], [19]. The only way to combat a pandemic without vaccination and the proper medical care is to flatten
the pandemic curve.

The spread of COVID-19 might be predicted using a variety of techniques, such as data-driven
analysis, soft computing techniques, and lately, numerical simulations [20]-[23]. The literature has
extensively reported on the uses of the susceptible infectious removed (SIR) and susceptible exposed
infectious recovered (SEIR) models in this context [19], [22]. Relevantly, using COVID-19 time series data,
ensemble empirical mode decomposition (EEMD) and artificial neural network (ANN) based techniques are
implemented in Hasan [23]. Additionally, Pinter et al. [24] in the context of Hungary showed the use of
machine learning to estimate mortality rates and the number of affected individuals. Importantly, Bhardwaj
and Bangia [25] used hybrid soft-computing techniques to calculate the spread hazards of COVID-19.
Several reports have employed artificial intelligence methods to gather imaging data, segment it, and
diagnose COVID-19 [26]. Where these methods have been used in the past to address different artificial
intelligence issues and have shown promise [27]-[47]. Lockdowns are a useful tactic for reducing the spread
of COVID-19. However, this aspect is ignored by the original SEIR epidemiological model. The current
study, meantime, demonstrates how the COVID-19 lockout levels may prevent transmission in the Kingdom
of Saudi Arabia. As shown, 3.1 million people might be impacted in the region without the use of lockdowns
at the height of dissemination about two months after a lockdown (March 8"). On the other hand, the
estimated peak number of infections is roughly 320,000 in six months, starting on March 4%, 2020, using the
lockdown strategy used in the Kingdom of Saudi Arabia last year (p=0.6). The present investigation assessed
the impact of the lockdown on the dissemination of COVID-19 by extending the conventional SEIR model.
The influence of various lockdown levels on viral propagation was specifically introduced to the model in
this research. As a result, the purpose of this research is to explain how lockdowns affect COVID-19
dissemination in the Kingdom of Saudi Arabia.

Alkhammash et al. [48] developed a fully connected deep neural network, long short-term memory
(LSTM), and transformer model as the artificial intelligence (Al) models for the prediction of new COVID-
19 cases to show the influence of different factors on the transmission of COVID-19 in Saudi cities. They
claimed that LSTM model obtained the best prediction results with a reasonable computation time. In
addition, Muniasamy et al. [49] showed that machine learning models can predict the significant information
automatically for healthcare related problems. They focused on classification and prediction using standard
machine learning techniques naive Bayes (NB) and support vector machine (SVM) when tested on cases
from Kingdom of Saudi Arabia (KSA)-COVID-19 datasets. However, they mentioned that the predictive
model performance may be improved by using more COVID-19 datasets.

A previous enhanced SEIR model was proposed in [50]. The SIR, SEIR, susceptible, exposed,
infected, recovered, dan death (SEIRD), and susceptible, exposed, infected, recovered and vaccinated
(SEIRV) models were explored in this paper as other pandemic models that fit the various types of diseases.
Considering that contemporary models are one of the most reliable models for projecting the spread of a
pandemic. The additional COVID-19 cases were anticipated to be predicted by an improved SEIR model.
The model contains a separate vaccine compartment. Since it was discovered that vaccination was one of the
greatest ways to reduce the spread of the COVID-19 pandemic, When the population is vaccinated, the
SEIRV model predicts the severity of COVID-19. The SEIRV model took vaccination rates into account.
Different compartments, including patient severity, vaccination rate, mortality rate, and birth rate, were
included in that model [50]. The model's RO value was 2.1619 without considering any social distance. The
model was mathematically simulated and evaluated in various circumstances, including with and without
social distance. According to the model, the number of affected people doubled every 10.7 days, and the
epidemic grew at a pace of roughly 0.06 per day. The model's RO value of 1.3 was obtained by adding social
distance. Finally, vaccination and social distance standards were found crucial in countering COVID-19.

The remaining of the essay is arranged as follows: section 2 covers the past data for COVID-19 in
the context of the Kingdom of Saudi Arabia, section 3 covers the materials and methods in this model, and
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section 4 discusses the results and discussions of the updated SEIR models application in predicting the
spread of COVID-19 in the region. Section 5 of this paper provides a brief conclusion.

2. COVID-19 SPREAD IN THE KINGDOM OF SAUDI ARABIA

The Kingdom of Saudi Arabia is a nation located in the Middle East. 35 million people are living
there. The Saudi Ministry of Health issued a health warning after WHO declared COVID-19 to be a
pandemic, requiring those with viral-like signs and those who had recently traveled to outbreak areas to be
tested for SARS-CoV-2 exposure [51]. On March 2", 2020, the Kingdom of Saudi Arabia reported its first
COVID-19 case [6]. After that, symptomatic contact screening, stringent contact tracking policies, quarantine
for asymptomatic contacts, and hospital isolation were implemented. Additional steps included the
imposition of a midnight curfew and a nationwide strict lockdown. Additionally, starting on March 8", 2020,
the Kingdom of Saudi Arabia closed its borders and forbade all outdoor and indoor travel. By using these
techniques, the curve might be flattened and the disease's detrimental impact on public health could be
reduced because of their resilience. Mankind has learned from history that pandemics often reach their height
and then dissipate. Given that the human population has doubled in size over the last five decades, COVID-
19 may perhaps represent an exception. Therefore, COVID-19 has a greater potential for spreading from
person to person and may generate an early peak impact that many countries' present health systems cannot
manage [6], [52]-[54], and 3/4™ of the world's population lives in urban areas, which adds to the problem's
severity and makes the population they are more susceptible to pandemics [55], [56]. Future infrastructure
improvements must be more effective in identifying, reporting, and analyzing a variety of signs of the illness
to effectively control its spread and avoid spreads inside buildings [6]. COVID-19 has tremendously affected
all fields in Saudi Arabia, especially the field of education and resulted in most institutions embracing online
exams [57]. Moreover, the COVID-19 pandemic has led to a resistance to change from traditional models of
conducting tests to new ways because of their reliability, accessibility, and availability [58]. Not all students
and tutors have access to the essential digital tools required to conduct online tests, including Wi-Fi, internet,
and other devices. In addition; there is a massive rigor and imagination required to design online tests
compared to conventional assessment forms, preventing faculty members from adopting the digital tool.

The COVID-19 pandemic has changed the entire world. It has changed communication, education,
shopping and working and more. With the implementation of COVID-19 restriction rules in Saudi Arabia,
the technology and software solutions have authorized the provision of fundamental services [59]. The use of
variety software solutions was assured successful in fighting the pandemic in addition to continuing the live
safely in Saudi Arabia [60]. According to Alammary et al. [61], The compulsory and unexpected transition to
e-learning due to the COVID-19 pandemic has raised many challenges that require highlighting. This
includes the challenges facing education in Saudi universities. For instance, the usability, suitability, and
reliability of the solutions used in e-learning, the technical skills of academics, the efficiency and suitability
of technical support available to academics as well as the awareness of academics in terms of cybersecurity
risks. In contrast, Algahtani and Rajkhan [62] indicate that one of the main factors for the success of the
transformation process during the COVID-19 pandemic is the information technology infrastructure in Saudi
Arabia universities. Noting that some Saudi universities faced difficulties in their ability to transform
flexibly, due to the limited awareness about using e-learning solutions before the COVID-19 pandemic.

Population density, local COVID-19 advancement, societal lifestyle, and other variables are the
main causes of COVID-19 dissemination. For instance, of the 35 million inhabitants in the Kingdom of Saudi
Arabia, 84 percent [63], resided in metropolitan areas. On the other side, Japan had 126.4 million residents,
with 92 percent of them living in cities [6]. These findings suggest that the disease might spread more
quickly in Japan than in the Kingdom of Saudi Arabia. In Jordan, 91.5 percent of the 11 million residents
reside in metropolitan areas. Accordingly, 76% of Iran's 83.9 million residents were urbanites, compared to
84.3 million urban residents in Turkey [64]. Since COVID-19 spreads at varying rates in various
geographical locations, it is challenging to identify the precise rate [19], [65]. Hospitals in the Kingdom of
Saudi Arabia may experience extreme pressure due to peak cases given that the illness spreads from person
to person on average by a factor of 1.5 to 3.5 [6], [19], [66] and that it is assumed that case numbers will
continue to rise at the rate seen in June 2020. Kingdom of Saudi Arabia recorded its first COVID-19 case on
March 2", 2020 [67], and by April 3", 2020, there were 154 instances [63]. However, the pace of
transmission was far slower in Japan, where it took 71 days as compared to 34 days for the Kingdom of
Saudi Arabia to register 2400 verified cases. On January 16, 2020, Japan announced the first verified
COVID-19 case [6]. Jordan also noted 2400 cases in only 31 days. Iran and Turkey saw a far higher rate of
iliness transmission than the Kingdom of Saudi Arabia, Jordan, or Japan, with both nations recording
2,400 verified cases in only 14 days. 36 countries have recorded at least 2,400 cases by April 5, 2020, with
an average of around 39.1 days for these nations [6]. The current statistics, however, could not accurately
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represent the true number of instances that these countries have given the differing testing and reporting
practices of the various nations.

To prevent the spread of COVID-19, the Kingdom of Saudi Arabia has implemented strict
restraining regulations. The distribution of COVID-19 is documented in this research using the information
given by John Hopkins University [67]. Although no model can reliably forecast how it would spread, this
study's simulations indicate that even partial lockdowns in Saudi Arabia might cause the expected 3-month
period without a lockdown to be delayed by 5 to 6 months. Moreover, this model demonstrates that efficient
lockdowns may lower Saudi Arabia's infection rate to fewer than 0.5 million instances. The study's limitation
is that real instances may drastically deviate from the forecast when the authority enforces social distancing
to stop the spread. Notably, the quickly spreading COVID-19 has placed a heavy load on many countries'
present health infrastructure, leaving the system unable to manage the rising number of people who have
been verified to have COVID-19. While preparing for the outbreak, cities try to shorten the pandemic curve.

The number of COVID-19 cases in the Kingdom of Saudi Arabia increased as of May 5%, 2020.
Additionally, COVID-19 was responsible for a rise in the number of deaths. The recorded death toll in the
Kingdom of Saudi Arabia was in the single digits as of the indicated date, although it was anticipated to rise.
The Kingdom of Saudi Arabia and other countries are in a difficult position in their efforts to stop the
development of COVID-19 due to the unprecedented worldwide spread of the disease and the lack of a
vaccine or effective treatment. The majority of these nations have chosen to impose lockdowns and other
precautionary measures. According to the present investigation, up to 3 million individuals in the Kingdom
of Saudi Arabia might get the disease two months after the first confirmed case, under the precarious
assumption that there is no social isolation. However, this is unlikely to occur given the implementation of a
proper nighttime curfew and a lockdown strategy in the kingdom's major cities to restrict transmission. The
deep learning model and SEIR model were implemented based on the characteristics of the kingdom area and
taking into account the population movement. To fit the new model parameters, the real data were used
together with the most recent research and publications. The pandemic pattern was then estimated and
evaluated using the model.

3. MATERIALS AND METHODS

Many mathematical models are created or used to study the transmission of communicable illnesses
throughout the past three decades. Predicting the dispersion within a population in a certain area or nation is
the major goal. There are both stochastic and deterministic models among them. According to Nakamura
et al. [68], a stochastic technique may be utilized as a tool to measure the probability distributions of
probable outputs where the usage of random input variation is necessary. It relies on the risk factors for viral
exposure and other pathological elements. To calculate the statistical disease spread for small or big
populations, a stochastic technique is used. Contrarily, Brauer and Castillo-Ch&vez [69] said that when
dealing with huge populations, such as in the case of COVID-19, deterministic approaches and
compartmental mathematical models are applied. A deterministic model divides the population into sections,
each of which corresponds to a different stage of the illness. This model is constructed as derivatives from a
mathematical statement of transition rates from one class to another using differential equations. These
models are constructed based on the differentiability of the population size in a particular compartment,
taking time and the deterministic disease process into consideration. Thus, the study will utilize
compartmental (i.e., deterministic-based) methods to predict the infection rate for COVID-19 among the
Saudi population throughout the next autumn term in 2021.

3.1. SEIR model

Numerous derivative models, including SEIR, SIR, susceptible exposed infectious susceptible
(SEIS), and maternally-derived-immunity susceptible infectious recovered (MSIR), have been used to
evaluate the transmission of pandemic over 40 years. Please see [55], [70]-[73] for further information. They
are founded on many compartments, like in the SEIR case, which is founded on 4 compartments that are
explained in the following manner:

ds/dt = —aSI )
dE/dt = aSI — uE @)
dl/dt = uE — Bl ©))
dR/dt = pI 4)
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S stands for the susceptible groups, E for those who have been exposed to the disease but do not show any
symptoms (also known as latent carriers), | for those who have COVID-19 infection, and R for those who
have recovered. Included in the list of other factors are the transmission rate «; incubation rate x, and
recovery rate B (transferring contaminated people into recovered sections). Earlier, Naresh et al. [74]
projected the spread of AIDS or human immunodeficiency virus (HIV) using the SEIR model and achieved a
moderate level of accuracy; more recently, it was used by [6], [75] to estimate the spread of COVID-19 in
Italy, Saudi Arabia, and Spain. Therefore, the SEIR model may be used to forecast the spread of COVID-19
among Saudi citizens. A nonlinear ODEs system, the SEIR model operates arbitrarily as follows:
i) According to determinism, the COVID-19 infection will ultimately spread to every member of the
population; and ii) The spread is assumed to last for a short time while the population remains constant in the
model. Include both the number of deaths and births. As a result, it is possible to state that E+S+ R +1 =
Total Populations = Constant.

The SEIR model may be used to analyze data from a huge population, like Saudi Arabia's
34,813,867 population as of March 1%, 2021 [76]. In our simulations, we start with S equal to the precise
population size, initialize 1 to 12 (the number of affected patients at the commencement of lockdown on
March 21, 2020), and initialize R to 0 (sum of O death and recoveries s). The initial E = 2.399 x 12
(exposed population) is then estimated using the 2.399* number of affected persons in the last 6 days, as
described by Hamzah et al. [19]. We also made the assumption that, as suggested in [19], D = 2.3 and
Y = 5.2. The birth and death rates for R, S, and E are not taken into account in our simulation. The forecasts
are thus simply estimates and not specific numbers. The likelihood of the virus spreading from an infected to
a vulnerable individual () is one of the other anticipated criteria that is considered. This value (2.3), which
is between [2, 2.5], is calculated using the predicted reproductive number. We get at o = 1 by using
R, =oc/B. The rate at which those who have been exposed are infectious is another parameter, . It is equal
to 1/Y, where Y stands for the average incubation time. while D stands for the typical time it takes to recover
from an illness, § = 1/D. Since symptoms may not appear for up to 14 days after exposure, the affected
group is the major source of viral transmission [52], [54].

3.2. DNN and SEIR model

The following steps were taken to create the DNN and SEIR model: The systematic observation was
used to conduct the data-based time series analysis (pattern prediction). It was designed to predict the order
of variables, such as the progression of infection. This prediction model is categorized into different
categories based on the analysis techniques used, including market life cycle prediction method, simple
sequential average, seasonal trend prediction approach, exponential smoothing approach, moving average, trend
prediction approach, weighted sequential average, and weighted moving average. As machine learning, in
particular, deep learning theory has gained popularity, DNN has recently been used to anticipate and evaluate a
variety of time series difficulties. To produce a basic training data set for this investigation, Saudi infection
statistics and the SEIR model were employed. They were adjusted to take into consideration the conventional
time series method that was used to suit the progression of the spread of identical pneumonia cases. As a
result, the DNN method was used to analyze and forecast the COVID-19 transmission pattern. Like the
human nervous system, DNN is made up of highly linked processing and computation units. Although a
single neuron has a relatively basic structure, the functioning of the nervous system, which is made up of a
vast number of interconnected neurons, is incredibly complex. The DNN is capable of computing and
adaptive learning in parallel. Because of its features, the DNN is primarily more effective and accurate than
classic prediction techniques like linear regression and decision trees. The characteristics of complex systems
that are adaptive, significantly nonlinear, and difficult to predict mathematically well are well described by
DNN. The DNN model's parameters were generated and adjusted to account for the impending input after it
had been trained on a large dataset to reduce the loss function. The linear connection between the output and
the input is represented by (5), where input data is denoted by xi, the weight parameter by wi, and bias by b
[77].

Y=Y wixi+b (%)

The DNN model used in this work is made up of a 32-node hidden layer, a 1-node output layer, and
a nine-node input layer. The Tanh activation function was used to improve the nonlinear degree of model
fitting. Additionally, dropout was used to reduce the model's tendency toward overfitting. The formula for
the Tanh activation function is given in (6) [77].

1— e—2x

fx) = (6)

1+ e2%
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Figure 1 presents the DNN model architecture utilized in this investigation. To select the best
model, the loss function can objectively assess the model quality. The (7) serves as an example of how the
mean square error loss function was applied in this investigation [77].

no 32
SE(y.,y) = 220220 (7)

n

The adaptive moment estimation (Adam) optimizer, an adaptive learning rate optimization technique,
was used to modify the weight in the minimal loss direction based on the loss function. This was done to produce
the best model. The first-moment estimate of the gradient and the second raw moment estimate are computed to
construct an independent adaptive learning rate for varying parameters. This formula is given (8) [77].

— Update the biased first-moment estimate

my; =P1-Meq;+ (1= B1) . ges ®)
— Update biased second raw moment estimate

Vei=Ba Ve + (1 — By) .92 9
— Update parameters

Me,i
o
1- ¢

Vi
1- g%

Wepg = W — Ny = Wy — | (10)

/

We used a DNN model to analyze and forecast time series issues associated with projecting future
cases of infection. The transmission likelihood, incubation rate, and death/recovery probabilities associated
with COVID-19 are all accounted for. To avoid overfitting, we used a more basic network structure given the
limited size of the dataset. Model optimization was performed using Adam with a batch size of 1, using mean
square error as the loss function, and performing 500 iterations.
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Figure 1. A generic DNN model structure

4, RESULTS AND DISCUSSION

When compared with more conventional approaches to prediction, neural networks perform better.
Since the DNN model has more parameters and useful associations between important features from the
dataset, it was employed in this research to aid the prediction method of the conventional SEIR model. Based
on the labels of the dataset, the following 15 attributes, out of a total of 60 characteristics, were normalized
and chosen for the data inputs of the prediction model: the number of instances that have been confirmed; the
emergence of new cases daily; the total number of deaths; incidents of death occurring every day; cases
overall per million; total deaths/million; new cases/million; reproduction rate; new deaths/million; population
density; total population; diabetes occurrence; cardiovascular death rate; total vaccinations per hundred;
hospital beds per thousands. Other untapped characteristics, such as the vaccination rate and total immunized
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individuals (17487842), are either partial or currently unavailable for Saudi Arabia, including ICU patients;
weekly ICU admissions; hospital patients; weekly admissions to hospitals; complete vaccinations; total shots
administered (16354913); and complete vaccination rates per 100. It is necessary to be selective when taking
into account a small number of characteristics that are crucial for the classification to get the correct
classification for the prediction model. This may be done by using a filter to find the association between
those 15 attributes and the training phase parameters for the neural network. Therefore, after passing 15
inputs through the DNN maodel's input layer, it only chooses strongly correlated characteristics to support the
SEIR model's prediction as it moves on to the output and hidden layers. Further choices are made here
utilizing the principal component analysis (PCA) approach for 6 of the 15 factors that had a substantial
influence on the prediction. Confirmed total deaths (7789); confirmed total cases (484539); total population
(34813867); population density (15.322); reproduction rate (0.78 to 2.37); and confirmed total vaccines per
hundred (50.23 between 2/3/2021 and 28/6/2021) are these characteristics. The SEIR model (Exposed,
Susceptible, Recovered, Infectious, Death, and Healer) will get 6 outputs from the DNN's output layer
depending on the following factors: beta: infection rate; alpha: healing rate; delta: the rate at which person
enter in quarantine; gamma: inverse of the average latent time; kappa: mortality rate; lambda: cure rate; EO:
initial exposed cases; N: the total population sample; t: vector of time; QO: initial number of quarantine cases;
10: initial infectious cases; DO: initial death cases; RO: initial recovered cases; kappaFun: providing the time-
dependent death rate anonymously; lambdaFun: anonymous function providing the recovery rate that is
dependent on time.

First, Min-Max Normalization was used to normalize the data without including the number of
epidemic cases. The sample data's lowest value is denoted by Xmin in (11), while the maximum value sample
is denoted by Xmax. Additionally, a suitable scale was created to scale the number of examples to fit the range
of 0 to 1.

X—Xmin

X = (11)

Xmax— Xmin

Following that, the model was fitted using the normalized number of examples X, and the loss using
the SE equation was computed. Additionally, the values of b and w were modified. Training for 10,000
epochs usually results in a stable loss. Each day, the network generates an output consisting of the newly
scaled-down local examples. By scaling the prior cases, we were able to recover the number of instances. The
outcomes are then determined. Over the following three days, the suggested model anticipated that new
instances would continually emerge in each location. Following a summary of the earlier data, Riyadh, the
capital city of Saudi Arabia, was chosen as the city with the highest representation.

Using John Hopkins University's database, we have extracted the Saudi COVID-19 cases and
examined the patterns beginning on March 2, 2020 (the first positive case discovered and verified in Saudi
Arabia). We then used a modified SEIR model and predicted the same preventive actions in COVID-19 to
account for the impact of social distance. Variations in infection rates and the number of confirmed cases is
substantial. These figures are considered to have been disturbed due to precautions and avoiding social
connection. Saudi Arabia is particularly susceptible to illnesses caused by international tourists since it is
known as a major regional transit and religious tourism center. To reduce the possibility of social encounters,
Saudi Arabia has imposed lockdowns and canceled several activities and events. We project the spread of
these spread parameters and their impacts on them over the next several days based on previous data up to
June 25th, 2021, such as the spreading high in the first quarter of that year. This summer, the nation switched
from a rigorous lockdown to a partial lockdown as the number of positive cases number quickly began to
decline (mere overnight hours). However, with the peak cases steadily increasing over the last six months,
there is concern that the scenario would recur, putting enormous strain on Saudi hospitals from critical cases.
Therefore, the third wave of dissemination is anticipated in October 2021.

The only way to improve the situation and stop the spread, in addition to taking social isolation into
account, is by immunizing the majority of Saudis and non-Saudis, a task that the Ministry of Health is now
doing successfully (approximately 12,762,684 doses have been provided, covering 70% of the adult
population) [78]. The forecast is displayed in Figure 2 where the peak is projected 35 days after imposing the
lockdown, whereas the number climbed significantly at the start of 2021 owing to this lockdown being
implemented at the appropriate moment. We utilized the SEIR model for Saudi Arabia, neglecting social
distance. Figure 2 displays the incidence rate for only 4 parameters (R, E, S, and 1) over 210 days, where time
is expressed in days by the population proportion. The estimate for the incidence rate over 210 days using the
SEIR/DNN prediction model is illustrated in Figure 3, in contrast (or rather attributes: E, S, R, I, D, H). When
requiring no or partial lockdowns, it demonstrates that the peak would occur during the first 30 days. The
mortality rate would be very low throughout 210 days, and by November 13, 2021, everything would be stable.
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If the SEIR/DNN prediction model is utilized, Figure 4 once again shows the prognosis for the
estimated incidence over 210 days with seven parameters, like Al (for 10-1 mode). It demonstrates that when
requiring partial or no lockdowns, the peak would occur within the first 30 days. The death rate would be
extremely low over 210 days, and everything would be stabilized on March 11, 2021; one week earlier than
if just six factors had been used.
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Figure 2. With no social distance, SEIR/DNN forecasts for Saudi Arabia (prevalence rate)
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Figure 3. SEIR/DNN predictions for Saudi Arabia with 6 factors (incidence rate)

Figures 4 and 5 show the impact of the DNN model's prediction. It is reported that the machine
learning algorithm can accurately anticipate the epidemic scenario in Saudi Arabia using demographic data.
Without the lockdown, according to our modeling, the peak would have grown significantly during the
identical 22-day period (from June 28 to July 13, 2021), and the health system would have been put under a
lot of strain. The spread soon disappears when the reproduction rate is less than one, which has a substantial
influence. On contrary, the spread expands rapidly if the rate is greater than one. Regular handwashing
reduces the risk of illnesses, and appropriate social distance ensures that the exposed population is kept in
check. The SEIR/DNN model demonstrates that if the social distance is correctly implemented in Saudi
Avrabia, the number of instances may be reduced to below 1 million. However, since COVID-19 is a more
complicated disease, a prediction model needs to take into account more important variables like mortality
rates and immunization rates to provide more accurate forecasts in [79], [80]. So, these aspects have been
taken into account in our model. Due to a lack of information on the vaccination/million or daily vaccination
rate in Saudi Arabia, the rate of vaccination is implicitly included in recovered and susceptible people. The
specific parameter settings for the SEIR/DNN model that we employed in our simulation are shown in
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Table 1. Artificial parameters, Group parameters, and natural propagation parameters are the three categories
into which they fall. Figure 5 depicts the forecast for the first half of 2021 without social segregation and
after the lockdown measures have been suspended.
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Figure 4. SEIR/DNN predictions for Saudi Arabia with 7 factors (incidence rate)
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Figure 5. 210-day COVID-19 spread forecasts using a modified SEIR/DNN model

Table 1. Setting the SEIR model's initial settings will begin on June 28%", 2021

Category Parameter Value
Group Total (N) 34813867
Susceptible (S) 32827872
Exposed (E) 484539
Infective (I) 752848
Healer (H) 739536
Recovered (R) 739536
Death (D) 9072
Natural propagation Infection rate (A) 0.231
Incidence rate (o) 0.2
Healing/Recover rate (y) 0.1
Loss antibody rate (w) 0
Latent days (day) 5
Healing rate (o) 0.8
Death rate (B) 0.2
Artificial Quarantine (Q) 0.7
Medical ability 1.2
Cure gain 1.250

Susceptible exposed infectious recovered-machine learning for COVID-19 ... (Mutasem K. Alsmadi)
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About 1.1 million people in Saudi Arabia are potentially infected during the peak period, which lasts
3 months from the first lockdown, under no lockdown in Figure 5 (March 21%, 2021). In Figure 5, the
mortality rate substantially climbs over 40 days, and the peak of fatalities lasts for around 150 days at the
same rate. Therefore, ending lockdowns is not a decision that can be made based on medical expertise, cure,
or care for affected individuals. As indicated in Figures 6 and 7, we conducted our tests on infections under
various degrees of lockdown, starting with no lockdown and progressing through partial lockdown to severe
lockdown, to comprehend the impact of the lockdown in Saudi Arabia better. The drawback of our strategy is
that findings might be significantly disrupted by variations in lockdown levels. Peak infections might reach
less than 500,000 and occur nine months after the start of the lockdown, which is presently not a possibility.
In the event of a partial lockdown, commencing on June 26", 2021, around 750,000 people might get
infected. Figure 6 revealed that the infection rate dropped for approximately a week before increasing again
after a month with a million infections altogether. After another two months, the infection rate dropped
substantially to only a few hundred infections. Last but not least, Figure 7 demonstrated that under a severe
lockdown, the infection rate starts to significantly decline after three months and gradually fades completely.
Additionally, under both rigorous and partial lockdowns, the mortality rate is gradually declining.
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Figure 6. Modified SEIR/DNN model predictions with the partial lockdown

le7 Strict Lockdown

4.0 4

3.5 1

3.0 1
2.5 1 »

2.0 4

Population

1.5 1

oIx™— mMmuwu

1.0

0.5
T v

0.0 e » e ——|
0 25 50 75 100 125 150 175 200
Days

Figure 7. Modified predictions from the SEIR/DNN model with the rigorous lockdown

The exposed population is soon reduced when vaccine recipients are taken into account, and the
curve flattens. When infection rates and vaccination rates fall, hospital infrastructure and resources have
more time and space to handle serious infection cases, which lowers the COVID-19 mortality rate. The
efficacy and efficiency of a partial or strict lockdown over the next 210 days beginning on June 28, 2021, are
shown in Figures 6 and 7. To attain the aim of efficiency and efficacy, our simulation took into account
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quarantine actions, cure gain, and medical prowess. For a complete list of the variables, we used in our
simulation, as shown in Table 1. The number of infections has risen by 484539 new instances (before June
27, 2021, to include the total score), which is better than what is shown in Figure 6 when the infections
attained their overall score of 4.8 million. In Figure 3, forecasts indicate that at least 1 million instances may
be infected, but Figure 7 reveals that the score is only half that high (~750 thousand). A lockdown, on the
other hand, would have a significant influence on containment or reducing the incidence of infection.
Therefore, if the incidents significantly rise in October when educational institutions are completely open for
their students as well as staff in typical classrooms, the Saudi Arabian government may consider
implementing a partial lockdown. Nevertheless, until the majority of the population gets immunized, which
might happen by the end of September 2021, the government and all Saudi citizens must take precautions.
The administration said that the partial lockdown will cease on September 1 unless the situation with the
virus was rectified due to the dire economic condition. Figures 6 and 7 further demonstrated that depending
on whether tight or partial lockdown is used, the infection curve flattens out after three months or less. Unlike
our SEIR-DNN prediction model, Alrashed et al. [6] introduced a modified SEIR model, but with only 4
parameters to predict the spread of COVID-19. They additionally considered the social distancing factor.
They implemented their model on the initial spread data available for a short period of time (until April 9,
2020) for the Kingdom of Saudi Arabia. Their model also ignored birth rate and death rate; hence the
predictions are only estimated values and not accurate (e.g., probability of transmitting the disease, rate of
exposed becoming infectious, average duration of recovery). Our model is implemented for a much longer
period considering social distancing, lockdown, death rate, and other hyperparameters. Therefore, our SEIR-
DNN model outperformed the classical and modified SEIR models in terms of accuracy and other measures.

5. CONCLUSION

The spread of COVID-19 in the Kingdom of Saudi Arabia was predicted by the current research
using SEIR, a mathematical spread model. SEIR was modified with the addition of lockdowns before its
usage for the research. It was discovered that 310 people were originally affected on the 30th day after the
first case was reported in Saudi Arabia. Examining the distribution pattern until April 3rd of 2020, the effects
of lockdowns and social distancing were considered. Then, at various degrees of lockdown, the anticipated
number of affected instances was calculated. The findings indicate that 3 million subjects would be affected
in Saudi Arabia by June 2020 if there were no lockdowns. However, several tactics were being used
throughout the Kingdom to stop the spread. Relatively, starting on March 21%, 2020, with a partial lockdown
in Saudi Arabia, the number of confirmed incidents was anticipated to be fewer than 500,000, and stronger
lockdowns may flatten the COVID-19 curve. This also holds for hypothetical circumstances that are detailed
in the results section and begin the simulation on June 27", 2021, and continue for nine months. A short
period of lockdown and vaccination rates were taken into account in the scenario. The results demonstrated
that the infection curve will drastically flatten after three months, depending on the vaccination rate,
lockdown, and social isolation. The daily number of new instances was calculated using first-order
differential analysis of the cumulative number of reported cases, with interpolation employed to take into
account outliers. Getting the time series data was done after setting the sequence length time sliding window.
The DNN model was utilized as the input for training using the time slice data, and it was looped 500 times
before being stored. A nationwide prediction for new cases as well as a pattern chart for cumulative cases
over the 210 days after June 26 was obtained by first entering the number of new national COVID-19 cases
into the trained DNN model. In terms of predicting the epidemic sizes and peaks, our updated SEIR/DNN
model performed well. The forecast has become more accurate and useful in determining whether the
lockdown is partial or strict by providing the SEIR model with over 4 characteristics that are closely
associated across the layers of DNN. Additionally, the Al-based model (DNN) has promise for the prediction
of future epidemics. The scale of the outbreak in Saudi Arabia is expected to decline as a result of the control
measures put in place after June 26. However, the strategy of early identification and careful monitoring must
continue until the end of 2021.
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