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Abstract: The spread of the novel coronavirus disease (Covid-19) has created a
chaos across the world. The disease continues to spread in all countries. The use
of mathematical models in public health plays an important role in many aspects,
such as rapidly visualization epidemiological information, monitoring, predicting
and estimating the spread of disease, and supporting decision-making to prevent
and control the pandemics. The objectives of this study are to simulate the Covid-
19 spreading in Malaysia and Italy using Susceptible-Infected-Recovered (SIR)
model between 2021 and 2022 and to compare the data spreading of Covid-19
diseases in Malaysia and Italy between 2021 and 2022 using graph descriptions.
The simulation of SIR model for Malaysia and Italy built with real data which
obtained from Github Repository and Johns Hopkins University, respectively
using MATLAB. Then, the simulation of the SIR models is compared to show the
trend of the spreading Covid-19 in Malaysia and Italy between the two years. From
two years comparison, the number of infections in 2021 is higher for Italy than
Malaysia as the vaccination rate in Malaysia is higher compared to Italy.
Meanwhile, the number of infections in 2022 for Malaysia is higher than Italy. In
conclusion, the awareness of Covid-19 will grow over time, and people’s
understanding of the disease can be improved, thereby flattening the
epidemiological curve in both countries.

Keywords: Covid-19, SIR Model, Epidemiological Information, Comparison,
Vaccination Rate

1. Introduction

Since the end of 2019, the world has been dealing with a unique viral infection known as
coronavirus disease 2019 (Covid-19), which has a significant impact on human life and the global
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economy. Covid-19 is a disease caused by the SARS-CoV-2 virus, which is a novel virus (severe acute
respiratory syndrome coronavirus 2) [1]. The first case of coronavirus infections 2019 (Covid-19) was
reported in mainland China on 31st December 2019, in the city of Wuhan [2]. Since then, the virus has
spread around the world, and the number of cases has exploded, with more than 90 million people
affected by January 2021[3]. World Health Organization (WHO) declared the outbreak a pandemic on
11th March 2020 [4] making it the largest pandemic of the twenty-first century to date, based on the
growing number of confirmed cases of disease by Covid-19 [5] .

The spread of the Covid-19 pandemic has recently been investigated using mathematical models in
a number of countries, including China, Italy, and the United Kingdom [6]. The epidemiological
Susceptible-Infected-Recovered (SIR) model for Covid-19 spread in Malaysia and Italy is examined in
this study. The SIR model is the most basic compartmental model for describing the epidemic pattern
of an infectious disease [7]. When modelling using the SIR approach, the population was assumed to
be a compartment of interacting individuals in which the disease spreads from the infected to the
susceptible and the infected either recover or build immunity against the infectious agent [6]. Therefore,
the SIR Model is used to simulate infection magnitude and assess the impact on healthcare resources
and the population [8].

Based on the situation today, many countries are still struggling to overcome the spreading of
Covid-19. Therefore, each country have to find out the best way to deal with this disease by observing
and discussing with experts of other countries handle this disease from high cases to low cases. The
SIR model is utilised to examine the spread of Covid-19 in Malaysia and Italy for this study. Malaysia
and ltaly are very different from one another in terms of climate change, population size, access to
healthcare, standard of living and many other aspects. In addition to the restrictions imposed by different
weather conditions and a quality of life, this study aims to comprehend the significance of their solution
in preventing cases from rising.

Therefore, this study aim to analyse the pattern of Covid-19 spreading in Malaysia and Italy by
year. The epidemic pattern of the Covid-19 will be described using SIR model. There are three
objectives for this research.The first is to simulate Covid-19 spreading in Malaysia using SIR model
between 2021 and 2022. The second is to simulate Covid-19 spreading in Italy using SIR model between
2021 and 2022 and last objective is to compare the data spreading of Covid-19 diseases in Malaysia
and Italy between 2021 and 2022 using graph description.

2. Materials and Methods
2.1 Data Collection

In this study, the data spread of Covid-19 for Malaysia and Italy is obtained from the Github
Repository [9] and John Hopkins University [10], respectively. It provides time series data starting on
1st January 2021 until 31st December 2022 with the total number of people infected with the
coronavirus, including the number of people who have been confirmed with Covid-19, the number of
people who have recovered from infection and the number of people who died as a result of the deadly
virus.

2.2 SIR Model Equations

The ordinary differential equations (ODES) were used in this study to predict and assess the spread
of the Covid-19 outbreak in Malaysia using Kermack and McKendrick's Susceptible-Infectious-
Recovered (SIR) epidemic disease model. The SIR model of ordinary differential equations [11].
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where N is represents the total population, S is the number of susceptible individuals, I is the number of
infected individuals, R is the number of recovered individuals, g is the effective amount of people
infects per day and y is the proportion of infected recovering per day. The basic SIR model is considered
in this research and MATLAB code is used to analyze the models. MATLAB is a fourth-generation
high-level programming language and interactive environment for numerical computation,
visualization, and programming.

2.3 Parameter Values for SIR model

For SIR model Eq.1 to Eq.3, there are several parameters needs to be set. The value of proportion
of infected recovering per day, y is given by [12]

Y = B B Eq 4
where D is numbers of day an infected person has and can spread the disease. The numbers of D =14
days are assumed for Malaysia and Italy since this value is thought to be the minimum amount of time
that Covid-19 patients must spend in a mandatory quarantine [12]. Parameter 3 is the value of effective
amounts of peoples infected recovering per day. This value can be obtained using the following formula
given by [13]

B
Ry =—, Eq.5
Ty
B=RyXxv, Eq.6

where § can be obtained from the value of reproduction number and the proportion of infected
recovering per day. R, is a value that can be calculated for communicable diseases or in general, it
represents the number of people that a single infected person can be expected to transmits the disease
to. The value of R, for Malaysia are takes from the Ministry of Health (MOH) Malaysia official website.
The value of R, that used for built graph of SIR model for Malaysia is taken on 1st January 2021 and
1st January 2022, respectively.

Table 1 and 2 represents the values of parameters which have been used in the SIR model for 2021
and 2022 Covid-19 cases in Malaysia and Italy. The value of R, that been used for Italy is 3.6 [14].

Table 1: Parameter values for Malaysia for year 2021 and 2022

Parameter Parameters for year 2021 Parameters of year 2022
R, 1.78 0.99
B 0.13 0.07
D 14 14
y 0.07 0.07
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Table 2: Parameter values for Italy for year 2021 and 2022

Parameter Parameters for year 2021 Parameters of year 2022
Ry 3.6 3.6
B 0.26 0.26
D 14 14
y 0.07 0.07

2.4  Comparison of Covid-19 cases in Malaysia and Italy

The spread of Covid-19 in Malaysia and Italy is observed by the graph simulations of SIR model.
The plots are for the year 2021 until 2022.

3. Results and Discussion
3.1 Application of SIR model using real data in Malaysia and Italy

The analysis for spreading of Covid-19 disease for Malaysia and Italy has been done with the
simulation of SIR model using MATLAB. For Malaysia, this phase was applied by data of Covid-19
spread in the interval between 1st January 2021 until 31st December 2021. Figure 1 shows the graph of
SIR model that applied to data of spreading of Covid-19 for year 2021.
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Figure 1: Application of SIR model using data in Malaysia for year 2021
(Ry=1.78,=0.13,D = 14)

From Figure 1, the number of people who were susceptible initially remained constant from day 1
before gradually decreasing starting on day 120 and continuing until day 365. The number of infected
people started to rise on day 158 and continued to rise until day 244. The number of infected people
started to decrease, on day 244 until the end of the year. This is because Malaysia is one the countries
that has been the fastest in providing vaccines to Malaysians. In addition, the vaccination rate in
Malaysia is increasing. As of 25th December, Malaysia has vaccinated 78.3% of its population, which
corresponds to 97.5% of adults and 87.2% of adolescents aged 12 to 17 [15]. Furthermore, starting on
day 174, the number of recovered cases keeps growing until the end of the year. With these vaccines,
the Malaysian government can prevent the increasing numbers of cases in order to strengthen individual
immunization against Covid-19. Therefore, the infections numbers in Malaysia are low. Due to the
decrease in the number of susceptible individuals in Malaysia, the number of recovered cases is
continuously rising until the end of the year.
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Based on the number of infected cases in the community, Malaysia recorded the highest number
of cases and recovered cases in 2022. For the year 2022, this phase was applied by data of Covid-19
spread between 1st January 2022 until 31th December 2022. Figure 2 illustrate the graph of SIR model
that implemented the data of spreading of Covid-19 spreading for year 2022.
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Figure 2: Application of SIR model using data in Malaysia for year 2022
(Ry =0.99,=0.07,D = 14)

From Figure 2, the number of susceptible people began to gradually decrease on the 13th day and
continued to do so for the following 33 days, starting with the first day of the year. The number of
infected cases in Malaysia for 2022 started increasing on the 12th day, that is, at the beginning of the
year. The number of infected cases is higher at the beginning of the year because the arrival of Omicron
variants in Malaysia. The number of infected individuals in Malaysia is higher because the Malaysian
started neglecting to follow the SOP and restrictions that the government provided to all the community.
However, Malaysia started to recover on day 25. The cases of infection gradually decrease until the end
of the year because the the vaccination rate is lower, which is 84.1% of Malaysia total population has
been vaccinated with at least two doses, and 49.6% completed one booster shot [16].

In Italy, this first phase was applied by data of Covid-19 spread in the interval between 1st January
2021 until 31th December 2021. Figure 3 shows the graph of the SIR model that applied to data of
spreading of Covid-19 for the year 2021.
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Figure 3: Application of SIR model using data in Italy for year 2021
(Ry=3.6,=0.26,D = 14)

Based on Figure 3, the number of susceptible individuals slowly decreased from day 50 to day 166
and began to remain constant at day 150 through the end of the year. At the same time, the number of
infected increased on day 50 and clasted until day 84. The number of infections in Italy is higher due to
the Covid-19 delta variant that arrived in June 2021. This variant has become predominant and there is
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an increase in the number of cases of infection. The Delta variant is more contagious and is just as risky
for those who have not received the Covid-19 vaccine or have only taken the first dose. As of 3th
September 2021, Italy has administered a total of 78,798,299 doses of Covid vaccine. As each person
requires two doses of the Covid vaccine for full effectiveness, the total number administered is sufficient
to cover approximately 65.1% of the country’s population [17]. In August 2021, hackers blocked an
Italian vaccination booking system [18]. This results in the vaccination service to the Italian people
being slow and delayed. In addition, the number of recovered people in Italy is higher than in Malaysia.
The number of infected gradually decreased until day 150. After that, the number of infections remained
stable until the end of the year. The peak of the highest infection number comes on day 84. The number
of recovered cases started to increase from day 50 util day 365.

For the year 2022, this phase was applied by data of Covid-19 spread in the interval between 1st
January 2022 until 31st December 2022. Figure 4 shows the SIR graph that applied to the data of
spreading of Covid-19 for the year 2022.
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Figure 4: Application of SIR model using data in Italy for year 2022
(Ry=3.6,=0.26,D = 14)

Based on Figure 4, the number of susceptible people slowly decreased from day 61 to day 136.
After a sharp decline, the number of susceptible people remained stable until day 365. Also, the number
of infected cases started to increases on day 68 and reached the highest peak on day 111. The number
of cases is decrease through day 196 before remaining stable through the end of the year. In addition,
the number of recovered cases is higher than the number of infections in Italy. The number of recovered
cases began to rise. The number of infected cases is high at the beginning of the year because of the
arrival of the Omicron variants. In addition, in Italy, around 90% of the adult population has been fully
vaccinated [20].

3.2 Comparison of the simulation of SIR model in Malaysia and Italy

Based on Figures 1 and 3, the SIR graph simulation for Malaysia and Italy for 2021 would be
compared. It turned out that the number of infected cases in Italy is higher than in Malaysia and the
number of recovered cases in Italy is also higher than in Malaysia. This is because Malaysia is one of
the countries that has been the fastest in getting vaccines to Malaysians. As of 25th December 2021,
Malaysia has vaccinated 78.3% of its population, which corresponds to 97.5% of adults and 87.2% of
adolescents aged 12 to 17 [15]. The number of infections in Italy is higher due to the Covid-19 delta
variant that arrived in June 2021. This variant has become dominant and there is an increase in the
number of cases of infection. Malaysia is also affected by the delta variant, but the number of cases due
to the variant is not as high as in Italy. In Malaysia, the total number of Covid-19 cases caused by the
delta variant is 3,570 [25] while Italy recorded nearly 17% of total Covid-19 cases that due to the delta
variant as of 26th June 2021 [26]. The Delta variant is more contagious and is just as risky for those
who have not received the Covid-19 vaccine or have only taken the first dose. Delta is considered a
“variant of concern’ by WHO [26]. As of 3th September 2021, total of 78,798,299 doses of Covid
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vaccine have now been administered in Italy. Since each person needs 2 doses of the Covid vaccine for
full effectiveness, the total number administered enough to cover approximately 65.1% of the country’s
population [17]. Therefore, the high percentage of vaccination in Malaysia can prevent the rising
numbers of cases, strengthen individual immunization against Covid-19 and keep the infections
numbers in Malaysia low. Meanwhile, in Italy, where vaccination coverage is low, nationwide
lockdowns, quarantines, social distancing and the use of face masks have been successfully applied to
reduce the spread of the virus and the strain on the country's healthcare system [27]. Both countries
were able to contain the damage brought on by the emergence of the Delta variant thanks to the high
efficacy and effectiveness of the licensed vaccines against this infection, severe disease, and death, as
well as to the prioritization of the highest risk categories [28].

According to Figures 2 and 4, the SIR graph simulation for Malaysia and Italy for 2022 would be
compared. Authors finds out that the number of infections in Malaysia is higher than Italy and the
number of recovered cases in Malaysia is also higher than Italy. Italy has managed to reduce the number
of Covid-19 cases from a high number of cases to a low number compared to previous year. Italy has
had some of the toughest restrictions in the world during the pandemic and, despite a relaxation of most
rules, is still one of the most cautious countries in Europe [19]. For both countries, the number of
infections had increases at the beginning of the year due to the emergence of Omicron variants. With
the emergence of variants of Omicron, the number of cases increased exponentially. Italy reported its
first case of Omicron on 28th November 2021, while Malaysia reported its first case of Omicron on 2th
December 2021. Italy took early precautionary measures with a travel ban imposed on seven southern
African countries: South Africa, Lesotho, Botswana, Zimbabwe, Mozambique, Namibia and Swaziland
to avoid an increase in the number of infected cases [21].

The precautionary take by Italy managed to reduces the number of cases at the beginning of the
year 2022. The vaccination percentage in ltaly is around 90% of the adult population had been fully
vaccinated [19] while the vaccination percentages in Malaysia is around 84.1% that had been fully
vaccinated in 2022 [16]. The high vaccination rate contributes to the low number cases of Covid-19. In
order to reduced number of cases in ltaly, Italy government has ordered the closure of public facilities
in Italy, including schools, restaurants, shops and museum [23] and Italy extends the lockdown until
March 2022 and masks are mandatory outdoors for any public activities to maintain the latest
restrictions to implemented to contain the fourth wave of the pandemic over the Christmas and New
Year holidays [24]. In addition, the Italian government is making mandatory for people aged 50 and
over to get vaccinated under strict new rules to control the country’s rising number of Covid-19 cases
and failure to receive vaccination will result in fines of between RM2,857 and RM7,142 [22]. Also,
Italian requires a “special green pass” to enter public places such as restaurants and bars, cinemas, gyms,
nightclubs and stadium to ensure that the person has been vaccinated and negative Covid-19 [24].

4. Conclusion

In conclusion, the SIR model is a useful method for evaluating and controlling the Covid-19
epidemic. SIR model can be used to analyse the dynamics of Covid-19 spreading in Malaysia and Italy
in more detail. The outcomes of the SIR model have been validated using actual data of the spread of
Covid-19 in Malaysia. The verification process was divided into two stages for the years 2021 and 2022.
According to the SIR graph simulation built in MATLAB for Malaysia, the number of infections peaked
in 2022 at a higher rate than it did in 2021. Additionally, Italy experienced the opposite outcome from
Malaysia, with a higher peak in infection rates in 2021 than in 2022. The results of the SIR model based
on actual Covid-19 spread data in Malaysia and Italy are compared based on graph descriptions refer to
figure 1 to 4. In fact, Malaysia is better positioned for responding to the current outbreak than Italy [20].
In order to reduce the risk of Covid-19 transmission in the public, this study advises Malaysia and Italy
to strengthen their public health measures and surveillance by providing adequate education on Covid-
19 prevention and control [20].
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