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Abstract

After a breakdown notified in Wuhan, China in December 2019, COVID-19 is declared
as pandemic diseases. To the date more than 13 million confirmed cases and more than
half a million are dead around the world. This virus also attached Malaysia in its
immature stage where 8718 cases were confirmed and 122 were declared as death.
Malaysia responsibly controlled the spread by enforcing MCO. Hence, it is required to
visualize the pattern of Covid-19 spread. Also, it is necessary to estimate the impact of
the enforced prevention measures. In this paper, an infectious disease dynamic modeling
(SEIR) is used to estimate the epidemic spread in Malaysia. The main assumption is to
update the reproduction number Rt with respect to the implemented prevention
measures. For a time-frame of five month, the Rt was assumed to vary between 2.9 and
0.3. Moreover, the manuscript includes two possible scenarios: the first will be the
extension of the stricter measures all over the country, and the second will be the
gradual lift of the lock-down. After implementing several stages of lock-down we have
found that the estimated values of the Rt with respect to the strictness degree varies
between 0.2 to 1.1. A continuous strict lock-down may reduce the Rt to 0.2 and
accordingly the estimated active cases will be reduced to 20 by the beginning of
September 2020. In contrast, the second scenario considers a gradual lift of the enforced
prevention measures by the end of June 2020, here we have considered three possible
outcomes according to the MCO relaxation. Thus, the estimated values of Rt = 0.7, 0.9,
1.1, which shows a rapid increase in the number of active cases. The implemented SEIR
model shows a close resemblance with the actual data recorded from 10, March till 7,
July 2020.
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Introduction 1

COVID-19 is one of the coronaviruses, originated from a large family of viruses, causing 2

illness to animals and humans. These corona viruses trigger a respiratory infection 3

ranging from basic cold to more severe diseases, such as Middle East Respiratory 4

Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS). The strain of the 5

virus underlying this COVID-19 illness is known as the Severe Acute Respiratory 6

Syndrome corona virus 2 (SARS-CoV-2). The current strain of the virus is first 7

discovered in Wuhan, China, in December 2019 and further spread to other 8

countries [1–3]. 9

Common symptoms of COVID-19 are cough, fever, sore throat, pneumonia, and 10

shortness of breath [4–6]. All groups of people can be affected by this illness; however, 11

about half of them needs a hospital admission due to medical problem backgrounds such 12

as high blood pressure, heart and diabetes [7–9]. 13

The COVID-19 disease spreads from an infected person to an uninfected person 14

through breathing small droplets from nose or mouth, expelled when the COVID-19 15

infected person coughs, sneezes, or speaks. These droplets do not sink to the ground nor 16

travel far. Thus, nearby people can also get infected when they first touch the surfaces 17

with virus droplets and then touch their face, eyes, nose, or mouth. Therefore, it is 18

advised to always wash hand too [7, 10,11]. 19

The chronology of COVID-19 spread starts when China’s Health Authority reported 20

a mysterious pneumonia found among 41patients from Wuhan city, on 31st December 21

2019. This first cluster is linked to the Huanan Seafood Wholesale Market [5, 12,13]. 22

Accordingly, Wuhan city is placed under quarantine and followed by the whole province 23

of Hubei in the next days [4,13]. However, few days later China recorded its first case of 24

death [14]. The coronavirus case and even case of death also starts to be observable in 25

regions outside of China. Other than China, COVID-19 was also found to start having 26

outbreak in other countries, South Korea, Iran, Italy, and Spain. On March 11, the 27

WHO has declared COVID-19 as a pandemic [11,14–16]. 28

As for Malaysia, the Malaysian authorities have initiated a thermal checkup at all 29

the entry points of the country since the reporting of the first wave of the virus. The 30

very first recorded case COVID-19 is linked to a male returning from Wuhan, on the 31

25th January 2020 [17]. Following that, on 27th January, all the travelers from Hubei 32

province are banned from entering the country. On 9th February, the ban is extended to 33

include all travelers from Jiangsu and Zhejiang provinces [49] and on 5th March, 34

Malaysia added seven regions towards its travel ban order. The travel ban is extended 35

to include Italy, Iran, and South Korea on 11th March, while Malaysians coming from 36

those countries will be quarantined for 14 days. On 12th of March, the Malaysian 37

Authorities announced the first case of human to human transmission, occurring within 38

the local population. As a response to the increasing number of cases, the Malaysian 39

authorities announced the Movement Control Order (MCO) on 16 March 2020. 40

Accordingly, six restrictions have been imposed [50]. 41

1. Mass gathering, and massive events are prohibited (i.e. religious, sports, social 42

and cultural activities). 43

2. A health screening and self-quarantine for 14 days are imposed on Malaysians 44

returning from abroad. 45
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3. Tourists and foreign visitors are restricted to enter the country. 46

4. Closure of all kindergartens, government, and private schools. 47

5. Closure of all public and private higher education institution (IPTs) and skill 48

training institutes. 49

6. Closure of all government and private premises except for essential services. 50

With the movement control order put in place since 18th March, all citizens have been 51

prohibited from leaving the country and foreigners also prohibited from entering the 52

country. The movement control order was originally set to end on 31st March; however, 53

the order has been extended three times as additional two-week “stage”over the course 54

of two months. For the purpose of estimating the active cases in Malaysia, the various 55

stages are described as follows: 56

� Stage 0: this stage considers the time period started on the major outbreak 57

occurred on 10 March 2020 till the implementation of the MCO on 18 March 58

2020.since the discovery of the first case. 59

� Stage 1: the implementation of the movement control order (MCO) which started 60

on 18 March and set to end on 31 March 2020. 61

� Stage 2: as new cases continue to raise, the extension of the MCO is announced 62

on 25 March to 14 April. This stage is known as Enhanced Movement Control 63

Order (EMCO), where specific locations were subjected to a stricter order. 64

Accordingly, all residents and visitors within those areas are forbidden from 65

exiting their homes during the order; non-residents and visitors outside the area 66

cannot enter into those areas; all businesses are shut down and all roads into the 67

areas are blocked; and adequate food supplies were given by the authorities during 68

the 14 day-order to all residents. 69

� Stage 3: according to the WHO projection of the peak which estimated to take 70

place in mid-April, the third extension is announced on 10 April, which extends 71

the MCO to 28 April. 72

� Stage 4: announced on 23 April and extends the MCO to 12 May. 73

� Stage 5: This stage considers the time period between 12 - 30 May 2020. 74

Accordingly, the government announced a plan known as Conditional Movement 75

Control Order (CMCO), aims to relax the enforced regulations in order to reopen 76

the national economy in a controlled manner [44]. The regulations of the CMCO 77

were eased where most economic sectors and activities are allowed to operate 78

while observing the business standard operation. However, sports activities 79

involving large gatherings, social, community, cultural and religious events, as well 80

as all types of official events and assemblies are not permitted [44,45]. 81

� Stage 6: On 7 June, the Malaysian Authorities announced the Recovery 82

Movement Control Order (RMCO) between 10 June and 31 August. Accordingly, 83

the government permits the interstate travel except for the areas remaining under 84

the Enhanced Movement Control Order (EMCO). In most areas, certain religious 85

activities at mosques are allowed again, but with additional restrictions. On 26 86

June, the Malaysian Authorities announced more relaxation regarding cultural 87

and tourism related sectors. However, tourism businesses are required to abide the 88

social distancing measures, wear face masks, temperature checkup as well as a 89

crowd limit. On 29 June, it was reported that both government and private 90

pre-schools, kindergartens, nurseries, and day care centers would resume 91

operations from 1 July. 92
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This research article is divided into the following sections: Section 2 (Background), 93

gives overview of COVID-19 in other countries and cities. It also provides a clear 94

description of COVID-19 prediction modeling which has been used by many other 95

country experts to predict values for controlling cases. Section 3 presents the actual 96

data in order to see the pattern of virus spread based on country (Malaysia) data and 97

state data. Section 4 describes the model used to predict the future aspects of virus 98

spread. Section 5 discusses the findings of the research. Finally, section 6 concludes the 99

discussion and demonstrates the recommendations of the manuscript. 100

Background 101

It is believed that any system that has intrinsic number of uncertainties, measurement 102

and time delays, such systems are very complex and difficult to predict. Currently the 103

most contagious corona virus has all such factors within itself and it has swallowed 104

already more than 284,000 lives. In the last few months, researchers from all around the 105

globe has suggested numerous models for predicting the behavior of COVID-19 curve 106

and the people are somehow familiar with such epidemiological system models. The 107

extended calculations in such models are predicting expectations about what the future 108

holds and estimating the situation of a specific jurisdiction but unfortunately, these 109

models have some imperfects within. Discussing the agent-based models, they are 110

depending over the mobility and transportation which allows people to move between 111

two points. In most of the cases, this is generated using the dataset from census and 112

from hospitals. Whereas the compartmental model is based on ordinary differential 113

equations used in several cases such that [22–24]. 114

This is observed while doing literature survey that people have tried to predict the 115

Ro by any technical strategy hence in the same regard this paper presents the major 116

modeling schemes that are tried to predict the next upcoming months for specific 117

jurisdiction such that from 06 January 2020 till 11 May 2020. For this time interval 118

proposed manuscript identifies the top 10 frequent studies that may estimate the 119

reproductive co-efficient for this novel coronavirus (COVID-19) from all over the world. 120

It has been observed that very few models are available that focuses specific cities of a 121

country [23] [25] [?], whereas others are focused on entire country. In Table 1, it has 122

been seen that mostly the approaches are proposed for entire country and very few are 123

proposed for cities. 124

It has been observed that very few research contributions were made to derive the 125

mathematical model universally applicable to individual countries or locality [24]. Some 126

of the techniques were based on Susceptible, exposed, infectious and recovered SEIR 127

approach [26] and some are based on exponential growth with an amalgamation of 128

statistical approach and stochastic representation [26].

Table 1. Modeling Approaches for COVID-19 Country and City Wise.

S.No Approach Country City/Region

1 Stochastic Markov Chain Monte Carlo method [22] China –
2 Mathematical Dynamic Model based on five compartment (SAISTR) [23] China –
3 Statistical Approach [50] China Beijing
4 Mathematical Transmission Model [24] China –
5 Mathematical Exponential Model on serial intervals [25] China Wuhan
6 Mathematical Decay and Exponential Model [27,28] China –
7 SEIR Modeling with Regression Technique [31–34] India, South Korea –
8 SEIRD Modeling with Metheuristic Technique [35,36] South Korea –

129

July 14, 2020 4/21

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 17, 2020. ; https://doi.org/10.1101/2020.07.17.208371doi: bioRxiv preprint 

https://doi.org/10.1101/2020.07.17.208371
http://creativecommons.org/licenses/by/4.0/


Fig 1. Malaysia map with highlighted cases in red circles.

Fig 2. Total number of cases (including Total active cases, total death, total cases per
day) for Malaysia.

Few estimation techniques are based on the epidemiological parameters which are 130

derived using an age-structured, location and model that uses data on specific contact 131

patterns [29]. Taking an example of Italy which had been affected by COVID-19 132

recently, people implemented the SEIR Model to compute the future response [37] by 133

varying the parameters and initial conditions. The same model has been adopted by one 134

of the researchers for computing the causalities in the United Kingdom [31]. SEIR 135

Model has a great and efficient computational result, therefore, it has been used by 136

many researchers such that India [30], the data record most of the cases are collected 137

from John Hopkin’s repository in the multiple time frames. In addition to this, several 138

research contributions were made in [31–34] using this SEIR model, therefore, the paper 139

also proposes the same model for computing the casualties in Malaysia. 140

Data Visualization of Malaysia for Covid-19 141

This section will give data representation for the COVID-19 cases that occurred in 142

Malaysia. 143
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(a)

(b)

Fig 3. (a) State wise plotting and visualization of total confirmed cases for month of
January 2020 (b) Total death cases reported for month of January 2020 bases on states
of Malaysia.

Area of Study 144

This research only focus for the Coivid-19 analysis in Malaysia. Malaysia is a Southeast 145

Asian country occupying parts of the Malay Peninsula and the island of Borneo. 146

Malaysia has 13 states in total. The 13 states are based on historical Malay kingdoms 147

and 9 of the the 11 Peninsular state known as the Malay states. As shown in Figure 1, 148

the Malaysia map is sketched to show the corona virus spread. In Figure 1 red circles 149

the the hot-spot region where Covid-19 cases are reported. 150

Figure 2 visualizes the total number of cases count based on 4 categories i.e, Active 151

cases, Cases per day, Total cases, and Total death. 152

Another visualization was performed based on state-wise cases which were used to 153

understand the pattern of Covid-19 spread. Also, in Malaysia cases were divided as per 154

based on clusters. That means each cluster is the major source of spreading the 155

COVID-19 virus. 156

As shown in Figure 3(a), it is a visualization of all confirmed cases which were 157

reported in January. As per sources, the first case was reported on 25th January 2020 158
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(a)

(b)

(c)

Fig 4. (a) State wise plotting and visualization of total confirmed cases for month of
February 2020 (b) Maximum number of cases reported state wise for February 2020 (c)
Total death cases reported for month of February 2020 bases on states of Malaysia.
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(a) (b)

(c) (d)

Fig 5. (a) State wise plotting and visualization of total confirmed cases for month of
March 2020. (b) Maximum number of cases reported state wise for March 2020. (c)
Total death cases reported for month of March 2020 bases on states of Malaysia.
(d)Maximum number of death cases reported state wise for March 2020.

in Malaysia. The first 3 cases were reported in Selangor state and 1 in Johor, later 159

followed by Kedah. Figure 3(b) shows the total death for January. Two states were first 160

to report first death cases in Malaysia, those are Johor and Selangor. 161

Figure 4 the visualize the total cases reported for February 2020. Figure 4(a) 162

displays all states where cases were reported based on clusters The cases were reported 163

in Johor, Kedah, Kuala Lumpur Negri Sembilan, and Selangor. Among which Selangor 164

and Kuala Lumpur played a major role in spreading the virus as shown in Figure 4(b). 165

Indeed few deaths were counted for February which is plotted in Figure 4(c). Now 166

looking at the cluster which was responsible to spread major outbreak in Malaysia. As 167

per records from Feb 27 to March 3 14,500 Malaysian and 1,500 others attended a 168

tabligh event ”religious event” which were held at at Masjid Sri Petaling, Kuala Lumpur. 169

On 9th March, Brunei’s first case was confirmed who traveled back from this event. 170

Since at this stage it was a very big challenge to do testing of all participants and 171

relatives of participants who attended this event. After the first cases were reported, the 172

Malaysian government took a very important and game-changing step to enforce 173

Movement Control Operation aka MCO. MCO was implemented in March 2020, to 174

ensure the movement of all infected participants to restrict so that spread can be 175

control and also social distance was enforced. 176

As shown in Figure 5 it represents the total number of confirmed cases based on 177

state and number of death reported. In Figure 5(a) Total confirmed cases are visualized 178
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(a) (b)

(c) (d)

Fig 6. (a) State wise plotting and visualization of total confirmed cases for month of
April 2020. (b) Maximum number of cases reported state wise for April 2020. (c) Total
death cases reported for month of April 2020 bases on states of Malaysia. (d)Maximum
number of death cases reported state wise for April 2020.

based on state-wise reporting, in this month all the 16 states were reported with virus 179

spread. Whereas the maximum cases were reported from Kuala Lumpur, Selangor, 180

Putrajaya. The Selangor cases were tacked back from the wedding which took place in 181

Bangi Selangor on March 6-7. It was reported this cluster was the second in recording 182

the number of cases after tabligh event. In this cluster, around 92 cases were reported, 183

from which 44 cases were reported from Hospital Teluk Intan. Even though MOH 184

believes, tabligh cluster is also linked with this cluster in spreading virus unknowingly. 185

In the month of April maximum number of confirmed cases were reported. As shown 186

in Figure 6(a) upto 6000 cases were notified. Figure 6(b) shows the maximum number 187

reported based on states, Kuala Lumpur had reported maximum number of cases 188

followed by same trend from last month, i,e. Selangore and Putraja. Also all reported 189

death are plotted in Figure 6(c). Here a pattern can be mapped by looking at maximum 190

number of death based on state which are Kuala Lumpur, Selangor, Sarawak, Negri 191

Sembilan. These all states were infected badly by virus spread. Since, in this month 192

MCO was on it ts third stage. 193

In April and May the cases reporting was controlled, as there were not bundle of 194

cases were confirmed. As this can be linked with the MCO, hence it is very true to say 195

only by applying social distancing and performing MCO can only provide risk-free 196

Malaysia. Since in many states and districts there were no new cases recorded after the 197

fourth stage of MCO applied. In Figure 7 (b)Only cases can be mapped in Kuala 198
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(a) (b)

(c) (d)

Fig 7. (a) State wise plotting and visualization of total confirmed cases for month of
May 2020. (b) Maximum number of cases reported state wise for May 2020. (c) Total
death cases reported for month of May 2020 bases on states of Malaysia. (d)Maximum
number of death cases reported state wise for May 2020.

Lumpur, Selangor with limited cases, and Putrajaya with least reported cases for May 199

2020. Since the death rate also decreased as shown in Figure 7(c), also Figure 7(d) 200

shows the major state where death cases were reported. 201

Since it is required to understand the pattern of virus spread as there is no clinically 202

proven medication for this virus to cure. Hence, it is required to follow the social 203

distancing and actively practice MCO until June 2020. In this paper, the next section 204

will define how mathematically prediction can be developed to stay safe and how long 205

MCO should be practiced. 206

Methodology 207

The main objective of this paper is to predict the course of the spread of the COVID-19 208

pandemic in Malaysia. The paper uses the well-known SEIR model for estimating the 209

number of the active cases on the time period between 10 March to 8 September 2020. 210

Given the prevention measures imposed by the Malaysian Government, the paper 211

investigates two scenarios, the first scenario attempts to estimate the number of active 212

cases while considering enforcement of insufficient prevention measures. This scenario is 213

implemented using parallel Rt values for the predefined time intervals. The second 214

scenario attempts to estimate the number of active cases while considering strict 215
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enforcement of sufficient prevention measures. To mimic the effects of the imposed 216

control measures, this scenario is implemented using sequential Rt values. 217

Assumptions and Implementation 218

The main assumption in this manuscript is no local cases infected from animal 219

transmissions, hence the initial cluster and the clusters that follow are from overseas. 220

Moreover, we assume that the immunity of the population is the same. Finally, we 221

assume that the natural death and birth have minimal impact on the course of 222

predication, thus, they are not considered in the calculation. 223

In this paper, we also assume that the reproduction number Rt follows the strictness 224

of the prevention measures imposed by the government. Thus, the extension of the 225

lock-down decreases the value of the Rt over time. Accordingly, the course of the 226

estimation continues with two assumptions; the first is the extension of the lock-down 227

beyond 30 June 2020, and the second assumption is the gradual lift of the lockdown 228

after 30 June 2020. Given the two assumptions above, the results attempt to estimate 229

the number of active cases in Malaysia. 230

The SEIR Estimation Model 231

The reason behind using a mathematical modeling of infectious disease is to help inform 232

public health interventions, predict the future course of an outbreak and more 233

importantly, to evaluate the strategies to control an epidemic in order to promote 234

evidence-based decisions and policy [21]. According to the theory of compartmental 235

models, the population is assigned to compartments with labels (i.e. S; refers to 236

susceptible, E; refers to exposed, I; refers to infectious, and R; refers resistant or 237

removed). The candidates of the population may progress between these compartments 238

based on the characteristics of the infectious disease. In that context, the SEIR model 239

belongs to the compartmental models’ family, which used to project how infectious 240

diseases progress and show the likely outcome of an epidemic [39]. SEIR model is 241

utilized successfully in estimating the number of infectious cases with pandemics such as 242

Ebola [22] and SARS [23]. 243

According to SEIR model, the population is classified into four compartments: 244

susceptible (S; at risk of contracting the disease), exposed (E; infected but not yet 245

infectious), infectious (I; capable of transmitting the disease), and removed (R; those 246

who recover or die from the disease). Then, the total population (N) is given by the 247

sum of the various compartments; N = S +E + I +R. The susceptible individuals who 248

have been infected first enter a incubation period (exposed), where during this period, 249

they are not likely to infect other individuals. The differential equations of the SEIR 250

model are given as [42,43]. 251

dS

dt
= −βSI/N (1)

The transmission rate (β) is given by: 252

β = R0γ (2)

While the estimates of the infectious, exposed, and removed portions of the population 253

are given by the following differential equations [42,43]: 254

dE

dt
= −βSI/N − σE (3)

dI

dt
= σE − γI (4)
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255

dR

dt
= γI (5)

where σ is the infection rate calculated by the inverse of the mean incubation period, 256

and γ is the recovery rate calculated by the inverse of infectious period. 257

The estimation is carried out for Malaysia with the major outbreak on 10 March 258

2020, where the number of infectious reached 129. According to the typical SEIR model, 259

S was assumed to be the population of Malaysia. The initial number of cases as well as 260

the respective recovered cases on 10 March 2020 are also considered. The number of 261

exposed individuals is assumed to be 20 times the infectious individuals; E = 20 ∗ I [46]. 262

According to [47], the infection rate (σ) was set as 1 = 5 : 2, where the denominator (5.2 263

days) is the average incubation period of COVID-19. The recovery rate (γ) is assumed 264

to be 1/18, where the denominator (18) is calculated based on the summing the median 265

time from infection to diagnosis plus the hospitalization period [48]. 266

Results and Discussion 267

In this paper, we follow the initial values of Ro published by [46] to estimate the 268

number of active cases in Malaysia between 10th March to 8th September 2020. The 269

first scenario assumes that the spread of the virus across the country with minimal 270

prevention measures imposed. The second scenarios assumes the prevention measures 271

are actively reducing the spread of the virus across the country. Thus, a sequential set 272

of Rt are used to mimic the dynamics of the infection [46]. 273

The Impact of Imposing Minimal Prevention Measures 274

Despite the fact that this scenario is not realistic as active prevention measures are 275

imposed all over Malaysia since 18 March 2020, the presented results provide insights 276

for the policy makers on dynamics of the spread of the virus. Here, the active cases 277

predication implements a parallel Rt values, where R0 is assumed to be 0.9, 2.6, and 3.1. 278

Figure 8 shows that the number of the active cases will continue to climb for the whole 279

time period, and the increase in the value of the reproduction number value Rt result in 280

an exponential growth of the number of active cases. According to this scenario, the 281

peak will occur by the end of July 2020, in case of an Rt = 3.1 which indicates not 282

enforcing any form of prevention. By the end of August 2020, the number of active 283

cases in Malaysia would be as follows 1012, 4600872, and 5979600, with respect to the 284

chosen Rt values. 285

The Impact of Imposing Strict Prevention Measures 286

In order to consider the impact of the strict continuous lock-down with mass testing 287

taking place on hot zones, we have dealt with two assumptions; the first is the extension 288

of the lock-down beyond 10 June 2020, and the second assumption is the gradual lift of 289

the lock-down after 10 June 2020. However, both assumptions follow the exact 290

estimation patterns for the time period between 10 March to 10 September 2020. 291

The reason for choosing the 10 of March as starting date is due to the major 292

outbreak occurred at that date, where the number of active cases spiked rapidly due to 293

the discovery of multiple clusters across the country. Particularly, during the first stage 294

(10-18 March 2020) a minimal control measures were implemented, followed by 295

movement control order (MCO). However, the MCO is updated on 25 March, 10 April 296

and 23 April receptively. The number of active cases in Malaysia reached the peak in 297

mid-April as anticipated by the WHO. The reproductive number used to estimate the 298
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Fig 8. Three scenarios using parallel Rt values considering a minimal prevention
measures.

active cases during this period set as Rt = 2.9, 2.1, 0.9, 0.7, 0.5, 0.3, and 0.2 for stage 0, 299

1, 2, 3, 4, 5 and 6 respectively as shown in Figure 9. 300

The results shows that the Rt values is assumed to decrease gradually from 2.9 to 301

0.2 in Malaysia. The number of actual active cases reported on 28 June 2020 are 195, 302

while the estimated active cases are 385. The variation between the reported and 303

estimated active cases can be attributed to the infected cases showing mild symptoms or 304

without showing symptoms which present no urgent need to have a medical check. The 305

second scenario considers a gradual lift of the RMCO in the time span between (30 June 306

to 31 August 2020). The second scenario considers a gradual lift of the RMCO in the 307

time span between (30 June to 31 August 2020). Within this time period, three 308

possibilities are considered based on the impact of the gradual lifting of the RMCO 309

which result in a change in the value of the reproductive number applied in the 310

estimation. Different reproductive numbers Rt = 0.7, 0.9, and1.1 are used to mimic the 311

impact of aforementioned gradual lifts of the RMCO during stage 6, see Figure 10(a), 312

10(b), and 10(c). 313

The number of estimated active cases on 31 August 2020 are 138 (Figure 10(a)), 314

1605 (Figure 10(b)), and 1817 (Figure 10(c)), with respect to Rt = 0.7, 0.9, and 1.1 315

respectively. 316

These estimated numbers of the active cases depend heavily on the prior estimate of 317

the active cases on 12 May 2020. The variations among these estimates are attributed 318

to the differences in the used Rt. 319

Discussion 320

In this paper, different scenarios of the spread of Covid-19, are modeled to reflect the 321

number of active cases in Malaysia. The applied SEIR model depends on the accuracy 322

of the parameters used in the estimation, for instance, the incubation period and the 323

reproductive number values. 324

Based on the outcome of the SEIR model and the actual data of active cases 325

published by the Ministry of Health, Malaysia, we can easily see the impact of the 326

sequential MCO on the course of the spread of the pandemic. In that context, the initial 327

stage considered in this paper shows that the initial value of the reproduction number is 328
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Fig 9. The prediction of active cases in Malaysia using sequential Rt values while
considering the impact of the prevention measures.

set to 2.9. The estimate obtained by the SEIR model fits the actual data collected from 329

the official portal of the Ministry of Health Malaysia, where the number of active cases 330

by the end of this stage reaches 1221 and shows a clear exponential growth. Moreover, 331

the first stage of the MCO (18 to 30 March) has reduced the Rt value from 2.9 to 2.1 332

which reflected in a reduction of the active cases to around 2000 patients. 333

The second stage of the MCO (30 March to 14 April) was capable to reduce the Rt 334

value from 2.1 to 0.9. This show that the prediction matches the actual data and 335

accordingly, the peak of the active cases curve occurred in mid-April (anticipated by the 336

WHO). Similarly, the further extension of the MCO result in a noticeable decline in the 337

active cases curve, where by 12 May 2020, the estimate of the active cases is 1881 as 338

compared to 1410 obtained from the actual data. 339

The paper also further extend the prediction to estimate the number of the active 340

cases till 8th September 2020. In order to simulate the impact of the relaxation of the 341

RMCO, the paper used a sequence of various Rt values. Table 2 summarizes the 342

outcomes of the prediction. The table considers the Rt value with respect to the 343

estimated number of active cases. 344

Table 2. A summary of the active cases prediction in Malaysia till 8 July 2020.

Rt Values Estimate of the active cases by the end of September 2020 Description
0.3 28 Extension of strict MCO
0.7 138 Extension of a relaxed relaxed MCO
0.9 238
1.1 395

The various Rt values matches the severity of the imposed RMCO, where keeping 345

the RMCO in its current form will reduce the number of active cases to 28 case by the 346

end of August 2020. 347

It is learned that Malaysia’s strategy to break the chain of infection appears to be 348

successful with high number of cases (2532 case) during March 2020, a sudden decrease 349

was found on the 15th April itself, with only 85 cases. Besides, the percentage of 350

recovery also was found to be high, exceeding 50%. 351

The predictions made by this paper were aligned with the health authorities’ source 352
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(a)

(b)

(c)

Fig 10. (a) The prediction of active cases in using Rt = 0.7 for the period between 10th

March – 30th August 2020. (b) The prediction of active cases in Malaysia using Rt =
0.9 for the period between 10th March – 30th August 2020. (c) The prediction of active
cases in Malaysia using Rt = 1.1 for the period between 10th March – 30th August 2020.
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of information and public opinion. Thus, the extension of the EMCO, from 15th April 353

to 28th April was very crucial and successfully prohibited the increase of COVID-19 354

cases, breaking the chain of infection and flattens the curve. 355

Conclusions 356

The conducted study attempted to estimate the number of active cases of COVID-19 in 357

Malaysia between 10 March to 8 September 2020. The study applies a sequential 358

reproductive number values to mimic the dynamics of the virus spread given the strict 359

prevention measures imposed by the Malaysian authorities. The limitations and future 360

extension of the study can be summarized as follows; The value of the reproductive 361

number (as well as the rest of the model’s parameters) might be computed adaptively 362

given the available information such as the density of the population, the average 363

contact time. The country-wise estimate might be predicted more accurately by 364

acculturating the estimates of the province/states. Moreover, additional consideration 365

should be given to the hot spot across the country given the current model lacks this 366

feature. In the case of Malaysia, it was eagerly handled carefully to control the number 367

of cases. Malaysia’s government did all possible ways to stop the spread of COVID-19. 368

After the spike notified in March 2020, MCO was announced in whole Malaysia to 369

control spread. 370

It was reported by the government after the control of cases for till April 2020, 371

another spike was notified in the month of April 2020 (last week) and June 2020(early 372

weeks), in which most of the cases were reported from immigrants as shown in Figure 9. 373

These all immigrants were kept in the detention center. This may conclude that 374

COVID-19 is not spread among Malaysian as these immigrants were all living without 375

following social distancing parameters. 376
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39. Biswas, Md Haider Ali, Lúıs Tiago Paiva, and M. D. R. De Pinho. ”A SEIR
model for control of infectious diseases with constraints.” Mathematical
Biosciences and Engineering 11, no. 4 (2014): 761-784.

40. Getz, Wayne M., Richard Salter, and Whitney Mgbara. ”Adequacy of SEIR
models when epidemics have spatial structure: Ebola in Sierra Leone.”
Philosophical Transactions of the Royal Society B 374, no. 1775 (2019):
20180282.

41. Fang, Haiping, Jixiu Chen, and Jun Hu. ”Modelling the SARS epidemic by a
lattice-based Monte-Carlo simulation.” In 2005 IEEE Engineering in Medicine
and Biology 27th Annual Conference, pp. 7470-7473. IEEE, 2006.

42. Chowell, Gerardo, Hiroshi Nishiura, and Luis MA Bettencourt. ”Comparative
estimation of the reproduction number for pandemic influenza from daily case
notification data.” Journal of the Royal Society Interface 4, no. 12 (2007):
155-166.

43. Chowell, Gerardo, Nick W. Hengartner, Carlos Castillo-Chavez, Paul W.
Fenimore, and Jim Michael Hyman. ”The basic reproductive number of Ebola
and the effects of public health measures: the cases of Congo and Uganda.”
Journal of theoretical biology 229, no. 1 (2004): 119-126.

44. Perintah Kawalan Pergerakan bersyarat akan dilaksana - Muhyiddin”. Bernama
(in Malay). Archived from the original on 2 May 2020. Retrieved 1 May 2020.

45. Essence of conditional Movement Control Order”. Bernama. 1 May 2020.
Archived from the original on 2 May 2020. Retrieved 1 May 2020.

July 14, 2020 19/21

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 17, 2020. ; https://doi.org/10.1101/2020.07.17.208371doi: bioRxiv preprint 

https://doi.org/10.1101/2020.07.17.208371
http://creativecommons.org/licenses/by/4.0/


46. Wang, Huwen, Zezhou Wang, Yinqiao Dong, Ruijie Chang, Chen Xu, Xiaoyue
Yu, Shuxian Zhang et al. ”Phase-adjusted estimation of the number of
coronavirus disease 2019 cases in Wuhan, China.” Cell discovery 6, no. 1 (2020):
1-8.

47. Bai, Yan, Lingsheng Yao, Tao Wei, Fei Tian, Dong-Yan Jin, Lijuan Chen, and
Meiyun Wang. ”Presumed asymptomatic carrier transmission of COVID-19.”
Jama 323, no. 14 (2020): 1406-1407.

48. Covid-19: Movement Control Order imposed with only essential sectors
operating”. New Straits Times. 16 March 2020. Archived from the original on 16
March 2020. Retrieved 16 March 2020.

49. ”Coronavirus: After Hubei, Malaysia blocks travellers from Zhejiang, Jiangsu
provinces”. Borneo Post. Bernama. 9 February 2020. Archived from the original
on 17 February 2020. Retrieved 9 February 2020.

50. ”Covid-19: Movement Control Order imposed with only essential sectors
operating”. New Straits Times. 16 March 2020. Archived from the original on 16
March 2020. Retrieved 16 March 2020.

July 14, 2020 20/21

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 17, 2020. ; https://doi.org/10.1101/2020.07.17.208371doi: bioRxiv preprint 

https://doi.org/10.1101/2020.07.17.208371
http://creativecommons.org/licenses/by/4.0/

