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ABSTRACT 1 

 2 

Objectives: Since March 2020, several phases of the movement control measures were 3 

instituted in Malaysia to break the COVID-19 chain of transmission. In this study, we 4 

developed Susceptible-Exposed-Infected-Recovered (SEIR) models to examine the effects 5 

of the various movement control phases on the disease transmissibility and case trends 6 

during the third COVID-19 wave in Malaysia.  7 

Methods: Three SEIR models were developed using the R programming software ODIN 8 

interface based on COVID-19 case data from 1 September 2020 to 29 March 2021. The 9 

models were validated and subsequently used to provide forecasts of daily cases from 14 10 

October 2020 to 29 March 2021 based on three movement control phases.  11 

Results: We found that the R values had reduced by 59.1% from an initial high of 2.2 during 12 

the Nationwide Recovery Movement Control Order (RMCO) to 0.9 during the Movement 13 

Control Order (MCO) and Conditional MCO (CMCO) phases. In addition, the observed 14 

cumulative and daily highest cases were much lower compared to the forecast cumulative 15 

and daily highest cases at 64.4% to 98.9% and 68.8% to 99.8%, respectively.  16 

Conclusion: We conclude that the movement control measures were able to progressively 17 

reduce the R values during the COVID-19 pandemic. In addition, more stringent movement 18 

control measures such as the MCO and CMCO were effective in reducing the R values and 19 

case numbers further during the third wave of COVID-19 outbreak in Malaysia due to their 20 

higher stringency levels compared to the Nationwide RMCO. 21 

Keywords: COVID-19, Malaysia, SEIR model, movement control measures 22 
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INTRODUCTION 38 

 39 

Since the World Health Organization (WHO) announced COVID-19 a pandemic on 11 40 

March 2020, there has been more than 170 million confirmed cases and 3.5 million deaths reported 41 

globally as of up to May 2021(1). In Malaysia, as of 1 Jun 2021 there have been 579,462 COVID-42 

19 cases with 2,867 deaths reported (2).  The first COVID-19 wave was from 25 January to 26 43 

February 2020 with 22 confirmed cases. Subsequently, Malaysia experienced the second COVID-44 

19 wave which began from 27 February to 19 September 2020 (3), and followed by the third wave 45 

since 20 September 2020 (4). 46 

Several non-pharmaceutical interventions (NPIs) were implemented to control the COVID-47 

19 outbreak in Malaysia which included various phases and degrees of movement restrictions such 48 

as the Movement Control Order (MCO), Conditional Movement Control Order (CMCO) and 49 

Recovery Movement Control Order (RMCO). These measures varied in stringency levels with the 50 

MCO being the most stringent followed by CMCO and RMCO (5,6). The MCO was implemented 51 

on 18 March 2020 and subsequently adjusted by changing stringency levels based on the COVID-52 

19 case progression and situational level (5,7). During the MCO, only five essential economic 53 

sectors were allowed, and no interstate travel and gatherings were permitted. While economic 54 

sectors continued  to operate during the CMCO and RMCO with strict standard operating procedures 55 

(SOPs), interstate travel was only allowed during the RMCO phase (5,8). A study done by Gill et al 56 

in 2020 found that the movement control measures were effective in controlling the outbreak of 57 

COVID-19 and flattening the epidemic curve during the second COVID-19 wave in Malaysia (9). 58 

Similar findings have been observed in France, China and South Korea wherein, movement control 59 

measures were able to successfully control the COVID-19 pandemic (9–13).  60 

In view of the improving case trends towards the end of the second wave in Malaysia, the 61 

more restrictive MCO and CMCO was replaced with the less stringent RMCO. Three weeks 62 

following the implementation of the RMCO, Malaysia started experiencing a resurgence in daily 63 

cases which marked the beginning of the third COVID-19 wave from 20 September 2020. The  64 

WHO had warned that a premature lifting or easing of movement restriction would risk a resurgence 65 

of COVID-19 cases (14–17). Similar resurgence in COVID-19 outbreaks was observed following 66 

the easing of movement restrictions as experienced  in Germany, Iran, China and South Korea (13). 67 

 68 
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Following an increase in COVID-19 cases during the third wave, the CMCO was re-69 

instituted in 13 October 2020 for the states of Sabah, Selangor, Federal Territory of Kuala Lumpur, 70 

Putrajaya and Labuan, and subsequently extended nationwide from 9 November 2020 (18). The 71 

gradual increase in the stringency levels of the movement restrictions from RMCO to MCO during 72 

the third wave was instituted to control the COVID-19 outbreak (Appendix 1). Hence, it is important 73 

to determine the effectiveness of the movement control measures during the third wave to 74 

substantiate the need in stepping up the stringency of the movement restriction (9).  75 

As was previously determined during the second wave in Malaysia, the effects of movement 76 

control measures on COVID-19 outbreak can be assessed by measuring the changes in case 77 

incidence and reproduction number (R values) [14, 26–28]. Both these indicators were found to be 78 

sensitive, and able to effectively reflect the disease burden and transmissibility of COVID-19. In 79 

order to determine the change in the R values during the outbreak, several studies have reported that 80 

compartmental models such as the Susceptible-Infected-Recovered (SIR) and Susceptible-Exposed-81 

Infected-Recovered (SEIR) models are effective in measuring the R values, and furthermore, are 82 

able to provide accurate forecasts of COVID-19 case trends. Therefore, these models are able to 83 

account for the effects of control measures on the case incidence and transmission dynamics of 84 

COVID-19 (9,22). In this study, we used the R values generated by SEIR compartmental model to 85 

assess the effects of the various phases of the movement control measures on the COVID-19 case 86 

numbers and disease transmissibility during the third COVID-19 wave in Malaysia. 87 

MATERIALS AND METHODS 88 

 89 

Data Source 90 

 91 

Daily COVID-19 case data was sourced from the Ministry of Health, Malaysia (MOH) 92 

official website from 1 September 2020 to 29 March 2021 (23). The study period from 1 September 93 

2020 to 29 March 2021 was selected as this study essentially focusses on the effectiveness of the 94 

stringency levels of the movement control measures during the third wave of COVID-19 in Malaysia. 95 

Subsequent period beyond that of this study period were not included in the analysis as the dynamics 96 

of disease transmission (after 29 March 2021) varied due to the effects of COVID-19 vaccination 97 

and variant of concern for example the Delta variant (24,25). In addition, after 29 March 2021, the 98 

categorization of the movement control measures was changed to the National Recovery Plan, 99 

category 1 to 4 which is not comparable to the movement control measures levels during the third 100 

wave, hence determining the effectiveness of the movement control measures would be unclear (26). 101 
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Due to the above reasons, this paper did not incorporate the periods beyond 29 March 2021 as it 102 

would confound the effects of the movement control measures during the third wave. In addition, 103 

several local and international validated parameters used in the model development included total 104 

population in Malaysia, COVID-19 incubation and infectious period which were sourced from 105 

literature, while force of infection and disease transmissibility was calibrated by the model as shown 106 

in Table 1.  107 

Data Analysis  108 

 109 

The SEIR models were developed using  the R programming software ODIN interphase 110 

which is a modelling interface built and  developed by the Imperial College London (30).  A seven-111 

day moving average (MA) of the daily cases were used in the model development in order to reduce 112 

variability of daily case numbers (31–33). The SEIR developed model was validated based on the 113 

forecast of the fitted model which was then compared to the observed case trends.  114 

The SEIR model was developed based on three phases of movement restrictions during the 115 

third COVID-19 wave: These three phases are the nationwide (1) RMCO (1 September 2020 to 13 116 

October 2020), (2) MCO (1 September 2020 to 4 February 2021), and finally, (3) the MCO with 117 

CMCO (5 February 2021 to 29 March 2021) as shown in Table 2.  For the nationwide RMCO phase, 118 

the SEIR model was fitted to smoothed daily cases from 1 September 2020 to 13 October 2020. 119 

Subsequently, the fitted model was used to forecast case trends from 14 October 2020 to 29 March 120 

2021. Next was during the Nationwide MCO, in which the model was fitted from 1 September 2020 121 

to 4 February 2021 (highest daily observed case) and subsequently forecasted case trends from 5 122 

February 2021 to 29 March 2021. Finally, the third phase was during the Nationwide MCO and 123 

CMCO, in which the model was fitted from 5 February 2021 to 29 March 2021. 124 

We estimated and compared the R values for each phase of the movement restrictions. In 125 

addition, we determined the forecasted cases for each phase using their respective R values and 126 

compared the forecasted and observed cumulative case numbers for each phase as of 29 March 2021. 127 

Furthermore, we compared the highest daily forecasted case numbers for each phase with the highest 128 

observed cases up to 29 March 2021. The R values, and the observed and forecasted cumulative and 129 

highest daily cases were compared for each phase to determine the effect the stringency of 130 

movement restrictions on the outbreak intensity and progression. 131 

 132 
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SEIR Mathematical model formulation  133 

 134 

The SEIR model developed in this study has four state variables namely susceptible (S), 135 

exposed (E), infectious (I) and R removed (R), and three recruitment rates: 𝛽 for force of infection, 136 

𝛿 for rate of incubation and 𝛾 for rate of infectiveness. The SEIR model used in this study has the 137 

following assumptions: (a) Closed population, (b) Initially the entire Malaysia population is 138 

susceptible, hence S0 = N, (c) All individuals are assumed to be of equal measure in their likelihood 139 

to contract and transmit the virus assuming there is homogenous mixing within the population, and 140 

(d) The potential epidemic is likely to be explosive within a short timeframe, and therefore, 141 

background birth and death rates were not included in the estimation. 142 

Based on the assumptions, the transmission model of COVID-19 in Malaysia was 143 

formulated using the SEIR model. Prior to the appearance of symptoms, a COVID-19 patient is 144 

mobile and free to interact with other susceptible persons. The force of infection or the rate at which 145 

an infected individual in the population (that has not yet been isolated/quarantined) who comes in 146 

contact with susceptible individuals is governed by Beta (𝛽). Hence, Beta (𝛽) determines the extent 147 

of transition of individuals from S to E (E represents the compartment of individuals who have been 148 

exposed to the virus but are not yet infectious). The duration of an individual remaining in E is 149 

determined by the length of the incubation period of the virus (1/ 𝛿 ) where 𝛿  denotes the 150 

corresponding rate. The exposed individuals (E) who subsequently become infectious after the 151 

incubation period will then enter the (I) compartment. In I, the infected individual will spread the 152 

virus to other susceptible until he/she is removed or quarantined. The duration of infectiveness (1/𝛾) 153 

is determined by its rate, 𝛾. Infected individuals who have been diagnosed are subsequently removed 154 

(R) from the population. The R value represents the reproduction number that relates to the force of 155 

infection over the period of infectiveness (R value = 𝛽/𝛾), wherein 𝛽 represents the for force of 156 

infection and 𝛾 indicates the rate of infectiveness (34). The value of 𝛾 was determined at 1/3.95 days 157 

which was obtained from the literature (29) while the value of 𝛽 was calibrated from the SEIR 158 

model. 159 

 160 

 161 

 162 

 163 
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RESULTS 164 

 165 

The SEIR compartmental model with the best fit R value was used to forecast the cumulative 166 

and highest daily cases during the three phases of the movement control measures (Nationwide 167 

RMCO, Nationwide MCO and MCO with CMCO) and was compared with the observes values.  As 168 

shown in Figure 2, the estimated R value was 2.2 during the Nationwide RMCO phase, wherein the 169 

cumulative forecasted and observed cases as of 29 March 2021 were 29,061,753 and 333,545, 170 

respectively, and showed a reduction of 98.9% of cumulative cases. The highest daily forecasted 171 

cases was seen on 10 January 2020 with 2,762,490 cases compared to 5,728 observed cases on 30 172 

January 2021 during the RMCO phase. This corresponds to a reduction of 99.8% between the peak 173 

observed and peak forecasted cases.  174 

As shown in Figure 3, the estimated R value was 1.2 during the Nationwide MCO phase, 175 

wherein the cumulative forecasted and observed cases as of 29 March 2021 were 937,384 and 176 

333,545, respectively, which showed a reduction of 64.4% of cumulative cases. In addition, the 177 

highest daily forecasted cases was seen on 29 March 2021 with 18,331 cases as compared to 5,728 178 

observed cases on 30 January 2021 during the Nationwide MCO phase. This corresponds to a 179 

reduction of 68.8% between the peak observed and peak forecasted cases. Finally, the estimated R 180 

value was 0.9 during the MCO with CMCO phase as shown in Figure 4. 181 

As detailed above, the R value had reduced from 2.2 to 0.9 during the various phases of 182 

movement control restrictions.  This showed a reduction of the R value by 59.1% with the 183 

introduction of the movement control restrictions. In addition, as shown in Table 2, the reduction of 184 

the cumulative cases during the third wave ranged from 64-99%. Wherein a reduction of 28,728,208 185 

cumulative cases (99%) was observed between forecasted cumulative cases with the R value 2.2 186 

and observed cumulative cases from 14 October 2020 to 29 March 2021. Similarly, there was a 187 

reduction in the highest daily forecasted cases from 66.8% to 99.8% as compared to observed 188 

highest daily cases on 30 January 2021.  189 

 190 

 191 

 192 

 193 
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DISCUSSION 194 

 195 

This study used the changes in the R values generated by the SEIR compartmental model to 196 

measure the effects of the various MCOs on case numbers and disease transmissibility during the 197 

third COVID-19 wave in Malaysia. In this study, we found that the movement control measures 198 

were able to progressively reduce the COVID-19 case numbers and disease transmissibility during 199 

the third wave from 1 September 2020 to 29 March 2021. This was shown by the reduction of the 200 

cumulative case numbers from 64.4% to 98.9% during the transition from the Nationwide RMCO 201 

to MCO and a 59.1% reduction in the R values from the initial R value of 2.2 to 0.9 as reported in 202 

this study. This can be attributed by the effects of the movement control measures which essentially 203 

reduces physical contact and mobility among individuals, and in turn results in the reduction in 204 

disease transmission (10). Similar observations were reported across countries in Europe which 205 

showed an average reduction in disease transmissibility by 81% as compared to before the 206 

implementation of the movement control measures (35). 207 

During the Nationwide RMCO, we found the R value was 2.2. This could be explained by 208 

several reasons. First, the RMCO was initially implemented from 10 June 2020 until 31 December 209 

2020 to focus on economic recovery by allowing interstate travel and more business sectors to 210 

operate (18). However, following the easing of interstate travel restrictions and the subsequent 211 

electoral processes in Malaysia, the COVID-19 daily cases started to increase as reflected by the 212 

estimated R value of 2.2 in this study (36,37). Similarly, studies done in Germany, Spain, Japan, 213 

and China found that, premature easing of movement control measures lead to increase in population 214 

mobility and physical interaction which in turn increased the risk of disease transmission, therefore 215 

resulting in resurgence of cases (13,20,38–42). In addition evidenced in literature reports that further 216 

the mobility due to the  easing of interstate travel restrictions result in a wider spread of disease into 217 

unaffected areas, leading to massive outbreaks (12).   218 

The COVID-19 outbreak continued to increase due to R value being above 1, being self-219 

sustaining, therefore in order to reduce the R values to control the outbreak, the Nationwide MCO 220 

was implemented in January 2021(13). This resulted in a 45.5% reduction in the R value from 2.2 221 

(Nationwide RMCO) to 1.2 (Nationwide MCO) as reported in this study. This findings are attributed 222 

to the higher intensity of the Nationwide MCO compared to the RMCO, wherein, the MCO phase 223 

resulted in enhancing the intrastate and interstate movement restrictions (5,12,42,43).  224 
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The Nationwide MCO was implemented for a duration of 2 months beginning from January 225 

2021 which successfully resulted in the reduction of COVID-19 case trends (5,44). In view of the 226 

reducing case trends and the need to strike a balance between lives and livelihood the government 227 

had implemented the CMCO in March 2021 with the aim for minimal disruptions to the  228 

socioeconomic sectors in order to promote economic recovery alongside continuation of outbreak 229 

control measures (20,45,46). Our study found that the transition from the Nationwide MCO to MCO 230 

with targeted CMCO had further reduced the R values from 1.2 to 0.9. Although the Nationwide 231 

MCO was stricter compared to CMCO, the R value had reduced to lower levels compared to during 232 

the Nationwide MCO. This could be attributed to the initial effects of the Nationwide MCO in 233 

reducing the COVID-19 disease transmissibility, wherein during the Nationwide MCO the outbreak 234 

had reached its peak and subsequently case trends started to reduce. As a result of this, the 235 

implementation of targeted movement restrictions measures such as the CMCO during this period 236 

would be sufficient to control the outbreak as there would be fewer localized clusters to target. This 237 

is supported by evidence in literature that reports, targeted movement control measures are efficient 238 

in controlling the COVID-19 outbreak when case trends are reducing (5,20,46–48). 239 

In this study, we also found that more stringent movement control measures were able to 240 

have a higher effect in its ability to reduce R values during the pandemic. The MCO and CMCO 241 

had resulted in an overall reduction of the R value by 59.1% (R Value 2.2 to 0.9). As a result of the 242 

reduction in R values due to more stringent movement control measures, the observed cumulative 243 

and daily highest cases were much lower compared to the forecast cumulative and daily highest 244 

cases at 64.4% to 98.9% and 68.8% to 99.8% respectively during the third wave of COVID-19 in 245 

Malaysia. This findings shows that the timely institution of more stringent movement control 246 

measures had prevented the healthcare system from becoming overwhelmed (13).  A delay in 247 

instituting more stringent measure to control the COVID-19 outbreak would have resulted in 248 

uncontrolled outbreaks which would overburden healthcare system as observed in other countries 249 

(49). Similarly, a study on mathematical modelling done involving 16 countries also found that more 250 

stringent movement control measures were able to reduce the  R values further to the levels below 251 

1, which in turn reduced the case incidence, hospitalization and deaths (46).  252 

In addition, this study shows that the adjustments made to the various phases of the 253 

movement control measures were justified and in line with the considerations for implementing and 254 

adjusting Public Health and Social Measures (PHSM) in the context of COVID-19, an interim 255 

guidance by WHO (50). This guidance suggests that adjustments to PHSM such as movement 256 

control measures be made based on levels of community transmission (level 1 to 4 which indicates 257 
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low to very high incidence of COVID-19 infections) and health response capacity (level 1 to 3 which 258 

indicates adequate to limited response capacity), to provide an overall situational level assessment 259 

which range from situational level 0 (no community transmission with adequate response capacity), 260 

to level 4 (uncontrolled epidemic with limited response capacity). Wherein this study found that the 261 

institution of more stringent movement control measures such as the Nationwide MCO and CMCO 262 

during the third wave corresponds to higher levels of community transmission and limited public 263 

health response capacity. More specifically the Nationwide RMCO, Nationwide MCO and MCO 264 

with CMCO corresponded to situational level 1, level 2 to 4 and level 3 respectively. Furthermore, 265 

as decisions on instituting and adjusting the various phases of movement control measures were 266 

guided by the WHO interim guidance, which was based on several indicators, therefore, these 267 

measures had effectively strike a balance between lives and livelihood.  268 

This study is the first to assess the effectiveness of the different phases of movement control 269 

measures during the third COVID-19 wave in Malaysia using SEIR models and the first to estimate 270 

the reduction in cumulative cases and highest daily cases due to the implementation of movement 271 

control measures. Among the strengths of this study include the use of smoothed data for the SEIR 272 

model development. Using smoothed data reduced noise, therefore allowing for a more accurate 273 

and sensitive model. In addition, the model was parameterized with validated local and international 274 

parameters.  275 

CONCLUSION 276 

 277 

This study found that more stringent movement control measures such as the MCO and 278 

CMCO were effective in reducing the R value and case numbers compared to the Nationwide 279 

RMCO during the third wave of COVID-19 outbreak in Malaysia.     Therefore, adjustments to the 280 

movement control measures must be done with caution to prevent resurgence of COVID-19 cases. 281 

 282 
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Table 1. Corresponding parameters and their respective values in the model development 

Parameter Description Value Source 

N Total population in Malaysia 32,000,000 (27) 

1/𝛿 Incubation period 5.2 days (28) 

1

𝛾
 Infectious period 3.95 days (29) 

𝛽 Force of infection  Calibrated 

R value Transmissibility  Calibrated 
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Table 2. Estimated R values generated by the SEIR model for three scenarios 

Note. *This phase only involved estimating the R value during model fit period. 

 

Scenario 

 

Nationwide RMCO 

 

Nationwide MCO  MCO with 

CMCO*  

Model fit period 1 September 2020 

to 

13 October 2020 

1 September 2020 

to 

4 February 2021 

5 February 2021 

To 

29 March 2021 

Model forecast period 14 October 2020 

to 

29 March 2021 

5 February 2021 

to 

29 March 2021 

- 

R value 2.2 1.2 0.9 

Cumulative forecasted 

cases as of 29 March 

2021 (a) 

29,061,753 937,384 - 

Cumulative observed 

cases as of 29 March 

2021(b) 

333,545 333,545 333,545 

Difference between 

forecasted and 

observed cumulative 

cases as of 29 March 

2021 (a-b) (%) 

28,728,208 

(98.9%) 

603,839 

(64.4%) 

- 

Highest daily 

forecasted cases as of 

29 March 2021(c) 

2,762,490 18,331 - 

Highest daily 

observed cases as of 

29 March 2021(d) 

5,728 5,728 - 

Difference between 

highest daily cases in 

forecasted and 

observed cases as of 

29 March 2021 

(c-d) (%) 

2,756,762 

(99.8%) 

12,603 

(68.8%) 

- 

Reduction in R value 

from RMCO to MCO 

45.5%  

Reduction in R value 

from MCO to MCO 

with CMCO 

 25.0% 

Overall reduction in R 

value 

59.1% 
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