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Abstract: Coronavirus Disease, COVID-19 has had a crucial effect on both worldwide health 

and economies, underscoring the importance of examining the time-based trends of essential 

metrics. This research presents a comprehensive time series analysis of COVID-19 data in 

Malaysia starting March 2020 until May 2023, specifically focusing on new cases, 

vaccination rates, booster doses, mortality rates and ICU patients’ trends during pre- and 

post-vaccination. The study employs a time series ARIMA model to investigate the 

interrelationships and dynamics among these variables during the pandemic. The study 

utilizes a publicly available real-time dataset from Our World in Data platform, providing a 

detailed and comparative analysis of the different variables. The study findings reveal 

significant correlations between the variables, shedding light on the effectiveness of 

vaccination campaigns, the impact of booster doses, and their influence on reducing new 

cases and mortality rates. The mortality rates and ICU patients count reduce gradually with 

the implementation of the vaccination program. The quantity of new Covid19 cases reduces 

gradually with the increasing number of fully-vaccinated individuals followed by booster 

doses. This research enhances our comprehension of the ever-changing COVID-19 situation 

and guides decision-making based on solid evidence to effectively reduce the future impact 

of COVID-19. 
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1. Introduction 

COVID-19 has now surpassed 768 million cases, accompanied by a staggering toll of over 

6.9 million fatalities [1]. Furthermore, it has been observed that a minimum of 10% of these 

cases lead to the manifestation of persistent long-term COVID symptoms [2,3] numerous 

patients encounter many symptoms affecting various organ systems [4]. The figure is most 

likely to be higher due to numerous undocumented cases. Mortality in COVID-19 patients 

who need close monitoring, mechanical ventilation, and over the duration of the continuing 

pandemic, the supply of organs evolved tremendously. [5,6]. COVID-19 vaccinations are 

expedited on a large scale globally, and as of July 2023, about 13.5 billion COVID-19 

vaccinations and 2.8 billion booster doses have been administered [1]. Vaccines have been 

proven to prevent cases and their benefits are well established [7,8], including the vulnerable 

groups [9,10]. 

Following the government's implementation of vaccine mandates in Malaysia, 

approximately 84.9% of the total population, equivalent to 27.5 million out of 32.4 million, 

have now received the COVID-19 vaccine. These mandates have led to restrictions on entry 

into public spaces, especially government facilities, for individuals who have not completed 

their vaccination [11]. The rate of vaccination acceptance among Malaysians is low due to 

various reasons [12–17], only half of the population have taken booster doses and these are 

mainly taken by the people who live in urban areas for example Putrajaya, Kuala Lumpur 

and Selangor [18,19].  

While earlier research primarily concentrated on identifying factors influencing 

vaccination acceptance rates [12,20–22], there has been limited investigation into the patterns 

of COVID-19 cases and mortality before, during, and after vaccination. There is a pressing 

need for practical tools that can bolster the monitoring along with tracking of COVID-19 

while also improving the effectiveness of medical systems practically [23,24]. Studying the 

effects of vaccination patterns may enhance the vaccination rate and aid the policy-makers 

in making timely decisions, which helps reduce the COVID-19 mortality rate.  

COVID-19 has significantly impacted countries worldwide, necessitating the 

exploration of effective strategies to combat the pandemic [25]. Analyzing time series data 

offers valuable insights into the dynamics of COVID-19, enhancing our comprehension and 

predictive capabilities for future trends [26], to look into the links between COVID-19 new 

occurance and various related variables such as total vaccinations, booster doses, mortality 

and number of ICU (intensive care unit) patients in Malaysia. 

2. Methods 

2.1. Collection of data and preprocessing 

The real-time COVID-19 data was obtained from the Our World in Data platform [27], which 

contained information for multiple countries. We filtered the dataset to include only the data 

from Malaysia. The raw data consisted of 67 variables and 295,919 rows. We selected a 

subset of variables, including new cases, vaccination rate, booster doses, new deaths, and the 
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number of ICU patients, for the time series analysis. To study the impact of vaccination, we 

divided the data into two periods: before vaccination (pre-vaccination) and after vaccination 

(post vaccination). The before vaccination period ranged from 24th March 2020 to 23rd 

February 2021. The after vaccination period ranged from 24th February 2021 until 27th May 

2023, where the booster dose counts started on 1st September 2021. 

2.2. Time series analysis 

In this study, ARIMA model, which combines elements of autoregression (AR), differencing 

(I), and moving average (MA) has been applied to analyses the Covid19 data. The ARIMA 

model enables the examination of past values, trends, and seasonality to forecast future 

observations accurately. Figure 1 shows the methodology of the ARIMA model utilised in 

this research. Throughout this research, the time series analysis was performed using Python 

programming.  

 

Figure 1. ARIMA model time series forecasting methodology. 

The formulation is as follows for the ARIMA (p, d, q) model: 

AR(p): The autoregressive element factors in the connection between the present both 

current and previous observations. It presupposes that the time series' current value is linearly 

dependent on the past p observations, weighted by corresponding coefficients. 

Mathematically, it is represented as: 

Xt =  c +  φ1 ∗ Xt − 1 +  φ2 ∗ Xt − 2 + . . . + φp ∗ Xt − p +  εt (1) 



Proc. Comput. Sci.  Article 

 4 

Here, The variables Xt and c are the time series at time t, 1 to p are the autoregressive 

coefficients, and t is the error term. 

I(d): The element of differentiation aims to make the time series stationary by taking 

differences between consecutive observations. This step is crucial as it helps remove trends 

and seasonality that may exist in the data. The differencing operation is applied d times until 

the series becomes stationary. 

MA(q): The impact of previous forecast errors on the present observation is captured by 

the moving average component. It presupposes that the time series' current value is linearly 

dependent on the past q forecast errors. Mathematically, it is represented as: 

Xt =  c +  θ1 ∗ εt − 1 +  θ2 ∗ εt − 2 + . . . + θq ∗ εt − q +  εt (2) 

Here, θ1 to θq are the coefficients of the moving average, and εt is the term of residual error. 

The ARIMA model in this study was typically implemented in four steps: 

During this initial phase, we ascertained the orders for the moving average (q) and 

autoregressive (p) components by evaluating the time series partial autocorrelation function 

(PACF) charts and data's autocorrelation function (ACF). 

The model parameters (φ and θ coefficients) used least squares estimation. 

We scrutinized the model's residuals to confirm that they adhered to specific 

assumptions, including mean of zero with normal distribution and consistent variance. We 

also conducted diagnostic tests to evaluate the randomness of these residuals. 

Once the model has been validated, it was used to make future predictions by generating 

forecasts based on the estimated coefficients and the available data. 

The time series started by comparing new cases overall and number of vaccinations. 

Following the commencement of vaccination on 24 February 2021, the data during the post-

vaccination period was analyzed to observe any shifts or patterns resulting from the 

vaccination campaign. Additionally, the impact of booster doses was investigated, which 

were introduced on 1st September 2021. By considering this variable, the study focused to 

evaluate the possible implications of booster doses on the selected COVID-19 indicators. 

3. Results 

The time series analysis using the ARIMA model allowed the research team to uncover 

valuable insights regarding the relationship between COVID-19 variables in Malaysia. The 

results demonstrated notable changes in new cases, vaccination rate, booster doses, new 

deaths, and the number of ICU patients during before vaccination and after vaccination 

periods. By analyzing the impact of booster doses, additional fluctuations were observed in 

the selected COVID-19 indicators. 

Time series analysis 

To obtain the values of q and p, the partial autocorrelation function (PACF) and 

autocorrelation function (ACF) were studied in ARIMA model. Figure 2 shows the ACF and 

PACF plots. Lag 15 is used as p value and Lag 8 is used as q value.  
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Figure 2. The for autocorrelation function (ACF) and partial autocorrelation function 

(PACF), respectively Covid19 New Cases. 

Four comparative time series analyses were performed in this study. Figure 3 illustrates 

a study of time series for the cumulative count of new COVID-19 cases before and after the 

vaccination duration, emphasizing the implications of the immunization process. The x-axis's 

time scale goes from the pandemic's start to the most recent data point, while the y-axis 

denotes the number of new cases reported daily. Prior to the initiation of the vaccination 

process, the time series exhibits a consistent upward trend, indicating a rapid increase in the 

overall quantity of new COVID-19 cases. This period, referred to as the pre-vaccination 

phase, is marked by an alarming surge in infections and often corresponds to the initial stages 

of the pandemic. After approximately one year of the vaccination process (December 2021), 

a noticeable change in the trend becomes evident. The overall rate of new COVID-19 cases 

starts to drop steadily, suggesting the potential impact of widespread vaccination efforts. This 

phase, referred to as the post-vaccination phase, signifies the period when a significant 

portion of the population has received vaccination against the virus. 

Figure 4 presents a comparative analysis of new COVID-19 cases over time, specifically 

focusing on three distinct periods: pre-vaccination, post-vaccination, and post-booster dose 

implementation. Following the implementation of widespread vaccination efforts, the post-

vaccination phase demonstrates a notable decline in how many new COVID-19 cases there 

are. The curve shows a downward trend, suggesting that vaccinations have effectively 

reduced the overall transmission rate and contributed to limiting the spread of the virus. The 

post-booster dose implementation phase is characterized by a flattening curve, indicating a 

stable and reduced number of new cases. This decline and subsequent stabilization in cases 

suggest that booster doses have played a crucial role in reinforcing the immune response and 

providing additional protection against COVID-19. 
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Figure 3. New Covid19 cases versus total number of vaccinations pre- (before January 

2021) and post-vaccination (from January 2021). 

 

Figure 4. New Covid19 cases versus total number of vaccinations and booster doses. 
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Figure 5 presents a time series analysis that contrasts the overall number of 

immunizations with the quantity of new COVID-19 fatalities and booster doses administered. 

The curve representing new COVID-19 deaths demonstrates the impact of the pandemic on 

mortality rates over the specified time period. It initially exhibits a rising trend during the 

pandemic's early phases, highlighting the devastating toll of the virus on human lives. 

However, as vaccination efforts progress, the curve shows a decline, indicating a decrease in 

the quantity of fatalities associated with COVID-19. Additionally, the count of booster doses 

administered is represented on the same plot, providing insights into the administration of 

supplementary doses to individuals who have previously been vaccinated, showing lower 

counts in mortality rate. 

 

Figure 5. New deaths, total number of vaccinations and booster doses. 

Figure 6 presents a time series analysis that compares the number of total ICU (Intensive 

Care Unit) patients with the counts of total vaccinations and total booster doses administered. 

The curve representing total ICU patients illustrates the burden on healthcare systems due to 

severe cases requiring intensive care. Initially, this curve exhibits an upward trend, indicating 

a growing number of individuals requiring critical care as the pandemic progresses. However, 

with the initiation of vaccination efforts, the curve starts to gradually decrease, suggesting a 

potential reduction in severe cases and ICU admissions. Moreover, the count of booster doses 

administered is represented on the same plot, indicating the administration of additional doses 

to individuals who have already been vaccinated. The number of ICU patients becomes 

consistent after the implementation of booster doses. 
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Figure 6. New ICU patients, number of vaccinations and booster doses. 

4. Discussion 

The time series analysis using the ARIMA model allowed us to uncover valuable insights 

regarding the relationship between COVID-19 variables in Malaysia. The results 

demonstrated notable changes in new cases, vaccination rate, booster doses, new deaths, and 

the number of ICU patients during before vaccination and after vaccination periods. By 

analyzing the impact of booster doses, we observed additional fluctuations in the selected 

COVID-19 indicators. 

The research outcomes align with earlier studies, which have consistently shown that a 

robust vaccination effort can lower the mortality rates associated with COVID-19. One study 

recommends that a swift vaccination rollout is the most effective policy and strategy reaction 

to a pandemic crisis because it lowers the death toll and the number of infected people. 

Additionally, vaccination has significantly reduced COVID-19 hospitalizations, with fewer 

cases needing intensive care unit (ICU)-level mechanical ventilation treatment [7]. Another 

study demonstrates the high effectiveness of two vaccine doses in preventing ICU admissions 

or the need for mechanical ventilation to support life. 

The decline in new COVID-19 cases noted during the post-vaccination phase in this 

study underscores the success of the vaccination campaign in curbing the virus's spread. It 

illustrates how vaccinations can effectively lower the overall transmission rate while also 

providing protection against severe illness and hospitalization. The time series analysis offers 

a graphical depiction of vaccinations' favorable influence on managing the COVID-19 

pandemic. This underscores the significance of widespread immunization initiatives in 
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reducing occurrence of new cases, as well as underscores the pivotal role of vaccination as a 

vital strategy in addressing public health emergencies. 

The comparative analysis of new COVID-19 cases across three periods (pre and post-

vaccination, post-booster dose) highlights the impact of vaccination and booster dose 

implementation in mitigating the spread of the virus. It underscores the significance of both 

initial vaccinations and subsequent booster doses in reducing the number of new cases and 

potentially preventing severe illness and hospitalization. The time series analysis presented 

in this study enables the comparison of the mortality rate and the number of total ICU patients 

with the counts of vaccinations and booster doses. It allows for the observation of potential 

relationships between the progress of vaccination campaigns and the impact on ICU admissions.  

The results from this study highlight how the gradual reduction in ICU patients may 

coincide with the rollout of vaccination efforts and the subsequent implementation of booster 

dose programs which could assist the policy makers for future prevention and to create more 

awareness campaigns about vaccination for the public. 

5. Conclusion 

This research employed the ARIMA model to perform a comprehensive study of the COVID-

19 time series data in Malaysia. By investigating the relationship between COVID-19 

variables, such as new cases, vaccination rate, booster doses, new deaths, and the number of 

ICU patients, valuable insights were gained into the impact of vaccination on the pandemic 

dynamics. These results aid in a better comprehension of the efficiency of vaccination 

campaigns and the importance of booster doses in managing the COVID-19 crisis. As 

demonstrated, the ARIMA model serves as a guide for this investigation, potent instrument 

for time series analysis and forecasting in the context of pandemics and can help decision-makers 

control and reduce the spread of COVID-19 by providing them with information they need. 
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