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Abstract 

The education system went through major transformations and was adversely 
impacted when all schools and Higher Education Institutions (HEIs) were forced 
entirely to close due to the country dealing with the coronavirus disease 2019 
(Covid-19) pandemic. This is now a phenomenon that significantly concerns 
people all over the world. Upon campus reopening, the outbreak will occur within 
the campus community, and the students might get infected. This paper proposed 
two types of mathematical models based on the Ordinary Differential Equation-
Susceptible-Infected-Recovered-Dead (ODE-SIRD) framework to study the 
impact of campus reopening on the dynamic of the outbreak, which are: i) 
constant epidemiological parameters and ii) time-dependent epidemiological 
parameters. Other than that, a sensitivity analysis of parameters is carried out to 
determine the relative influence of the model parameters on disease transmission. 
We applied this model to observe Covid-19 cases in the selected higher institute 
in Malaysia. In comparison, the results indicate that the models with time-
dependent rates better predict the progression of the Covid-19 outbreak. Hence, 
from this finding, the time-dependent function of epidemiological parameters 
should be included in a model for the Covid-19 outbreak related to campus 
reopening. The effect of lockdown time on the number of active cases is also 
investigated. In conclusion, the results help and improve in making a reasonable 
prediction about the infection's evolution of the outbreak. 

Keywords: Campus reopening, Compartment model, Covid-19, Mathematical 
modelling, ODE, Sensitivity analysis, SIRD model. 
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1.  Introduction 
The Covid-19 outbreak in Wuhan, China, has affected many countries. This 
pandemic has affected people, including the economy, health, and education. 
According to United Nations Educational, Scientific and Cultural Organization 
(UNESCO) [1], more than 1.5 billion students were affected by the epidemic, 
particularly those in the youngest age range. Based on previous studies, closing 
education facilities is a viable option to break the transmission chain and reduce 
virus infection spread throughout the community [2, 3]. 

Many universities worldwide decided to cancel all campus gatherings, including 
face-to-face lectures, seminars, conventions, and other events, due to the growing 
concern over the spread of the Covid-19 pandemic. Furthermore, the university's 
management has been working hard to switch courses and services from the 
conventional delivery style (face-to-face) to online learning. For example, in China, 
the Ministry of Education migrated fully to online teaching and learning effectively 
on 4th February 2020 [4, 5]. As a result of the decision, institutions were asked to 
offer online courses with revised content and creative teaching techniques within a 
reasonably short period [5]. 

In the United States, about 400,000 cases of Covid-19 have been registered 
since the outbreak began in the spring of 2020. By the end of March, approximately 
1,400 colleges and universities provided their courses to be online [6]. According 
to Kadvany [7], Stanford University and Touro College went fully online on 6th 
March 2020 to reduce the widespread of Covid-19. Moreover, more than half of all 
private, non-profit, and public universities announced their switch to online 
learning by the end of March [8]. 

In response to the Covid-19 outbreaks, The Ministry of National Education, 
Vocational Training, Higher Education, and Scientific Research in Morocco 
announced the closure of preschool and nursery schools, educational institutions, 
vocational training, managerial training, and universities on 13th March 2020 [9]. 
Other than that, Morocco's Ministry of Education has undertaken various remote 
education initiatives, including opening online university platforms and some 
television stations' involvement in broadcasting courses for rural regions with 
limited network access [9]. 

On the other hand, the Malaysian government took action and applied the first 
Movement Control Order (MCO) from 18th March 2020 until 31st March 2020. 
Subsequently, it continued from 1st April 2020 until 28th April 2020 to reduce the 
spread of the virus in the community [10, 11]. The MCO is known as lockdown, 
meaning mass gatherings in public places, such as religious services, were 
restricted. However, no interstate travel required the closure of all businesses 
except essential services, such as manufacturers, suppliers, retailers, and food 
outlets [12].  

This lockdown has adversely impacted the education system as a temporary 
closure order has been issued for all educational institutions, including preschools, 
primary schools, secondary schools, colleges, and universities [12]. Due to the 
lockdown and quarantine, all physical learning and teaching were immediately 
replaced with virtual learning and teaching. The situation logically had the 
unintended consequence of negatively affecting the educational system, such as 
students who cannot cope with learning, are easily distracted, experience internet 
problems as students come from different areas, etc.  
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The decision to close the campus to avoid educational, mental, and financial 
problems is complicated because keeping the campus open would expose staff and 
students to a potentially fatal disease. Therefore, policymakers attempted to 
comprehend the risks associated with the gradual and total reopening. Nevertheless, 
a complete understanding of how the safety mechanism for reopening the campus 
works remains elusive. As a result, significant research effort in this area is required.  

To better understand the characteristic of the Covid-19 outbreaks at a small 
residential college, Bahl et al. [13] created an agent-based model on a network. This 
indicates that strict regulation from the administration and students' careful behaviors 
are necessary for a successful campus reopening. A recent study by Frazier et al. [14] 
discovered that weekly asymptomatic screening of vaccinated undergraduates in 
Cornell's main campus gives considerable benefit against the Delta variation. They 
implemented a Susceptible, Exposed, Infectious, and Recovered (SEIR) model that 
ran with the age of those infected, symptom severity and intervention (testing, 
quarantine, and contact tracking) as the primary factors [14].  

According to Bradley et al. [15], campus reopening approaches cannot be one-
size-fits-all. Instead, well-planned colleges will implement various public health 
strategies perfectly suited to their resources, location, and culture. In other studies, 
Paltiel et al. [16] conclude that students must be tested every two days to open 
colleges safely, which is significantly more frequent than the current guidelines from 
the US Centers for Disease Control and Prevention. The crucial aspect for Bradley et 
al. [15] and Paltiel et al. [16], if the college cannot lower Covid-19 influx from outside 
and reproductive numbers (R(t)), more screening and a series of interlocking 
strategies are needed. This can isolate newly discovered patients within hours to 
prevent infection transmission and control outbreaks at a reasonable cost [17]. 

Given the current situation with the Covid-19 outbreaks, universities in 
Malaysia must reopen safely. In this paper, we aim to develop and simulate the 
outbreak of Covid-19 based on the impact of campus reopening on the dynamic 
outbreak. We focused on constructing a time-varying parameters compartmental 
model to stimulate the number of Covid-19 cases due to campus reopening and 
lockdown measures and the associated basic reproduction number (𝑅𝑅0). To do this, 
we used a compartment model of the Susceptible-Infected-Recovered-Dead 
(SIRD) model with two different parameters, i) constant epidemiological 
parameters and ii) time-dependent epidemiological parameters. Correspondingly, 
these two models were coded in MATLAB, and these results were compared. 
Furthermore, a sensitivity analysis of the epidemiological system is calculated to 
determine how important the model parameters are to the spread of the disease. 
Apart from that, the developed model was tested using the actual data of Covid-19 
cases affecting staff and students at the selected higher institute in Malaysia from 
4th October 2021 until 16th December 2021, and the results are discussed. Lastly, 
the study's conclusion is provided in the last section of the paper.  

2. Mathematical Modelling  
Various mathematical models were utilized to study the dynamic of the outbreak 
associated with campus reopening: deterministic, stochastic, and pheno-
menological. For example, Linka et al. [18] adopted a network SEIR model to 
simulate the return of all undergraduate students at Stanford University, US. They 
review three different scenarios: the actual infection dynamics under the wild-type 
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SARS-CoV-2 and the hypothetical outbreak dynamics under the new Covid-19 
variants B.1.1.7 and B.1.351 with 56% and 50% increased exposure, respectively 
[18]. Other than that, their study reveals that even minor exposure changes can 
significantly impact overall case numbers. Furthermore, their findings recommend 
that population mixing raises the risk of local outbreaks, especially as new and more 
infectious variants emerge worldwide. 

Lopman et al. [6] developed an SEIR compartment transmission model of how 
SARS-CoV-2 spreads among students, staff, and faculty at Emory University, an 
average-sized university. They explored a probabilistic sensitivity analysis on 
various screening and testing frequencies. They discovered that the community-
introduced SARS-CoV-2 infection on campus could be monitored through 
effective testing, isolation, contact tracing, and quarantine. This is compatible with 
findings that this strategic approach has been effective in the general population 
when applied correctly. 

In another study, Andersen et al. [19] employed statistical analysis to 
investigate the relationship between US college reopening and changes in human 
mobility on campus. To estimate the daily reproductive numbers (R(t)), a Bayesian 
approach was implemented. Their study presents how people and groups move and 
mix when colleges close and reopen due to a pandemic. It also provides strategic 
tools for analyzing the benefits and costs of school reopening and closing policies. 

We applied a SIRD compartment model to describe the outbreak of Covid-19 in 
certain higher learning institutes due to the impact of campus reopening, which is an 
extension of the Susceptible-Infected-Recovered (SIR) model proposed by Kermack 
and McKendrick in 1927 [20, 21]. In this compartment model, population size is 
supposed to be fixed and constant during the epidemic. This model divided the 
population into four groups: susceptible (S), infected (I), recovered (R), and dead (D). 

The SIRD compartment model consists of the following:  
S(t): The total number of people that potentially become infected with the diseases 

from day 1 to day t.  
I(t): The total number of infected people by the disease from day 1 to day t.  
R(t): the total number of people who recovered from the disease from day 1 to day t.  
D(t): The total number of people who died directly from the disease from day 1 to day t.  
Suppose that the total population impacted by the pandemic is denoted as N. 
Therefore, the equation of population is represented as follows: 

𝑁𝑁(𝑡𝑡) = 𝑆𝑆(𝑡𝑡) + 𝐼𝐼(𝑡𝑡) + 𝑅𝑅(𝑡𝑡) + 𝐷𝐷(𝑡𝑡)                (1) 

The outbreaks were modeled using the following conditions: the total 
population of the higher learning is constant. Furthermore, we assumed that N is 
the number of students returning to campus (N = the sum of the number of students 
returning to the campus). This implies that the birth and death rates are the same 
over the relevant time [22, 23]. Moreover, the I people come into close contact with 
the S people (sporadic cases not linked to other clusters are not considered) [23]. 

Considering the conditions, the SIRD model is described by the set of ODE 
as follows: 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −𝛽𝛽 1
𝑁𝑁
𝑆𝑆(𝑡𝑡)𝐼𝐼(𝑡𝑡),                 (2) 
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𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝛽𝛽 1
𝑁𝑁
𝑆𝑆(𝑡𝑡)𝐼𝐼(𝑡𝑡) − 𝛾𝛾𝐼𝐼(𝑡𝑡) − 𝜇𝜇𝐼𝐼(𝑡𝑡),                           (3) 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝛾𝛾𝐼𝐼(𝑡𝑡),                             (4) 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝜇𝜇𝐼𝐼(𝑡𝑡),                             (5) 

where infection rate (𝛽𝛽) is defined as the rate of infection growth, recovered rate 
(𝛾𝛾) represents the population increases of the recovering population, and the death 
rate (𝜇𝜇) represents the growth rate of the deceased population. 

Equation (2) demonstrates how the number of S populations changes over time. 
The equation represents negative as the number of S will decrease if the population 
comes into close contact with infectious people, and they would get infected. The 
first term of the right-hand side (RHS) of Eqs. (2) and (3) represented an output 
value for the S population and an input value for the I population [23]. For Eq. (3), 
the number of I individuals might be lowered if they recovered (group R) or died 
(group D), as shown in Eqs. (4) and (5), respectively [23]. Note that Eqs. (4) and 
(5) displayed how the number of people who R and the number of people whom D 
changed over time.  

The equilibrium point (𝑆𝑆∗, 𝐼𝐼∗) is obtained by solving, 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −𝛽𝛽 1
𝑁𝑁
𝑆𝑆(𝑡𝑡)𝐼𝐼(𝑡𝑡) = 0,  

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝛽𝛽 1
𝑁𝑁
𝑆𝑆(𝑡𝑡)𝐼𝐼(𝑡𝑡) − 𝛾𝛾𝐼𝐼(𝑡𝑡) − 𝜇𝜇𝐼𝐼(𝑡𝑡) = 0,  

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝛾𝛾𝐼𝐼(𝑡𝑡) = 0 and                   

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝜇𝜇𝐼𝐼(𝑡𝑡) = 0,  

which implies 𝐼𝐼∗ = 0  and infinitely many solutions for 𝑆𝑆∗ . Therefore, the 
equilibrium points of this model is (𝑆𝑆∗, 𝐼𝐼∗) = (𝑆𝑆∗, 0). 

Consequently, we estimated the 𝑅𝑅0 of this model by applying the next-generation 
matrix method proposed by Van Den Driessche and Watmough [24]. Here, 𝑅𝑅0 is 
defined as the number of secondary infections caused by a single infected person in 
a susceptible population [25, 26]. First, we need to construct the next-generation 
matrix of the epidemic by determining which compartment in the set of ODE 
describes the emergence of new infections and the evolution of the epidemic among 
infected individuals. This refers to the infected compartment in Eq. (3). 

Suppose ℱ(𝐼𝐼) = 𝛽𝛽𝑑𝑑𝑑𝑑
𝑁𝑁

 and 𝒱𝒱(𝐼𝐼) = (𝛾𝛾 + 𝜇𝜇)𝐼𝐼 . The 𝑅𝑅0  is the spectrum of 𝐹𝐹𝐹𝐹−1 , 
where, 

𝐹𝐹 = 𝜕𝜕ℱ
𝜕𝜕𝑑𝑑

= 𝛽𝛽𝑑𝑑
𝑁𝑁

   

and  

𝐹𝐹 = 𝜕𝜕𝒱𝒱
𝜕𝜕𝑑𝑑

= 𝛾𝛾 + 𝜇𝜇.  

At equilibrium point (𝑆𝑆∗, 𝐼𝐼∗) = (𝑆𝑆∗, 0) and assuming 𝑆𝑆∗ = 𝑁𝑁, we obtained 𝐹𝐹 =
𝛽𝛽 and 𝐹𝐹 = 𝛾𝛾 + 𝜇𝜇. Hence, 𝐹𝐹𝐹𝐹−1 = 𝛽𝛽

(𝛾𝛾+𝜇𝜇)
. Therefore, 
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𝑅𝑅0 = 𝛽𝛽
(𝛾𝛾+𝜇𝜇)

.   (6) 

In this paper, we proposed two models called Models I and II, where in Model 
I, 𝛽𝛽, 𝛾𝛾, and 𝜇𝜇 are set to be constants. On the other hand, Model II formulated 𝛽𝛽, 𝛾𝛾, 
and 𝜇𝜇  as time-dependent functions. Constant epidemiological parameters, also 
known as time-independent parameters, were employed in many studies [3, 27-29]. 
However, this model has some limitations, such as its inability to include the 
influence of effective measures. Previous studies have reported that parameter-
varying modifications of the SIRD compartment model can define various stages 
of the transmission of Covid-19. For example, Calafiore et al. [27] implemented 
the modelling of Covid-19 in Italy with parameter-varying models to consider 
probable variations in epidemic behaviour, such as those caused by containment 
measures imposed by authorities or changes in epidemic features, as well as the 
influence of enhanced antiviral therapy. 

Alternatively, Wang et al. [3] separated the period into four phases, resulting in 
piecewise constant parameters to estimate the Covid-19 outbreaks in China. There 
are also some studies on time-dependent parameters, such as a time-dependent SIR 
model developed to track the transmission rate and recovery rate to predict the 
number of infected individuals at a certain time [28]. Likewise, Keller et al. [29] 
constructed a novel Bayesian time-varying coefficient state-space model for 
infectious disease transmission to investigate the influence of population mobility 
on the spread of Covid-19. Their models study how mobility affected the 
transmission of Covid-19 outbreaks in several United States and Colorado counties. 

Hence, to better understand the transmission of Covid-19 due to the campus 
reopening, we implemented the parameter variation over time depending on the 
lockdown date and reopening. The period was split into two phases as follows: 
Phase 1: From day 1 until the lockdown, 𝑡𝑡 < 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙  

Phase 2: After the campus lockdown, 𝑡𝑡 ≥ 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙  

The model utilized here is the modified model presented in Caccavo [22], Mohd 
Jamil et al. [23] and Jamil and Gill [30] which is based on the SIRD compartment 
model. Let day 1 be on 4th October 2021 with the data obtained from the institute's 
health office. Subsequently, the higher institute implemented the lockdown on 13th 
November 2021 (day 41), calculated from day 1st to 4th of October 2021, denoted 
as tlockdown. 

Model II is formulated as follows: 

𝛽𝛽(𝑡𝑡) = �
𝛽𝛽1𝑡𝑡 + 𝛽𝛽2,

𝛽𝛽0𝑒𝑒𝑒𝑒𝑒𝑒 �−
(𝑑𝑑−𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙)

𝜏𝜏𝛽𝛽
�,   

𝑡𝑡 < 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙 
𝑡𝑡 ≥ 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙 

 
,             (7) 

 𝛾𝛾(𝑡𝑡) = �
 𝛾𝛾2𝑡𝑡 +  𝛾𝛾3,

 𝛾𝛾0 +  𝛾𝛾1
1+exp (−𝑑𝑑+𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙+𝜏𝜏𝛾𝛾)

,   
𝑑𝑑<𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑑𝑑≥𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

,             (8) 

𝜇𝜇(𝑡𝑡) = �
𝜇𝜇2𝑡𝑡 + 𝜇𝜇3,

𝜇𝜇0𝑒𝑒𝑒𝑒𝑒𝑒 �−
(𝑑𝑑−𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙)

𝜏𝜏𝜇𝜇
� + 𝜇𝜇1,   

𝑡𝑡 < 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙 
𝑡𝑡 ≥ 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙

.       (9) 

From Eq. (7) in Phase 1, it is assumed that the infection rate, 𝛽𝛽(𝑡𝑡) is a linear 
function, where individuals in the community were free to move around when the 
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outbreak started. This is also applicable to recovery rate (𝛾𝛾(𝑡𝑡)) and death rate (𝜇𝜇(𝑡𝑡)) 
as displayed in Eqs. (8) and (9). When the lockdown was implemented (Phase 2), 
people were isolated and physically separated from one another. Thus, this 
phenomenon was represented by an exponential decay function in Eqs. (7) and (9). 
After the lockdown, the function decreases exponentially as people are separated 
from one another (reduction of  𝛽𝛽) and, in particular, for groups that are most at 
risk of death (reduction of 𝜇𝜇 ). After the lockdown, the recovery rate was 
represented by a logistic function in Eq. (8) as the infected people got treatment, 
leading to a higher 𝛾𝛾. From Eqs. (7)-(9), 𝜏𝜏𝛽𝛽 represents the characteristic time of 
transmission rate, the characteristic time of recovery rate denotes as 𝜏𝜏𝛾𝛾 and 𝜏𝜏𝜇𝜇 is 
the characteristic time of death rate.  

The following set of initial conditions is required to solve a 4-set ordinary Eqs. 
(2)-(5): 

𝑆𝑆(0) = 𝑁𝑁 − 𝐼𝐼(0) + 𝑅𝑅(0) + 𝐷𝐷(0), 𝐼𝐼(0) =  8, 𝑅𝑅(0) =  2, 𝐷𝐷(0) = 0.                  (10) 

These initial conditions were obtained from the collected data by the institute 
health center on 4th October 2021. The 14 unknown parameters (𝛽𝛽0,𝛽𝛽1,𝛽𝛽2, 𝜏𝜏𝛽𝛽, 𝛾𝛾0, 
 𝛾𝛾1,  𝛾𝛾2,  𝛾𝛾3, 𝜏𝜏𝛾𝛾 , 𝜇𝜇0, 𝜇𝜇1, 𝜇𝜇2, 𝜇𝜇3 ,𝜏𝜏𝜇𝜇 ) were applied in Model II. The system of the 
ordinary equation from Eqs. (2)-(5) and (7)-(9) was constructed into MATLAB 
using the 4th-order Runge-Kutta method and parameter fitting techniques. Apart 
from that, the value of unknown parameters was first gained using the gradient-free 
algorithm (pattern search). Other than that, pattern search methods are direct search 
methods that are effective in improving an initial approximation and locating the 
neighbourhood of a local solution [31, 32]. Torczon [33] presented that "pattern 
search" techniques applied to a general smooth function in 𝑛𝑛 dimensions converge 
to a stationary point. Subsequently, the obtained root mean square error (RMSE) 
between the real data and model was further minimized by the Nelder-Mead 
algorithm. Note that the Nelder-Mead algorithm is a method for minimizing a real-
valued function [31]. This algorithm is a local search method that is the most widely 
employed to solve parameter estimation and unconstrained optimization problems 
[24, 26]. This study used these two algorithms to reach the global minima by getting 
the unknown parameters. 

3. Results and Discussion 
Following Malaysia's Covid-19 outbreak, the government decided to implement 
the MCO on 18th March 2020. Almost all sectors, including education, have been 
closed due to the MCO, as universities and other educational institutions in 
Malaysia have been affected by this policy as of March 2020. Until January 2021, 
the situation in Malaysia is still in the state of Conditional Movement Control Order 
(CMCO) and Rehabilitation Movement Control Order (RMCO).  

On 14th September 2021, the Ministry of Higher Education (MOHE) announced 
the opening of HEIs for the physical admission of students for the 2021/2022 
Academic Session [34]. However, the reopening of the universities only involved 
fully vaccinated students and academic and non-academic staff to create safe campus 
bubbles. Following that, the physical admission of students to campus began on 15th 
October 2021. This admission will take place in stages along with the guidelines and 
Standard Operational Procedure (SOP) through the coordination of the HEIs to 
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provide a safe campus community when it reopens [34]. Therefore, Table 1 contains 
a summary of the operation of HEIs beginning on 15th October 2021. 

Table 1. Summary of the operation of HEIs. 
No. Operation of Higher Education Institutions (HEIs) 
1 Admission of fully vaccinated students to the HEIs involves all categories of 

students and all phases of the National Rehabilitation Plan (NRP), with priority 
given to students in need. 

2 Admissions to the HEIs will be implemented in stages from 15th October 2021, 
according to the academic calendar of the respective institutes. Therefore, HEIs 
need careful planning by identifying students, determining the movement 
schedule, and ensuring that students undergo strict health screening. 

3 The admission process for these students will employ the HEIs' SOP. Therefore, 
strict SOPs must be followed for mobility to be controlled. 

4 Entrance to the campus is restricted to only those students, academic staff, and non-
academic staff who have been vaccinated with a full dose injection of the vaccine and 
have passed the period of effectiveness after vaccination. 

5 Only a letter of approval from the Institution to return to campus is required for 
Institutions in the Peninsula. 

6 Students in Sarawak, Sabah, and Labuan must undergo Covid-19 Screening (RT-
PCR swab test) and get a cross-district/cross-state authorization letter from the 
police. 

7 In order to effectively handle symptomatic cases or infections, HEIs need to 
establish isolation facilities within their institutions. 

8 The fee reduction of 20% for all citizen students at public universities for Semester 
1 Session 2021/2022 benefited 555,340 students with a total value of RM175 
million. 

9 Students may choose to continue their learning by online classes in their localities 
for courses or programs offered online. In addition, activities involving 
laboratories, workshops, and research can be carried out in groups under the 
direction of specified SOPs. 

10 Admission of international students from the UK., Mobility, and Edu tourism program 
students and dependents with valid visas may enter Malaysia. 

On 16th September 2021, the selected HEIs are preparing to accept physical 
admission of students to the campus starting on 15th October 2021. This involves 
a group of students who need to return to the campus and those who have previously 
completed the vaccination. Following the announcement made by the MOHE, it 
would be implemented in stages for the campuses.  

The HEI has identified 6334 students from the category of students who need 
to return to campus, including the final-year students who must return to campus 
by the stated deadline. In addition, beginning on 15th October 2021, teaching and 
learning activities will be delivered in a hybrid format (online and face-to-face) 
according to the needs of the program study. Therefore, the university has also 
strengthened the campus's SOP by requiring that campus residents complete their 
vaccination to form safe campus bubbles. 

Meanwhile, the HEI has increased its efforts to contact students who have not 
yet received vaccines and encouraged them to visit a vaccination centre near their 
homes to receive injections to be allowed to enter the campus. As a result, the 
institute's health center data presents that 5892 students from 13 states and 3 federal 
territories in Malaysia have returned to the campus. Other than that, the higher 
learning institute has allowed some categories of students to return to the campus 
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following the dates, i) 15th-17th October 2021, ii) 22nd-24th October 2021, and 
iii) 29th-31st October 2021.  

Table 2 represents the number of students from different states and federal 
territories, showing that students from Selangor have the highest number of 
returned to campus compared to other states, followed by Pahang.  

Table 2. Number of students returning to campus on  
15th - 31st October 2021 from 13 states and 3 federal territories in Malaysia. 

State No of students State No of students 
Johor 569 Pulau Pinang 172 
Kedah 373 Sabah 288 
Kelantan 738 Sarawak 176 
Melaka 186 Selangor 977 
Negeri Sembilan 252 Terengganu 604 
Pahang 907 Putrajaya 24 
Perak 393 Wilayah Persekutuan 194 
Perlis 25 Labuan 14 

Based on the institute's health center data, the number of daily Covid-19 cases 
before the campus reopening was below 10. During the first three days of the 
campus reopening, on the 15th, 16th, and 17th of October 2021, the number of daily 
Covid-19 cases was 7, 8, 9, respectively. After six days after the first stages of 
campus reopening, the number of positive cases increased to two-digit: 13 cases. 
However, following the return of all students to campus, the number of daily Covid-
19 infections remained in double digits, below 20 cases.  

Note that Malaysia celebrated Deepavali on 3rd November 2021. As the holidays 
fall on Thursday, most students and staff who did not have classes on Friday got to 
extend their holiday by combining it with a weekly holiday on Saturday and Sunday. 
As a result of the relatively long four-day holidays, many students could travel to 
their hometowns. Therefore, Covid-19 cases spiked after the holiday due to the 
movement of entering and existing students and staff to the campus. The number of 
Covid-19 cases increased to 23 after a week of the Deepavali holiday. Based on the 
report from the health office of the institute, on 12th November 2021, there was a 
Covid-19 outbreak of 27 positive cases in the institute. 

After 28 days of the campus reopening, the daily positive cases in the higher 
learning institute show an increasing number. Due to this, the mobility of students 
entering and exiting the campus was controlled and prohibited following 
Administrative Circular No. 11, the Year 2021, issued on 12th November 2021. 
Following that, all physical interaction activities on the campus, including teaching 
and learning, were not allowed, and the entire campus was monitored and 
controlled by the Institute Security Division.  

Hence, the total lockdown at the campus is effective immediately from 13th 
November 2021 until 26th November 2021. In addition, the university has also 
decided that students must do Test, Report, Isolate, Inform, and Seek (TRIIS) to 
regulate and prevent infection and Covid-19 transmission on campus as an 
additional control strategy. The timeline of the campus reopening and campus 
lockdown is shown in Table 3. 
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Table 3. The timeline of campus reopening and campus lockdown.  
Date Description of the campus reopening and campus lockdown 
15/10/2021  
(Campus 
reopen) 

MOHE announced that the physical admission of students to 
campus would begin on 15th October 2021. This admission 
will take place in stages along with the guidelines and SOP 
through the coordination of the HEIs to provide a safe campus 
community when it reopens. Following that, there were 5892 
students from different states, and the federal had returned to 
the campus in stages.   

13/11/2021 
(Campus 
lockdown) 

After 28 days of reopening, the HEI indicates increasing 
positive cases. Due to this, the university implemented a total 
lockdown on campus for about 14 days. Further to this 
announcement, all staff needed to work from home, and all 
physical classes were shifted to online learning. 

27/11/2021 
(Campus 
reopen after 
the lockdown) 

The campus reopened back as usual with no notice for further 
lockdown. The number of daily cases shows slightly decreased 
after the lockdown. All physical interaction activities on 
campus are carried out in stages. 

Figure 1 demonstrates the graph of actual data of the positive number of Covid-
19 in the higher learning institute obtained from the health office. The graph below 
illustrates the data from 4th October 2021 until 16th December 2021. The figure 
illustrates that the number of infected cases on the campus keeps increasing after 
the campus reopens on 15th October 2021. According to data obtained from the 
health center of the institute, on 13th November 2021, which is the first day of 
lockdown, the number of infected cases was 37. It is the highest number after 28 
days of campus reopening. During the 7th day of lockdown, the number of infected 
cases rose to 46.  

After 14th days of lockdown, the number of infected cases slowed down to 18 
cases. The number of infected cases then slowed down until the middle of 
December. This indicates that cases significantly decrease when the lockdown is 
implemented. However, it takes about 14 days to see the impact of the lockdown 
on the reduced number of cases.  

 
Fig. 1. Number of infected cases on the campus. 
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Figure 2 shows the graph of the fitted model with the collected data in the higher 
learning institute, representing (a) Model I and (b) Model II. In the graph, the actual 
data is denoted by an asterisk symbol, and lines represent the SIRD model. 

  
(a) Model I (b) Model II 

Fig. 2. SIRD Model based on data from the higher learning institute. 

Based on Fig. 2(a), the yellow line, which represents the death compartment, 
fits well with the obtained data. However, the R compartment (red line) and I 
compartment (blue line) does not resemble the actual data trend. Based on Fig. 2(b), 
the R compartment (red line) and D compartment (yellow line) are well-fitted to 
the observed data. Note that the graph for the R compartment denotes a slightly 
different pattern at the end of the model from the actual data, as the model predicted 
that the R compartment might require more time to reach its maximum point before 
remaining constant. It is also shown that the I compartment (blue line) predicted 
that the cases would rise later than the actual data. Overall, the R and I 
compartments for Model II provide a much better fit compared to Model I.  

The 4th-order Runge-Kutta method is used to numerically solve the system of 
ODEs in Eqs. (2)-(5) and (7)-(9). In order to make the model work, it is necessary 
to estimate solving and assign values to each of the model's parameters [35]. Hence, 
the numerical method was embedded with parameter fitting techniques and coded 
in MATLAB for Models I and II. For Model I, the obtained values of 𝛽𝛽, 𝛾𝛾, and 𝜇𝜇 
were shown in Table 4. 

Table 4. Value of parameter for Model I. 
No. Parameters Value 
1 𝛽𝛽 0.1137 
2 𝛾𝛾 0.0924 
3 𝜇𝜇 0.0001 

Based on Table 4, 𝛽𝛽  presents the highest value compared to the  
𝛾𝛾 rates and 𝜇𝜇 rates. Meanwhile, there were 14 parameters utilized in Model II. The 
values of the 14 unknown parameters were tabulated in Table 5. 

Based on Table 5, the characteristic time of transmission rate, 𝜏𝜏𝛽𝛽  shows the 
highest number compared to 𝜏𝜏𝛾𝛾  and 𝜏𝜏𝜇𝜇 . The higher the 𝜏𝜏𝛽𝛽 , the longer the time 
required to reduce the number of cases. 
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Table 5. Value of 14 parameters determined by parameter fitting techniques. 
No. Parameters Value No. Parameters Value 

1 𝛽𝛽0 0.1238 8  𝛾𝛾3 0.0000 
2 𝛽𝛽1 0.0029 9 𝜏𝜏𝛾𝛾 11.8014 
3 𝛽𝛽2 0.0269 10 𝜇𝜇0 0.0000 
4 𝜏𝜏𝛽𝛽 22.1588 11 𝜇𝜇1 0.0002 
5  𝛾𝛾0 0.0548 12 𝜇𝜇2 0.0021 
6  𝛾𝛾1 0.0869 13 𝜇𝜇3 0.0006 
7  𝛾𝛾2 0.0396 14 𝜏𝜏𝜇𝜇 23.4237 

Sensitivity analysis of each parameter, which is related to the 𝑅𝑅0 is determined 
in this part. The sensitivity analysis reveals the significance of each disease 
transmission parameter [36]. Therefore, understanding the link between input and 
output variables allows us to assess the relative change in a variable when a 
parameter changes [37, 38]. As there are typical mistakes in data collection and 
assumed parameter values, sensitivity analysis is frequently performed to test the 
robustness of model predictions to parameter values [37]. 

The positive index for the index of model parameters related to the 𝑅𝑅0 indicates 
that there is a direct relationship between the parameters and the 𝑅𝑅0  [39]. The 
negative sensitivity index indicates that increased 𝑅𝑅0 have a negative significance. 
In other words, changes to this parameter while other parameters remain constant 
will lead to a decrease in the 𝑅𝑅0 [39]. 

Using Eq. (6), 𝑅𝑅0 = 𝛽𝛽
(𝛾𝛾+𝜇𝜇)

 is a theoretical formulation for the sensitivity of 𝑅𝑅0 
that can be achieved concerning each parameter in Table 5. The resulting parameter 
values are presented in Table 6. The formula for sensitivity analysis of 𝑅𝑅0  that 
depends differentially on a parameter 𝑒𝑒 is given by: 

𝑌𝑌𝑝𝑝
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕𝑝𝑝
× 𝑝𝑝

𝑑𝑑0
.                  (11) 

Phase I: Before lockdown (let 𝑡𝑡 = 40). 

𝑅𝑅0 = 𝛽𝛽1𝑑𝑑+𝛽𝛽2
 𝛾𝛾2𝑑𝑑+ 𝛾𝛾3+𝜇𝜇2𝑑𝑑+𝜇𝜇3

.  

Consider the sensitivity for parameter 𝛽𝛽1, 

𝑌𝑌𝛽𝛽1
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕𝛽𝛽1
× 𝛽𝛽1

𝑑𝑑0
= 𝑑𝑑

𝛾𝛾+𝜇𝜇
× 𝛽𝛽1(𝛾𝛾+𝜇𝜇)

𝛽𝛽1𝑑𝑑+𝛽𝛽2
= 𝛽𝛽1𝑑𝑑

𝛽𝛽1𝑑𝑑+𝛽𝛽2
= 0.81176.  

Consider the sensitivity for parameter 𝛽𝛽2, 

𝑌𝑌𝛽𝛽2
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕𝛽𝛽2
× 𝛽𝛽2

𝑑𝑑0
= 1

𝛾𝛾+𝜇𝜇
× 𝛽𝛽2(𝛾𝛾+𝜇𝜇)

𝛽𝛽1𝑑𝑑+𝛽𝛽2
= 𝛽𝛽2

𝛽𝛽1𝑑𝑑+𝛽𝛽2
= 0.18824.  

Consider the sensitivity for parameter  𝛾𝛾2, 

𝑌𝑌 𝛾𝛾2
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕 𝛾𝛾2
×  𝛾𝛾2

𝑑𝑑0
= 𝛽𝛽

( 𝛾𝛾2𝑑𝑑+ 𝛾𝛾3+𝜇𝜇)2
× 𝑡𝑡 ×  𝛾𝛾2( 𝛾𝛾2𝑑𝑑+ 𝛾𝛾3+𝜇𝜇)

𝛽𝛽
= 0.99994.  

Consider the sensitivity for parameter  𝛾𝛾3, 

𝑌𝑌 𝛾𝛾3
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕 𝛾𝛾3
×  𝛾𝛾3

𝑑𝑑0
= 𝛽𝛽

( 𝛾𝛾2𝑑𝑑+ 𝛾𝛾3+𝜇𝜇)2
×  𝛾𝛾3( 𝛾𝛾2𝑑𝑑+ 𝛾𝛾3+𝜇𝜇)

𝛽𝛽
= 0.  

Consider the sensitivity for parameter 𝜇𝜇2, 
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𝑌𝑌 𝜇𝜇2
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕 𝜇𝜇2
×  𝜇𝜇2

𝑑𝑑0
= 𝛽𝛽

(𝛾𝛾+𝜇𝜇2𝑑𝑑+𝜇𝜇3)2
× 𝑡𝑡 ×  𝜇𝜇2(𝛾𝛾+𝜇𝜇2𝑑𝑑+𝜇𝜇3)

𝛽𝛽
= 0.47458.  

Consider the sensitivity for parameter 𝜇𝜇3, 

𝑌𝑌 𝜇𝜇3
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕 𝜇𝜇3
×  𝜇𝜇3

𝑑𝑑0
= 𝛽𝛽

(𝛾𝛾+𝜇𝜇2𝑑𝑑+𝜇𝜇3)2
×  𝜇𝜇3(𝛾𝛾+𝜇𝜇2𝑑𝑑+𝜇𝜇3)

𝛽𝛽
= 0.00339.  

Phase II: After lockdown (let 𝑡𝑡 = 41).  

𝑅𝑅0 =
𝛽𝛽0𝑒𝑒𝑒𝑒𝑝𝑝�−

(𝑡𝑡−41)
𝜏𝜏𝛽𝛽

�

� 𝛾𝛾0+
 𝛾𝛾1

1+exp�−𝑡𝑡+41+𝜏𝜏𝛾𝛾�
�+(𝜇𝜇0𝑒𝑒𝑒𝑒𝑝𝑝�−

(𝑡𝑡−41)
𝜏𝜏𝜇𝜇

�+𝜇𝜇1)
.  

Consider the sensitivity for parameter 𝛽𝛽0, 

𝑌𝑌𝛽𝛽0
𝑑𝑑0 =

𝜕𝜕𝑅𝑅0
𝜕𝜕𝛽𝛽0

×
𝛽𝛽0
𝑅𝑅0

=
𝑒𝑒𝑒𝑒𝑒𝑒 �− (𝑡𝑡 − 41)

𝜏𝜏𝛽𝛽
�

𝛾𝛾 + 𝜇𝜇
×

𝛽𝛽0(𝛾𝛾 + 𝜇𝜇)

𝛽𝛽0𝑒𝑒𝑒𝑒𝑒𝑒 �−
(𝑡𝑡 − 41)

𝜏𝜏𝛽𝛽
�

= 1. 

Consider the sensitivity for parameter 𝜏𝜏𝛽𝛽, 

𝑌𝑌𝜏𝜏𝛽𝛽
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕𝜏𝜏𝛽𝛽
×

𝜏𝜏𝛽𝛽
𝑑𝑑0

= − (𝑑𝑑−41)
(𝜏𝜏𝛽𝛽)2

× −𝑒𝑒𝑒𝑒𝑒𝑒 �− (𝑑𝑑−41)
𝜏𝜏𝛽𝛽

� ×
𝜏𝜏𝛽𝛽

𝑒𝑒𝑒𝑒𝑝𝑝�−(𝑡𝑡−41)
𝜏𝜏𝛽𝛽

�
= (𝑑𝑑−41)

𝜏𝜏𝛽𝛽
= 0.  

Consider the sensitivity for parameter  𝛾𝛾0, 

𝑌𝑌 𝛾𝛾0
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕𝛾𝛾0
×  𝛾𝛾0

𝑑𝑑0
= − 𝛽𝛽

 (𝛾𝛾0+
 𝛾𝛾1

1+exp�−𝑡𝑡+41+𝜏𝜏𝛾𝛾�
+𝜇𝜇)2

×
  𝛾𝛾0(𝛾𝛾0+

 𝛾𝛾1
1+exp�−𝑡𝑡+41+𝜏𝜏𝛾𝛾�

+𝜇𝜇)

𝛽𝛽
  = −0.99635.  

Consider the sensitivity for parameter  𝛾𝛾1, 

𝑌𝑌 𝛾𝛾1
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕𝛾𝛾1
×  𝛾𝛾1

𝑑𝑑0
= −𝛽𝛽�1+exp�−𝑑𝑑+41+𝜏𝜏𝛾𝛾��

(  𝛾𝛾0+𝛾𝛾1+𝜇𝜇)2
×  𝛾𝛾1( 𝛾𝛾0+ 𝛾𝛾1+𝜇𝜇)

𝛽𝛽�1+exp�−𝑑𝑑+41+𝜏𝜏𝛾𝛾��
= −0.61240.  

Consider the sensitivity for parameter 𝜏𝜏𝛾𝛾, 

𝑌𝑌𝜏𝜏𝛾𝛾
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕𝜏𝜏𝛾𝛾
× 𝜏𝜏𝛾𝛾

𝑑𝑑0
= − 𝛽𝛽

� 𝛾𝛾0+
 𝛾𝛾1

1+exp�𝜏𝜏𝛾𝛾�
+𝜇𝜇�

2 × −  𝛾𝛾1�exp�𝜏𝜏𝛾𝛾��

�1+exp�𝜏𝜏𝛾𝛾��
2 ×

𝜏𝜏𝛾𝛾� 𝛾𝛾0+
 𝛾𝛾1

1+exp�𝜏𝜏𝛾𝛾�
+𝜇𝜇�

𝛽𝛽
 = 0.00013.  

Consider the sensitivity for parameter 𝜇𝜇0, 

𝑌𝑌𝜇𝜇0
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕𝜇𝜇0
× 𝜇𝜇0

𝑑𝑑0
=

𝛽𝛽(𝑒𝑒𝑒𝑒𝑝𝑝�−(𝑡𝑡−41)
𝜏𝜏𝜇𝜇

�)

�𝜇𝜇1+𝜇𝜇0𝑒𝑒𝑒𝑒𝑝𝑝�−
(𝑡𝑡−41)
𝜏𝜏𝜇𝜇

�+𝛾𝛾�
2 ×

𝜇𝜇0(𝜇𝜇1+𝜇𝜇0𝑒𝑒𝑒𝑒𝑝𝑝�−
(𝑡𝑡−41)
𝜏𝜏𝜇𝜇

�+𝛾𝛾)

𝛽𝛽
= 0.  

Consider the sensitivity for parameter 𝜇𝜇1, 

𝑌𝑌𝜇𝜇1
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕𝜇𝜇1
× 𝜇𝜇1

𝑑𝑑0
= − 𝛽𝛽

�𝜇𝜇0𝑒𝑒𝑒𝑒𝑝𝑝�−
(𝑡𝑡−41)
𝜏𝜏𝜇𝜇

�+𝜇𝜇1+𝛾𝛾�
2 ×

𝜇𝜇1�𝜇𝜇0𝑒𝑒𝑒𝑒𝑝𝑝�−
(𝑡𝑡−41)
𝜏𝜏𝜇𝜇

�+𝜇𝜇1+𝛾𝛾�

𝛽𝛽
= −0.00364.  

Consider the sensitivity for parameter 𝜏𝜏𝜇𝜇, 

𝑌𝑌𝜏𝜏𝜇𝜇
𝑑𝑑0 = 𝜕𝜕𝑑𝑑0

𝜕𝜕𝜏𝜏𝜇𝜇
× 𝜏𝜏𝜇𝜇

𝑑𝑑0
=

𝛽𝛽𝜇𝜇0𝑒𝑒𝑒𝑒𝑝𝑝�−
(𝑡𝑡−41)
𝜏𝜏𝜇𝜇

�

�𝜇𝜇0𝑒𝑒𝑒𝑒𝑝𝑝�−
(𝑡𝑡−41)
𝜏𝜏𝜇𝜇

�+𝜇𝜇1+𝛾𝛾�
2 × − (𝑑𝑑−41)

�𝜏𝜏𝜇𝜇�
2 ×

𝜏𝜏𝜇𝜇�𝜇𝜇0𝑒𝑒𝑒𝑒𝑝𝑝�−
(𝑡𝑡−41)
𝜏𝜏𝜇𝜇

�+𝜇𝜇1+𝛾𝛾�

𝛽𝛽
= 0.  

Therefore, the results of the sensitivity index of model parameters were 
tabulated in Table 6. 
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Table 6. Sensitivity index of model parameters  
related to basic reproduction number. 

No. Parameters Value No. Parameters Value 
1  𝛾𝛾0 -0.99635 8 𝜏𝜏𝛾𝛾 0.00013 
2  𝛾𝛾1 -0.61240 9 𝜇𝜇3 0.00339 
3 𝜇𝜇1 -0.00364 10 𝛽𝛽2 0.18824 
4  𝛾𝛾3 0.00000 11 𝜇𝜇2 0.47458 
5 𝜇𝜇0 0.00000 12 𝛽𝛽1 0.81176 
6 𝜏𝜏𝛽𝛽  0.00000 13  𝛾𝛾2 0.99994 
7 𝜏𝜏𝜇𝜇 0.00000 14 𝛽𝛽0 1.00000 

The sensitivity index in Table 6 displays the parameter with the lowest 
sensitivity followed by the highest one. The highest sensitivity index is 𝛽𝛽0, and 
followed by 𝛾𝛾2, 𝛽𝛽1, 𝜇𝜇2, and so on. Based on Table 6, most of the parameters of the 
ODE-SIRD model have a positive sensitivity index, while three parameters whose 
γ is ( 𝛾𝛾0, 𝛾𝛾1) and death rate is ( 𝜇𝜇1) has a negative sensitivity index. On the other 
hand, 𝛾𝛾3 , 𝜇𝜇0 , 𝜏𝜏𝛽𝛽  and, 𝜏𝜏𝜇𝜇  have zero value of sensitivity index, meaning that the 
model is unaffected by changes in the parameter's value. Parameters of Phase I 
(before lockdown) consist of 𝛽𝛽1, 𝛽𝛽2, 𝛾𝛾2, 𝛾𝛾3, 𝜇𝜇2, 𝜇𝜇3 whereas 𝛽𝛽0, 𝜏𝜏𝛽𝛽, 𝛾𝛾0, 𝛾𝛾1, 𝜏𝜏𝛾𝛾 , 𝜇𝜇0, 
𝜇𝜇1, 𝜏𝜏𝜇𝜇 relate to Phase II (after lockdown). 

Parameter of recovery rate after lockdown (  𝛾𝛾0 ,  𝛾𝛾1 ) presents a negative 
sensitivity index towards 𝑅𝑅0  compared to the parameter of γ before lockdown 
( 𝛾𝛾2, 𝛾𝛾3). A negative value of sensitivity analysis means that if the parameters are 
raised, then the 𝑅𝑅0 goes lower. This means that the higher the γ after the lockdown, 
the lower the spread of the disease in the population. Based on Table 6, it is clear 
that the parameters 𝜏𝜏𝛾𝛾, 𝜇𝜇3, 𝛽𝛽2, 𝜇𝜇2, 𝛽𝛽1, 𝛾𝛾2 increase the value of 𝑅𝑅0 and increase the 
epidemic. Hence, in this model, the most sensitive parameter for 𝑅𝑅0  is the 
parameter for β (𝛽𝛽0,𝛽𝛽1,𝛽𝛽2 ), as the value for the parameter before and after 
lockdown gave the positive value of sensitivity analysis. 

The performance of the compartment model for Models I and II were compared 
based on their RMSE, as shown in Table 7. From the results, the proposed model 
in this study, denoted as Model II, has a lower RMSE value than Model I. It presents 
that the time-dependent functions improved the fit of the SIRD model compared to 
the constant parameter in Model I. Note that the RMSE values for the proposed 
function of this model quantify that the model is close to the regression line 
compared to the constant function because of the lower value of the RMSE values. 

Table 7. Comparison of the RMSE using  
two different models for the Covid-19 outbreaks. 

Model RMSE 
Model I 1.0816×104 
Model II 0.4365×104 

Hence, the graph of Model II exhibited a better prediction than Model I. This 
concluded that the time-dependent function for epidemiological parameters gave a 
better result than constant parameter values.  

Figure 3 portrays the simulation study of the effect of different lockdown times 
on the cumulative number of Covid-19 infected cases (𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙= 41, 61, 81). Other 
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than that, the additional simulation is carried out if the 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙  was delayed and 
changed to 3rd December 2021 (day 61) and 23rd December 2021 (day 81), which 
was calculated from day 1 on 4th October 2021. Referring to the figure, 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙= 
41 is the actual lockdown time imposed on 13th November 2021, with a maximum 
peak of 28 cases on 15th November 2021. If 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙= 61 and 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙= 81, the 
maximum peak is 72 cases (5th December 2021) and 218 cases (25th December 
2021), respectively. Based on the results obtained, a delay in the lockdown will 
delay the reduction of the infected cases. The graph for 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙=81 indicates a 
significant rise in the infected cases. This clearly indicates that if the lockdown 
were delayed and postponed, the number of infected cases would keep increasing. 
Therefore, the cumulative number of infected cases took a long time to reduce, 
which led to a longer lockdown period.  

 
Fig. 3. The effect of lockdown time on the number  

of active cases at the selected higher institute. 

Significant delays in lockdown lead to a rapid increase in cumulative cases. As a 
result, it is essential to consider the timing of the lockdown relative to the number of 
cases in controlling the pandemic in communities. Earlier lockdowns reduce the spread 
of Covid-19 in communities, where significant delays result in a rapid increase in cases. 
The delay in the lockdown will also make the Covid-19 outbreak more difficult to 
control as it peaks and overstressed the healthcare providers. Other than that, the 
lockdown implementation (administratively) has significantly improved, preventing the 
virus from spreading from one person to another. The sensitivity index concerning the 
ODE-SIRD model parameters shows that the parameters 𝛽𝛽0, 𝛽𝛽1, 𝛽𝛽2, 𝛾𝛾2, 𝜇𝜇2, 𝜇𝜇3, and 𝜏𝜏𝛾𝛾 
increase the value of 𝑅𝑅0 which in turn increases the epidemic. Therefore, the parameters 
with a negative sensitivity index will decrease the epidemic. 

4. Conclusions 
In this study, we discussed and compared two ODE-SIRD models for the outbreak 
of Covid-19 due to the campus reopening for selected HEIs in Malaysia. Our model 
with time-dependent epidemiological parameters predicts better than the constant 
parameter. Moreover, this proved that a parameter-varying modification of the 
SIRD compartment model described and predicted the behavior of the Covid-19 
outbreaks well. Based on the result, the effect of the lockdown after campus 
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reopening can be seen after 14 days. However, significant delays in lockdown 
caused a rapid increase in the total number of cases, which took longer to reduce. 
Consequently, it is essential to consider the timing of the lockdown relative to the 
number of cases controlling the pandemic in communities. This model could help 
provide insight into the dynamic of the spread of Covid-19 with the effect of 
campus reopening, in which the university management/authority could plan more 
efficiently and effectively to flatten the curve at the university level.  

Moreover, we estimated the 𝑅𝑅0, and carried out a sensitivity analysis of the 𝑅𝑅0 to 
identify the relative significance of the model parameters in disease transmission. Based 
on the result obtained, the sensitivity analysis indicates that the infection transmission 
rate before and after the lockdown implementation plays a significant role in the spread 
of disease. This is because the most sensitive parameter in this compartment model was 
the β (𝛽𝛽0,𝛽𝛽1,𝛽𝛽2). This enables us to identify to which our model's predictions hold up 
under different settings, how well the model predicts outcomes related to parameter 
values, and how each parameter affects the disease's basic reproduction rate. Other than 
that, this analysis can provide essential information to decision-makers who may be 
confronted with the reality of an infectious disease.  
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Nomenclatures 
 
𝛽𝛽 Rate of infection growth  
𝛾𝛾 Rate of recovered 
𝜇𝜇 
𝜏𝜏𝛽𝛽 
𝜏𝜏𝛾𝛾 
𝜏𝜏𝜇𝜇  

Rate of death 
The characteristic time of transmission rate  
The characteristic time of recovery rate  
The characteristic time of death rate 

 
Abbreviations 

Covid-19 
HEIs 
MOHE 
ODE 

Coronavirus Diseases 2019 
Higher Education Institutions 
Ministry of Higher Education 
Ordinary Differential Equation 

RMSE Root Mean Square Error 
SIRD 
SOP 

Susceptible Infected Recovered Dead 
Standard Operational Procedure 

WHO World Health Organization 
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Appendix A 

Computer Programme 
A. 1. Programme Structure and Description of Subroutines 

MATLAB programming language is used in programming the prediction models. 
The main flow chart of the programme is shown in Figure A-1. 

 
Fig. A-1. Main flow chart of the computer programme used in this study. 
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Solve the model using the 4th order Runge Kutta 
method with gradient-free algorithm (pattern 

search) in MATLAB 
 

Design the model by writing the programming of 
the model in MATLAB 

Setting the parameters for Model I and Model II 
to their best fitting initial values 

Output:  
1) Graph of the prediction model 

2) Values of parameters at best fitting  
3) Values of RMSE for Model I and Model II 
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