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A B S T R A C T   

COVID-19 is a major health threat across the globe, which causes severe acute respiratory syndrome (SARS), and 
it is highly contagious with significant mortality. In this study, we conduct a scenario analysis for COVID-19 in 
Malaysia using a simple universality class of the SIR system and extensions thereof (i.e., the inclusion of tem
porary immunity through the reinfection problems and limited medical resources scenarios leads to the SIRS-type 
model). This system has been employed in order to provide further insights on the long-term outcomes of COVID- 
19 pandemic. As a case study, the COVID-19 transmission dynamics are investigated using daily confirmed cases 
in Malaysia, where some of the epidemiological parameters of this system are estimated based on the fitting of 
the model to real COVID-19 data released by the Ministry of Health Malaysia (MOH). We observe that this model 
is able to mimic the trend of infection trajectories of COVID-19 pandemic in Malaysia and it is possible for 
transmission dynamics to be influenced by the reinfection force and limited medical resources problems. A 
rebound effect in transmission could occur after several years and this situation depends on the intensity of 
reinfection force. Our analysis also depicts the existence of a critical value in reinfection threshold beyond which 
the infection dynamics persist and the COVID-19 outbreaks are rather hard to eradicate. Therefore, under
standing the interplay between distinct epidemiological factors using mathematical modelling approaches could 
help to support authorities in making informed decisions so as to control the spread of this pandemic effectively.   

1. Introduction 

In December 2019, a new coronavirus called SARS-CoV-2 (or pre
viously referred to as 2019-nCoV) and the disease associated with this 
virus, COVID-19 (or also known as Coronavirus Disease 2019) have 
emerged [1]. The COVID-19 pandemic is now a major health threat 
across the globe and as of January 31, 2021, there have been 102,691, 
967 confirmed cases and 2,222,403 deaths [2]. For Malaysia only, 214, 
959 confirmed cases have been recorded with 760 deaths occurred (as of 
January 31, 2021) [3]. In general, distinct variants of coronaviruses 
have spread rapidly throughout different continents, with around 219 
countries and territories now having reported the presence of COVID-19 
infected cases [4]. 

To curb the severity of COVID-19 pandemic, the Malaysian govern
ment has implemented different non-pharmaceutical intervention 
measures, which include social distancing, wearing face masks in public, 
movement control restrictions and quarantine [5–7]. However, after 

Malaysia has succeeded to flatten the COVID-19 infection curve in the 
first two waves of infections till September 2020 [8], it can be seen that 
the number of daily active cases have increased dramatically starting 
from October 2020 [9,10]. During this third wave, a rebound effect in 
transmission dynamics of COVID-19 can be observed with the infection 
is spreading rapidly in the community and the number of active cases 
spike sporadically [11]. 

While some reckon that the aforementioned problem happens due to 
the preventive measures that have been implemented before are being 
eased up [12–14], other epidemiological factors such as limited medical 
resources and reinfection problems could also influence the outbreaks of 
COVID-19 pandemic [16–19]. This investigation is inspired by several 
reported cases of reinfection that occur across the globe such as in Hong 
Kong [20], Brazil [21], the United States [22] and the United Kingdom 
[23–26]. Some public health experts also raise concern that the immu
nity to SARS-CoV-2 is unlikely to be permanent and may only last for a 
few months [23]; this issue can cause people who have already 
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recovered from COVID-19 to have certain likelihood to get infected 
again [24–26]. Given SARS-CoV-2 is a newly emerging viral infection, 
much remains unknown about these disease outbreaks in the context of 
Malaysia as a developing country with limited medical resources and 
also the probable reinfection problems; this is in fact the main focus of 
this research work. 

The article is organized as follows. After describing the modeling 
framework and some techniques employed in the analysis of the system, 
we compare the predictions of our system with the number of active 
cases in Malaysia and demonstrate the agreement between the two ob
servations. Then, we assess the combined impacts of reinfection force 
and limited medical resources problems on the long-term behavior of 
COVID-19 outbreaks in Malaysia using numerical simulation ap
proaches. We also highlight further empirical evidence and some 
epidemiological implications of our simulation findings. Finally, we 
summaries the progress of studies to date and provide some recom
mendations on effective preventive measures to curb the spread of this 
pandemic. 

2. The model and analysis 

2.1. Computation of steady states and stability analysis 

To investigate the combined influences of distinct epidemiological 
factors such as the shortage of medical resources and the possibility of 
reinfection on COVID-19 outbreaks, we consider a simple universality 
class of the SIR model and extensions thereof. In particular, the 
modelling framework is in the form of an ordinary differential equations 
(ODE) system of SIRS-type [16–19,27,28]: 
⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

dS
dt

= ηN −
δSI
N

+ εR − vS

dI
dt

=
δSI
N

− (ψ + v)I −
ρI

Φ + I
dR
dt

= ψI +
ρI

Φ + I
− (ε + v)R

N = S + I + R

(1)  

where N represents the total number of populations, which consists of 
three compartments: (i) the susceptible population represented by the 
variable S(t); (ii) the infected population denoted by the variable I(t); 
and (iii) the removal class denoted by R(t) and this variable is made up 
of recovered and death cases. In the modelling framework (1), the term η 
is the birth rate, v is the death rate, δ is the transmission rate and ψ is the 
recovery rate of population. To examine the possibility of reinfection on 
COVID-19 transmission dynamics, it is assumed that some proportion of 
recovered cases from the removal class can re-enter the susceptible 
compartment with the rate of ε; thus, ε corresponds to the reinfection 
force [16]. To investigate the impacts of the limited medical resources 
on the spread of COVID-19 outbreak, the term ρI

Φ+I is employed, which is 
motivated by Zhou and Fan [18]: the parameter ρ represents the medical 
resources supplied per unit time and Φ corresponds to half-saturation 
constant. This half-saturation coefficient measures the efficiency of the 
medical resource supply; in fact, these quantities also represent the ef
ficiency of the supply of available medical resources, and this situation 
would depend on other factors such as the control strategies (e.g., 
quarantine, movement control order) and the production of drugs, 
vaccines, etc [16]. In the absence of the reinfection force and shortage of 
medical resources assumptions (i.e., ε = ρ = 0), then the system is 
represented by a simple SIR model, which we will also discuss in detail 
later on. All of the parameters are assumed to be non-negative to depict 
the biologically meaningful phenomena of COVID-19 transmission 
dynamics. 

In general, there are different variations of COVID-19 epidemiolog
ical models that have been used by researchers across the globe and one 

of the famous modelling frameworks is to employ an Susceptible- 
Exposed-Infected-Recovered (SEIR) system [29–31]. This kind of 
framework adds another state (i.e., Exposed) to the simple SIR-type 
system to model the influence of incubation period; this period can be 
defined as the length of time at which exposed people become infectious 
and show clinical symptoms, which include fever and coughing [29,30]. 
While the SEIR system has the strength of being epidemiologically more 
realistic (compared to the SIR-type model), this modelling framework 
has some drawbacks of having additional unknown components in the 
system: the incubation (or latent) period and the initial latent population 
[30]. Moreover, from the perspective of this work, which focusses on 
Malaysia as a case study, it would be rather hard to obtain the actual 
data on the Exposed compartment since there is too little information 
being released and shared by the government with regards to this 
matter. This problem may also be contributed by the issue of low 
COVID-19 testing rates in Malaysia compared to its neighbours e.g., 
Singapore [14,32]. Due to these reasons, we have made a deliberate 
choice to employ a family of SIR-type system as in the model (1), and we 
acknowledge that adding a latency or incubation period into this system 
could delay the initial spread of the disease; this is because the length of 
this period in human viral diseases significantly correlates with the 
disease severity [33]. However, it has been demonstrated in some 
modelling studies that an SIR-type system performs much better than an 
SEIR model in representing the information contained in the daily 
confirmed COVID-19 data; this also indicates that predictions of 
COVID-19 transmission dynamics using more complex models may not 
be more reliable compared to using a simpler model [30]. Several re
searchers have also demonstrated that the dynamics of the COVID-19 
outbreak belongs to a simple class of the SIR-type model [34]. Consis
tent with this finding, a modelling work, which uses Germany as a case 
study illustrates that a modified SIR model can be used to infer change 
points in the epidemic spread and to gauge the effectiveness of specific 
confinement measures [35]. Similar approach has also been considered 
to make predictions of the outbreak in Italy that proved fundamentally 
right when compared with the observations from the actual COVID-19 
cases [36]. All these points illustrate the capability of a simple 
SIR-type system and lend support to our proposition that this simple 
framework can be used meaningfully to draw qualitative conclusions on 
the evolution of COVID-19 pandemic. 

In this work, we employ a simple SIR model with the addition of 
temporary immunity (through the reinfection problems) and limited 
medical resources scenarios; with the incorporation of these distinct 
epidemiological components, the model (1) becomes an SIRS-type sys
tem with a rate of transfer from R to S (i.e., ε) is added to this SIR model. 
As we will demonstrate in our findings in the later section, the reinfec
tion force, ε, can play an influential role in determining the transmission 
dynamics of COVID-19. To better understand the long-term behaviour of 
the model and the spread of diseases, this goal can be achieved by 
examining the steady state solutions of the epidemiological system (1). 
The steady states can be calculated by setting the time derivatives in the 
model (1) equal to zero and solving the resulting system simultaneously. 

Two steady states are obtained: (i) 
(

ηN
v ,0, 0

)

- this is known as the 

disease-free equilibrium and it is the desired state that would be aimed 
in planning any control measures; from epidemiological viewpoints, this 
disease-free steady state depicts the eradication of the disease and pre
vent the spread of infection; (ii) (S*, I*,R*) - this is known as the 
pandemic equilibrium and this steady state demonstrates the persistence 
of the disease and the COVID-19 infection can spread in the community 
with more cases generated daily. The stability of these steady states can 
be evaluated using the Jacobian matrix, J, and it is given as follows: 

A.M. Salman et al.                                                                                                                                                                                                                             



Computers in Biology and Medicine 133 (2021) 104372

3

J =

⎛
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⎜
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δI
N

−
Sδ
N

ε
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2 −

ρ
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0
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ρI

(I + Φ)
2 +

ρ
I + Φ

− v − ε

⎞

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎠

(2) 

Using the Jacobian matrix (2) and local stability analysis, the 
dynamical behaviour of the model (1) and the nature of steady states can 
be assessed to understand the qualitative outcomes of this epidemio
logical system. The stability of a particular steady state can be deduced 
from the eigenvalues, λi; this crucial information is obtained by solving 
for the characteristic equation of the matrix (2). As an example, for the 

disease-free equilibrium, 
(

ηN
v ,0,0

)

, there are three eigenvalues: λ1 = −

v, λ2 = − v − ε and λ3 = − vρ− v2Φ− vψΦ+δΦη
vΦ . Since all the epidemiological 

parameters are positive, 
(

ηN
v , 0,0

)

is unstable if λ3 > 0 indicating that 

ρ <
Φ(δη− v2 − vψ)

v ; consequently, the pandemic steady state can be stable. 
This analysis also motivates the choice of our parameter values (apart 
from fitting the Malaysia daily COVID-19 data to the model) in Section 
2.3 later. 

2.2. Analysis of basic reproduction number 

Another way to comprehend the epidemiological outcomes of the 
model (1) and explore the severity of transmission dynamics of COVID- 
19 is by using basic reproduction number R0 [37–39]. This quantity is an 
epidemiological metric used to describe the contagiousness of diseases 
[40]. It is defined as the number of secondary cases one case would 
produce in a completely susceptible population [38]. For instance, 
considering the assumption of limited medical resources is relaxed (ρ =

0) and performing an eigenvalues analysis to the SIRS model (i.e., by 
setting some λi = 0), we can get the following equation: − v2 − vψ +

δη = 0. Rearranging this equation, we obtain the following basic 
reproduction number, R0 =

δη
v(ψ+v). Similarly, other threshold quantities 

for R0 can be calculated using similar techniques and interested readers 
are referred to the previous analysis by Mohd and Sulayman (2020) [16] 
for further discussion on this matter. 

2.3. Parameter estimation and numerical simulation 

In order to calculate each compartmental group dynamics and esti
mate the parameters of the system, we employed a Neural Network (NN) 
technique: this parameter estimation approach is inspired by the pre
vious work of Magri and Doan (2020) [41] whereby they have devel
oped a NN algorithm that solves the optimisation problem for the 
SIR-type models. This formulation is based on the combination of 
solving the ODE system (through time integration) and feed forwarding 
neural network techniques to assimilate the data into the modelling 
framework to learn the estimated values of parameter and state (or 
epidemiological) variables. To do this, the model (1) is transformed into 
vector forms and this vectorised system is then treated as a constrained 
optimisation problem with the objective to minimise the pre-defined 
error function, which measures the error between the computed solu
tions of the model (1) and the data of actual cases (consisting of infected 
and removed cases). For further information on this NN algorithm, we 
refer interested readers to the work of Magri and Doan (2020) [41] since 
detailed discussions on this matter are beyond the scope of the current 
paper. 

The NN algorithm is based on the short-term prediction approach 
and this technique is often employed in order to estimate the parameter 
values of the model. We have also validated this NN algorithm for 
different time frame of the actual COVID-19 data sets in Malaysia. The 

main lesson that we learnt is that the NN framework has produced good 
results and the predictions of the algorithm are in agreement with the 
number of the daily COVID-19 cases in Malaysia. For instance, Fig. 1A–B 
shows the predicted active (I) and removed (R) cases (respectively), 
which are obtained using a NN framework (orange curve); in compari
son, we also plotted the corresponding actual daily cases in Malaysia 
(blue curve) in the interval between February, 1 2020 till November, 30 
2020. Overall, we can see that the SIR-type model analysis agrees with 
the number of active cases in Malaysia and this system is able estimate 
the epidemiological parameters of the model (e.g., δ and ψ) practically. 
Once the NN framework has learnt the estimated values of important 
parameters for specific range of daily COVID-19 cases data sets, we then 
performed numerical simulation of the model (1) and the results are 
discussed in the next sections so as to demonstrate the long-term 
behaviour of this epidemiological system. For illustration purpose, in 
this work, we parametrised this system using daily COVID-19 cases 
released by the MOH in the interval between December 1, 2020 and 
January 31, 2021 [3,42]. Unless otherwise stated, parameter values 
used in the simulation are given in Table 1. In all cases, we employed 
numerical simulation using MATLAB ode15s solver. 

3. Results and discussion 

We analyse a compartmental epidemic model (1) and forecast the 
active cases trajectories for different scenarios in Fig. 2A (dotted curves); 
in comparison, we also plot the corresponding actual active cases in 
Malaysia (purple star). Overall, we can see that the modelling frame
work analysis agrees with the number of active cases in Malaysia. This 
system is able to mimic the trend of infection trajectories of the COVID- 
19 in this country. To demonstrate distinct possibilities of COVID-19 
transmission dynamics, we consider several hypothetical scenarios 
(dotted green, black, blue and red curves), which vary according to the 
complexity of the modelling frameworks and also some epidemiological 
issues under consideration. First, we examine an elementary case shown 
by the SIR model [28,40] (green curve) in Fig. 2A where the assumption 
of limited medical resources is relaxed (ρ = 0) and the reinfection force 
is absent (ε = 0) in this system. It can be seen that the infection tra
jectory increases on daily basis and it would take around several months 
for the active cases to peak. Then, the infection frequency starts to 
decline under this simple scenario analysis (i.e., the SIR system assumes 
that the medical resources to fight this pandemic are being allocated 
enough, apart from the optimal screening and isolation strategies have 
been employed [16]). Consequently, the SIR model predicts that it 
would take roughly more than a year to flatten the infection curve and 
reduce the number of infected people to a low level of active cases. 

To further examine the transmission dynamics and other possible 
outcomes of the model (1), we extend this scenario analysis to investi
gate the severity of COVID-19 outbreaks in Malaysia and its joint effects 
with several epidemiological forces. This analysis depicts some of the 
probable epidemiological predictions, which are mediated by the 
interplay between reinfection force and limited medical resources situ
ations. To do this, we examine the predictions of the model (1) in the 
presence of reinfection force (ε) and followed by the incorporation of 
limited medical resources scenarios (ρ). The roles of susceptibility to 
reinfection on the dynamics of COVID-19 can be examined when ε > 0. 
Increasing ε yields a larger force of infection, which in turn can affect the 
COVID-19 epidemiology. To date, it is still uncertain whether the first 
infection of COVID-19 confers immunity to subsequent reinfections and 
experts reckon that this problem can happen in a long run [24,26]. 
Before SARS-CoV-2 emerges, there are four distinct strains of corona
viruses (i.e., 229E, NL63, OC43, and HKU1) that regularly circulate 
through humans and can be found globally [23]. Once being infected 
with any of them, this infection can result in immunity of differing 
lengths, typically lasting for at least one to two years [23]. 

Motivated by these prior observations, one of the important ques
tions that remain to be answered is that: if reinfections are going to 
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happen for COVID-19, how frequently are they happening? To explore 
these possibilities, we allow for some degree of reinfection (ε > 0) in the 
epidemiological model (1). It can be observed that a rebound effect in 
transmission (Fig. 2A: black curve) occurs after several years and this 
situation depends on the intensity of ε. In this case, the basic repro
duction number, R0, calculated from this model is 1.27 (as discussed in 
Section 2) and this estimate agrees with the forecasted R0 of Malaysia 
published by Ministry of Health (MOH) in January–February 2020 
whereby MOH found that the infectivity rate lies in the range of 1.2 
[43]. Theoretically, R0 > 1 means that the infection is spreading in the 
community, with more cases generated daily [37]. It is observed that 
when the reinfection force is rather low (as in Fig. 2B), the number of 
active cases (black curves) can spike again in approximately two years 

time after the flattening of initial waves of infection. Other small out
breaks are also possible in one to two years time after that. This finding 
is consistent with previous evidence on endemic coronaviruses: some 
experts suggest that these new waves of infection can occur eventually 
and this problem may be induced by the waning of immunity [23,44]. In 
fact, emerging variant of the novel coronavirus called B.1.1.7 has been 
discovered in England at the end of last year and this SARS-CoV-2 
variant is more transmissible than previously circulating coronaviruses 
[23]. This new virus strain could also evade the human immune 
response causing ‘immune escapes’ phenomenon, where mutated coro
navirus strains could get more aggressive and escape a weak immune 
response [45]. Consequently, even people who have already recovered 
from the disease could get infected again [45]. 

As can be observed in Fig. 2B, we forecast that the peaks for the 
subsequent waves of infection might be lower indicating that this rein
fection problem appears to be less severe and possibly less lethal. This 
insight is also in parallel with some clinical studies, which reported that 
most of the SARS-CoV-2 reinfections have been milder than the first 
encounters with the coronavirus (although some have been more 
harmful) [23]. Using PCR and antibody testing, an early evidence by 
Public Health England also suggests that some of those recovered from 
COVID-19 may still be able to pass the virus on to other people [23]. Out 
of several thousands patients who tested positive for antibodies, it is 
found that a small portion of patients had potential of COVID-19 re
infections [23]. Recent research also discovers that among several 
thousands of healthcare workers who had been infected with COVID-19 
during the first wave of the pandemic in the United Kingdom, none of 
them had symptomatic reinfection in the second wave of pandemic [26, 
46]. Due to this reason, some researchers suggested that immunity to 
reinfection lasted at least six months in the case of SARS-CoV-2 virus 

Fig. 1. Actual infected (I) and removed (R) cases in Malaysia (blue curves) and the predictions of a Neural Network (NN) framework (orange curves) used in the 
parameter estimation for the COVID-19 data in the interval between February 1, 2020 till November 30, 2020. 

Table 1 
Parameter values.  

Symbol Description Value 

η The birth rate 0.000006 [16] 
υ The death rate 0.00002 [16] 
δ The transmission rate 0.11 (Estimated - Section 

2.3) 
ψ The recovery rate 0.026 (Estimated - Section 

2.3) 
ϵ The reinfection force Vary (Hypothetical Values) 
ρ The medical resources supplied per unit 

time 
0.0584 [18] 

Φ  Half-saturation constant 3.0173 [18] 
S(0) Initial susceptible population Vary [3,42] 
I(0) Initial infected population Vary [3,42] 
R(0) Initial removal class population Vary [3,42]  

A.M. Salman et al.                                                                                                                                                                                                                             



Computers in Biology and Medicine 133 (2021) 104372

5

[26,46]. Additionally, another important point that can be seen from our 
finding in Fig. 2B is that the number of COVID-19 active cases rises less 
steeply in the future waves of infection. This possibility demonstrates 
that the prevalence of COVID-19 infections maybe lower compared to 
the previous outbreaks. This would give us some hope that our health
care systems may not be overwhelmed in times to come though the re
infections of COVID-19 can occur in the future. 

Based on our stability analysis, the finding in Fig. 2B is caused by the 
endemic outcome having the nature of steady state of stable focus-node 
type. In this three-dimensional system, it is observed that one real 
eigenvalue and a pair of complex-conjugate eigenvalues appear with all 
of them have negative real parts. This stable focus-node equilibrium 
indicates that the possible outcomes from the model can be reasonably 
damped, and transient oscillations of the infection (black), susceptible 
(cyan) and recovered (orange) compartments are expected in a long run, 
as shown by Fig. 2B. We have also conducted further analysis using this 
modelling framework and the main lesson that we realised is: stable 
limit cycles (i.e., oscillatory behaviour) are not evident for different 
parametrisations of the model that have been considered. While there 
exists some theoretical studies that propose the emergence of super
critical Hopf bifurcation and stable limit cycles in certain COVID-19 
epidemiological systems [47,48], this insight should be interpreted 
with care so that it would not cause mass fear and panic phenomena. The 
in-phase oscillatory solutions would lead to recurrent pattern of epi
demics and it has been observed in the incidence of distinct infectious 
diseases (e.g., influenza and measles) before. This situation has resulted 
in some dramatic annual outbreaks throughout the years [49,50]. Based 
on the findings of our modelling framework (1), we suggest that one of 
the plausible scenarios for COVID-19 future outbreaks in Malaysia is in 
the form of (damped) transient oscillations, where the infection trajec
tories would level off as a result of large time behavior of solutions. 
However, we caution that this prediction depends on the levels of 
reinfection force. Increasing the intensity of ε (Fig. 2A: dotted blue and 
red curves) would lead to the COVID-19 infections to engender a plateau 
phenomenon, whereby the number of people infected by the disease stay 
at certain levels during an extended period of time. Note that this 
plateau phenomenon has been observed in the real world COVID-19 
data from different countries such as in the United States and Qatar 
[2,42,51]. 

Other dynamical behaviour is also possible when the limited medical 
resources factor is incorporated in the model (1), as shown in Fig. 3. We 
observe that the reinfection force (ε) can interact with limited medical 
resources factor (ρ) to determine the transmission dynamics of COVID- 
19 via the occurrence of alternative stable states. In this case, the bist
ability occurs with both pandemic (Fig. 3A) and disease-free (Fig. 3B) 
equilibria are stable; convergence to either one of these steady states 
depends on initial abundances of individuals in susceptible, infected and 
removal classes. Bifurcation analysis results [16] demonstrate that local 
bifurcations such as transcritical bifurcation are the best known mech
anism that can mediate (dis-)appearance of distinct steady states in this 
epidemiological system. In general, the outbreaks may establish, or not, 
depending on whether the initial conditions belong to the basin of 
attraction of pandemic or of disease-free equilibria. The alternative 
stable states phenomenon can be demonstrated in Fig. 3, in which we 
show the steady state solutions of the model (1) for the same parameter 
values with two different initial conditions: when the initial fraction of 
infected group is high, the outbreak is established (Fig. 3A); meanwhile, 
for a rather low initial fraction of infected people, the outbreak is 
eliminated in a long run (Fig. 3B). Thus, under essentially the same 
conditions - that is the same epidemiological parameters and only 
different densities on initial populations, this COVID-19 epidemiological 
system may achieve significantly distinct outcomes. It has also been 
highlighted in a pathological study related to SARS-CoV-2 variants that 
the alternative stable states could occur as a result of immune function 
disruption. This possibility may lead to failure in controlling the virus 
and can cause chronic inflammation, particularly when placed in the 
context of regulatory feedback that raise the likelihood of alternative 
stable states [52]. 

We also investigate the long-term predictions of the model (1) with 
limited medical resources scenarios (ρ > 0) under varying reinfection 
forces (ε) as shown by Fig. 4. This diagram is computed using the same 
parametrisation of Malaysia COVID-19 active cases data [3,42] as in 
Table 1. Overall, this figure shows temporal evolution for COVID-19 
infections as ε changes. Taking ε = 0, we observe similar dynamical 
behaviour of SIR model as illustrated by the predictions in Fig. 2A 
(dotted green curve) where the infection curve can be flatten. The 
number of infected people can also be reduced to a low level after 
approximately more than a year. Increasing the intensity of ε would lead 

Fig. 2. The prediction of COVID-19 transmission dynamics using an SIRS-type model (1) with the assumption of limited medical resources is relaxed (ρ = 0) under 
varying magnitude of reinfection force (ε). (A) Time series results of SIR (ε = 0: dotted green curve) and SIRS (ε > 0: dotted black, blue and red curves) models and 
comparison with the number of active cases in Malaysia (purple stars). (B) Time series result of SIRS when reinfection force is low (corresponding to dotted black 
curve in Fig. 2A) and comparison with the number of active cases in Malaysia (purple stars). Other parameter values as in Table 1. Initial conditions: S(0) = 119169, 
I(0) = 10495, R(0) = 56311 and N = S+ I + R. 
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to some catastrophic changes in dynamics due to the alternative stable 
states phenomenon. There occurs a threshold value in reinfection force i. 
e., εC corresponding to a transcritical bifurcation (red point). From an 
epidemiological viewpoint, εC is a minimum threshold level of reinfec
tion force below which the infection dynamics can be reduced efficiently 
and effectively. When ε < εC, we observe that the disease-free equilib
rium is stable and the COVID-19 pandemic can be eliminated in a long 
run. However, when ε > εC, this situation leads to rapidly evolving 
pandemic outbreaks via alternative stable states. The long-term out
comes are similar to our findings in Fig. 3A–B whereby the convergence 
to either one of the pandemic and disease-free steady states depends on 
initial abundances of individuals. The occurrence of multiple waves of 
infection is also possible under a low intensity of ε. This case causes a 
rebound effect in the outbreaks of pandemic to emerge after several 
years (as depicted in Fig. 2A–B: black curves) following the transient 
oscillatory behaviour. Eventually, the infection trajectories would level 
off and this situation leads to the persistence of COVID-19 infection in 
communities. 

4. Implications and conclusion 

Before we highlight further implications of our findings and conclude 
this paper, we summarise the key points as follows:  

1 It is discovered that the dynamics of the COVID-19 outbreak belongs 
to a simple universality class of the SIR system and extensions thereof 
(i.e., the inclusion of temporary immunity through the reinfection 
problems and limited medical resources scenarios leads to the SIRS- 
type model);  

2 A rebound effect in transmission dynamics could emerge even when 
the reinfection force is rather low and this situation can occur due to 
the waning of immunity;  

3 There occurs a critical value in reinfection threshold beyond 
(respectively, below) which the severity of infection persists 
(respectively, reduces) and the COVID-19 outbreaks may not 
(respectively, may) be eradicated.  

4. A plateauing phenomenon is also realised in the presence of high 
levels of reinfection force and limited medical resources scenarios. 

Fig. 3. The alternative stable states phenomenon in the SIRS-type model (1) with limited medical resources (ρ > 0) and reinfection problems (ε > 0). (A) Time series 
result when the initial fraction of infected group is high: S(0) = 119169, I(0) = 10495 and R(0) = 56311; (B) Time series result when the initial fraction of infected 
group is low: S(0) = 65000, I(0) = 10 and R(0) = 100. Other parameter values as in Table 1 and N = S+ I + R. 

Fig. 4. The temporal evolution for COVID-19 infections as ε changes. Other parameter values as in Table 1. There occurs a transcritical bifurcation (red point), which 
corresponds to the minimum threshold level of reinfection force below which the infection dynamics can be eradicated efficiently and effectively. The emergence of 
multiple waves of infection is also possible under a low intensity of ε. 
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As the COVID-19 pandemic progresses, many countries including 
Malaysia have tried their best to implement a variety of responses and 
control measures [11]. Our scenario analysis using a family of SIR-type 
frameworks demonstrates that it would be necessary to consider the 
problems of reinfection and also the effects of limited medical resources 
in combating the outbreaks of pandemic effectively. This is because it is 
evident from some preliminary studies that more people who have had 
COVID-19 remain susceptible to reinfection, and that proven vaccines 
may, at some point, need an update [45]. Additionally, combination of 
non-pharmaceutical intervention measures should also be employed 
strictly. For instance, the policy of wearing face masks in public could 
help communities to slow the spread of COVID-19 when these masks are 
used along with other preventive measures [53,54], such as social 
distancing, movement control restrictions and quarantine [55]. These 
preventive measures may have the potential to suppress the trans
mission of COVID-19 and to push R0 to be below than one [8]. 
Furthermore, these combined strategies are crucial in order to rapidly 
reduce the case incidence [56]. We have also discovered that the spread 
of the COVID-19 pandemic falls into the universality class of SIR-type 
models and extensions thereof. Owing to this reason, we caution the 
policy makers about the importance to conduct (early and) more testing 
so that we will be able to detect the possibility of community trans
mission and asymptomatic cases [14,32]. If we increase our testing ca
pacity, then more possible cases will be picked up. The number of cases 
is likely to increase, however the quality of data will be much better than 
what we have now, thus, allowing us to come up with a better predic
tion. The outbreak investigation and management of COVID-19 data 
also need to be improved and better coordinated so as to fight this 
pandemic in an objective way. It is also vital to rapidly share detailed 
data and information on COVID-19 testing conducted by the govern
ment agencies since this will certainly improve the predictions of the 
models and could help in controlling the overall severity of the outbreak. 
In other words, the real-time sharing of data, research publications, 
equipment and etc. to fight COVID-19 through open science initiatives 
[57,58] is needed and transparency is now more critical than ever 
before. 

Additionally, our findings demonstrate that a rebound effect in 
transmission dynamics could occur even in the presence of a low level of 
reinfection force. This situation can get worse if the control measures 
such as social distancing strategies are eased up too soon (and too 
quickly), which can give the novel coronavirus more opportunities to 
spread back in our communities. We also observe a plateau phenomenon 
in our scenario analysis and this observation is in parallel with the real 
world COVID-19 data from different countries such as in the United 
States and Qatar [2,42,51]. Interestingly, this finding is consistent with 
the predictions of equation-free modeling framework in the analysis of 
COVID-19 data sets for Malaysia [59]. This consistency highlights the 
generality of our predictions and we establish that some of the epide
miological phenomena realised in this work are robust. In particular, 
these observations are less restricted to specific details and assumptions 
of the modelling frameworks. It should also be noted that for a devel
oping country like Malaysia, which faces the issues of limited medical 
resources, a resurgence into high community transmission cases should 
be avoided at all cost. This is because it could cause serious spike in 
number of active cases and deaths, and waste all the progress that has 
been made so far. To avoid this worst-case scenario, strict preventive 
measures will need to be maintained until large stocks of vaccine are 
available to immunise the populations. Finally, this work should also 
motivate modellers as a call to arms and decision makers as a guide for 
forecasting outbreaks, planning of resource allocation and examining 
the feasibility of certain intervention strategies before (and after) these 
measures are being implemented. 
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