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Abstract 

Objectives Public Health Social Measures (PHSM) such as movement restriction movement needed to be adjusted 
accordingly during the COVID-19 pandemic to ensure low disease transmission alongside adequate health system 
capacities based on the COVID-19 situational matrix proposed by the World Health Organization (WHO). This paper 
aims to develop a mechanism to determine the COVID-19 situational matrix to adjust movement restriction intensity 
for the control of COVID-19 in Malaysia.

Methods Several epidemiological indicators were selected based on the WHO PHSM interim guidance report 
and validated individually and in several combinations to estimate the community transmission level (CT) and health 
system response capacity (RC) variables. Correlation analysis between CT and RC with COVID-19 cases was per-
formed to determine the most appropriate CT and RC variables. Subsequently, the CT and RC variables were com-
bined to form a composite COVID-19 situational matrix (SL). The SL matrix was validated using correlation analysis 
with COVID-19 case trends. Subsequently, an automated web-based system that generated daily CT, RC, and SL 
was developed.

Results CT and RC variables were estimated using case incidence and hospitalization rate; Hospital bed capac-
ity and COVID-19 ICU occupancy respectively. The estimated CT and RC were strongly correlated [ρ = 0.806 (95% CI 
0.752, 0.848); and ρ = 0.814 (95% CI 0.778, 0.839), p < 0.001] with the COVID-19 cases. The estimated SL was strongly 
correlated with COVID-19 cases (ρ = 0.845, p < 0.001) and responded well to the various COVID-19 case trends dur-
ing the pandemic. SL changes occurred earlier during the increase of cases but slower during the decrease, indicat-
ing a conservative response. The automated web-based system developed produced daily real-time CT, RC, and SL 
for the COVID-19 pandemic.

Conclusions The indicators selected and combinations formed were able to generate validated daily CT and RC 
levels for Malaysia. Subsequently, the CT and RC levels were able to provide accurate and sensitive information 
for the estimation of SL which provided valuable evidence on the progression of the pandemic and movement 
restriction adjustment for the control of Malaysia.
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Introduction
The COVID-19 pandemic had resulted in an unprec-
edented worldwide crisis since it was first discovered 
late in December 2019 [1, 2]. Globally, the implementa-
tion of Public Health and Social Measures (PHSM) dur-
ing the initial phases of the pandemic was instrumental 
in slowing the spread of COVID-19, therefore preventing 
healthcare systems from becoming overwhelmed [3, 4]. 
These PHSMs include non –pharmaceutical interven-
tions such as movement restrictions, personal protective 
measures (i.e. hand hygiene, respiratory etiquette, mask-
wearing), environmental measures (i.e. cleaning, disin-
fection, ventilation), and physical distancing [5].

PHSM especially movement restrictions have been 
proven to be effective in limiting the transmission of 
COVID-19 across many countries [3]. However, sus-
tained prolonged movement restrictions are not feasible 
due to their undesirable effects on the socioeconomic 
health of a nation [3]. While the World Health Organiza-
tion (WHO) advised that lifting of PHSM (i.e. movement 
restrictions) prematurely would result in a more severe 
resurgence of COVID-19 infections, health authorities 
worldwide need to strike a balance between instituting 
PHSM to control the pandemic and its negative effects 
on the nations socioeconomic health [3, 6]. Therefore, 
countries worldwide currently face a common challenge 
in determining when to continue, ease or lift PHSM for 
the control and management of the pandemic [3]. In this 
regard, researchers have examined pandemic exit strate-
gies adopted by various countries and have identified sev-
eral prerequisites for adjusting COVID-19 PHSM namely 
information on infection status, community engagement, 
adequate public health-system capacity, and border con-
trols [5]. In addition, WHO released interim guidance 
reports on ‘Considerations for implementing and adjust-
ing PHSM in the context of the pandemic’ in November 
2020 and a revision in July 2021 [5]. The fundamental 
principles provided enable relevant authorities to make 
evidence-based decisions that are tailored for local situ-
ations to optimize the application and adjustments of 
PHSM in the control of COVID-19 [5].

The intensity of the pandemic has been influenced by 
several factors related to the disease dynamics and the 
control measures that were instituted [3]. In Malaysia, 
the most significant control measure instituted early in 
the pandemic was the movement restriction measure 
which was called the Movement Control Order (MCO) 
to prevent the disease from overwhelming the healthcare 
system [7]. The institution of the MCO was first imple-
mented on 18 March 2020 and had to take into account 
the level of movement restriction and its subsequent 
negative effects on the socioeconomic health of the 
nation over time to strike a balance in the control of the 

pandemic [8]. To achieve the best outcomes and to pre-
vent negative socioeconomic effects, the MCO over time 
should be adjusted accordingly based on various epide-
miological, social, and economic parameters [9].

In this paper, we adapted the WHO interim guidance 
report to develop the daily COVID-19 Situational Level 
assessment matrix which would provide a mechanism 
to adjust the level of movement restriction for the con-
trol of the COVID-19 pandemic in Malaysia for the two-
year pandemic duration from 1 April 2020 to 31 March 
2022. This would include firstly selecting and validating 
the relevant indicators to be used for estimating dis-
ease Community Transmission (CT) and Health System 
Response Capacity (RC) levels. Secondly, the Situational 
Level assessment matrix will be determined using the 
validated CT and RC levels. Thirdly, this paper describes 
the development of a web-based automated surveillance 
system that enables continuous estimation and access to 
daily CT, RC, and COVID-19 Situational Level assess-
ment matrix in Malaysia. With the availability of the 
WHO interim guidance report, it is advised that each 
country adopt, modify and validate this guidance based 
on their respective local context to develop a COVID-19 
Situational Level assessment matrix. This would be able 
to provide evidence for making informed decisions when 
adjusting PHSM for the control and management of the 
pandemic [5].

This study represents a pioneering effort in addressing 
the COVID-19 pandemic within Malaysia, filling signifi-
cant research gaps by focusing on the nation’s context, 
which has been largely overlooked in existing literature 
discussing the utilization of World Health Organization 
(WHO) interim guidance for adjusting Public Health 
and Social Measures (PHSM) during the pandemic 
[10–12]. Leveraging these WHO guidelines, the research 
charts new territory in pandemic response strategies tai-
lored specifically to the Malaysian landscape, providing 
directly applicable insights for the formulation of public 
health policies and strategies. Notably, the study intro-
duces a novel framework for determining the COVID-19 
situational matrix, a dynamic tool designed to optimize 
the application and adjustments of PHSM. By acknowl-
edging the complex interplay between disease transmis-
sion dynamics and the capacity of the health response 
infrastructure, this innovative approach offers a deeper 
understanding that can inform more effective and tar-
geted interventions. The development of an automated 
web-based system to generate daily real time COVID-
19 situational matrix serves as an added novelty of this 
work. Furthermore, at an International level, this would 
be considered as the first adaptation of WHO guidelines 
for development the COVID-19 situational matrix for 
National level COVID-19 response. The study’s novelty 



Page 3 of 15Singh et al. BMC Public Health         (2024) 24:1422  

lies not only in its Malaysian focus but also in its innova-
tive methodology, which paves the way for a more agile 
and data-driven approach to managing the COVID-19 
pandemic in Malaysia, emphasizing the need for such 
research to develop mechanisms for adjusting PHSM for 
pandemic control. Hence the need to conduct this study 
to develop a mechanism to determine the COVID-19 sit-
uational matrix to adjust movement restriction intensity 
for the control of the COVID-19 pandemic in Malaysia.

Literature review
Understanding the dynamics of disease transmission 
and the capacity of health systems to respond is crucial 
for informing effective implementation and adjustments 
of Public Health and Social Measures (PHSM). Theo-
retical frameworks, such as the Law of Demand and Sup-
ply, contribute to a comprehensive understanding of the 
interplay between health response capacity and outbreak 
intensity. For instance, more severe outbreaks necessitate 
higher health response capacity to manage them [13]. 
Moreover, the Transmission Dynamics model provides 
a rationale for considering community transmission as a 
critical variable when assessing outbreak intensity. This 
is because higher transmission rates ultimately lead to 
more severe outbreaks [14]. Furthermore, concepts from 
epidemiology and health systems research contribute sig-
nificantly to a comprehensive understanding of the inter-
play between disease transmission dynamics and health 
response capacities. These insights guide the develop-
ment of strategies to optimize adjustments to PHSM 
[15–19].

The World Health Organization (WHO) has been 
instrumental in providing guidance on PHSM implemen-
tation and adjustments, emphasizing the importance of 
evidence-based decision-making and context-specific 
approaches [5]. Studies from various countries have eval-
uated the effectiveness of PHSM in controlling COVID-
19 transmission and identified factors influencing their 
implementation and adjustments [20–23]. Lessons 
learned from international experiences offer valuable 
insights into best practices and challenges in optimizing 
PHSM adjustments.

Malaysia’s response to the COVID-19 pandemic has 
involved the implementation of various PHSM, including 
movement restrictions, border controls, and testing strat-
egies [24–26]. Challenges in implementing and adjusting 
PHSM have included balancing disease control with eco-
nomic considerations, addressing disparities in health-
care access, and ensuring community compliance with 
preventive measures [24–27]. Evaluating Malaysia’s expe-
riences with PHSM implementation and adjustments can 
provide valuable lessons for optimizing future strategies.

Innovative methodologies and frameworks have been 
developed to optimize PHSM adjustments based on dis-
ease transmission dynamics and health response capaci-
ties. These include dynamic modeling approaches, risk 
assessment tools, and decision-making frameworks that 
integrate epidemiological data with socio-economic indi-
cators [28–30]. The WHO interim guidance for adjusting 
PHSM during the pandemic provides one such frame-
work that integrates several of these methodologies into 
it [5].

In conclusion, optimizing the application and adjust-
ments of PHSM is critical for controlling COVID-19 in 
Malaysia and worldwide. Drawing on theoretical frame-
works, global perspectives, and specific experiences, 
provides valuable insights into strategies for utilizing dis-
ease transmission intensity and health response capaci-
ties to inform decision-making. By addressing gaps in 
knowledge and practice and exploring novel approaches, 
researchers and policymakers can enhance pandemic 
response efforts and mitigate the impact of COVID-19 
on public health and society.

Materials and methods
Data sources
The data for the study period which covers the two-year 
duration of the COVID-19 pandemic in Malaysia before 
entering the endemic phase was from 1 April 2020 to 31 
March 2022 [31]. National COVID-19 cases, active cases, 
deaths, and tests were obtained from the Ministry of 
Health (MOH), Malaysia’s official press statement (avail-
able at http:// covid- 19. moh. gov. my/), and the MOH offi-
cial Github data repository (available at https:// github. 
com/ MoH- Malay sia/ covid 19- public). National COVID-
19 effective reproduction was sourced from the MyR-
number web application system [8]. National population 
data were obtained from the Department of Statistics 
Malaysia (DOSM)(available at https:// www. dosm. gov. 
my/ v1_/).

Data analysis
Data analysis is described in the following paragraphs.

Selection and validation of the indicators to estimate 
the CT and RC levels
Community transmission levels (CT)
The intensity of disease transmission was estimated by 
determining the CT values of the disease. The CT val-
ues are derived from selecting the indicators such as 
hospitalization rate, mortality rate, case incidence, and 
testing rate and determining their cut-offs. The CT val-
ues are categorized into four levels, from low incidence 
(CT1) to very high incidence (CT4) [5].

http://covid-19.moh.gov.my/
https://github.com/MoH-Malaysia/covid19-public
https://github.com/MoH-Malaysia/covid19-public
https://www.dosm.gov.my/v1_/
https://www.dosm.gov.my/v1_/
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(a) Selection of indicator and defining cuts off.

The epidemiological indicators used to assess the 
CT level were hospitalization rate, mortality, case 
incidence, and effective reproduction number (Rt) as 

shown in Table  1. The WHO standard cut-offs were 
used to define all the indicators to the respective CT 
levels (Table  1). All cut-offs were validated during the 
validation process (described below). Indicators were 
used individually and in combinations to determine the 

Table 1 Indicators to estimate CT and RC levels, in Malaysia

COVID-19 CT levels

No Indicators Formula CT 1 CT 2 CT3 CT4
1 Case Incidence Dailycases

totalpopulation

(per 100,000  
population)

 < 3 3 to < 7 7 to < 21  >  = 21

2 Hospitalization 
rate

Dailyactivecases
totalpopulation

(per 100,000  
population)

 < 5 5 to < 10 10 to < 30  >  = 30

3 Mortality Rate Dailydeaths
Totalpopulation

(per 100,000  
population)

 < 1 1 to < 2 2 to < 5 5 & above

4 Effective  
Reproduction 
Number

Rt = It
t
s=1

It−sωs

where It is the  
number of infec-
tions incident  
on day t and ws  
is generation 
interval [53]

 < 0.5 0.5 to < 1 1 to < 1.3  >  = 1.3

RC level
No Indicators Formula Adequate Moderate Limited
1 Hospital bed 

capacity
Dailyactivecases
totalHospitalbed

(percentage)

 < 75% 75% to < 90%  >  = 90%

2 COVID-19 ICU 
occupancy

No daily  
COVID-19  
patients  
requiring ICU 
admission

 < 60 60 to < 130  >  = 130

 < 700* 700 to < 1,200*  >  = 1,200*

3 Case fatality  
rate (COVID-19)

Dailydeaths
Dailycases

Decrease (< 0) stable (0) Increase (> 0)

4 Adherence 
to PHSM

Stringency  
index (0–100)

more than 70 30 to 70  < 30

*Revised cut-off applied after February 2021 based on changes in COVID-19 hospitalization policy [54]

Table 2 Situational level assessment matrix using transmission level and response capacity indicators to guide adjustment of PHSMs 
(Source WHO)
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most appropriate CT values. Case incidence was used 
as a common indicator for each combination of indica-
tors, therefore resulting in a total of 5 combinations as 
shown in Appendix 1.

(b) Selecting CT indicator combinations

The indicators were combined to generate five com-
binations, wherein each combination have a common/
constant indicator which was the case incidence as it 
accurately represented the disease transmission (Appen-
dix 1). The CT values for each combination were meas-
ured by averaging individual CT values of each indicator 
as proposed by WHO as it produced the most accurate 
CT value [3].

(c) Validation of indicator combinations

Each CT indicator combination was validated using a 
correlation analysis (r) between the daily CT values and 
observed COVID-19 cases from March 2020 to Decem-
ber 2020 which consisted of 283 days. The CT combi-
nation that generated the highest correlation was then 
selected as the most appropriate combination to gener-
ate CT levels for the pandemic. Before correlation analy-
sis data was tested for normality using the Shapiro–Wilk 
test, wherein p-values were more than 0.05 indicating a 
non-normal distribution [32]. The Spearman’s rank-order 
correlation coefficient (ρ) was used to conduct the cor-
relation analysis wherein ρ values between the ranges of 
less than 0.10, 0.10 to 0.39, 0.40 to 0.69, 0.70 to 0.89, and 
0.90 to 1.00 indicated negligible, weak, moderate, strong, 
and very strong correlation, respectively [33]. The signifi-
cance level of the correlation was set at p < 0.05 and Con-
fidence Interval set at 95% [34].

where:

rs is the Spearman’s rank-order correlation coefficient
n is the number of pairs of data.
di is the difference between the ranks of correspond-
ing variables in each pair of data.

Where:

• x is the sample mean.
• s is the sample standard deviation.

(1)r = 1−
6
∑

d2

n(n2 − 1)

(2)CI = x ± tα/2 ×
s

√

n

• n is the sample size.
• tα/2 is the critical value from the t-distribution with 

n− 1 degrees of freedom, such that
• P(−tα/2 < T < tα/2) = 1− α , where a is the signifi-

cance level (0.05 for a 95% Cl).
• ± represents the upper and lower bounds of the 

confidence interval.

Response capacity levels (RC)
The RC levels were estimated by determining the ade-
quacy of response by the healthcare system during the 
COVID-19 pandemic. The RC values are derived from 
selecting the indicators such as clinical care capac-
ity, clinical care performance, public health response 
capacity, and performance; and its cut-offs. The RC lev-
els are categorized into adequate, moderate, or limited 
capacity [5].

(a) Selection of RC indicators and defining cuts off

The epidemiological indicators used to assess the 
RC level were hospital bed capacity, ICU occupancy, 
CFR, and adherence to PHSM as shown in Table  1. 
The WHO standard cut-offs were used to define the 
hospital bed capacity, CFR, and adherence to PHSM 
indicators. WHO standard cut-offs for ICU occupancy 
were revised after February 2021 based on changes 
in COVID-19 hospitalization policy to better repre-
sent the local situation in the respective RC levels [10] 
(Table 1). All cut-offs were validated during the valida-
tion process. Indicators were used individually and in 
combinations to determine the most appropriate RC 
values. Case incidence was used as a common indicator 
for each combination of indicators, therefore resulting 
in a total of 5 combinations as shown in Appendix 1.

(b) Selecting RC indicator combinations

The indicators were combined to generate five com-
binations, wherein each combination have a common/
constant indicator which was the hospital bed capacity 
as it accurately represented the health system capacity 
(Appendix 1). The RC values for each combination were 
measured by averaging the individual RC values of each 
indicator as proposed by WHO as it produced the most 
accurate RC value [3].

(c) Validation of combinations

All RC combinations were validated using a correla-
tion analysis between the daily RC values and observed 
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COVID-19 cases from March 2020 to December 2020 
which consisted of 283  days in a similar process as 
described above.

Determine and validate the COVID‑19 Situational Level 
assessment matrix using the CT and RC variable
The COVID-19 Situational level assessment matrix is 
a composite variable that was determined by combin-
ing the validated CT and RC variable levels based on 
the WHO Situational Level matrix (Table  2), which 
ranges from no known transmission (Situational level 
0) to uncontrolled epidemic (Situational level 4). Each 
situational level guides the required adjustment of the 
PHSMs. The determined COVID-19 Situational level 
assessment matrix was validated in the following ways:

lower-alpha Correlation analysis between SL and 
daily COVID-19 cases

Data were tested for normality before the correlation 
analysis using the Shapiro–Wilk test, wherein p val-
ues < 0.05 indicate a normal distribution [8]. A correla-
tion analysis between the daily Situational level values 
and observed daily COVID-19 cases from April 2020 to 
December 2020 which consisted of 275 days was per-
formed using Spearman’s rank-order correlation coeffi-
cient (ρ) as mentioned above.

(b) Changes based on case trends

Changes in daily Situational level values in response 
to various COVID-19 case trends were examined and 
compared throughout the study period reflecting vari-
ous scenarios. This is to determine the ability of the Situ-
ational level values to respond promptly to the changes 
in the case trends. Time series plots were developed to 
visualize the change in the Situational levels in response 
to various observed COVID-19 scenarios as follows; rap-
idly increasing trend (4/7/2021 to 20/8/2021), rapidly 
decreasing trend (19/9/2021 to 24/11/2021), gradually 
increasing trends (9/12/2020 to 30/1/2021), decreas-
ing trend (31/1/2021 to 1/4/2021) and plateau trends 
(6/6/2020 to 5/9/2020) as shown in Fig. 1.

Developing an automated web‑based COVID‑19 Situational 
Level assessment matrix surveillance system
To provide daily COVID-19 Situational level assessment 
matrix estimates, an algorithm was developed and auto-
mated in the form of a web-based application using the 
R programming language with packages such as shiny, 
dplyr, dygraphs and ggplot [35–39]. This application 
extracts the COVID-19 case data for indicators estima-
tion from relevant sources such as the MOH COVID-19 
GitHub repository and DOSM portals. Automated pars-
ing and structuring of extracted data were done in shiny 
server-side backend processing. Sourced data from the 
MOH COVID-19 GitHub repository and DOSM por-
tals were transformed into a time series format using the 
incidence and xts packages of R, and the reactive func-
tion provided by R’s shiny application allows for reac-
tive computation of outcomes based on user input. Data 
syncing and back-end computations were done to ensure 

Fig. 1 Trends of COVID-19 cases based on rapid increase/decrease, gradual increase/decrease, and plateau, Malaysia, 2020 – 2022
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the stability and ease of use of this application. This auto-
mated process updates the real-time daily COVID-19 
Situational level assessment matrix and minimizes incon-
sistencies due to human error.

The schedule and automation function from the R pro-
gramming language enables immediate updates as soon 
as required data are available and computes the COVID-
19 Situational level assessment matrix values resulting in 
real-time COVID-19 Situational level assessment matrix 
updates. This process begins with the extraction of data 
from the MOH COVID-19 GitHub repository and refor-
mats the data into an R-readable format that is compat-
ible with the algorithm with functions from base R and 
dplyr. Pre-processed data which includes COVID-19 
cases, recovered cases, death, hospitalized case, and ICU 
admission case count were then fitted into the system for 
calculation of the COVID-19 Situational level assessment 
matrix. An interactive interface with visual elements 
was also incorporated into the application to allow for 
smooth page rendering.

These automated and reactivity functions were devel-
oped in this application to provide the most optimal user 
experience. To ensure the application produces continu-
ous daily COVID-19 Situational level assessment matrix 
outputs and to prevent downtime, several measures 
were taken. Firstly, downtime was prevented by intro-
ducing redundancies through hosting the application 
on an in-house primary and backup local server with 
uninterrupted power supply (UPS) protection as well as 
a backup power generation solution. Secondly, access to 
COVID-19 data was sourced from multiple open-access 
data sources in the event of data inaccessibility at the 
primary data source. Thirdly, the computational pro-
cesses of the application can be overridden manually as 
a final failsafe mechanism in the event of automation 
failure. The automated web application system generates 
the daily COVID-19 Situational level assessment matrix 
flow using a back-end and a front-end process. This sys-
tem enables users to monitor the daily COVID-19 Situ-
ational level assessment matrix values along with the CT, 
RC, and COVID-19 case trends in interactive plots at the 
national level.

Data analysis software
Data was analyzed using the R programming software 
version 4.0.3 by Hornik and RCore Team, RStudio, PBC 
from 250 Northern Ave, Boston, MA, United States of 
America. Data pre-processing includes checking for 
missing data, normality tests, and transforming the data 
to a time series format. Time series graphs were devel-
oped using the Microsoft Corporation. (2018). Microsoft 
Excel. Retrieved from https:// office. micro soft. com/ excel. 
Data was presented in tabular and time series graphs.

Results
Selection and validation of the indicators to estimate 
the CT and RC levels
CT levels
Correlations (ρ) between individual indicators with 
COVID-19 cases ranged from 0.410 to 0.740. Of the five 
combinations the correlations (ρ) ranged from 0.451 to 
0.786 (Table  3). Combination 1 which consisted of case 
incidence and hospitalization rate indicators produced 
the most appropriate CT levels compared to the other 
combinations, where the estimated CT values generated 
from combination 1 were strongly correlated (ρ = 0.806, 
p < 0.001) with the COVID-19 cases during the validation 
period (Table 3).

RC levels
Correlations (ρ) between individual indicators with 
COVID-19 cases ranged from 0.444. to 0.545. Of the five 
combinations the correlations (ρ) ranged from 0.013 to 
0.736 (Table 3). Combination 1 which consisted of hos-
pital bed capacity and COVID-19 ICU occupancy indica-
tors produced the most appropriate RC levels compared 
to the other combinations, where the estimated RC val-
ues generated from combination 1 were strongly cor-
related (ρ = 0.814, p < 0.001) with the COVID-19 cases 
during the validation period (Table 3).

COVID-19 Situational level assessment matrix
CT which is made from Case incidence and Hospitaliza-
tion rate indicators; and RC which is Hospital bed capac-
ity and COVID-19 ICU occupancy indicator generated 

Table 3 Correlation between estimated CT, and RC levels with the daily COVID-19 cases in Malaysia, 2020

CI Confidence Interval

Indicator combination Community 
Transmission

95% CI p-value Response 
Capacity

95% CI p-value

1 0.806 0.752, 0.848  < 0.001 0.814 0.778, 0.839 < 0.001

2 0.666 0.584, 0.725  < 0.001 0.013 0.005, 0.001 0.826

3 0.451 0.345, 0.541  < 0.001 0.326 0.298, 0.351 < 0.001

4 0.786 0.736, 0.826  < 0.001 0.736 0.683, 0.784  < 0.001

5 0.746 0.677, 0.802  < 0.001 0.099 0.022, 0.175 0.095

https://office.microsoft.com/excel
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the COVID-19 Situational level. The estimated COVID-
19 Situational level assessment matrix levels were formed 
using the validated CT and RC value generated from 
combination 1 indicators respectively. The estimated 
Situational level was strongly correlated with COVID-19 
cases (ρ = 0.845, p < 0.001) as shown in Fig. 2.

In addition, the estimated Situational level responded 
well to the various COVID-19 selected scenarios (as 
shown in Fig. 3). Through the different scenarios (rapid/
gradual increase/decrease/plateau) it was observed that 
the changes in the situational level corresponded closely 
to the changes in the case trends (Figs. 3 and 4). In addi-
tion, the changes in SL occurred earlier during rapid 
increase while the change in SL occurred slower during 
the rapid decrease which is indicative of a conservative 
response.

Automated web-based COVID-19 Situational Level 
assessment matrix surveillance system
The automated web-based COVID-19 Situational level 
surveillance system provides interactive time series plots 
which enable the user to get access to daily continuous 
real-time Situational, CT, and RC levels at the national 
level which are presented in the paragraphs below 
(Fig.  5). In addition, the system also displays the daily 
COVID-19 case which is superimposed on the CT, RC, 
and SL.

For the COVID-19 Situational level assessment 
matrix, during the initial phase of the COVID-19 pan-
demic in Malaysia, the Situational level was estimated 

at level 2, from 24/3/2020 to 13/4/2020, which corre-
sponded to a duration of 21  days. Following this, the 
Situational level had reduced to level 1 and remained at 
this level for 176 days till 6/10/2020. Subsequently, the 
Situational level assessment consistently increased over 
the next few months from level 1 on 6/10/2020 to reach 
level 4 by 6/1/2021. Following this upward trend, the 
Situational level had reduced from level 4 to level 3 on 
1/3/2021 and remained between levels 2 and 3 till the 
end of the study period. Through the study duration, 
the highest peak of the Situational level was recorded 
at level 4 which lasted for 54  days from 6/1/2021 to 
28/2/2021 (Fig. 4).

During the initial phase of the pandemic, the CT lev-
els had remained at level 1 and started gradually ris-
ing towards the end of 2020 to reach level 4 by January 
2021. Subsequently, the CT levels fluctuated between 
levels 2, 3, and 4 till the end of the study period. 
Through the study period, the CT levels peaked at level 
4 three times in total, twice in the year 2021 and once in 
2022. Each CT level peak corresponded to the peak of 
COVID-19 cases during the respective periods (Fig. 4).

During the initial phase of the pandemic, the RC 
levels remained adequate and started gradually rising 
towards the end of 2020 to reach limited RC by January 
2021. Subsequently, the RC levels fluctuated between 
adequate to moderate RC till finally being adequate RC 
from October 2021 onwards till the end of the study 
period. Through the study period, the RC levels peaked 
only once (limited RC) in early 2021 (Fig. 4).

Fig. 2 Correlation between estimated SL levels with the daily COVID-19 cases in, Malaysia, 2020
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Fig. 3 Changes in Situational levels following rapid increase/decrease and gradual increase/decrease in COVID-19 case trends, Malaysia, 2020 
to 2021

Fig. 4 Changes in Situational levels following gradual increase/decrease and plateau COVID-19 case trends, Malaysia, 2020
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Fig. 5 Automated web-based COVID-19 Situational Level assessment matrix surveillance system, Malaysia 2020 to 2022
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Discussion
The COVID-19 situational level (SL) reflects the extent 
of disease community transmission (CT) alongside the 
available health system response capacity resources (RC) 
to deal with the COVID-19 pandemic. In this study both 
the CT and RC levels were used to determine the SL, 
which is important because relying individually on levels 
of CT and RC alone is not sufficient and may be biased 
to determine the appropriate SL. For example, high CT 
levels may depict a poor SL, however, if the RC levels 
are adequate and both the CT and RC are accounted for 
together when assessing the SL then this would result in a 
better SL. The inverse is also true. Therefore, it is impor-
tant to assess the SL by combining both the CT and RC 
levels as reported in this study [40, 41].

In this study, several indicators were used to determine 
the CT and RC levels. This is an important measure as 
the use of several indicators would allow for the forma-
tion of a more accurate and reflective SL, mainly because 
using multiple indicators would increase the variability 
and representativeness potential of the CT and RC level. 
Hence, identifying the relevant indicators to generate the 
most accurate CT and RC levels is an essential part of 
this study. Infection alone will not truly reflect CT if it’s 
determined using only case counts, therefore, it is import 
include other indicators to provide a comprehensive 
reflection of CT. In this study, we report that the use of 
both COVID-19 case incidence and hospitalization rate 
indicators accurately estimated CT levels. This is because 
any changes in disease transmission would be reflected by 
the variation in number of infections and case incidence, 
wherein a person’s risk for contracting the COVID-19 
infection is directly related to the risk of exposure to an 
infectious person, which is largely determined by the 
extent of COVID-19 virus circulation in the surrounding 
community [42, 43]. Similarly, changes in disease trans-
mission would affect the hospitalization rate (i.e. higher 
CT level would result in higher COVID-19 incidence and 
eventually more hospitalization) [44, 45]. While accurate 
RC levels were estimated in this study by using both the 
hospital bed capacity and COVID-19 ICU occupancy 
indicators. The use of these indicators was justified as RC 
is reflected by the ability of health systems to cope with 
the pandemic which is highly dependent upon the hos-
pital bed capacity and COVID-19 ICU occupancy [46–
48]. Any strains on hospital bed capacity and COVID-19 
ICU occupancy would result in limited RC which ulti-
mately could cause an overwhelm healthcare system and 
an increase in COVID-19 mortality [49–51]. Similarly, 
approaches have been used to assess the CT and RC 
levels in previous studies [49–52]. Where most of them 
concluded that a minimum of two indicators are required 
to produce reliable estimates for the CT and RC levels, 

provided that these indicators can adequately represent 
the disease transmission and healthcare capacity [49–52].

In this study, all the indicator was measured on a con-
tinuous scale hence it was important to ensure that the 
cut-off used for each indicator is appropriate as this in 
turn would determine the level classification. Therefore, 
to address this issue, several strategies were undertaken, 
first, the WHO standard cut-offs were applied to all indi-
cators and subsequently were validated during the valida-
tion phase. WHO cut-offs that were valid were retained 
and used for the relevant indicators. A revised cut-off 
was used for the COVID-19 ICU occupancy indicator 
based on changes in COVID-19 hospitalization policy 
since February 2021 [31]. These strategies ensured that 
the cut-offs applied were suitable for the local context. 
In addition, all the indicators within a given combina-
tion were averaged which resulted in the generation of 
better CT and RC levels. This is because using an aver-
age method equally accounts for the effects of individual 
indicators within a given combination instead of relying 
only on the worst or top priority indicator values which 
would bias the overall estimation. Furthermore, in this 
study, several validation processes were performed which 
included validation of the indicators selected to form 
the CT and RC levels, validation of the cut-off applied 
to these indicators, and validation of the CT, RC, and SL 
levels. The validation process ensured that the indicators 
selected alongside the cut-off applied were appropriate 
to form reasonably accurate CT and RC levels as evi-
denced by the strong significant correlations between the 
estimated CT, RC, and SL levels with the daily COVID-
19 cases. As a result, the SL corresponded well to the 
changes in various COVID-19 case trends (i.e. gradual 
increase/decrease and plateau) during the pandemic in 
Malaysia as reported in this study. These findings support 
the validity of the CT, RC, and SL estimates generated 
in this study. Moreover, the prevailing SL estimates pro-
duced in this study exhibit a similar trend to the Oxford 
Stringency Index for Malaysia, albeit with some nuanced 
discrepancies that may be elucidated by variations in the 
indicators employed.

The daily Situational level matrix for Malaysia was 
developed by combining the CT and RC levels to form 
a composite matrix using the WHO framework [5]. 
While most system relies on a single-based measure 
(i.e. response capacity or disease transmission) the 
SL generated in this study is more representative as 
it accounts for both the CT and RC levels. The esti-
mated daily Situational level was reported to be valid 
as it was strongly correlated with the COVID-19 cases. 
In addition, the changes in the Situational level cor-
responded well with the changes in the observed case 
trends. Where the Situational level increased quickly as 
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a response to the rapidly rising case trends. However, a 
gradual reduction in Situational is observed following 
a rapid decline in cases. Also despite the rise in cases, 
the SL may not necessarily increase to its highest level. 
This is because the Situational level matrix factors in 
both the CT and RC components, therefore changes 
in case of trend only without a change in active case 
(response capacity) would not trigger a change in the 
Situational level. This is a useful finding as the early 
rise in SL would allow for the early institution of pan-
demic control measures while the gradual reduction in 
SL despite reductions of COVID-19 cases would ensure 
a more cautious approach in adjusting pandemic con-
trol measures. Taken together this would prevent the 
occurrence of severe outbreaks or resurgence of cases. 
This in all provides evidence that the Situational level 
matrix estimated in this study is not only responsive 
to the changes in case trends but also conservative and 
cautious when deciding on changing its levels. This is 
important to ensure appropriate adjustment of PHSM 
while avoiding premature lifting/relaxation which 
could result in a resurgence of cases. The SL generated 
in this study provided a holistic representation of the 
COVID-19 pandemic progression in Malaysia. When 
there is evidence of rising CT levels and inadequate 
health system capacity there is an urgent need to step 
up the available PHSM. This measure would temporar-
ily suppress the transmission of COVID-19 infections, 
therefore reducing daily COVID-19 cases and possibly 
preventing an uncontrolled epidemic that may over-
whelm the health system resulting in high SL (i.e. Level 
4) [5].

To date, no system in place provides daily CT, RC lev-
els, and Situational levels for the COVID-19 pandemic 
in Malaysia. The availability of real-time information 
on daily CT, RC, and Situational levels generated by the 
automated web-based system in this study could be used 
as a surveillance tool to monitor the progress of the pan-
demic in Malaysia and provide direction on whether con-
tainment measures (lower situational level) or mitigation 
measures (higher situational level) should be adopted. 
Furthermore, continuous data on the Situational level 
would enable the government to plan and mobilize 
resources effectively to ensure that there are sufficient 
treatment facilities, medical equipment, and health-
care workers to cope with surges and possible resurges 
of COVID-19 infections, and enable health authorities 
to consider implementing and adjusting various PHSM 
specific to each situation level as suggested by WHO, 
while objectively assessing and monitoring the effects of 
the PHSM on disease transmission and health system 
capacity levels [5]. Therefore, the availability of a com-
prehensive COVID-19 Situational level system in place 

as developed in this study would surely supplement the 
existing COVID-19 control and management strategies 
in Malaysia.

There are several strengths to the current work, first is 
the use of both CT and RC to provide a reasonable SL 
estimate. Also the use of more than one indicator to esti-
mate the CT and RC increases the variability and repre-
sentativeness potential of the CT and RC level. The CT, 
RC, and SL were found to be valid as they correlated 
well with the COVID-19 case trends. In addition, the SL 
generated in this study adopts a conservative approach 
which is more suited to prevent the rebound of infec-
tions due to the premature release of PHSM. Moreover, 
the automated web-based system can generate real-time 
daily SL estimates which could be a useful tool for disease 
surveillance. Among the limitation of this study include 
the representation of the indicators used to estimate CT 
and RC wherein we identified 2 suitable indicators out of 
the 5 indicators proposed by WHO. Nevertheless, the CT 
and RC level estimated using the combination of these 
2 indicators were found to be valid and reliable in this 
study. The cut-off used in the classification of the indi-
cators where based on the WHO cut off and some were 
adjusted to suit the current local context during the study 
period however it may require revision from time to time 
to be able to account for the changes in disease dynamics 
over time. Nevertheless, this study was able to produce 
CT, RC, and Situational level matrix which is accurate 
and reliable.

Conclusion
In the context of combating a novel and rapidly evolv-
ing disease such as COVID-19, the utilization of Public 
Health and Social Measures (PHSM) becomes not only 
essential but paramount. This strategy requires a delicate 
balancing act, ensuring the protection of public health 
while simultaneously safeguarding livelihoods. Achieving 
this equilibrium necessitates a comprehensive approach 
that takes into account a myriad of indicators to make 
well-informed decisions.

Beyond solely relying on the widely used commu-
nity transmission (CT) indicator, it is imperative to 
broaden our scope to incorporate the assessment of 
health response capacity (RC). The RC acts as a criti-
cal barometer, signaling potential strains on the health-
care system that could have far-reaching consequences. 
Through the meticulous incorporation of both CT and 
RC, validated and proven effective in this study, we can 
construct a robust COVID-19 Situational Level Matrix. 
This approach is characterized by its conservative nature, 
ensuring a cautious yet effective control of disease 
transmission.
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Furthermore, the findings of this study extend beyond 
the confines of the current COVID-19 pandemic, offer-
ing valuable insights applicable to various disease out-
breaks. This underscores the versatility and adaptability 
of our approach in addressing emerging public health 
challenges.

In summary, this study underscores the critical impor-
tance of utilizing multiple indicators, including CT and 
RC, to inform evidence-based decision-making in man-
aging disease outbreaks. By striking a delicate balance 
between proactive measures and continuous vigilance, 
we can effectively mitigate the burden of diseases and 
safeguard public health, thereby ensuring the well-being 
of communities both now and in the future.

Appendix
Indicator combinations used to develop CT and RC

Indicator 
combination

Community 
Transmission

Response Capacity

1 Case incidence Hospital bed capacity

Hospitalization rate COVID-19 ICU occu-
pancy

2 Case incidence Hospital bed capacity

Mortality rate CFR

3 Case incidence Hospital bed capacity

Effective reproduction 
number

Adhere to PHSM

4 Case incidence Hospital bed capacity

Hospitalization rate COVID-19 ICU occu-
pancy

Mortality rate CFR

5 Case incidence Hospital bed capacity

Hospitalization rate COVID-19 ICU occu-
pancy

Mortality rate CFR

Effective reproduction 
number

Adhere to PHSM

Acknowledgements
We would like to thank the Director General of Health Malaysia for his 
permission to publish this paper and the Director of the Institute for Medical 
Research for all the support given to this project.

Authors’ contributions
Conceptualization: SS and BSG; Methodology: LCH, SS, BSG, MKK; Software: 
LCH, SS; Validation Formal Analysis: LCH, SS, BSG, MKK, NHMI, SMG, LCR, LMC, 
NMG, MNMN, AA, NARA, KKT, CZL; Investigation: LCH, SS, BSG; Resources; Data 
Curation: LCH; Writing-Original Draft Preparation: SS; Writing- Review & Editing: 
LCH, SS, BSG, MKK, NHMI, SMG, LCR, LMC, NMG, MNMN, AA, NARA, KKT, CZL; 
Visualization: LCH, SS, BSG, MKK, KKT, NHMI, SMG, LCR, MNMN, AA, CZL; Super-
vision: BSG; Project administration: SS, BSG. All authors have read and agreed 
to the published version of the manuscript.

Funding
No financial support was taken.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The study was registered with National Medical Research Register (NMRR-21-
102-58170 (IIR) and obtained ethical approval from Medical Research & Ethics 
Committee (MREC) reference no KKM/NIH/ P21-1293 (4)

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Institute for Medical Research (IMR), National Institutes of Health (NIH), Minis-
try of Health Malaysia, No.1, Jalan Setia MurniSetia Alam, U13/52, Seksyen Sel-
angor, Malaysia. 2 Department of Medicine, Faculty of Medicine, Universiti 
Malaya, Kuala Lumpur, Malaysia. 3 Institute for Public Health (IPH), National 
Institutes of Health (NIH), Ministry of Health Malaysia, Setia Alam 40170, 
Malaysia. 

Received: 12 December 2023   Accepted: 20 May 2024

References
 1. World Health Organization. Archived: WHO timeline - COVID-19. 2020. 

Available from: https:// www. who. int/ news/ item/ 27- 04- 2020- who- timel 
ine- covid- 19. Accessed 1 Jan 2021.

 2. Naseer S, Khalid S, Parveen S, Abbass K, Song H, Achim MV. COVID-19 out-
break: impact on global economy. Front Public Health. 2022;10:1009393.

 3. Han E, Tan MMJ, Turk E, Sridhar D, Leung GM, Shibuya K, et al. Lessons 
learnt from easing COVID-19 restrictions: an analysis of countries and 
regions in Asia Pacific and Europe. Lancet. 2020;396:1525–34.

 4. Rehfuess EA, Movsisyan A, Pfadenhauer LM, Burns J, Ludolph R, Michie S, 
et al. Public health and social measures during health emergencies such 
as the COVID-19 pandemic: An initial framework to conceptualize and 
classify measures. Influenza Other Respi Viruses. 2023Mar;17(3):e13110.

 5. World Health Organization. Considerations in adjusting public health and 
social measures in the context of COVID-19,14 June 2021. WHO Press; 
2021. p. 1–13. Available from: https:// www. paho. org/ en/ docum ents/ 
consi derat ions- imple menti ng- and- adjus ting- public- health- and- social- 
measu res- conte xt- covid. Cited 2021 Sep 25.

 6. Lovelace B Jr . CNBC; Englewood Cliffs. 2020. WHO: countries that rush to 
lift restrictions risk ‘severe and prolonged’ damage to economy. https:// 
www. cnbc. com/ 2020/ 04/ 03/ who- says- count ries- that- rush- to- lift- coron 
avirus- conta inment- risk- more- severe- and- prolo nged- damage- to- econo 
my. html.

 7. Tang KHD. Movement control as an effective measure against Covid-
19 spread in Malaysia: an overview. Z Gesundh Wiss. 2022;30(3):583–6. 
https:// doi. org/ 10. 1007/ s10389- 020- 01316-w. Epub 2020 Jun 13.

 8. Herng LC, Singh S, Sundram BM, Zamri ASSM, Vei TC, Aris T, et al. The 
effects of super spreading events and movement control measures on 
the COVID-19 pandemic in Malaysia. Sci Rep. 2022Feb;12(1):2197.

 9. Ganasegeran K, Ch’ng ASH, Looi I. COVID-19 in Malaysia: crucial measures 
in critical times. J Glob Health. 2020;10(2):20333.

 10. Adam D. Special report: the simulations driving the world’s response to 
COVID-19. Nature. 2020;580:316–8.

 11. Zhang J, Litvinova M, Wang W, Wang Y, Deng X, Chen X, et al. Evolving 
epidemiology and transmission dynamics of coronavirus disease 2019 
outside Hubei province, China: a descriptive and modelling study. Lancet 
Infect Dis. 2020;20(7):793–802.

 12. Chinazzi M, Davis JT, Ajelli M, Gioannini C, Litvinova M, Merler S, et al. The 
effect of travel restrictions on the spread of the 2019 novel coronavirus 
(COVID-19) outbreak. Science. 2020;368(6489):395–400.

https://www.who.int/news/item/27-04-2020-who-timeline-covid-19
https://www.who.int/news/item/27-04-2020-who-timeline-covid-19
https://www.paho.org/en/documents/considerations-implementing-and-adjusting-public-health-and-social-measures-context-covid
https://www.paho.org/en/documents/considerations-implementing-and-adjusting-public-health-and-social-measures-context-covid
https://www.paho.org/en/documents/considerations-implementing-and-adjusting-public-health-and-social-measures-context-covid
https://www.cnbc.com/2020/04/03/who-says-countries-that-rush-to-lift-coronavirus-containment-risk-more-severe-and-prolonged-damage-to-economy.html
https://www.cnbc.com/2020/04/03/who-says-countries-that-rush-to-lift-coronavirus-containment-risk-more-severe-and-prolonged-damage-to-economy.html
https://www.cnbc.com/2020/04/03/who-says-countries-that-rush-to-lift-coronavirus-containment-risk-more-severe-and-prolonged-damage-to-economy.html
https://www.cnbc.com/2020/04/03/who-says-countries-that-rush-to-lift-coronavirus-containment-risk-more-severe-and-prolonged-damage-to-economy.html
https://doi.org/10.1007/s10389-020-01316-w


Page 14 of 15Singh et al. BMC Public Health         (2024) 24:1422 

 13. Gale D. The law of supply and demand. Math Scand. 1955;3:155–69.
 14. Guan J, Zhao Y, Wei Y, Shen S, You D, Zhang R, et al. Transmission 

dynamics model and the coronavirus disease 2019 epidemic: applica-
tions and challenges. 2022;2(1):89–109. https:// doi. org/ 10. 1515/ 
mr- 2021- 0022.

 15. Kruk ME, Gage AD, Arsenault C, Jordan K, Leslie HH, Roder-DeWan S, et al. 
High-quality health systems in the sustainable development goals era: time 
for a revolution. Lancet Glob Heal. 2018;6(11):e1196-252. https:// doi. org/ 10. 
1016/ S2214- 109X(18) 30386-3.

 16. Kieny M-P, Evans DB, Schmets G, Kadandale S. Health-system resilience: 
reflections on the Ebola crisis in western Africa. Bull World Health Organ 
2014;92:850. Switzerland

 17. Leech G, Rogers-Smith C, Monrad JT, Sandbrink JB, Snodin B, Zinkov R, et al. 
Mask wearing in community settings reduces SARS-CoV-2 transmission. 
Proc Natl Acad Sci U S A. 2022J;119(23):e2119266119.

 18. Sun K, Wang W, Gao L, Wang Y, Luo K, Ren L, et al. Transmission het-
erogeneities, kinetics, and controllability of SARS-CoV-2. Science. 
2021;371(6526):eabe2424.

 19. Prem K, Liu Y, Russell TW, Kucharski AJ, Eggo RM, Davies N, et al. The effect 
of control strategies to reduce social mixing on outcomes of the COVID-
19 epidemic in Wuhan, China: a modelling study. Lancet Public Heal. 
2020;5(5):e261–70.

 20. Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schünemann HJ. Physical 
distancing, face masks, and eye protection to prevent person-to-person 
transmission of SARS-CoV-2 and COVID-19: a systematic review and meta-
analysis. Lancet. 2020;395(10242):1973–87.

 21. Islam N, Sharp SJ, Chowell G, Shabnam S, Kawachi I, Lacey B, et al. Physical 
distancing interventions and incidence of coronavirus disease 2019: natural 
experiment in 149 countries. BMJ. 2020;15(370):m2743 Available from: 
http:// www. bmj. com/ conte nt/ 370/ bmj. m2743. abstr act.

 22. Marome W, Shaw R. COVID-19 Response in Thailand and Its Implications on 
Future Preparedness. Int J Environ Res Public Health. 2021;18(3):1089.

 23. Hale T, Angrist N, Goldszmidt R, Kira B, Petherick A, Phillips T, et al. A global 
panel database of pandemic policies (Oxford COVID-19 Government 
Response Tracker). Nat Hum Behav. 2021Apr;5(4):529–38.

 24. Tan CS, Lokman S, Rao Y, Kok SH, Ming LC. Public and private sectors col-
lective response to combat COVID-19 in Malaysia. J Pharm Policy Pract. 
2021;14:40.

 25. Muhammad Nur Amir AR, Binti Amer Nordin A, Lim YC, Binti Ahmad Shauki 
NI, Binti Ibrahim NH. Workforce mobilization from the National Institutes of 
Health for the Ministry of Health Malaysia: a COVID-19 pandemic response. 
Front public Heal. 2021;9:574135.

 26. Md Hamzah N, Yu MM, See KF. Assessing the efficiency of Malaysia health 
system in COVID-19 prevention and treatment response. Health Care 
Manag Sci. 2021;24(2):273–85.

 27. Rader B, Scarpino SV, Nande A, Hill AL, Adlam B, Reiner RC, et al. Crowding 
and the shape of COVID-19 epidemics. Nat Med. 2020;26(12):1829–34.

 28. Eubank S, Eckstrand I, Lewis B, Venkatramanan S, Marathe M, Barrett CL, 
Commentary on Ferguson, et al. Impact of Non-pharmaceutical Interven-
tions (NPIs) to Reduce COVID-19 Mortality and Healthcare Demand. Bull 
Math Biol. 2020;82(4):52.

 29. Menzies NA, Gomez GB, Bozzani F, Chatterjee S, Foster N, Baena IG, et al. 
Cost-effectiveness and resource implications of aggressive action on 
tuberculosis in China, India, and South Africa: a combined analysis of nine 
models. Lancet Glob Heal. 2016;4(11):e816–26.

 30. Stutt ROJH, Retkute R, Bradley M, Gilligan CA, Colvin J. A modelling frame-
work to assess the likely effectiveness of facemasks in combination with 
“lock-down” in managing the COVID-19 pandemic. Proc Math Phys Eng Sci. 
2020;476(2238):20200376.

 31. MOH. COVID-19 press statement-from the desk of the director-general of 
health Malaysia. MOH official website. 2022. Available from: https:// kpkes 
ihatan. com/ 2022/ 04/ 01/ kenya taan- akhbar- kpk-1- april- 2022- situa si- semasa- 
jangk itan- penya kit- coron avirus- 2019- covid- 19/. Cited 2022 Jun 29.

 32. Jurečková J, Picek J. Shapiro-Wilk-type test of normality under nuisance 
regression and scale. Comput Stat Data Anal. 2007;51(10):5184–91.

 33. Schober P, Schwarte LA. Correlation coefficients: appropriate use and inter-
pretation. Anesth Analg. 2018;126(5):1763–8.

 34. Altman DG, Bland JM. Standard deviations and standard errors. BMJ. 
2005;331(7521):903 Available from: http:// www. bmj. com/ conte nt/ 331/ 
7521/ 903. abstr act .

 35. R Core Team. R: A language and environment for statistical computing. R 
Foundation for Statistical Computing. 2019. Available from: https:// www. 
gbif. org/ tool/ 81287/r- a- langu age- and- envir onment- for- stati stical- compu 
ting. Accessed 1 Jan 2021.

 36. Chang W, Cheng J, Allaire J, Sievert C, Schloerke B, Xie Y, et al. Shiny: web 
application framework for R. R package version 1.7.1. 2021. Available from: 
https:// cran.r- proje ct. org/ packa ge= shiny. Accessed 1 Jan 2021.

 37. Wickham H, François R, Henry L, Müller K. Dplyr: a grammar of data manipu-
lation. R package version 1.0.9. 2022. Available from: https:// cran.r- proje ct. 
org/ packa ge= dplyr. Accessed 1 Jan 2021.

 38. Vanderkam D, Allaire J, Owen J, Gromer D, Thieurmel B. Dygraphs: interface 
to “Dygraphs” interactive time series charting library. R package version 
1.1.1.6. 2018. Available from: https:// cran.r- proje ct. org/ packa ge= dygra 
phs. Accessed 1 Jan 2021.

 39. Wickham H. ggplot2: elegant graphics for data analysis. New York: Springer-
Verlag; 2016.

 40. Davoudi B, Moser F, Brauer F, Pourbohloul B. Epidemic progres-
sion on networks based on disease generation time. J Biol Dyn. 
2013;7(1):148–60.

 41. Kandel N, Chungong S, Omaar A, Xing J. Health security capaci-
ties in the context of COVID-19 outbreak: an analysis of International 
Health Regulations annual report data from 182 countries. Lancet. 
2020;395(10229):1047–53.

 42. Dabholkar YG, Sagane BA, Dabholkar TY, Divity S, Cheng C, Wan X, 
et al. Modeling analysis reveals the transmission trend of COVID-
19 and control efficiency of human intervention. BMC Infect Dis. 
2020;72(1):468–73.

 43. Dabholkar YG, Sagane BA, Dabholkar TY, Divity S. COVID19 infection in 
health care professionals: risks, work-safety and psychological issues. Indian J 
Otolaryngol Head Neck Surg. 2020;72(4):468–73.

 44. Todd IMF, Miller JE, Rowe SL, Burgner DP, Sullivan SG. Changes in infection-
related hospitalizations in children following pandemic restrictions: an 
interrupted time-series analysis of total population data. Int J Epidemiol. 
2021;50(5):1435–43.

 45. Cassell K, Zipfel CM, Bansal S, Weinberger DM. Trends in non-COVID-19 
hospitalizations prior to and during the COVID-19 pandemic period, United 
States, 2017–2021. Nat Commun. 2022;13(1):5930. https:// doi. org/ 10. 1038/ 
s41467- 022- 33686-y.

 46. El Bcheraoui C, Weishaar H, Pozo-Martin F, Hanefeld J. Assessing COVID-19 
through the lens of health systems’ preparedness: time for a change. Glob 
Health. 2020;16(1):112. https:// doi. org/ 10. 1186/ s12992- 020- 00645-5.

 47. Knutsen Glette M, Ludlow K, Wiig S, Bates DW, Austin EE. Resilience perspec-
tive on healthcare professionals’ adaptations to changes and challenges 
resulting from the COVID-19 pandemic: a meta-synthesis. BMJ Open. 
2023S;13(9):e071828.

 48. Mohammadinia L, Saadatmand V, Khaledi Sardashti H, Darabi S, Esfandi-
ary Bayat F, Rejeh N, et al. Hospital response challenges and strategies 
during COVID-19 pandemic: a qualitative study. Front Public Health. 
2023;11:1167411.

 49. Whaley CM, Pera MF, Cantor J, Chang J, Velasco J, Hagg HK, et al. Changes in 
health services use among commercially insured US populations during the 
COVID-19 pandemic. JAMA Netw open. 2020N;3(11):e2024984.

 50. Bravata DM, Perkins AJ, Myers LJ, Arling G, Zhang Y, Zillich AJ, et al. Associa-
tion of intensive care unit patient load and demand with mortality rates in 
US Department of Veterans affairs hospitals during the COVID-19 pandemic. 
JAMA Netw Open. 2021;4(1):e2034266.

 51. Karaca-Mandic P, Sen S, Georgiou A, Zhu Y, Basu A. Association of COVID-
19-Related Hospital Use and Overall COVID-19 Mortality in the USA. J Gen 
Intern Med. 2020:1–3. https:// doi. org/ 10. 1007/ s11606- 020- 06084-7. Epub 
ahead of print.

 52. A C, JT B, LA H. Guidance for implementing COVID-19 prevention strategies in 
the context of varying community transmission levels and vaccination cover-
age. MMWR Morb Mortal Wkly Rep. 2021. Available from: https:// www. cdc. gov/ 
mmwr/ volum es/ 70/ wr/ mm703 0e2. htm# sugge stedc itati on. Cited 2022 Aug 8.

 53. Gostic KM, McGough L, Baskerville EB, Abbott S, Joshi K, Tedijanto C, Kahn 
R, Niehus R, Hay JA, De Salazar PM, Hellewell J, Meakin S, Munday JD, Bosse 
NI, Sherrat K, Thompson RN, White LF, Huisman JS, Scire J, Bonhoeffer S, 
Stadler T, Wallinga J, Funk S, Lipsitch M, Cobey S. Practical considerations 

https://doi.org/10.1515/mr-2021-0022
https://doi.org/10.1515/mr-2021-0022
https://doi.org/10.1016/S2214-109X(18)30386-3
https://doi.org/10.1016/S2214-109X(18)30386-3
http://www.bmj.com/content/370/bmj.m2743.abstract
https://kpkesihatan.com/2022/04/01/kenyataan-akhbar-kpk-1-april-2022-situasi-semasa-jangkitan-penyakit-coronavirus-2019-covid-19/
https://kpkesihatan.com/2022/04/01/kenyataan-akhbar-kpk-1-april-2022-situasi-semasa-jangkitan-penyakit-coronavirus-2019-covid-19/
https://kpkesihatan.com/2022/04/01/kenyataan-akhbar-kpk-1-april-2022-situasi-semasa-jangkitan-penyakit-coronavirus-2019-covid-19/
http://www.bmj.com/content/331/7521/903.abstract
http://www.bmj.com/content/331/7521/903.abstract
https://www.gbif.org/tool/81287/r-a-language-and-environment-for-statistical-computing
https://www.gbif.org/tool/81287/r-a-language-and-environment-for-statistical-computing
https://www.gbif.org/tool/81287/r-a-language-and-environment-for-statistical-computing
https://cran.r-project.org/package=shiny
https://cran.r-project.org/package=dplyr
https://cran.r-project.org/package=dplyr
https://cran.r-project.org/package=dygraphs
https://cran.r-project.org/package=dygraphs
https://doi.org/10.1038/s41467-022-33686-y
https://doi.org/10.1038/s41467-022-33686-y
https://doi.org/10.1186/s12992-020-00645-5
https://doi.org/10.1007/s11606-020-06084-7
https://www.cdc.gov/mmwr/volumes/70/wr/mm7030e2.htm#suggestedcitation
https://www.cdc.gov/mmwr/volumes/70/wr/mm7030e2.htm#suggestedcitation


Page 15 of 15Singh et al. BMC Public Health         (2024) 24:1422  

for measuring the effective reproductive number, Rt. PLoS Comput Biol. 
2020;16(12):e1008409. https:// doi. org/ 10. 1371/ journ al. pcbi. 10084 09. Erra-
tum in: PLoS Comput Biol. 2021;17(12):e1009679.

 54. Ministry of Health Malaysia. From the desk of the director-general of health 
Malaysia - Kenyataan Akhbar KPK 7 Februari 2022 – Situasi Semasa Jangkitan 
Penyakit Coronavirus 2019 (COVID-19). 2022. Available from: https:// kpkes iha-
tan. com/ 2022/ 02/ 07/ kenya taan- akhbar- kpk-7- febru ari- 2022- situa si- semasa- 
jangk itan- penya kit- coron avirus- 2019- covid- 19/. Cited 2022 Sep 23. 

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pcbi.1008409
https://kpkesihatan.com/2022/02/07/kenyataan-akhbar-kpk-7-februari-2022-situasi-semasa-jangkitan-penyakit-coronavirus-2019-covid-19/
https://kpkesihatan.com/2022/02/07/kenyataan-akhbar-kpk-7-februari-2022-situasi-semasa-jangkitan-penyakit-coronavirus-2019-covid-19/
https://kpkesihatan.com/2022/02/07/kenyataan-akhbar-kpk-7-februari-2022-situasi-semasa-jangkitan-penyakit-coronavirus-2019-covid-19/

	Utilizing disease transmission and response capacities to optimize covid-19 control in Malaysia
	Abstract 
	Objectives 
	Methods 
	Results 
	Conclusions 

	Introduction
	Literature review
	Materials and methods
	Data sources
	Data analysis
	Selection and validation of the indicators to estimate the CT and RC levels
	Community transmission levels (CT)
	Response capacity levels (RC)
	Determine and validate the COVID-19 Situational Level assessment matrix using the CT and RC variable
	Developing an automated web-based COVID-19 Situational Level assessment matrix surveillance system

	Data analysis software

	Results
	Selection and validation of the indicators to estimate the CT and RC levels
	CT levels
	RC levels

	COVID-19 Situational level assessment matrix
	Automated web-based COVID-19 Situational Level assessment matrix surveillance system

	Discussion
	Conclusion
	Appendix
	Indicator combinations used to develop CT and RC

	Acknowledgements
	References


