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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 [p=0.806 (95% Cl
0.752,0.848); and p=0.814 (95% Cl 0.778, 0.839), p < 0.001] with the COVID-19 cases. The estimated SL was strongly
correlated with COVID-19 cases (0=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
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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
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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.

Page 3 of 15

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-Malaysia/covid19-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].
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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

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

COVID-19 CT levels

No
1

RC level
No
1

Indicators
Case Incidence

Hospitalization
rate

Mortality Rate

Effective
Reproduction
Number

Indicators
Hospital bed
capacity

COVID-191CU
occupancy

Case fatality
rate (COVID-19)

Adherence
to PHSM

Formula

Dailycases
totalpopulation

(per 100,000
population)

Dailyactivecases
totalpopulation

(per 100,000
population)

Dailydeaths
Totalpopulation

(per 100,000
population)

I
Rt = Z§:1 [/r—sws
where [, is the
number of infec-
tions incident
onday tand ws
is generation
interval [53]

Formula

Dailyactivecases
totalHospitalbed
(percentage)

No daily
COVID-19
patients
requiring ICU
admission

Dailydeaths
Dailycases

Stringency
index (0-100)

T
<3

<5

<1

<05

Adequate
<75%

<60
<700*

Decrease (<0)

more than 70

CT2 CT3 CT4
3to<7 7t0<21 > =21
5to< 10 10to< 30 > =30
1to<2 2to<5 5 & above
0.5to<1 1to<13 >=13

Moderate Limited

75% to <90% > =90%

60to< 130 > =130

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

stable (0) Increase (>0)

30to 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)
Response Capacity

Transmission level Adequate Moderate Limited
No cases 0 0 1
Imported/Sporadic 0 1 1
cases

Cluster of cases 1 1 2
e Community — CT1 1 2 2
e Community — CT2 2 2 3
e Community — CT3 2 3 3
e Community — CT4 3 3 4
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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 () 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 (p) was used to conduct the cor-
relation analysis wherein p 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].

6> d?

"= Cnm2 —1)

(1)
where:
rs is the Spearman’s rank-order correlation coefficient
n is the number of pairs of data.
d; is the difference between the ranks of correspond-

ing variables in each pair of data.

_ S
CI:xita/ZXﬁ (2)

Where:

+ xis the sample mean.
« sis the sample standard deviation.
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+ nis the sample size.

+ ty/2 is the critical value from the t-distribution with
n — 1 degrees of freedom, such that

o P(—ty < T < ty) =1— 0o, where ais 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 (p) as mentioned above.

(b)Changes based on case trends

35,000 -

Rapid increase
Rapid decrease
30’000 b Gradual increase
Gradual decrease
25,000 -

mmm Plateau

——COVID-19 case
20,000 -

15,000 -

COVID-19 cases

10,000 -

5,000 -
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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

(3]
Situational level

r
o
3
I
<
v
I

25-01-20 A
25-02-20
25-03-20
25-04-20
25-05-20
25-06-20
25-07-20
25-08-20
25-10-20
25-11-20 1
25-12-20

25-01-21 4

25-02-21 4
25-03-21 4
25-04-21 4
25-05-21 4
25-06-21 4
25-07-21 A
25-08-21 4
25-09-21 4
25-10-21 4
25-11-21 4
25-12-21 4
25-01-22 4
25-02-22 4
25-03-22 4

Date

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.
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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.microsoft.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 (p) between individual indicators with
COVID-19 cases ranged from 0.410 to 0.740. Of the five
combinations the correlations (p) 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 (p=0.806,
2<0.001) with the COVID-19 cases during the validation
period (Table 3).

RC levels

Correlations (p) between individual indicators with
COVID-109 cases ranged from 0.444. to 0.545. Of the five
combinations the correlations (p) 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 (p=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

Indicator combination Community 95% Cl p-value Response 95% ClI p-value
Transmission Capacity

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 0013 0.005, 0.001 0.826

3 0451 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

Cl Confidence Interval
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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 (p=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

2,500 -
—COVID-19 case

—Situational level

2,000 4

1,500 -

1,000 ~

Daily COVID-19 cases

500 4

oS O O O o o o o o o
A A daa g O O a g O oA
S O O O O o o o o O
A A a a4 a4 a4 g g a o
aa g g ada g8 @ @ & ad g
I T T v o n O O - -~ X
S 3 S L L X XS oS =
— n N N O T 0o A n
— N — a4 — (9]
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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).
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Fig. 2 Correlation between estimated SL levels with the daily COVID-19 cases in, 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,
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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
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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-19ICU occu-

pancy

2 Case incidence Hospital bed capacity
Mortality rate CFR

3 Case incidence Hospital bed capacity
Effective reproduction Adhere to PHSM
number

4 Case incidence Hospital bed capacity

COVID-19ICU occu-
pancy

Mortality rate CFR
5 Case incidence

Hospitalization rate

Hospital bed capacity

Hospitalization rate COVID-19ICU occu-

pancy
Mortality rate CFR
Effective reproduction Adhere to PHSM

number
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