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Background: COVID-19 has rapidly spread across the globe. Critical to the control of COVID-19 is the 

characterisation of its epidemiology. Despite this, there has been a paucity of evidence from many parts 

of the world, including Malaysia. We aim to describe the epidemiology of COVID-19 in Malaysia to inform 

prevention and control policies better. 

Methods: Malaysian COVID-19 data was extracted from 16 March 2020 up to 31 May 2021. We estimated 

the following epidemiological indicators: 7-day incidence rates, 7-day mortality rates, case fatality rates, 

test positive ratios, testing rates and the time-varying reproduction number (Rt). 

Findings: Between 16 March 2020 and 31 May 2021, Malaysia has reported 571,901 cases and 2,796 

deaths. Malaysia’s average 7-day incidence rate was 26 • 6 reported infections per 10 0,0 0 0 population (95% 

CI: 17 • 8, 38 • 1). The average test positive ratio and testing rate were 4 • 3% (95% CI: 1 • 6, 10 • 2) and 0 • 8 tests 

per 1,0 0 0 population (95% CI: < 0 • 1, 3 • 7), respectively. The case fatality rates (CFR) was 0 • 6% (95% CI: 

< 0 • 1, 3 • 7). Among the 2,796 cases who died, 87 • 3% were ≥ 50 years. 

Interpretation: The public health response was successful in the suppression of COVID-19 transmission 

or the first half of 2020. However, a state election and outbreaks in institutionalised populations have 

been the catalyst for more significant community propagation. This rising community transmission has 

continued in 2021, leading to increased incidence and strained healthcare systems. Calibrating NPI based 

on epidemiological indicators remain critical for us to live with the virus. (243 words) 

Funding: This study is part of the COVID-19 Epidemiological Analysis and Strategies (CEASe) Project with 

funding from the Ministry of Science, Technology and Innovation (UM.0 0 0 0245/HGA.GV). 

© 2021 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Research in Context 

Evidence before this study 

We reviewed literature from the WHO Global COVID-19 
database, which crawls articles from multiple databases, fo- 
cusing on the epidemiology of COVID-19 in Malaysia between 

1 January 2020 and 31 March 2021. We found 304 research 

articles related to COVID-19 from Malaysia as of January 2021. 
63% of these articles were linked to fields of Education, Busi- 
ness, Environment, Politics and others. The remaining were 
health related, with only 20% linked to the epidemiology of 
∗ Corresponding author: Sanjay Rampal PhD, Centre for Epidemiology and 

vidence-based Practice, Department of Social and Preventive Medicine, Faculty of 

edicine, University of Malaya, 50603 Kuala Lumpur, Malaysia, Tel: +60379675770 

E-mail address: srampal@ummc.edu.my (S. Rampal). 

ttps://doi.org/10.1016/j.lanwpc.2021.100295 

666-6065/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article u
COVID-19. However, the majority of these centred around the 
national public health response to COVID-19 between Febru- 
ary and April 2020. To the best of our knowledge, no articles 
have systematically analysed the epidemiology of COVID-19 
in Malaysia beyond 2020. We concluded that there remains 
a paucity of published data on the progress of COVID-19 in 

Malaysia, which is critical in informing prevention and con- 
trol measures. 

Added value in this study 

This study is the first comprehensive analysis of COVID- 
19 epidemiologic data in Malaysia to the best of our knowl- 
edge. The epidemiology of COVID-19 in Malaysia was found 

to be spatiotemporally diverse. The epidemiological indicators 
varied by region and calendar time with periodic large out- 
breaks. The incidence of COVID-19 is higher in the more pop- 
ulous urban central region of Peninsular Malaysia. Very high- 
nder the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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intensity non-pharmaceutical interventions have been used 

for long periods to reduce transmission. Long term move- 
ment restrictions have not resulted in the containment of the 
disease, likely due to pandemic fatigue. 

Implication of all the available evidence 

The intensity of transmission varies by time, with a peak 
in outbreaks occurring every 4-6 months. The intensity of 
NPI should be dynamically calibrated based on the reported 

cases, incidence rates, time-varying reproduction number, 
case fatality rate, mortality rate, testing rate, and test positive 
ratio. Other potential indicators include healthcare utilisation 

(COVID-19 bed utilisation, COVID-19 ICU utilisation, ventilator 
use) and preventive public health service effectiveness (time 
from test to notification, time from test to contact tracing). 
Strong governance with evidence-based decision making re- 
mains critical for the long-term response towards COVID-19. 
The implementation of the national immunisation program 

must continue to gain momentum. There is also a need for 
greater transparency and collaboration in data-sharing. 

. Introduction 

First reported in late December 2019, COVID-19 has rapidly pro- 

iferated into a global pandemic. [1] The World Health Organisation 

WHO) currently estimates more than 170 million cases with an 

xcess of 3.5 million deaths globally. [2] 

The incidence and mortality statistics for COVID-19 have var- 

ed widely across regions and time. [3] Cumulative incidence 

ates as of 31 May 2021 have ranged from 0 • 3 to 17,700 per

0 0,0 0 0 population, whilst COVID-19 associated mortality rates in 

he same period have ranged from between 0 • 03 and 308 deaths 

er 10 0,0 0 0 population, across different countries. [4] Case fatality 

ates (CFR) have been estimated to range from between 0 • 8-15.2%. 

5] , [6] These variations are mediated by testing rates and trans- 

issibility, which are further mediated by health systems capacity, 

he resilience of economies, and social dynamics. 

The call for the global scientific community to systematically 

haracterise the epidemiology of COVID-19 was made a year ago. 

7] Epidemiologic indicators, estimated via a surveillance system, 

s critical in developing timely interventions. [8] . However, con- 

traints in the surveillance process, especially in the developing 

orld, has meant these epidemiological indicators are inadequately 

r not estimated. [9] . In Malaysia, there remains a paucity of pub- 

ished descriptive epidemiology of the outbreak. Despite the WHO 

lobal COVID-19 literature database listing numerous research ar- 

icles as of 31 March 2021, very few have focused on the epidemi- 

logy of COVID-19. 

Understanding the evolving epidemiology of COVID-19 during 

his pandemic may better inform prevention and control policies. 

e aim to describe the incidence, transmission, testing, and mor- 

ality of COVID-19 in Malaysia from 16 March 2020 to 31 May 2021. 

. Methods 

.1. Data 

COVID-19 data, utilised here, was extracted from routine daily 

ress releases by the Malaysian Director-General of Health be- 

ween 16 March 2020 and 31 May 2021. This data included: i) na- 

ional aggregates of cases, mortalities, and testing, ii) state aggre- 

ates of cases and mortalities, iii) cluster aggregates of cases and 

v) mortality summaries. [66] Mid-year population data was ac- 

uired from the Department of Statistics (DOS) Malaysia. [67] Data 
2 
n the number of partial and complete vaccinations from 24 Febru- 

ry to 31 May 2021 were extracted from an open-source dataset 

aintained by the Ministry of Science, Technology and Innovation. 

etails on data collection case definition are available in the Sup- 

lementary appendix. (Appendix 1 &2) 

.2. Operational definition 

We define the phases of outbreak control as i) containment, 

i) mitigation, and iii) suppression. Containment prioritises iden- 

ifying and quarantining cases, testing and isolating their con- 

acts, as well as other public health measures of infection control 

uch as vaccinations. [12] As transmission intensifies, control mea- 

ures transition to a mitigation phase that aims to delay propaga- 

ion and mitigate its effects on health systems and societies using 

arious community-based non-pharmaceutical interventions (NPI) 

uch as personal protection, environmental disinfection, and low- 

ntensity social distancing. [12–14] [68] Suppression measures are 

efined here as measures aiming to reverse the effects of the pan- 

emic using stricter NPI for high-intensity social distancing, such 

s the closure of educational institutions and movement restric- 

ions. [ [12,13,16] 

Malaysia began containment in early 2020. A movement control 

rder (MCO) utilising strong suppression measures was initiated 

n 18 March 2020. These measures were eased on 4 May 2020 

nd labelled a conditional movement control order (CMCO). On 

 June 2020, measures were further eased into a recovery move- 

ent control order (RMCO)- a transitional phase before suppres- 

ion measures were lifted entirely. However, due to a rise in cases, 

ntensification of measures to CMCO and MCO levels were car- 

ied out on 7 October 2020 and 13 January 2021, respectively. Re- 

trictions were eased to CMCO on 5 March 2021 before another 

urge caused another intensification of measures to MCO on 11 

ay 2021. The intensity of these measures has varied at the state 

evel after September 2020. 

The Oxford COVID-19 Government Response Tracker (OxCGRT) 

as utilised to measure the intensity of NPI implementation. 

17] The OxCGRT index is a multidimensional composite index 

racking policies on an ordinal scale comprising domains of school 

losure, workplace closures, cancellation of public events, restric- 

ion on gatherings, stay at home orders, public transport closures, 

omestic travel, international travel, income support, debt relief, 

lderly care, public information campaigns, testing policy, contract 

racing, and facial coverings. 

The government response to the evolving outbreak had been 

daptive and varied across time. The response to the pandemic 

n early February 2020 leveraged heavily on existing public health 

echanisms such as contact tracing, testing, international travel 

ontrols, and public health awareness. The MCO was introduced 

n 18 March 2020, leveraging NPI, such as the cancellation of pub- 

ic events, workplace closures, school closures, partial stay-at-home 

equirements and restrictions of internal movement. These were 

urther augmented by income support and debt relief schemes in- 

roduced by the government. Reduction in epidemic propagation 

ed to the CMCO beginning on 4 May 2020, which opened work- 

laces. On 9 June, the introduction of the RMCO led to the easing 

f restrictions on internal movement, stay at home requirements 

nd partial reopening of schools. Universal masking was imple- 

ented on 1 August 2020. The intensity of NPI (CMCO) was fur- 

her calibrated at the state level on 7 October 2020 to adapt to 

he heterogenous state-specific incidence rates. CMCO activities in- 

luded closures of schools, stay at home requirements and move- 

ent restrictions. De-escalation of restrictions was attempted from 

 December 2020 to 12 January, with the lifting of the interstate 

anctions, reopening of workplaces, and social gatherings being al- 

owed under strict infection prevention and control procedures. An 
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xponential increase in daily reported cases in December 2020 and 

anuary 2021 led to a nationwide MCO re-introduction on 13 Jan- 

ary 2021 with strong restrictions in all sectors. Restrictions were 

ased on 5 March 2020 with the opening of several economic sec- 

ors and a reduction in the intensity of masking and public event 

olicy in early April 2021. A resurgence in late April led to another 

ationwide MCO on 11 May 2021. ( Figure 1 ) 

Transmission was categorised as imported, cluster and un- 

inked. Imported cases acquired the infection from outside of 

alaysia and were detected during the quarantine period follow- 

ng border entry. Cluster transmission are groups of cases that 

re epidemiologically linked. These epidemiologic links can in- 

lude workplace-, community-, education-, religious-, prison-, and 

mport- related transmission. Local cases that could not be linked 

o an existing cluster-linked were labelled as unlinked. 

.3. Data analysis 

Data before 16 March was truncated as local transmission be- 

ore 16 March 2020 was sporadic and not established. Additionally, 

onsistent national-level tests-, and state-level case- reporting in 

he press only began after this point. Aggregate number of cases 

eported by clusters exceeded daily case counts at several time 

oints between March-April 2020. These were smoothed by redis- 

ributing the difference in reported daily cases and cluster cases 

ver a period of 7-days to ensure cluster cases were consistent 

ith daily national aggregates. 

In examining the spatial variation of the epidemiology of 

OVID-19, the country was divided into six regions: i) Northern re- 

ion (Perlis, Kedah, Pulau Pinang, Perak), ii) Central region (Selan- 

or, W.P. Kuala Lumpur, W.P. Putrajaya), iii) Southern region (Negeri 

embilan, Melaka, Johor), iv) Eastern region (Pahang, Kelantan, 

erengganu), v) Sabah (Sabah, W.P. Labuan) and vi) Sarawak. The 

ooling of data into regions compared to individual states resulted 

n more precise estimates. Epidemic curves for new cases were 

lotted using the date of diagnosis at the national level with strat- 

fication by the type of transmission- either imported, cluster, or 

ommunity (unlinked) transmission. 

A Bayesian approach was used to estimate the time-varying (in- 

tantaneous) reproduction number (R t ) on 7-day sliding intervals, 

ith 95% credible intervals(ci). This approach used a time-series 

f daily case data by reporting date, and a serial interval distri- 

ution assumed to follow a discretised gamma distribution. The 

ime-varying reproduction number as such is defined as the frac- 

ion of the expected number of secondary infections at time t over 

he number of infected individuals weighted by their relative infec- 

iousness at time t, which is given by the generation or serial in- 

erval distribution. [18] Serial intervals from a review of published 

nd unpublished literature were assumed to fit the Malaysian pro- 
3 
le of cases. [19–25] An R t of more than 1 suggest that the epi-

emic will continue to grow, whilst an R t of less than 1 suggest 

ransmission is in decay. The R t is given by: 

 t = 

I t 
∑ t 

s =1 I t−s w s 

here I t is the number of infections on day t, and w s is the gen-

ration interval of s days separating an infector-infectee pair. 

A 7-day moving incidence rate (IR), 7-day mortality rate (MR), 

ase fatality rate (CFR), test positive ratio (TPR), and testing rate 

TR) were then approximated and averaged cumulatively and quar- 

erly across the study period beginning on 16 March 2020 to 31 

ay 2021. A simple exact method utilising Poisson distributions 

as used to estimate confidence intervals (CI) for each parameter 

ith an alpha value of 0 • 05. [26,27] The duration from reporting to 

eath was assumed to be 14-days [28,29] . Values below 0.1 were 

ounded to < 0.1 to ease interpretation. The WHO utilises these epi- 

emiological indicators in assessing transmission [30] . (Appendix 

). 

Characteristics of all mortalities were also tabulated cumu- 

atively and quarterly across the study period. A Fisher’s exact 

est and Kruskal-Wallis test were utilised in testing the difference 

etween periods and characteristics. Visualisations and analyses 

tilised the "tidyverse", "epitools"," caret", ""tableOne", and "Epi- 

stim" packages in R 4.0. [31] 

.4. Role of Funding Source 

The funder of the study had no role in the study design, data 

ollection, data analysis, data interpretation, or writing of the re- 

ort. The corresponding author had full access to all the data in 

he study and had final responsibility for the decision to submit 

or publication. 

. Results 

Between 16 March 2020 and 31 May 2021, Malaysia reported 

71,901 cases and 2,796 deaths. Incidence was relatively low be- 

ween March-May 2020, with 84% of transmission attributed to 

lusters and the remaining 16% attributed to unlinked transmis- 

ion. This trend is followed by a period of even lower transmis- 

ion between June-August 2020. Unlinked transmission increased 

o 41%, 54% and 73% in the periods of September-November 2020, 

ecember 2020-February 2021 and March-May 2021, respectively. 

cross the study period, a daily maximum of 9,020 cases was re- 

orted on 29 May 2021. ( Figure 2 ) 

Rt peaks in early March at the national level before reductions 

n transmissibility are observed slightly before suppression mea- 

ures are implemented. This trend is reflected in the Central re- 
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ion, Southern region and Sarawak. This trend is followed by a pe- 

iod of volatility in the R t between June-August 2020 in all regions. 

 significant rise in the R t is observed in early September 2020, 

eflecting the R t in Sabah and the Northern region. R t estimates 

egin reducing and stabilising at slightly above one after October 

020 in all of Malaysia. The R t was consistently above one across 

ll regions in Malaysia until strong restrictions were again imple- 

ented on the 13 January 2021 leading, to the R t dropping below 

ne in late January 2021 before again crossing unity in early April 

fter easing of restrictions on 5 May. ( Figure 3 ) 

The average R t across the study period for Malaysia was 1 • 2 
95% ci: 1 • 1, 1 • 3). Epidemic growth in Malaysia was most rapid be-

ween September-November 2020-with an R t of 1.5 (95% ci: 1 • 4, 

.6). The average R t was 1 • 2, 1, 1 • 5, 1 • 1 and 1 • 1 in the months

f March-May 2020, June-August 2020, September-November 2020, 

ecember 2020-February 2021 and March-May 2021, respectively. 

he Eastern region reports the highest point estimate of transmis- 

ibility in Malaysia with a peak of 3 (95% ci: 0 • 4, 9 • 2) between

eptember and November 2020. Temporal trends distinctly vary by 

egion. ( Table 1 ) 

The average 7-day IR in Malaysia was 26 • 6 cases per 10 0,0 0 0

opulation (95% CI: 17 • 8, 38 • 1) between 16 March 2020 and 31

ay 2021. The average 14-day incidence rate was 2, 0 • 4, 12 • 4, 55,

nd 59 • 6 cases per 10 0,0 0 0 population in March-May 2020, June-

ugust 2020, September-November 2020, December 2020-February 

021 and March-May 2021, respectively. Incidence is consistently 

igher in the Central region and lowest in the Eastern region. Inci- 

ence trends were observed to peak in Sabah between September- 

ovember 2020, followed by a peak in incidence within the Cen- 

ral and Northern regions between December 2020-January 2021. 

rend trajectories in Sarawak, Northern and Eastern regions peak 

n May-March 2021. ( Table 1 ) 

Average TPR and TR for COVID-19 infections in Malaysia over 

he study period were 4 • 3% (95% CI: 1 • 6, 10 • 2) and 0 • 8 tests per

,0 0 0 population (95% CI: < 0 • 1, 3 • 7), respectively. TPR was ob-

erved to be 6 • 5, 0 • 2, 3 • 5, 7, and 4.3 in March-May 2020, June-
4 
ugust 2020, September-November 2020, December 2020-February 

021 and March-May 2021, respectively. The TR was observed to be 

 • 2, 0 • 2, 0 • 5, 1 • 2 and 1.9 tests per 1,0 0 0 population in the months

f March-May 2020, June-August 2020, September-November 2020, 

ecember 2020-February 2021 and March-May 2021, respectively. 

emporal trends of the TPR are bimodal and coincide with pe- 

iods of exponential increase in COVID-19 incidence with peaks 

n March-May 2020 and December 2020- February 2021. The TR 

pproximately doubles quarterly from June 2020 onwards before 

lowing down in March-May 2021. ( Table 2 ) 

The average 7-day MR was observed to be 0 • 1 COVID-19 deaths 

er 10 0,0 0 0 population (95% CI: < 0 • 1, 3 • 7). The 7-day MR was ob-

erved to be 0 • 1, < 0 • 1, < 0 • 1, 0 • 1, 0 • 2 and 0 • 3 in the months of

arch-May 2020, June-August 2020, September-November 2020, 

ecember 2020-February 2021 and March-May 2021, respectively. 

he MR is highest in the Central region and Sarawak, with a re- 

orted 0 • 5 COVID-19 deaths per 10 0,0 0 0 population (95% CI: < 0 • 1,

 • 7) in March-May 2021. Mortality rate trends are observed to peak 

etween March-May 2021 in all regions except Sabah. ( Table 2 ) 

CFR for Malaysia across the study period is estimated to be 

 • 6% (95% CI: < 0 • 1, 3 • 7). The CFR was observed to be 1 • 7,0 • 5,

 • 6, 0 • 4, and 0 • 8 in the months of March-May 2020, June-August

020, September-November 2020, December 2020-February 2021 

nd March-May 2021, respectively. The highest regional CFR of 

 • 3% (95% CI: 1 • 1, 8 • 8) and 2 • 3% (95% CI: 0 • 6, 7 • 2) was observed in

abah, between June and August of 2020, followed by Sarawak, be- 

ween March and May of 2020, respectively. Sabah and Sarawak re- 

ort the highest CFR in comparison to all other regions in Malaysia. 

 Table 2 ) 

Among the 2,796 cases who died, the median age was 67 

ears (IQR: 58, 76, p = 0 • 05), 87 • 3% were aged 50 and above,

nd 62 • 8% were males. Cardiovascular disease (70 • 4%), Diabetes 

ellitus (50 • 6%) and kidney disease (21 • 4%, p < 0 • 01) were the

ost frequently reported comorbidities. These mortalities were 

lso mostly recorded amongst Malaysians (95 • 1%, p < 0 • 01) and 

ccurred in hospitals (89 • 6%, p < 0 • 01). Brought-in-dead COVID- 
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Table 1 

COVID-19 associated 14-days incidence density and time varying reproduction number (Rt) in Malaysia 

Overall Period 

March-May 2020 June-August 2020 September- 

November 

2020 

December 

2020-February 

2021 

March-May 2021 

Incidence 

7-day incidence 

rate (per 100,000 

population) ∗

Malaysia 26 • 6 (17 • 8, 38 • 1) 2 (0 • 6, 7 • 2) 0 • 4 (0, 3 • 7) 12 • 4 (6 • 9, 21) 55 (42 • 3, 71 • 6) 59 • 6 (45 • 8, 76 • 1) 

Central region 44 • 8 (32 • 8, 59 • 1) 4 (1 • 1, 8 • 8) 0 • 8 (0, 3 • 7) 12 • 9 (6 • 9, 21) 105 • 4 (86 • 8, 127 • 1) 95 • 4 (77 • 8, 116 • 1) 

Sabah region 25 • 6 (17, 36 • 9) 0 • 7 (0, 3 • 7) 0 • 1 ( < 0 • 1, 3 • 7) 54 • 9 (41 • 4, 70 • 5) 50 • 1 (38, 65 • 9) 19 • 2 (12 • 2, 29 • 7) 

Southern region 24 • 7 (16 • 2, 35 • 7) 2 • 4 (0 • 6, 7 • 2) 0 • 4 ( < 0 • 1, 3 • 7) 5 • 4 (2 • 2, 11 • 7) 65 • 4 (51, 82 • 8) 47 (34 • 5, 61 • 4) 

Sarawak 25 • 5 (17, 36 • 9) 1 • 7 (0 • 2, 5 • 6) 0 • 4 ( < 0 • 1, 3 • 7) 1 ( < 0 • 1, 3 • 7) 21 • 6 (13 • 8, 32 • 1) 98 • 8 (80 • 5, 119 • 4) 

Northern region 15 • 4 (9 • 1, 24 • 7) 0 • 6 (0, 3 • 7) 0 • 2 ( < 0 • 1, 3 • 7) 6 • 1 (2 • 8, 13 • 1) 26 • 8 (17 • 8, 38 • 1) 41 • 1 (30 • 3, 55 • 6) 

Eastern region 14 (8 • 4, 23 • 5) 1 • 1 (0 • 2, 5 • 6) < 0 • 1 ( < 0 • 1, 3 • 7) 0 • 5 ( < 0 • 1, 3 • 7) 17 • 3 (10 • 7, 27 • 2) 49 (37 • 1, 64 • 8) 

Transmissibility 

Time-varying 

reproduction 

number (Rt) 

Malaysia 1 • 2 (1 • 1, 1 • 3) 1 • 2 (1 • 1, 1 • 3) 1 (0 • 7, 1 • 3) 1 • 5 (1 • 4, 1 • 6) 1 • 1 (1, 1 • 1) 1 • 1 (1 • 1, 1 • 1) 

Central region 1 • 1 (1, 1 • 3) 1 • 2 (1, 1 • 3) 0 • 9 (0 • 7, 1 • 3) 1 • 4 (1 • 2, 1 • 6) 1 (1, 1 • 1) 1 • 1 (1, 1 • 1) 

Sabah region 1 • 3 (1, 1 • 7) 1 • 1 (0 • 7, 1 • 8) 1 • 2 (0 • 5, 2 • 3) 2 • 1 (1 • 7, 2 • 5) 0 • 9 (0 • 9, 1) 1 • 1 (1, 1 • 2) 

Southern region 1 • 2 (1, 1 • 6) 1 • 2 (1, 1 • 4) 1 • 1 (0 • 6, 1 • 8) 1 • 7 (1 • 2, 2 • 4) 1 • 1 (1 • 1, 1 • 1) 1 • 1 (1, 1 • 1) 

Sarawak 1 • 4 (0 • 9, 2 • 2) 1 • 6 (1, 2 • 4) 1 • 6 (0 • 7, 3) 1 • 4 (0 • 7, 2 • 6) 1 • 5 (1 • 2, 2) 1 • 1 (1, 1 • 1) 

Northern region 1 • 5 (0 • 9, 2 • 5) 1 • 4 (0 • 6, 3) 2 • 2 (0 • 6, 5 • 3) 1 • 7 (1 • 4, 1 • 9) 1 • 1 (1 • 1, 1 • 2) 1 • 1 (1, 1 • 1) 

Eastern region 1 • 9 (0 • 9, 4) 1 • 2 (0 • 9, 1 • 7) 3 (0 • 4, 9 • 2) 2 • 8 (1, 6 • 2) 1 • 3 (1 • 1, 1 • 4) 1 • 2 (1 • 1, 1 • 2) 

∗Values < 0.1 ranged from 0.02-0.04 cases per 10 0,0 0 0 population 

1

a

p  

a

h  
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9 mortalities were significantly higher between December 2020 

nd February 2021 (14 • 7%) and March-May 2021 (10 • 1%) com- 

ared to March-May 2020 (3 • 6%; P < 0 • 01). ( Table 2 ) The median

ge of a Malaysian COVID-19 associated mortality was significantly 

igher compared to non-Malaysians (68 vs 54 years old; p < 0 • 01).

 Table 3 ) 

Vaccinations began on 24 February 2021. Up until 31 May 2021, 

 • 28% and 4 • 64% of the population have been inoculated with their
5 
 

st and 2 nd dose of vaccines, respectively. Inoculation rates were 

bserved to be highest in Sarawak and the Central region; with 

 • 65% and 10 • 08% of the adult population receiving at least one

ose of a vaccine with a total of 5 • 59% and 4 • 06% of the total

dult population completing their vaccination. " ’Sabah’s vaccina- 

ion rates remained the lowest, with only 5 • 37% and 3 • 41% of the

otal adult population here having been partially and completely 

accinated, respectively. ( Figure 4 ) 
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Table 2 

COVID-19 associated test positive ratio, testing rate, case fatality rate and mortality rate in Malaysia 

Overall Period 

March-May 2020 June-August 2020 September- 

November 

2020 

December 

2020-February 

2021 

March-May 2021 

Testing 

test positive ratio 4 • 3 (1 • 6, 10 • 2) 6 • 5 (2 • 8, 13 • 1) 0 • 2 ( < 0 • 1, 3 • 7) 3 • 5 (1 • 1, 8 • 8) 7 (2 • 8, 13 • 1) 4 • 3 (1 • 6, 10 • 2) 

Testing rate (per 

1,000 population) 

0 • 8 ( < 0 • 1, 3 • 7) 0 • 2 ( < 0 • 1, 3 • 7) 0 • 2 ( < 0 • 1, 3 • 7) 0 • 5 ( < 0 • 1, 3 • 7) 1 • 2 (0 • 2, 5 • 6) 1 • 9 (0 • 2, 5 • 6) 

Mortalities 

7-day Mortality 

rate (per 100,000 

population) ∗

Malaysia 0.1 ( < 0 • 1, 3.7) < 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) 0 • 1 ( < 0 • 1, 3 • 7) 0 • 2 ( < 0 • 1, 3 • 7) 0 • 3 ( < 0 • 1, 3 • 7) 

Central region 0.2 ( < 0 • 1, 3.7) < 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) 0 • 3 ( < 0 • 1, 3 • 7) 0 • 5 ( < 0 • 1, 3 • 7) 

Sabah region 0.2 ( < 0 • 1, 3.7) < 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) 0 • 4 ( < 0 • 1, 3 • 7) 0 • 3 ( < 0 • 1, 3 • 7) 0 • 2 ( < 0 • 1, 3 • 7) 

Southern region 0.1 ( < 0 • 1, 3.7) < 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) 0 • 1 ( < 0 • 1, 3 • 7) 0 • 3 ( < 0 • 1, 3 • 7) 

Sarawak 0.2 ( < 0 • 1, 3.7) 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) 0 • 2 ( < 0 • 1, 3 • 7) 0 • 5 ( < 0 • 1, 3 • 7) 

Northern region 0.1 ( < 0 • 1, 3.7) < 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) 0 • 1 ( < 0 • 1, 3 • 7) 0 • 2 ( < 0 • 1, 3 • 7) 

Eastern region 0.1 ( < 0 • 1, 3.7) < 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) < 0 • 1 ( < 0 • 1, 3 • 7) 0 • 2 ( < 0 • 1, 3 • 7) 

Case fatality rate 

(%) † 

Malaysia 0 • 6 ( < 0.1, 3 • 7) 1 • 7 (0 • 2, 5 • 6) 0 • 5 ( < 0.1, 3 • 7) 0 • 6 ( < 0.1, 3 • 7) 0 • 4 ( < 0.1, 3 • 7) 0 • 8 ( < 0.1, 3 • 7) 

Central region 0 • 5 ( < 0.1, 3 • 7) 1 • 2 (0 • 2, 5 • 6) 0 • 1 ( < 0.1, 3 • 7) 0 • 1 ( < 0.1, 3 • 7) 0 • 3 ( < 0.1, 3 • 7) 0 • 8 ( < 0.1, 3 • 7) 

Sabah region 0 • 8 ( < 0.1, 3 • 7) 1 • 3 (0 • 2, 5 • 6) 3 • 3 (1 • 1, 8 • 8) 0 • 9 ( < 0.1, 3 • 7) 0 • 6 ( < 0.1, 3 • 7) 1 • 3 (0 • 2, 5 • 6) 

Southern region 0 • 6 ( < 0.1, 3 • 7) 1 • 5 (0 • 2, 5 • 6) 0 • 5 ( < 0.1, 3 • 7) 0 • 1 ( < 0.1, 3 • 7) 0 • 3 ( < 0.1, 3 • 7) 1 (0 • 2, 5 • 6) 

Sarawak 0 • 8 ( < 0.1, 3 • 7) 2 • 3 (0 • 6, 7 • 2) 1 • 4 (0 • 2, 5 • 6) 0 ( < 0.1, 3 • 7) 1 • 2 (0 • 2, 5 • 6) 0 • 7 ( < 0.1, 3 • 7) 

Northern region 0 • 5 ( < 0.1, 3 • 7) 1 • 2 (0 • 2, 5 • 6) 1 • 6 (0 • 2, 5 • 6) 0 • 5 ( < 0.1, 3 • 7) 0 • 3 ( < 0.1, 3 • 7) 0 • 7 ( < 0.1, 3 • 7) 

Eastern region 0 • 6 ( < 0.1, 3 • 7) 1 • 6 (0 • 2, 5 • 6) 0 ( < 0.1, 3 • 7) 0 ( < 0.1, 3 • 7) 0 • 3 ( < 0.1, 3 • 7) 0 • 7 ( < 0.1, 3 • 7) 

∗Values < 0.1 ranged from 0-0.06 deaths per 10 0,0 0 0 population 

† Values < 0.1 ranged from 0-0.07% 
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. Discussion 

.1. The Malaysian response from March 2020 to May 2021 

An outbreak of cases in early March 2020 due to a large re- 

igious event triggered a wave of primarily cluster-based infec- 

ions [32] , leading to NPI prioritising the rapid suppression of 

ransmission. The public health response between March and May 

020 was largely considered to be successful in reducing incidence 

ithin Malaysia. [33–36] 

However, a total of 562,938 cases have been reported since 

 September 2020. This outbreak of infections was initially trig- 

ered by a series of outbreaks amongst institutionalised and in- 

arcerated populations in Sabah. Overcrowding increases the vul- 

erability of these populations leading to higher disease transmis- 
6 
ion. [37,38] Moreover, prisons in Sabah have been estimated to 

e 25 to 30% over-capacity. [39] A state election in Sabah further 

ccelerated eventual community spill over and propagation. Dur- 

ng this election, the widespread campaigning and easing of bor- 

er controls across state lines led to a re-introduction of infections 

nto the Central region, followed by the South, North, East regions, 

nd Sarawak. [39,40] Higher incidences in the Central, South and 

abah regions have been attributed to the underlying higher den- 

ity and mobility of urban populations. [38] Additionally, higher 

roportions of migrant worker communities and the poorer living 

onditions associated with them have been suggested to have fur- 

her exacerbated transmission in these regions. [41–43] 

The re-introduction of more stringent NPI during the CMCO 

rom 7 October 2020 aimed to interrupt potential transmission 

hile allowing for partial functioning of the economy. Whilst 
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Table 3 

Characteristics of COVID-19 associated mortalities in Malaysia 

Overall Period 

March- May 

2020 

June- August 

2020 

September- 

November 

2020 

December 

2020-February 

2021 

March- May 

2021 

p-value 

n 2796 115 12 233 770 1666 

Age (median 

[IQR]) 

67 [58, 76] 65 [53 • 25, 

72 • 75] 

69 • 50 [62 • 75, 

76] 

63 [54, 73] 66 [57, 77] 68 [59, 77] < 0 • 01 b 

Gender (%) 0 • 04 a 

Male 1757 (62 • 8) 89 (77 • 4) 8 (66 • 7) 140 (60 • 1) 501 (65 • 1) 1019 (61 • 2) 

Regions (%) 0 • 03 a 

Central region 1049 (37 • 5) 40 (34 • 8) 3 (25 • 0) 4 (1 • 7) 344 (44 • 7) 658 (39 • 5) 

Sabah region 492 (17 • 6) 5 (4 • 3) 3 (25 • 0) 208 (89 • 3) 170 (22 • 1) 106 (6 • 4) 

Southern 

region 

463 (16 • 6) 33 (28 • 7) 2 (16 • 7) 2 (0 • 9) 109 (14 • 2) 317 (19 • 0) 

Sarawak 292 (10 • 4) 17 (14 • 8) 2 (16 • 7) 0 (0) 64 (8 • 3) 209 (12 • 5) 

Northern 

region 

296 (10 • 6) 9 (7 • 8) 2 (16 • 7) 19 (8 • 2) 50 (6 • 5) 216 (13 • 0) 

Eastern region 204 (7 • 3) 11 (9 • 6) 0 (0) 0 (0) 33 (4 • 3) 160 (9 • 6) 

Nationality (%) < 0 • 01 a 

Malaysian 2658 (95 • 1) 111 (96 • 5) 10 (83 • 3) 214 (91 • 8) 714 (92 • 7) 1609 (96 • 6) 

non-Malaysian 133 (4 • 8) 4 (3 • 5) 2 (16 • 7) 14 (6 • 0) 56 (7 • 3) 57 (3 • 4) 

Not available 5 (0 • 2) 0 (0) 0 (0) 5 (2 • 1) 0 (0) 0 (0) 

Place of death 

(%) 

< 0 • 01 a 

Hospital 2505 (89 • 6) 113 (98 • 3) 9 (75 • 0) 229 (98 • 3) 656 (85 • 2) 1498 (89 • 9) 

Comorbid 

status 1 (%) 

Cardiovascular 

disease 

1968 (70 • 4) 62 (53 • 9) 8 (66 • 7) 137 (58 • 8) 534 (69 • 4) 1227 (73 • 6) < 0 • 01 a 

Respiratory 

disease 

232 (8 • 3) 1 (0 • 9) 1 (8 • 3) 25 (10 • 7) 74 (9 • 6) 131 (7 • 9) < 0 • 01 a 

Kidney disease 599 (21 • 4) 17 (14 • 8) 2 (16 • 7) 22 (9 • 4) 206 (26 • 8) 352 (21 • 1) < 0 • 01 a 

Cancers 119 (4 • 3) 7 (6 • 1) 1 (8 • 3) 7 (3 • 0) 30 (3 • 9) 74 (4 • 4) 0 • 4 a 

Thyroid disease 31 (1 • 1) 2 (1 • 7) 0 (0) 1 (0 • 4) 10 (1 • 3) 18 (1 • 1) 0 • 6 a 

Diabetes 

mellitus 

1415 (50 • 6) 43 (37 • 4) 7 (58 • 3) 70 (World 

Health 

Organization 

[30] 2021 

408 (53 • 0) 887 (53 • 2) < 0 • 01 a 

Dyslipidaemia 511 (18 • 3) 0 (0) 1 (8 • 3) 31 (13 • 3) 135 (17 • 5) 344 (20 • 6) < 0 • 01 a 

Obesity 149 (5 • 3) 0 (0) 0 (0) 7 (3 • 0) 44 (5 • 7) 98 (5 • 9) < 0 • 01 a 

Others 355 (12 • 7) 8 (7 • 0) 0 (0) 34 (14 • 6) 134 (17 • 4) 179 (10 • 7) < 0 • 01 a 

Notes: 
∗ There was no missingness in age, gender, region, place of death, and comorbid status. Nationality was available for 2,791 of the 2,796 deaths (%). Categories 

for place of death were either hospital or brought in dead 
a A ’Fisher’s Exact test was used 
b A Kruskal-Wallis test was used 
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ransmission ratios decreased from October 2020 onwards- the R t 

onsistently remained above 1. Reported infections continued to 

ise through October 2020 to January 2021. Very stringent NPI and 

trong movement restrictions were introduced on 13 January 2021 

n response to the highly stressed healthcare system leading to R t 

ropping below 1 in early March 2021. The magnitude of reduc- 

ion during this period is not as large or rapid as observed after 

he previous NPI. As restrictions were lifted, a resurgence in trans- 

ission was observed, leading to a reintroduction of strong restric- 

ions on 11 May 2021. 

.2. Transmission 

Two distinct trends of COVID-19 transmission (R t ) can be ob- 

erved in Malaysia from March 2020 to February 2021. The first 

rend can be observed between February and April 2020. Trans- 

ission exponentially increases in early March 2020 before a rapid 

ecrease, which corresponds to strong NPI being implemented in 

arly March. The second trend is observed between May 2020 and 

ebruary 2021. R t increase in this period is insidious as the trans- 

ission is constrained by low-intensity NPI. [44–46] . R t in this 

eriod peaks in mid-September 2020 before it slowly declines to 

orrespond to an intensification of NPI in October 2020. Despite 

his, R t remains persistently over one until the implementation of 
7 
tronger NPI in January 2021 drives it below one. Easing of restric- 

ions in March 2021 led again to transmissibility increasing in May 

021. 

The effect of NPI on transmissibility has been observed in mul- 

iple different settings within this pandemic. [47,48] The R t has the 

otential to be used as an indicator for benchmarking the effec- 

iveness of NPI. However, the variability of policy shifts and inten- 

ification of restrictions across time makes it difficult to isolate the 

ignals of change in transmissibility due to individual NPI. Further 

esearch into the isolation of these signals may be instrumental to- 

ards more robust and effective epidemic management. 

.3. Testing 

The TPR between February and April 2020 in Malaysia were 

onsistently above the 5% TPR recommended by WHO. Nonethe- 

ess, this trend is observed in many countries worldwide, includ- 

ng parts of Europe and Asia. [38,49,62] There was a surge in lab 

apacity between March and October 2020. The resulting TPR be- 

ween May and October 2020 of 0 • 02 to 2% was on par with New

ealand, South Korea, Denmark, Finland, Norway and Singapore. 

3,62] The TPR again exceeded the 5% mark from late October 2020 

nwards, as testing became increasingly targeted due to a strained 

ealth system, creating an overall ’U’ shaped trend over the one 
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ear. An important caveat here is that the TPR has a dynamic de- 

ominator and numerator, making it a temporally unstable esti- 

ate. As such, the TPR should be interpreted in conjunction with 

esting rates or using alternative indicators such as the adjusted 

PR that overcome this limitation. [51] 

Testing rates in Malaysia are observed to have exceeded 0.6 

ests per 10 0 0 population by October 2020, which is reported to 

e 11, 6, 4 and 1.5 times higher than neighbours Myanmar, Indone- 

ia, Thailand and the Philippines. However, the Malaysia testing 

ate is nearly ten times smaller than neighbouring Singapore [38] . 

imilarly, testing rates reported up to July 2020 in Sweden, Nor- 

ay, Denmark, and Finland are 13, 11, 40 and 10 times the testing 

ates observed in Malaysia. However, transmission in these coun- 

ries were much higher at similar periods. [62] [62] 

.4. Incidence and Mortalities 

In Malaysia, a peak CFR of 1.5 is observed between March and 

ay 2020. This estimate is relatively lower than CFRs of 1.86, 2.09, 

.57, 2.84, 3.31, 3.41 and 5.34 reported in Hong Kong, South Ko- 

ea, Vietnam, Cuba, India, Australia and China in the same period, 

espectively. Taiwan and Singapore reported lower CFRs of 1.3 and 

.05, respectively. [61] These comparisons suggest a reasonably ef- 

cient response of the Malaysian public health system to COVID-19 

arly in the pandemic. 

Nonetheless, heterogeneity in incidence and deaths is observed 

ithin Malaysia. Sarawak reports half the incidence but 1.5 times 

he CFR of the Central region. Sabah reports approximately 60% of 

he incidence but 1.75 times the CFR of the Central region and a 

imilar mortality rate. CFR in Sabah and Sarawak is consistently 

igher than CFR in all other regions within Malaysia. A plausible 

xplanation for this discrepancy could be a greater degree of unde- 

ected cases in Sabah and Sarawak as compared to west Malaysia. 

his finding is supported by media reports suggesting that Sabah 

ad a smaller testing capacity than the other regions. [63] Mor- 

ality trends amongst sub-populations are also concerning. Non- 

alaysians in Malaysia with COVID-19 died on average 14 years 

arlier than the average Malaysian with COVID-19. Almost 45% of 

hese non-Malaysian deaths were brought in dead compared to 

nly 9% of Malaysians. The majority of these non-national and 

rought in dead mortalities are from Sabah- where there have 

een issues with statelessness and undocumented migrants for 

any years now. [53,54] This trend is not specific to Malaysia, as 

he pandemic continues to disproportionately affect marginalised 

ubpopulations across the globe. [42,48] Key to a comprehensive 

andemic response is to identify inequities that exist within pop- 

lations and target them, all the more urgent as inequities within 

 pandemic affect all of society. 

.5. Vaccinations 

The Malaysian vaccination programme began on 24 February 

020 to inoculate all eligible individuals by the end of 2021 [65] . 

accinations have grown but have not been as rapidly imple- 

ented compared to more affluent countries such as the United 

ingdom, the United States and Israel. The global inequity in the 

accine supply chain has slowed progress in Malaysia, as observed 

n many lower- and middle-income countries [56,64] . 

.6. Strengths and Limitations 

This study tracked important epidemiologic indicators of 

OVID-19 across a period of more than one year. A dynamic and 

ystematic data collection and analysis framework is utilised in 

onitoring the disease across Malaysia. These indicators can be 
8 
tilised in driving mitigation, containment and localised suppres- 

ion policies. The R t, for instance, provides a 1-to-7-day lead win- 

ow on potential transmission, whilst incidence rates are a valu- 

ble indicator of disease burden. 

There are several limitations to this research. Firstly, data limi- 

ations meant several important epidemiological parameters could 

ot be ascertained. Underreporting is a potential issue with the 

ata as it is heavily leveraged consistent testing and contact tracing 

olicy. [58] This likely led to a degree of measurement bias within 

he data that was not adjusted for. Parameters were also estimated 

ased on the reporting date of the case. Data quality of the col- 

ated aggregated data is also likely to be affected by some missing- 

ess. Secondly, there are limitations to the indicators utilised. The 

 t estimates have a high degree of variability- in both trend and 

ncertainty. This variability is associated with periods and regions 

f low incidence. [59] Mortalities are of limited utility as real- 

ime estimators of disease burden for decision making due to the 

ime lag between case detection and death. [60] Input of dynamic 

urveillance could further be enhanced by including data on social 

etworks, mobility, density, travelling waves, health system capac- 

ty and others to increase the sensitivity of the surveillance net- 

ork. Finally, the publication of epidemiological indicators across 

he world remains scarce and reported in different formats. Con- 

istently reporting indicators as prescribed by global institutions 

uch as the WHO can overcome this challenge and ease compara- 

ive analysis and benchmarking. 

. Conclusion 

The ever-evolving landscape of COVID-19 and its epidemiology 

xhibits no signs of slowing down. Continuous tracking and inter- 

retation of critical epidemiological indicators of the disease such 

s the incidence, mortality rate, case fatality rate, R t and testing 

ill assist in assessing disease control locally whilst facilitating 

enchmarking effort s against other countries. Much remains un- 

ecognised within the COVID-19 landscape, especially in lower- and 

iddle-income countries. 

As the developing world continues to grapple with COVID-19, 

here is an urgent need for more research into the epidemiology 

f the disease if the pandemic is to be effectively mitigated. As the 

accine rollout begins within the developed world, the tracking of 

he epidemiology of COVID-19 remains critical as we continue to 

earn to live with this virus. 

ontributors 

All authors contributed equally to this pape r. 

eclaration of Competing Interest 

The authors have nothing to disclose 

cknowledgement 

The authors would like to thank the Director-General of Health 

alaysia for his permission to publish this article. Additionally, the 

uthors acknowledge contributions from the COVID-19 Epidemio- 

ogical Analysis and Strategies (CEASe) team and the Ministry of 

cience, Technology and Innovation (MOSTI). 

ata sharing statement 

All data used within the study can be sourced from the GitHub 

epository of the COVID-19 Epidemiology for Malaysia project at 

ttps://github.com/spm-um/c19-epi4msia-data. 



V.J. Jayaraj, S. Rampal, C.-W. Ng et al. The Lancet Regional Health - Western Pacific 17 (2021) 100295 

E

R

t

m

S

f

R

 

 

 

 

[

 

[  

[  

[  

[  

[

[  

[

[

[

[

[

[

[

[

[

[  

[

[

[

[  

[

[  

[

 

[

[

[

[

thical statement 

This study was registered under the National Medical Research 

egister with a registration ID (NMRR-20-1208-55087) and ob- 

ained ethical approval from the Medical Research and Ethics Com- 

ittee (MREC), Ministry of Health Malaysia. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.lanwpc.2021.100295 . 

eferences 

[1] Chen T, Rui J, Wang Q, Zhao Z, Cui J-A, Yin L. A mathematical model for
simulating the transmission of Wuhan novel. Coronavirus. bioRxiv. 2020:1–9. 

doi: 10.1101/2020.01.19.911669 . 

[2] World Health Organisation Weekly operational update on COVID-19, Geneva: 
World Health Organisation; 2021. GenevaNov . 

[3] Hasell J, Mathieu E, Beltekian D, Macdonald B, Giattino C, Ortiz-Ospina E, et al. 
A cross-country database of COVID-19 testing. Sci Data 2020 Dec 1;7(1):1–7. 

doi: 10.1038/s41597- 020- 00688- 8 . 
[4] Dong E, Du H, Gardner L. An interactive web-based dashboard to track COVID- 

19 in real time. Lancet Infect Dis 2020;20(5):533–4 11 May May. doi: 10.1016/ 

S1473- 3099(20)30120- 1 . 
[5] Bulut C, Kato Y. Epidemiology of COVID-19. Turkish J Med Sci 2020;50(SI- 

1):563–70 21 April. doi: 10.3906/sag- 2004- 172 . 
[6] Noor AU, Maqbool F, Bhatti ZA, Khan AU. Epidemiology of COVID-19 pandemic: 

Recovery and mortality ratio around the globe. Pakistan Journal of Medical Sci- 
ences. Professional Medical Publications 2020;36:S79–84. doi: 10.12669/pjms. 

36.COVID19-S4.2660 . 
[7] Lipsitch M, Swerdlow DL, Finelli L. Defining the Epidemiology of Covid-19 —

Studies Needed. N Engl J Med 2020;382(13):1194–6 26 March. doi: 10.1056/ 

NEJMp2002125 . 
[8] EditorialHow epidemiology has shaped the COVID pandemic. Nature 

2021;28:491–2 January589(7843). doi: 10.1038/d41586- 021- 00183- z . 
[9] Ibrahim NK. Epidemiologic surveillance for controlling Covid-19 pandemic: 

types, challenges and implications. Journal of Infection and Public Health. El- 
sevier Ltd 2020;13:1630–8. doi: 10.1016/j.jiph.2020.07.019 . 

[12] Azevedo VF , Peruffo L , Nogueira G , Gko N , Hajar F , Rgo B , et al. Strategy for

the Containment, Mitigation and Suppression of the COVID-19 Pandemic in 
Fragilized communities on the Periphery of a Large Brazilian city. medRxiv 

2020:1–21 29 September . 
[13] Ferguson NM, Laydon D, Nedjati-Gilani G, Imai N, Ainslie K, Baguelin M, 

et al. Impact of non-pharmaceutical interventions (NPIs) to reduce COVID-19 
mortality and healthcare demand. Imp Coll London 2020:1–20. doi: 10.25561/ 

77482 . 

[14] Walensky RP, Del Rio C. From Mitigation to Containment of the COVID-19 Pan- 
demic: Putting the SARS-CoV-2 Genie Back in the Bottle. JAMA 2020 17 April. 

doi: 10.1001/jama.2020.6572 . 
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