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Abstract

Malaysia has experienced three waves of coronavirus disease 2019 (COVID‐19)

as of March 31, 2021. We studied the associated molecular epidemiology and

SARS‐CoV‐2 seroprevalence during the third wave. We obtained 60 whole‐genome

SARS‐CoV‐2 sequences between October 2020 and January 2021 in Kuala

Lumpur/Selangor and analyzed 989 available Malaysian sequences. We tested

653 residual serum samples collected between December 2020 to April 2021 for

anti‐SARS‐CoV‐2 total antibodies, as a proxy for population immunity. The first

wave (January 2020) comprised sporadic imported cases from China of early Pango

lineages A and B. The second wave (March–June 2020) was associated with lineage

B.6. The ongoing third wave (from September 2020) was propagated by a state

election in Sabah. It is due to lineage B.1.524 viruses containing spike mutations

D614G and A701V. Lineages B.1.459, B.1.470, and B.1.466.2 were likely imported

from the region and confined to Sarawak state. Direct age‐standardized

seroprevalence in Kuala Lumpur/Selangor was 3.0%. The second and third waves

were driven by super‐spreading events and different circulating lineages. Malaysia is

highly susceptible to further waves, especially as alpha (B.1.1.7) and beta (B.1.351)

variants of concern were first detected in December 2020/January 2021. Increased

genomic surveillance is critical.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID‐19) pandemic has now

entered its second year, having caused over 4.5 million deaths

worldwide as of September 2021. The cause, SARS‐CoV‐2, is a

positive‐sense RNA betacoronavirus with a ~30 kb genome.

Unprecedented efforts have been expended for global genomic

surveillance. This utilizes whole genome sequencing to identify

genetic lineages and variants of concern (VOC) carrying mutations

that may increase transmission, enable immune escape, or impact

vaccine responses or diagnostic tests.1

Malaysia is a southeast Asian country comprising 13 states and 3

federal territories, with a population of about 32 million. The first

wave of COVID‐19, caused by SARS‐CoV‐2, consisted of 22 mainly

imported cases from China and lasted for 3 weeks from late January

2020.2 A second, much larger wave occurred between March and

June, mainly driven by a religious mass gathering linked to at

least 3375 confirmed cases, a third of national cases at the time.3

A nationwide movement control order and other public health

measures led to a considerable reduction in numbers.2 However, an

ill‐timed election in the state of Sabah in September led to an even

larger, nationwide third wave extending into 2021.4 As of March 31,

2021, there have been 345 500 confirmed cases and 1272 deaths.5

In this study, we performed whole‐genome sequencing from 60

SARS‐CoV‐2 cases from the recent third wave in Kuala Lumpur and

Selangor. We analyzed them with other complete genome sequences

from Malaysia available on the GISAID database (www.gisaid.org)

from samples collected before March 31, 2021. Our objective was to

relate the molecular epidemiology of circulating SARS‐CoV‐2 to the

waves of reported cases in Malaysia. Additionally, having previously

reported seroprevalence of 0.4% in Kuala Lumpur/Selangor after the

second wave,6 we carried out a follow‐up study to determine

seroprevalence progression during the third wave.

2 | MATERIALS AND METHODS

2.1 | Samples for sequencing

This study was carried out in the Universiti Malaya Medical Centre

(UMMC), a teaching hospital serving the populations of Kuala

Lumpur federal territory and Selangor state, which accounted for

44.5% of national cases up to March 31, 2021. Patients admitted to

UMMC were diagnosed with COVID‐19 by real‐time polymerase

chain reaction (PCR) detection of SARS‐CoV‐2 in nasopharyngeal/

oropharyngeal swabs, using the WHO‐recommended Berlin Charité

protocol7 and abTES COVID‐19 qPCR I Kit (AITbiotech, Singapore).

Cases were diagnosed between October 2020 and January 2021.

Demographic details and location of infection were collected

for each case. This study was approved by the UMMC ethics

committee (no. 2020730–8928). Our institution does not require

informed consent for retrospective studies of archived and

anonymized samples.

2.2 | Genome sequencing of SARS‐CoV‐2

Viral RNA was extracted from 60 positive clinical samples using a

QIAamp Viral RNA Mini Kit and subjected to whole‐genome

sequencing following the ARTIC network protocol (v3).3,8 Briefly, ex-

tracted RNA was reverse transcribed using SuperScript IV First‐Strand

Synthesis System (Invitrogen) with random hexamers. The cDNA was

subsequently amplified with Q5 High‐Fidelity DNA polymerase (NEB)

using two pools of nCoV‐2019/V3 primer sets. Amplicon libraries were

prepared using the iTrue method and sequenced on the iSeq 100

System (Illumina), with an output of 1 × 300 bp reads.

2.3 | Bioinformatic analysis

Generated reads were first imported into Geneious Prime 2020

(Biomatters) and trimmed using a BBDuk trimmer plugin (version 1.0)

and mapped to reference genome Wuhan‐Hu‐1 (GenBank accession

number: MN908947). The threshold to generate consensus se-

quences was set at “highest quality (adjusted),” with other settings at

default, including calling an N if coverage depth is <2. We aimed to

produce sequences that would fulfill GISAID inclusion criteria as

complete sequences, that is >29 000 nucleotides with <50% Ns. The

consensus sequences have been deposited in the GISAID database9

with the accession numbers: EPI_ISL_2769381‐2769438 and

EPI_ISL_2784328‐27843289. The raw sequence data are also avail-

able at BioProject (accession number: PRJNA776394, Sequence Read

Archive numbers: SRR16641605‐SRR16641655). A total of 929

complete genome sequences from Malaysian samples collected on or

before March 31, 2021, available from the GISAID database as of

June 26, 2021, were aligned with the 60 sequences from this study

using MAFFT with default parameters.10 Maximum likelihood phy-

logenetic analysis was performed in IQ‐TREE v2.1.3 based on the

best‐fit model chosen with Bayesian information criterion, with 1000

ultra‐fast bootstrap replicates.11 Substitution rate and node dates

were estimated using the least square dating method. Lineages were

classified using Phylogenetic Assignment of Named Global Outbreak

Lineages (PANGOLIN) software (v.3.1.5 2021‐06‐15).12

2.4 | Serological testing

To estimate the seroprevalence of the Kuala Lumpur/Selangor

population, we tested residual serum samples from UMMC inpatients

collected between December 2020 to April 2021 for diagnostic

testing for nonrespiratory infections. Residual serum has been an

adequate proxy for general population serosurveys for COVID‐19.13

The sample size was calculated with an expected seroprevalence of

5% (95% CI, 3%–7%), and found to be 457. A total of 653 archived

samples were tested, including 43–103 samples from every 10‐year

age group (<10, 10–19, 20–29, 30–39, 40–49, 50–59, 60–69, and

≥70 years). The serum samples were screened using a SARS‐CoV‐2

total antibody enzyme‐linked immunosorbent assay (ELISA) (Beijing
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Wantai Biological Pharmacy Enterprise). This assay has received

emergency use authorization by the US Food and Drug Administra-

tion and has high reported sensitivity (96.7%) and specificity

(99.5%).14 Samples testing indeterminate (optical density/cut‐off ra-

tio: 0.9–1.1) were retested and considered positive if the retest was

reactive. Crude seroprevalence rates are given with 95% exact bi-

nomial confidence intervals (CIs).

2.5 | Epidemiological data and analysis

Daily SARS‐CoV‐2 case numbers in Malaysia from January 2020 to

March 31, 2021, were retrieved from the Ministry of Health,

Malaysia (https://kpkesihatan.com/). Age‐stratified population data

for Kuala Lumpur and Selangor were obtained from the Department

of Statistics, Malaysia (http://pqi.stats.gov.my/searchBI.php), and

used to calculate incidence rates per 100 000 population and a

direct age‐standardized seroprevalence rate. A map of incidence was

constructed using R v4.1.0 software.

3 | RESULTS

3.1 | Incidence rates

There were 345 500 cases reported in Malaysia as of March 31,

2021. The cumulative incidence was highest in the more densely

populated states/federal territories of western and southern

Peninsular Malaysia and in East Malaysia (Figure 1A). Plotting the

state‐stratified 7‐day incidence per 100 000 population over

time (Figure 1B) shows the second wave occurring between

March and June 2020. This is followed by the much larger

third wave, which began and peaked in Sabah (and the small

neighboring federal territory of Labuan) in September before

waves appear in all other states several weeks later. Peak 7‐day

incidence rates in Sabah and Labuan reached 122 and 400 per

100 000, respectively. In Kuala Lumpur and Selangor, where our

hospital is based, peak 7‐day incidence rates were 232 and 200

per 100 000, respectively. As of March 31, case numbers had

begun to fall in some states.

F IGURE 1 Incidence rates of COVID‐19 in the states and federal territories of Malaysia, as of March 31, 2021. (A) Cumulative incidence per
100 000 population and (B) 7‐day incidence per 100 000 population over time are shown. The map was obtained from the Database of Global
Administrative Areas (https://gadm.org/)
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3.2 | Virus phylogeny and lineages

The samples sequenced in this study came from 60 patients,

comprising 31 females and 29 males, with a median age of 35 years

(range: 3–81). Sequencing of the 60 samples generated an average of

>99.7% breadth of coverage of the genome and average coverage

depth of 1721 (range: 313–2802, Table S1). All were successfully

accepted in GISAID, and all were considered as “high coverage” with

<1% Ns except for 1 sequence (hCoV‐19/Malaysia/8827/2021) with

9.52% Ns. All cases were acquired locally. The Pango lineages were

identified, and 56 (93.3%) were from B.1.524, while the remaining

two were from B.1 and two were from B.1.428.3. Nonsynonymous

mutations seen in the B.1.524 lineage sequences were nsp3‐T1198I,

nsp4‐T28I, nsp5‐T24A, nsp12‐P323L, nsp13‐L428F, spike‐D614G,

spike‐A701V, and N‐S194L.

There were 989 Malaysian sequences (including the 60 from this

study) collected on or before March 31, 2021, in GISAID, of which

427 (43%) were from the East Malaysian state of Sarawak. The Pango

lineages are shown in Figure 2. The most frequently identified were

B.1.524 (354, 35.8%); B.1466.2 and sublineages B.1466.2.1 (AU.1),

B.1466.2.2 (AU.2), and B.1466.2.3 (AU.3) (224, 22.6%), B.6 and

sublineages B.6.1, B.6.2, and B.6.6 (109, 11.0%), and B.1.36.16

(53, 5.4%).

When the lineages were analyzed over time (Figures 2 and 3), the

earliest identified sequences during the first wave in January/

February 2020 were from lineages A and B. The second wave in

March to June 2020 was predominantly associated with lineage B.6.

In July/August, there were reported sequences from lineage

B.1.1.354. The large third wave starting in Sabah in September 2020

was mainly associated with B.1.524. The B.1.524 sequences are

diverse, from different states around the country. There were also

limited sequences from lineages B.1.36.16. However, 91.5% of the

Malaysian sequences from lineages B.1.466.2 (mainly AU.2), and

100% of B.1.459 and B.1.470 were reported from Sarawak starting

January 2021, and these form relatively tight clusters consistent with

geographic restriction. Of note, small numbers of the VOCs B.1.1.7

(alpha; n = 4) and B.1.351 (beta; n = 20) were reported in December

2020 and January 2021, respectively.

3.3 | Seroprevalence rate

Serosurveys provide better tracking of the extent of population

infection and immunity, as previously undiagnosed cases can also be

identified. A total of 653 serum samples collected between

December 2020 to April 2021 from UMMC inpatients were tested

for total anti‐SARS‐CoV‐2 antibodies (Table 1), and the crude

seropositive rate was 4.1% (95% CI: 2.7–6.0). The highest rates were

seen in those aged 30–49 years and >60 years. No seropositives

were seen in the 123 samples from patients aged 0–19 years. Using

age‐stratified population data for Kuala Lumpur and Selangor, a direct

age‐standardized seroprevalence rate was calculated as 3.0%.

F IGURE 2 Total reported daily cases (above) and circulating lineages of SARS‐CoV‐2 (below) in Malaysia, from sequences available on
GISAID as of March 31, 2021. Lineages are named using the Pango system

SAM ET AL. | 1149



4 | DISCUSSION

There were clear changes in circulating lineages over the course of

the pandemic. The first wave cases were from early lineages A and B,

as most were imported from China.12 We previously showed that the

second wave from March to June was driven mainly by lineage B.6

spread at a religious mass gathering of thousands of participants from

Malaysia, other countries in the Southeast Asian region, India and

Australia.3 Although B.6 viruses were reported from India in GISAID

as recently as May 2021, B.6 and its sublineages seem to have

disappeared from Malaysia, with none reported since July 2020.

There followed a relatively quiet period between June to early

September when ≤43 daily cases were reported. In July/August

2020, clusters were reported in Kedah state in northern Peninsular

Malaysia. In early September, outbreaks in an immigration detention

center and prison in Sabah state, in East Malaysia, spread to the

community. These Kedah and Sabah clusters were not genetically

linked.15 Amidst rising community cases in Sabah, a state election

was held in late September, which involved in‐person campaigning,

rallies, and voting. The inter‐ and intrastate movement of political

party workers and 1.1 million voters (some flying to/from Peninsular

Malaysia) led to extensive spread throughout Malaysia, particularly in

Kuala Lumpur, Selangor, and Johor, where most Sabah migrants

live.16 This led to the third pandemic wave, due mainly to viruses

from lineage B.1.524. The third wave also involved large outbreaks

among foreign migrants incarcerated in detention centers and pris-

ons, or working in cramped environments in factories and construc-

tion sites.17 As of March 31, 2021, over 22% of COVID‐19 cases

affected non‐Malaysians. The non‐Malaysian population (including

undocumented migrants) is estimated at 3‐5.5 million,17 or 10%–18%

of the total population.

F IGURE 3 Phylogenetic tree of 989 SARS‐CoV‐2 whole‐genome sequences collected on or before March 31, 2021, from Malaysia, available
on GISAID as of June 26, 2021. The key shows the color‐coded Pango lineages with the number of available sequences in brackets

TABLE 1 SARS‐CoV‐2 total antibodies seropositivity rate from
Kuala Lumpur/Selangor samples collected between December 2020
to April 2021

Age group
(years)

Number of
samples

Seropositive rate %
(95% CI)

0–9 80 0 (0–4.5)

10–19 43 0 (0–8.2)

20–29 99 1.0 (0.03–5.5)

30–39 102 5.9 (2.2–12.4)

40–49 84 4.8 (1.3–11.8)

50–59 81 1.2 (0.03–6.7)

60–69 78 10.3 (4.5–19.2)

>70 86 8.1 (3.3–16.1)

Total 653 4.1 (2.7–6.0)
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Sequences of the B.1.524 lineage were first reported in Germany

in March 2020 and Switzerland in July 2020, but of the 441 reported

sequences, 68% are from Malaysia, and almost all the rest are from

neighboring Southeast Asian countries (Singapore, Thailand, Phi-

lippines, and Indonesia). B.1.524 viruses carry the spike mutations

D614G (present in most SARS‐CoV‐2 viruses) and A701V, which is

also found in the VOC B.1.351 and the previously designated variant

of interest B.1.526 (iota).1 The mutation D614G, which has become

predominant worldwide, is associated with increased cell entry, re-

plication, and transmissibility, possibly by stabilizing the spike

receptor‐binding domain and enhancing binding to the host cell re-

ceptor angiotensin‐converting enzyme 2.1 A701V is close to the S2ʹ

cleavage site which when cleaved leads to spike‐mediated membrane

fusion, but its significance remains unknown. The nsp12 (RNA‐

dependent RNA polymerase) P323L mutation present in lineage

B.1.524 is almost always associated with D614G; the significance of

P323L is also unclear, but it may impact the interaction between

nsP12 and nsP8 and affect RNA polymerase activity.18 To date,

B.1.524 does not contain other spike mutations associated with in-

creased pathogenicity or immune escape, such as K417N, L452R,

E484K, and N501Y. The main factor associating it with Malaysia's

most severe wave to date is likely the Sabah election as a super‐

spreading event.

Apart from the predominant B.1.524, other lineages made con-

tributions, indicating introduction from other countries in the region

despite the strict border controls. The Kedah clusters in July/August

2020 originated from a traveler to India19 and were associated with

lineage B.1.1.354, which was first reported in GISAID from India in

May 2020. A third of reported B.1.1.354 sequences are from India,

with a further quarter from Malaysia and Singapore, indicating re-

gional spread. There were also Malaysian sequences from lineages

B.1.36.16 reported in October, November 2020, and January 2021;

preceding this, sequences of this lineage were reported from Ban-

gladesh, England, and Thailand. B.1.459, B.1.466.2 (and sublineages),

and B.1.470 sequences were reported from January 2021, almost

exclusively from Sarawak state.20 The majority of reported sequences

from these lineages originate from neighboring Indonesia. Border

controls with strictly enforced quarantines continue to be important

for pandemic control, but Malaysia's extensive porous land and

maritime international borders pose a major challenge. The probable

explanation for why B.1.459, B.1.466.2, and B.1.470 viruses are

confined mainly in Sarawak state, for now, is that following in-

troduction, the rigid restrictions on interstate travel imposed after the

onset of the third wave have prevented spread elsewhere in

Malaysia.

We previously estimated an age‐standardized seroprevalence of

0.4% for Kuala Lumpur/Selangor during and after the second pan-

demic wave ending June 2020.6 A national, population‐wide ser-

oprevalence study carried out between August and October 2020

showed a compatible rate of 0.5%.21 In this study, we estimated that

the rate in Kuala Lumpur/Selangor had increased to 3.0% during the

third wave, exceeding the cumulative incidence of reported cases of

1.9% as of March 31, 2021. Seropositive rates were lowest among

children, consistent with the relatively low rate of pediatric cases

reported here.22 The overall very low seropositive rate points to

population susceptibility to further disease, which is concerning

amidst reports of extreme pressures on the healthcare system.23

A recent review of population‐based studies up to March 2021 es-

timated a global seroprevalence of 9.5%, with the lowest region‐

specific seroprevalence of 1.6% in the east and southeast Asia.24

Differences in sample population, testing method and study timing

make direct comparisons between countries difficult. However, in

keeping with the overall lower regional seroprevalence rate and the

perception that east and southeast Asian countries have been rela-

tively less impacted by the pandemic, our seroprevalence finding was

lower than the global average. Continued serosurveys are needed, as

the risk of emerging VOCs continues and vaccine rollout remains

slower in developing countries.

The main limitation of our study is that it is based on 989 cases,

which is just 0.3% of total reported Malaysian cases, with unknown

criteria for the selection of samples for sequencing. Of these se-

quences, 427 (43%) are from Sarawak and 122 (12%) are from our

center, covering Kuala Lumpur/Selangor. The cases from our center

were from inpatients, which may bias toward more severe cases.

However, until January 2021, all confirmed cases in Malaysia were

admitted to hospitals regardless of severity. The states of origin for

many Malaysian sequences are not stated, and other minor lineages

may have been missed. Sampling was also uneven over time, with low

numbers in December 2020, for example. All these reflect the dif-

fering capacities and schedules of the limited number of centers

performing sequencing at the time. The Malaysian government has

recently announced a national genomic surveillance program invol-

ving institutions from the Ministry of Health and academia, which will

optimize this currently fragmented sequencing capacity and improve

the representativeness of sequenced cases. This program is critical to

the need to monitor emerging variants and the commencement of

the national immunization program in March 2021. In resource‐

limited settings, whole‐genome sequencing can also be supple-

mented by partial sequencing or PCRs to detect key mutations found

in VOCs.25

5 | CONCLUSIONS

The major second and third pandemic waves in Malaysia were driven

by super‐spreading events of different predominant virus lineages

B.6 and B.1.524, respectively. There was also more localized circu-

lation of other minor lineages, notably in Sarawak. There is still a very

low level of population immunity even in Kuala Lumpur/Selangor, the

most heavily affected areas. With the recent first detections of the

VOCs B.1.351 and B.1.1.7 in Malaysia, there is a continuing high risk

of further waves of COVID‐19.
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