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INTRODUCTION

Coronavirus disease 2019 (COVID-19) has been declared a
global pandemic since March 2020 (European Centre for
Disease Prevention and Control, 2020). Malaysia was among
the earliest affected countries. The COVID-19 outbreaks
in Malaysia are characterised by clusters, each named
exclusively based on the location of the outbreak. The first
wave of infection started on 24 January 2020 with the detection
of 22 cases, of which 12 reported to have travelled to
countries or regions with COVID-19 outbreaks (World Health
Organization, 2020). Following that, the second wave started
from 27 February 2020 until 19 September 2020. A total of
10,145 cases, 100 clusters, and 136 deaths were recorded
during the second wave (Abdullah, 2020). The Sri Petaling
Tabligh cluster that resulted from a mass religious gathering
was a main contributor to the spike in COVID-19 cases during
this phase (Malaymail, 2020). Some other major clusters also
emerged towards the end of the second wave around August
2020 in the state of Kedah (Sivagangga, Tawar, Sala, Sungai,
& Tembok clusters). Not long after the second wave settled,
the third wave began when a major cluster was declared in
Sabah, i.e. the Benteng Lahad Datu (Benteng LD) cluster in
September 2020 (TheStar, 2020a). The cases from this cluster
subsequently spread to Peninsular Malaysia, leading to the
emergence of post-Benteng LD clusters.

Based on the data from the Crisis Preparedness
Response Centre (CPRC) of the Ministry of Health Malaysia
(MOH), a total of 290, 585 cases and 1000 deaths have
been reported as contributed solely by the third wave of
COVID-19 as of 28th February 2021 which is equivalent to
96.6.2% of all the COVID-19 cases in the country at that time.
Many existing studies on epidemiological linking and
mathematical modelling that forecast COVID-19 transmission
(Gill et al., 2020) have provided great assistance to the MOH
in controlling the transmission of COVID-19 in Malaysia.
However, it remains crucial to study the evolution of the
circulating SARS-CoV-2 variants to monitor all the possible
outcomes of the viral mutations, especially on the potential
implications towards the community and population. To
achieve this monitoring purpose, the genomic analysis must
be performed in a timely manner. This study was conducted
to analyse the SARS-CoV-2 full genomes obtained from the
third wave clusters in Malaysia, with a particular focus on
the Benteng- LD and post-Benteng-LD clusters in order to
provide an insight on any possible evolution that has taken
place.

MATERIALS AND METHODS

The study received expedited ethical approval from the
Medical Research and Ethics Committee (MREC) (NMRR-20-
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The emergence of a third wave of COVID-19 infection in Malaysia since September 2020 has
led to imminent changes in public health prevention and control measures. As high as 96.2%
of registered COVID-19 cases and 88.5% of confirmed deaths in Malaysia occurred during this
third wave of infection. A phylogenomic study on 258 SARS-CoV-2 full genomes from February
2020-February 2021 has led to the discovery of a novel Malaysian lineage B.1.524. This lineage
contains another spike mutation A701V that co-exists with the D614G spike mutation that
was predominant in most of the third-wave clusters. The study provides vital genomic insights
on the rapid spread of the SARS-CoV-2 variants in Malaysia in conjunction with the presence
of a dominant SARS-CoV-2 lineage during the third wave of COVID-19 infection.
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884-54816). A total of 258 clinical specimens obtained from
COVID-19 suspected patients from state hospitals and sent
for routine diagnostic to our reference laboratory were
included in this study. V iral nucleic acids were extracted
from positive cases of COVID-19 using the QIAmp Mini Viral
Nucleic Acid extraction kit (Qiagen, USA). The original
specimens were selected based on a cycle threshold value
of less than 25 (CT <25) after routine detection assay of
SARS-CoV-2 genome using the BGI Real-Time RT-PCR kit
(Beijing, China). Specimens with CT >25 were subjected
to viral isolation prior to selection for whole-genome
sequencing. After that, the quantity of all the extracted viral
RNA was assessed using Qubit RNA High Sensitivity assay
(Invitrogen, USA) on Qubit 4 Fluorometer (Invitrogen, USA).

In the next step, the genomic library was prepared using
the TruSeq Stranded Total RNA Library Prep Gold kit (Illumina,
USA) before being sequenced with 2×75-bp paired-end
library on a NextSeq500 platform (Illumina). Good quality
sequencing reads that were obtained via BBDuk (BBTools
version 38.57) trimming and filtering were assembled
using MEGAHIT (version 1.2.8) to obtain contigs. Sequence
similarity search for SARS-Cov-2-specific contig filtering was
performed with BLASTN (version 2.9.0+). Then, the genome
was annotated by aligning known SARS-CoV-2 protein
sequences to complete genome sequences using Exonerate
(Slater & Birney, 2005) whereas incomplete genomes were
predicted using the Prokka pipeline (Seeman, 2014). The full
genome sequences of SARS-CoV-2 were aligned with
genomes from other countries available in the GISAID
database using EMBOSS (Minh et al., 2020). Lastly, a
phylogenetic tree was constructed with MEGA-X using the
Neighbour-Joining algorithm and bootstrap 1000x replication.
All variants were annotated with mutation type using SnpEff
(Cingolani et al., 2012).

RESULTS

A total of 258 SARS-CoV-2 full genomes encompassing COVID-
19 cases from February 2020 to February 2021 were sequenced
(GISAID accession numbers: EPI_ISL_430439-1424518). This
included five SARS-CoV-2 genome sequences from the first
wave, 53 from the second wave, and 200 from the third
wave clusters respectively. Following the adaptation of the
lineage classification described by Forster et al. (2020), the
phylogenetic analysis of the Malaysian SARS-CoV-2 genomes
revealed the presence of lineages B-Wuhan and B-derived
(Figure 1). The clade L, lineage B-Wuhan made up the
predominant circulating SARS-CoV-2 variants during the first
wave and early second wave of COVID-19 outbreaks in
Malaysia with an overall prevalence of 4.3% (n=11). From
this point onwards, an evolution took place with the
formation of clades and lineages. The circulating variants
during the mid-second wave and third wave were mainly
dominant lineages derived from B-Wuhan. Two major
lineages that emerged during the second wave of infection
included the clade O, lineage B.6.2 (4.3%, n=11) during the
mid-second wave, and the clade GR, lineage B.1.1.354
(7.4%, n=19) at the end of the second wave. By this time,
the ancestral lineage B-Wuhan was also found to have
diminished. During the third wave of COVID-19, the
dominance of a single clade GH, lineage B.1.524 was
observed, with a high prevalence of 58.5% (n=151).

Additionally, two dominant spike mutations, i.e. D614G
and A701V were constantly found among the majority of the
SARS-CoV-2 circulating in Malaysia with an overall prevalence
of 86.4% (223/258) and 62.0% (n=160/258) respectively. Apart
from D614G, the emergence of the A701V mutation in the

spike gene in lineage B.1.524 was predominant during the
third wave clusters. The prevalence of this mutation was
detected in 62.0% of all the sequenced strains in this study,
of which 80.0% were from the third wave clusters. Unlike
D614G, the A701V variant was not observed in any genomes
of SARS-CoV-2 prior to the Benteng-LD cluster (Figure 2).

DISCUSSION

The study highlights the emergence of a local lineage, namely
B.1.524, and the conferred spike mutation A701V of SARS-
CoV-2 in Malaysia. The Pango lineage nomenclature had
officially classified the B.1.524 as a Malaysian lineage (Pango
lineages, 2021). The lineage was first discovered among
cases from the Benteng-LD cluster in Sabah in early
September 2020. The Benteng-LD cluster was identified
following the screening of new detainees locked up at the
Lahad Datu District Police Headquarters (IPD), Sabah on 1st

September 2020. Within ten days, up to 500 positive cases
were detected among prisoners and the general public from
this cluster, with the majority being Malaysians (Malaysiakini,
2020). A total of 22 SARS-CoV-2 full genome sequences from
samples collected from this cluster on 1st September 2020
are available in GISAID (EPI_ISL_718298 – 718304). After the
initial discovery in Sabah, it spread rapidly and by the end of
September, the B.1.524 lineage was observed among the
clusters in Peninsular Malaysia, mainly among returnees
from Sabah after the state general election. The first case
infected by lineage B.1.524 in Peninsular Malaysia was traced
to a sample collected on 28 September 2020 (EPI_ISL_728157).

By focusing on the 151 full genome sequences of lineage
B.1.524 from the third wave of infection in the phylogenetic
tree (Figure 2), evolutionary proximity can be observed
between the SARS-CoV-2 variants from the Benteng LD and
post-Benteng LD clusters in Malaysia. Thus, it is highly
suggestive that the Benteng LD variant could be the parental
strain responsible for the emergence of the third wave
clusters. The emergence of spike mutation A701V in lineage
B.1.524 among the vast majority of third wave cases was
significantly concordant with the sudden spike of COVID-19
cases. Furthermore, our postulation was supported by the
data from GISAID, in which the lineage B.1.524 that harboured
the mutations A701V and D614G was first identified in
large numbers in Malaysia during early September 2020
before being deposited in GISAID in November 2020, thus
demonstrating a high possibility that the lineage originated
from Malaysia. Even though the lineage was reported in other
countries, it was only in a much later period. As of February
2021, the deposition of lineage B.1.524 in GISAID originated
from other countries, including Singapore (n=60), Australia
(n=2), and Cambodia (n=1).

The persistent co-circulation of the A701V with D614G
highly indicates that these two spike mutations have
enhanced the survival fitness of the Malaysian lineage
B.1.524. Recent studies demonstrated that the D614G
transmitted significantly faster and produced higher
infectious titres (Hou et al., 2020; Plante et al., 2020). Based
on our data, the spike mutation D614G was first observed in
the SARS-CoV-2 genomes isolated from imported cases. After
that, they were persistently transmitted to second and third
wave clusters including Sivagangga, Tawar, Sungai, Tembok,
Benteng LD, and post-Benteng LD.

The impact of the lineage containing the D614G and
A701V spike mutations in Malaysia was evident through the
enormous transmission of COVID-19 within a short period.
From the very early stage of the second wave clusters, our
genome sequencing findings have cautioned the existence
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Figure 1. Phylogenetic tree showing the dominance of B.1.524 lineage in Malaysia (representative sequences) and
the evolutionary relationship among various clusters in Malaysia represented by different font colours.
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Figure 2. The overview of COVID-19 cases and transition of important spike mutations during the three major waves of infection
in Malaysia (MCO: Movement Control Order; CMCO: Conditional Movement Control Order; RMCO: Recovery Movement Control
Order; NC: Non-citizen; C: Citizen).

of the D614G in a timely manner, hence leading to prompt
decision making on contact tracing and containment efforts
(TheStar, 2020b). However, the Benteng LD cluster failed to
be contained and led to the subsequent outbreaks of third
wave clusters. Some mutations were efficiently preserved in
subsequent clusters and found to be capable of providing
enhanced fitness to the virus, thus indicated that positive
selection might have taken place. A previous study has
reported that positively selected mutants can produce the
strongest transmission in a dense population with a large
number of immunologically naive individuals (Troy et al.,
2020). Another study finding revealed that the A701V spike
mutation is located at the furin cleavage site which is also
found in the highly transmissible Beta variant (B.1.351)
(Annavajhala et al., 2021). The furin cleavage site is an
important determinant of SARS-CoV-2 transmission whereby
mutations emerging at this site potentially increase the
cleavage of S1/S2 subunits of the spike protein and enhances
the cell entry (Peacock et al., 2021). Thus, from the genomic
aspect, a possibility can be linked to the role of the novel
A701V mutation whereby it may have accelerated the
transmission of the Benteng LD and post-Benteng LD clusters,
causing the virus to become fitter than the D614G variant.

Several strengths are inherent in this study. To the best
of the researcher ’s knowledge, this is the first study that
elucidates the presence of the dominant lineage and spike
mutation during the third wave of the COVID-19 pandemic in
Malaysia. Thus, it provides an added value to the existing
study that reported on the dominance of lineage B.6 during
the early phase of the pandemic (Chong et al, 2020).
Additionally, a large sample size that originated solely
from our laboratory in the Institute for Medical Research
(IMR) was applied in the study. As the national reference
laboratory for COVID-19 genomic surveillance, IMR is the
largest contributor to the genomic surveillance of SARS-

CoV-2 in Malaysia. Thus, this study analysed the samples
from multiple sentinels in all the states of Malaysia.
Therefore, the study findings are meaningful and nationally
representative of the current SARS-CoV-2 circulation in
Malaysia.

CONCLUSION

This study focused on identifying the dominant lineage and
spike mutations that circulated during the emergence of the
third wave COVID-19 infection in Malaysia. The emergence
of A701V spike mutation in lineage B.1.524 among the
majority of the third wave clusters in Malaysia is an impactful
observation. This analysis provided vital insight into the
evolutionary impact of SARS-CoV-2 mutations on the
enormous spike in COVID-19 cases in Malaysia during this
period. Even though this mutation was also observed in a
few SARS-CoV-2 genomes from other countries, its impact on
the transmission was not highlighted. The findings from this
study emphasises the need for continuous monitoring of
the A701V spike mutation.
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