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ABSTRACT

Objectives: This study aims to understand the epidemiological features and level of genetic similarity
in the SARS-CoV-2 from different geographical areas in The Southeast Asia Region during an early
pandemic.

Methods: The data on COVID-19 «cases in Southeast Asia was collected from
https://worldometer.info/ and extracted independently. Complete genome SARS-CoV-2 nucleotide
sequence data was obtained from GISAID and NCBI online platforms. The sequences were aligned
using MEGA X software and identified RdRp and Spike genes using UGENE software. The phylogenetic
was constructed using MEGA X software to know the similarity of these genes among isolates in the
Southeast Asia region.

Results: The result showed that the first case in Southeast Asia was reported in January 2020. The
highest number of COVID-19 cases and death were reported from populous and suffering countries.
The phylogenetic results showed an identical solid (100%) among isolates, except for the Philippines-5
isolate. The Wuhan-Hu-1 (China) SARS-CoV-2 isolate (Acc. NC_045512) was transmitted to other
countries in Southeast Asia region with various mutations in the spike protein.

Conclusion: During the early pandemic, all countries in the Southeast Asia region reported COVID-19
cases. Indonesia became the country with the highest number of COVID-19 cases and deaths. The
level of similarity of the RdRp gene in the SARS-CoV-2 in Southeast Asia is higher than the Spike
genes. J Microbiol Infect Dis 2022; 12(4):139-148.

Keywords: Epidemiology, Phylogeny, SARS-Cov-2, Pandemic

INTRODUCTION were reported in a year, resulting in almost 2
million deaths. Since the virus is transmitted
from human to human [2,3,4], it spreads
quickly in crowded areas. Therefore, these
numbers are still increasing rapidly for the
incoming month and year. In addition,

Wuhan city, with a population of more than 11
million, is one of China's most populous cities.
Wuhan was the epicenter of the Coronavirus
Disease 2019 (COVID-19), which is caused by

SARS-CoV-2 infection [1]. The cases were infectious diseases may damage countries via
traced back to a wholesale seafood store that cross-border transmission. Since its breakout,

offered a range of live animals. During the first COVID-19 has expanded from China to

four months of the pandemic, it expanded to Southeast Asia in months, causing primary
over 210 nations worldwide, making Asia the concern. As of December 11th. 2020

first epidemic hub, followed by Europe and the 1,291,859 confirmed cases of COVID-19 have
Americas. Over 80 million COVID-19 cases

Correspondence: Dr. Ayu Rahayu, Department of Microbiology, Faculty of Medicine, Public Health, and Nursing, Universitas
Gadjah Mada, Yogyakarta, Indonesia
E-mail : arahayu.id@gmail.com
Received: 13 May 2022 Accepted: 01 December 2022
Copyright © JMID / Journal of Microbiology and Infectious Diseases 2022, All rights reserved



140 Rahayu A, et al., SARS-CoV-2 Phylogeny in Southeast Asia

been reported in the Southeast Asia region,
with a total of 29,761 deaths [5].

As of October 2020, more than 120,000
SARS-CoV-2 genome data have been shared
online [6]. It has allowed researchers to look at
the zoonotic origins and patterns of SARS-
CoV-2's global spread, the development of
vaccine candidates, surveillance, and the
discovery of novel genetic variants. SARS-
CoV-2 and other RNA viruses exhibit high
mutation rates linked to increased virulence
and evolvability. The previous study estimated
that general coronavirus mutation rates were
2x10-6 [7]. Globally, SARS-CoV-2 mutates at
roughly 23.6 mutations/per year [8, 9]. In
addition, many changes and deletions were
found in the genomes of distinct SARS-CoV-2
strains collected from diverse locations,
indicating a rapid development of the virus
during the present pandemic [10].

The phylogenetic tree provides a clear picture
of the evolution of the variants, even if it lacks
evidence that some variants are less common.
Therefore, understanding the phylogeny of
SARS-CoV-2 by analyzing its sequence from
different geographical areas could provide
insight into how these mutations enable
variable transmission of SARS-CoV-2 in
different parts of the world. Considering the
importance of public knowledge about the
SARS-CoV-2 epidemiologic and phylogenetic
analysis, we aimed to investigate and track the
SARS-CoV-2 virus in The Southeast Asia
region during the initial outbreak.

METHODS

Epidemiological of COVID-19 cases in the
Southeast Asia region

The cumulative data of COVID-19 confirmed
cases and death in the Southeast Asia region
(Brunei Darussalam, Indonesia, Malaysia,
Singapore, Myanmar, Laos, Cambodia,
Thailand, Philippines, Viet Nam, and East
Timor) as of December 12th, 2020 [5]. The
supporting data were extracted independently
using SPSS to analyze the cumulative cases,
the correlation between population and cases,
correlation cases, and the number of death [5].

SARS-CoV-2 Genome Sequences

The SARS-CoV-2 sequences were retrieved
from The Global Initiative on Sharing Avian
Influenza Data (GISAID) and The National
Center of Biotechnology Information (NCBI),
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an online platform [8, 11]. The data was
filtered with the following criteria: human-
hosted and whole genome. Five isolates were
retrieved randomly from each country in the
Southeast Asia region. In addition, the
complete sequence of SARS-CoV-2
originating from Wuhan, China, was used as a
reference genome.

RdRp (RNA-dependent RNA polymerase)
and S (spike) specific-gene analysis among
genomes

The multiple alignments obtained from whole-
genome sequences were used to extract sub-
alignments for each molecular target (S and
RdRp genes) in Unipro UGENE v.33.0,
considering the annotation of the isolate
Wuhan-Hu-1 available in the National Center
for Biotechnology Information [11]. Each sub-
alignment was manually verified to remove
sequences with Ns, unidentified positions
(denoted with the IUPAC code), and gaps.
Then, the collected whole-genome sequences
were analyzed with Unipro UGENE software to
cut the RdRp and S genes specific-site among
genomes. These cut (partial) genomes were
used for further analysis.

Phylogenetic analysis

RdRp and S gene sequences of SARS-Cov-2
circulating in the Southeast Asia region were
aligned (MSA) using the MEGA X software
package. The phylogenetic tree was
constructed using a neighbor-joining (NJ)
method with a 1,000 bootstraps replication.

RESULTS

The World Health Organization (WHO)
declared the COVID-19 pandemic on March
11th, 2020. In the Southeast Asia region,
Thailand reported the first case of COVID-19
in early January 2020, followed by Viet Nam,
Malaysia, Cambodia, and the Philippines.
COVID-19 transmission was reported in
Indonesia, Brunei Darussalam, East Timor,
Myanmar, and Laos in the next two months
(Figure 1). As of December 11th, 2020,
1,291,859 confirmed cases of COVID-19 have
been reported in the ASEAN region, with a
total of 29,761 deaths [5]. Indonesia has
recorded the highest cumulative COVID-19
cases in Southeast Asia, i.e., 611,631
confirmed cases with 18,653 deaths. The
Philippines has the second-highest COVID-19
of 4448,331 confirmed cases. COVID-19
cases in Southeast Asia are increasing rapidly
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in early 2020, especially in Indonesia, the
Philippines, and Cambodia.

Meanwhile, Myanmar and Malaysia reported
an increased number by September 2020.
Singapore expressed its readiness against the
COVID-19 pandemic since the cumulative
cases were stable eight months after the first
recorded case. East Timor and Laos reported
the lowest cases in Southeast Asia, i.e., 31
and 41 COVID-19 confirmed cases,
respectively, from January to December 2020
(Figure 2).

SARS-CoV-2 is highly transmittable from
human to human. Therefore, it suggested that
the COVID-19 pandemic may hardly hit the
densest area or country. Figure 3 shows a
positive correlation between cumulative
COVID-19 cases and populations. COVID-19
infection resulted in mild to severe symptoms
or even deaths. The Southeast Asia region
reported 29,761 death during the year. The
highest number of deaths recorded is from
Indonesia, with 18,653 deaths, followed by the
Philippines and Myanmar, with 8,730 and
2,220 deaths, respectively. Meanwhile,
Cambodia, Laos, and East Timor reported no
mortality cases in 2020. Figure 4 shows a
strong positive correlation between cumulative
COVID-19 cases and deaths.

A phylogenetic study based on the RdRp gene
placed the circulating SARS-CoV-2 isolate in
Southeast Asia in the same clade. The
sequence analysis showed an identical solid
(100%) among isolates, except for the
Philippines-5 isolate (Figure 5). However, the
study of S-gene-based phylogeny showed a
different result. Most of the Philippines isolates
and one isolate from Singapore were placed in
different clades with other ASEAN's SARS-
Cov-2 isolates, although they were 99%
identical (Figure 6). It concluded that the
Wuhan-Hu-1 (China) SARS-CoV-2 isolate
(Acc. NC_045512) was transmitted into other
countries in Southeast Asia region with various
mutations in the spike protein.

DISCUSSION

The SARS-CoV-2 reportedly originated in
Wuhan, China, and has spread worldwide
since late 2019. In less than three months, the
Asian region has become an epidemic center.
The population of Southeast Asia accounts for
about 8.54% of the world's population.
Indonesia records the most cases and deaths
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due to the COVID-19 outbreak in Southeast
Asia. SARS-CoV-2 shows a high potential for
transmission due to its highly contagious
nature [12].

In Southeast Asia, Indonesia and the
Philippines are the two most populous
countries, with 273,523,615 and 109,581,078
people, respectively, while Brunei Darussalam
has fewer inhabitants of 437,479 people [5].
The results showed that Indonesia and the
Philippines have the highest cumulative cases
and deaths. Indonesia recorded the highest
case fatality rate (CFR) of COVID-19 number
of 3.049, more significant than the global CFR
of 2.27. Cambodia, Laos, and East Timor have
reported the minimum amount of CFR. The
global CFR is disproportionate among
countries. Different amounts of CFR in various
countries may be due to the different situations
of the outbreak, the quality of healthcare
systems [13], demographic composition, and
social and non-pharmaceutical interventions
[14]. It indicated that many COVID-19 cases
were reported from populous countries and
suffering countries against the COVID-19
pandemic.

Indonesia confirmed that COVID-19 cases are
rising at a very rapid rate. The characteristic of
Indonesian COVID-19 patients was similar to
China and ltaly [15]. Indonesia is the most
populous country in Southeast Asia and is
included in low and middle-income countries
(LMIC). 1t has a high rate of disease
transmissions, including malaria, tuberculosis,
HIV, and other tropical infections [16], as well
as cardiovascular diseases, cancer, pulmonary
diseases, and diabetes [17]. As in many
LMICs, substantial proportions of the
population face barriers to accessing quality
healthcare services due to under-resourced
and fragile health systems [18]. These factors
may increase the cases and aggravate
COVID-19 patients in Indonesia.

The analysis result demonstrated that the
Southeast Asia region have a high sequence
similarity based on the RdRp gene. The RNA-
dependent RNA polymerase complex (RARp)
possesses proofreading capacity, implying that
the mutation rate of these viruses is lower than
that observed for other RNA viruses [19].
Figure 5 shows that the RdRp gene has high
similarities among circulating SARS-CoV-2
isolates in Southeast Asia, compared to the
reference isolate of Wuhan-Hu-1. They were
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Figure 1. The COVID-19 cases in Southeast Asia (updated by December 12th, 2020, from
https://worldometer.info/).
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Figure 2. Cumulative number of COVID-19 cases in Southeast Asia (recorded from January to December 2020).
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Figure 3. The correlation of cumulative COVID-19 cases to population number in the Southeast Asia (recorded

from January to December 2020).
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Figure 4. The correlation between cumulative COVID-19 cases and the number of deaths in Southeast Asia

(recorded from January to December 2020).
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Figure 5. Phylogenetic analysis of SARS-CoV-2 circulating in Southeast Asia based on their functional protein:
RNA-dependent RNA polymerase (RdRp) gene (the phylogeny of five randomly chosen isolates were
constructed by Neighbor-Joining analysis with 1,000 bootstraps in MEGA X software).

J Microbiol Infect Dis www.jmidonline.org Vol 12, No 4, December 2022



145 Rahayu A, et al., SARS-CoV-2 Phylogeny in Southeast Asia

Malaysia-1
Indonesia-3
Myanmar-2
USA
Indonesia-5
Singapore-2
Vietnam-1
Vietnam-3
Vietnam-2
Vietnam-4
Thailand-1
Indonesia-2
China-Wuhan
Vietnam-5
Thailand-5
Thailand-4
Thailand-3
Thailand-2
32 | Indonesia-4

Indonesia=1
Cambodia
Myanmar-1
Malaysia-2
Singapore-3
Malaysia-4
East Timor-1
Malaysia-5
East Timor-2
38 || Philippines-1
Malaysia-3
Brunei-5
Brunei-3
Brunei-4
Brunei-2
Singapore-1
East Timor-3
Brunei-1
Singapore-4

India

East Timor-4
Singapore-5
Philippines-3
Philippines-2
Philippines-5
Philippines-4

Figure 6. Phylogenetic analysis of SARS-CoV-2 circulating in Southeast Asia based on their structural protein:
spike gene (S) (the phylogeny of five randomly chosen isolates were constructed by Neighbor-Joining analysis
with 1,000 bootstraps in MEGA X software).

separately placed in different clades with sequence similarity was 96% identical. It
collected SARS-CoV-2 isolates from Niger, showed that the Wuhan-Hu-1 (China) SARS-
Australia, and Belgium. Although, the CoV-2 isolate (Acc. NC_045512) was
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transmitted into other countries in Southeast
Asia region with less mutation on the RdRp
gene. The previous study found that Iranian
SARS-CoV-2 isolates have the most similarity
to China’s isolate based on the RdRp gene
[20]. This present study showed that the
Philippines-5 isolate has less difference
among others, with two nucleic acid deletions.
Evaluation of the correlation of some
mutations of RdRp with COVID-19 mortality
rates will be clinically useful [13].
Consequently, it is essential to investigate and
characterize the SARS-CoV-2 RdRp mutations
to detect possible drug-resistant of SARS-
CoV-2 traits.

The importance of the spike glycoprotein has
been highlighted; additionally, it has been
discovered that SARS-CoV-2 has a high
number of mutations in its genome. The spike
gene of SARS-CoV and SARS-CoV-2 viruses,
which is responsible for viral entrance,
mediates the binding of angiotensin-converting
enzyme 2 (ACE2) to the host cell membrane.
The surface glycoprotein of the SARS-CoV
spike is made up of two parts: S1 and S2.
SARS-CoV-2's S protein attaches to the host
receptor ACE2 by its S1 subunit, which
contains RBD, and then fuses the viral and
host membranes via the S2 subunit, which
contains the fusion peptide primed by host
protease [13, 21]. Because SARS-CoV-2
identifies ACE2 as its host receptor for binding
to viral S protein, it is crucial to identify the
RBD in SARS-CoV-2 S protein as the most
likely target for novel inhibitors, neutralizing
antibodies and vaccines aimed against the
virus's attachment mechanism.

Figure 6 shows that the spike-encoding gene
is less conserved among circulating SARS-
CoV-2 isolates in Southeast Asia compared to
the reference isolate of Wuhan-Hu-1. The
spike protein is the most variable genomic
component of SARS-CoV [1]. This present
study showed that most Philippines isolates
and one isolate from Singapore were placed in
different clades with ASEAN's SARS-CoV-2
isolates, although they were 99% identical.
The previous study reported that the sequence
of the S gene from Iranian isolates is highly
similar to the sequence from Wuhan [20]. In
addition, the S protein sequence of Wuhan's
SARS-CoV-2 shows about 80% similarity with
bat coronaviruses [22]. A mutation in the S
gene is a severe clinical and public health
concern. It can alter a virus's tropism, including
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its ability to adapt to new hosts or increase its
pathogenicity. Detecting and analyzing
mutations in the spike protein from various
nations could provide insight into the continual
shift in its structure and how these mutations
enable varying transmission of SARS-CoV-2 in
various regions of the world [6]. The mutation
in the spike protein may be associated with
higher case fatality rates [23] and its
transmissibility to humans [24].

Scientists discovered that the nations hardest
struck by the COVID-19 outbreak have a high
fraction of the worldwide genetic diversity of
SARS-CoV-2, implying widespread global
transmission of SARS-CoV-2 early in the
epidemic and the absence of a single initial
patient in most countries and territories [13]. A
study of analysis sequences is crucial for
future investigations into the pathogenesis,
prevention, and treatment of SARS-CoV-2
infection. ldentifying genotypes connected to
specific  geographic locations  suggests
tracking the origin of variants and monitoring
the transmission of SARS-CoV-2. It could be
an essential tool in controlling the outbreak.

Our study has some limitations: 1) Testing
capacity was low during the early pandemic.
Therefore, there is a possibility of different
daily testing capacities among ASEAN
countries. 2) Deposited genomic data of
SARS-CoV-2 from ASEAN remind low. Here,
we only use five isolates from each country.

Conclusion

In the early pandemic, Indonesia recorded the
highest number of confirmed COVID-19 cases
and deaths in Southeast Asia. Sequence and
phylogenetic analysis showed that the RdRp
gene is conserved among circulating SARS-
CoV-2 in Southeast Asia, while the Spike-
encoding gene is less conserved.
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