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Backgrounds: The COVID-19 (coronavirus disease-2019) pandemic caused by SARS-CoV-2 
(severe acute respiratory syndrome coronavirus 2) has led to significant global health 
impacts. Understanding the genomic evolution and mutation dynamics of SARS-CoV-2 is 
crucial for devising effective control measures. This study aimed to perform genomic analysis 
of early 2020 SARS-CoV-2 isolates from West Kalimantan, Indonesia, focusing on the presence 
of the D614G mutation.
Materials & Methods: Samples were collected from individuals whose COVID-19 was 
confirmed using RT-PCR at the Microbiology Laboratory of Tanjungpura University Hospital 
during October to November 2020. Samples were sequenced following standard protocols 
using a GridION sequencer at the Genetica Science Sequencing Services Company in Jakarta. 
Additionally, 53,109 SARS-CoV-2 genome sequences from Indonesia (January 2020- June 
2023) were retrieved from the GISAID database. A phylogenetic tree and 3D (dimensional) 
protein structure were constructed using MEGA X software and Iterative Threading Assembly 
Refinement (I-TASSER).
Findings: Genomic sequencing and phylogenetic analysis showed that both West Kalimantan 
isolates were closely related to the Wuhan Hu-1 strain and belonged to the B.1.459 lineage. 
Both samples exhibited the D614G mutation in the spike protein, a mutation later found in 
dominant variants including Delta and Omicron in Indonesia. The identification of B.1.459 in 
this region contributes to understanding its spread across the archipelago.
Conclusion: This study provides genomic evidence of the first SARS-CoV-2 isolates in West 
Kalimantan, supporting the role of the D614G mutation in increased transmission. It also 
enhances understanding of the emergence and geographic distribution of the B.1.459 lineage 
in Indonesia, highlighting the importance of continued genomic surveillance.  
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Introduction
Over the past years, around 7 million 
people have died, and 777 million have 
been affected by the COVID-19 (coronavirus 
disease-2019) pandemic (as of March 
2025) [1]. The outbreak, which began in 
December 2019, was caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-
CoV-2), a large RNA virus belonging to the 
coronavirus family. SARS-CoV-2 shares 79 
and 50% genomic similarity to SARS-CoV-1 
and Middle East respiratory syndrome 
coronavirus (MERS-CoV), respectively 
[2]. Since the beginning of the pandemic, 
SARS-CoV-2 has rapidly spread worldwide, 
causing mild to severe symptoms such 
as fever, fatigue, dry cough, headache, 
diarrhea, hypoxia, dyspnea, respiratory 
failure, and pneumonia, which could lead 
to death [3, 4]China, was c aused by a novel 
betacoronavirus, the 2019 novel coronavirus 
(2019-nCo V. However, most COVID-19 
patients have been asymptomatic but could 
still transmit the virus, contributing to the 
rapid spread of SARS-CoV-2 [5].         
The capacity of SARS-CoV-2 to transmit 
and infect host cells has evolved through 
genomic mutation, which is a form of 
adaptation that could alter protein function 
and lead to characteristic changes [6]. SARS-
CoV-2 possesses a genome of 29.8 – 29.9 kb, 
composed of positive-sense single-stranded 
RNA protected by an envelope [7]. Around 
70% of the viral genome is in the form of 
ORF1a and ORF1b (open reading frames), 
encoding 15 non-structural proteins (NSPs) 
[8]. The remaining genome encodes structural 
proteins, i.e., membrane (M), envelope (E), 
nucleocapsid (N), and spike (S). Research 
on SARS-CoV-2 has primarily focused on 
the spike protein, playing a key role in viral 
entry [9]. The spike (S) protein is essential for 
binding to host target cells and mediating 
immune activation and serves as a target 
for COVID-19 therapy and vaccination [10, 11]

RNA viruses such as SARS-CoV-2 naturally 
undergo adaptation through mutations 
that arise as part of their replication 
cycle, resulting in various viral lineages. 
Mutations in SARS-CoV-2 may potentially 
alter its characteristics, leading to enhanced 
pathogenicity and decreased susceptibility 
to immune responses or therapeutic agents. 
To monitor and understand these changes, 
genomic surveillance of SARS-CoV-2 serves 
multiple purposes, including tracking the 
origin of the virus [12], exploring transmission 
routes [13], conducting epidemiological 
studies, and most importantly, investigating 
viral evolution and its escape from 
neutralizing antibodies [14]. 
An example of such characteristic changes 
is the D614G mutation in the carboxy(C)-
terminal region of the S1 domain, which 
is believed to confer a fitness advantage to 
the lineage and has become prevalent since 
April 2020 [9, 15]. The D614G mutation, which 
substitutes aspartic acid (D) with glycine 
(G), was initially identified in Argentina in 
January 2020 and subsequently reported in 
Indonesia in March 2020 [16].  In Indonesia, 
this mutation has become highly prevalent, 
with 97% of isolates exhibiting this mutation, 
contributing to the rapid spread of the virus 
in the second wave of the pandemic [17]. While 
the spread and dominance of the D614G 
mutation have been documented in several 
regions of Indonesia, such as Yogyakarta and 
Central Java [18], limited data are available 
regarding its emergence and circulation 
in the western part of the archipelago, 
particularly West Kalimantan. This study 
aimed to close that gap by providing genomic 
surveillance data from an underrepresented 
region, resulting in a more comprehensive 
understanding of SARS-CoV-2 evolution and 
transmission dynamics across Indonesia.  
Investigating the D614G mutation in the 
SARS-CoV-2 spike protein is critical to un-
derstanding and monitoring the virus be-
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cause of its significant impact on transmis-
sibility, viral fitness, and vaccine efficacy. 
This mutation has become globally dom-
inant within circulating SARS-CoV-2 vari-
ants, suggesting a selective advantage that 
enhances the virus’s ability to spread among 
human hosts. Although the D614G mutation 
presents challenges for monitoring and con-
trolling the pandemic, it offers insights into 
the virus’s evolution and potential targets 
for therapeutic interventions. Understand-
ing these dynamics is crucial for an effective 
public health response [19, 20]. 
In this context, genomic research has played a 
pivotal role in understanding and combating 
COVID-19. However, there is a notable 
scarcity of genomic surveillance of SARS-
CoV-2 in Indonesia, particularly concerning 
the D614G mutation. Most existing studies 
have primarily focused on sequences from 
Java Island. Therefore, this study aimed 
to perform genomic surveillance of early 
SARS-CoV-2 isolates from West Kalimantan 
(outside Java Island), with particular 
attention to the D614G mutation. 
Objectives: This study marked the first 
isolation and genomic characterization of 
SARS-CoV-2 sequences from West Kaliman-
tan during the early stages of the 2020 pan-
demic, specifically examining the emergence 
and presence of the D614G mutation in In-
donesia over time.
 
Materials and Methods
Sample collection: Samples were collected 
from individuals exhibiting COVID-19 symp-
toms as well as randomly-selected healthy 
individuals who were swabbed in dense-
ly-populated areas as part of epidemiologi-
cal surveillance during October and Novem-
ber 2020. Samples were confirmed positive 
for COVID-19 at the Microbiology Laborato-
ry of Tanjungpura University Hospital. To be 
included in the study, samples had to meet 
specific criteria: having a positive result for 

COVID-19 based on real-time polymerase 
chain reaction (RT-PCR) analysis, having a 
cycle threshold (Ct) value < 30, and originat-
ing from West Kalimantan. Nasopharyngeal 
and oropharyngeal samples were collect-
ed using sterile cotton swabs, submerged 
in viral transport medium (VTM), and then 
stored in a refrigerator at -80 oC until anal-
ysis. Sample collection procedures were 
approved by the Health Research Ethics 
Committee of the Faculty of Medicine, Tan-
jungpura University (registration number: 
8179/UN22.9/PG/2022). 
Nucleic acid extraction and SARS-CoV-2 
detection by real-time polymerase chain 
reaction (RT-PCR): Nucleic acid was 
extracted from two nasopharyngeal and 
oropharyngeal samples using an extraction 
kit following the manufacturer’s protocol 
(Bioneer viral RNA Extraction Kit, Korea). 
The process involved utilizing 200 µL of 
samples to yield 100 µL of total RNA. Total 
RNA was then used for RT-PCR analysis and 
whole-genome analysis. For the detection 
of SARS-CoV-2 nucleic acid, RT-PCR was 
performed using the Biosewoom Real-Q 
2019-nCoV Detection Kit (2020.03.25) 
with slight modifications. Oligonucleotide 
primers and probes used to detect SARS-
CoV-2 were selected from regions of the viral 
RNA-dependent RNA polymerase (RdRP) 
gene and envelope (E) gene. An additional 
primer/probe set was also included in the 
kit to detect the human RNase P gene (HRP) 
in clinical specimens. The fluorescent dye of 
the probes utilized was FAM for the RdRp 
gene, HEX for the E gene, and Cy5 for the 
human RNase P gene. About 20 µL of the 
master mix was dispensed into strip tubes 
or plates, then 10 µL of sample RNA and 
positive control were added into each well. 
RNA-free water served as a negative control. 
The RT-PCR process was conducted using 
the QuantStudioTM 5 real-time PCR system 
(Thermo Fisher Scientific) with the following 
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cycling parameters: one cycle of 50 oC for 30 
min and 95 oC for 15 min, followed by 40 
cycles of 95 oC for 15 s and 62 oC for 45 s. 
Quantification, integrity, and quality of RNA: 
The quantification, integrity, and quality of 
RNA were verified by fluorometric method 
using a Qubit 4 fluorometer. RNA analysis 
followed the protocol outlined in the Qubit 
RNA HS Assay Kit for RNA quantification and 
the Qubit RNA IQ Assay Kit for RNA integrity 
and quality measurement (Thermo Fisher 
Scientific, Willow Creek Rd, CA, USA).
Library preparation and sequencing: PCR 
products obtained from RT-PCR were 
sequenced according to standard protocols 
using a GridION DNA sequencer (Oxford 
Nanopore Technologies) at the Genetica 
Science Sequencing Services Company in 
Jakarta. Sequencing library preparation was 
conducted according to the manufacturer’s 
instructions for the Rapid Barcoding Kit (SQK-
RBK110.96, Oxford Nanopore Technologies) 
and Midnight RT PCR Expansion Kit (EXP-
MRT001, Oxford Nanopore Technologies). 
A total of 8 µL of samples were used for 
sequencing analysis. Barcoding reactions 
were performed on individual samples 
before pooling and cleanup using SPRI 
beads. The sequencing mixture with a total 
volume of 75 μL comprised 12 µL of DNA 
library [1 µL of RAP (rapid adapter) and 10 
µL of pooled samples (800 ng/µL)], 37,5 
µL of sequencing buffer, and 25,5 µL of 
loading solution. Sequencing was carried 
out using a GridION sequencer (Oxford 
Nanopore Technologies), and base-calling 
was performed using MinKNOW operating 
software. Demultiplexing and identification 
of SARS-CoV-2 were performed using 
the EPI2ME cloud-based bioinformatics 
platform. Data were processed using Fastq 
QC + ARTIC + NextClade 2022.07.19-
15399 with a default minimum q-score of 
8. Sequences were identified based on the 
Pangolin and GISAID (global initiative on 

sharing all influenza data) databases.
Phylogenetic analysis and molecular dock-
ing: Phylogenetic analyses were conducted 
using the ClustalW method [17]. The sequenc-
es of our samples were aligned with the 
reference genome (hCoV-19/Wuhan/Hu-
1/2019) and other variants, including Beta 
B.1.351, Delta B.1, Gamma P.1, Alpha B.1.1.7, 
Lambda C.37, Omicron B.1.1.529, and XBB. 
A phylogenetic tree was constructed using 
the maximum likelihood (ML) method with 
a bootstrap consensus tree of 1000 repli-
cates and the Tamura-Nei model in MEGA 
X software to visualize the evolutionary re-
lationships between our samples and other 
SARS-CoV-2 isolates deposited in GISAID. 
Additionally, the 3D structure of S-protein in 
both samples was predicted using I-TASSER 
(iterative threading assembly refinement) 
for further analysis. 
Prevalence analysis of the D614G mutation 
in Indonesia: The temporal prevalence and 
epidemiological development of the D614G 
mutation in SARS-CoV-2 isolates in Indonesia 
were analyzed through retrospective 
genome analysis using publicly accessible 
sequence data. A total of 53,109 SARS-CoV-2 
genome sequences, originating from cases 
in Indonesia, were obtained from the GISAID 
database. This dataset covers the period 
from March 2020 to June 2023, spanning 
from the beginning of the COVID-19 outbreak 
to the official declaration of the end of the 
pandemic phase in Indonesia. The monthly 
prevalence of the D614G mutation was 
determined by calculating the proportion 
of sequences with the D614G amino acid 
substitution relative to the total number 
of SARS-CoV-2 sequences submitted to the 
database from Indonesia during each month 
of the study period.

Findings
Patient characteristics and molecular 
analysis: During the first year of the 
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pandemic, samples were collected from 
two COVID-19 patients residing in West 
Kalimantan. Sample X was collected from a 
young female patient on November 28, 2020, 
while sample Y was obtained from an older 
male patient from Mempawah Regency, who 
tested positive for COVID-19 on October 15, 
2020. The patient corresponding to sample 
Y experienced mild symptoms, such as 
fatigue and headache, and had no underlying 
comorbidities. In contrast, sample X was 
taken from an asymptomatic patient with 
no comorbidities. To ensure high-quality 
sequencing, a low cycle threshold (Ct) 
value is necessary. Therefore, RT-PCR was 
performed to detect SARS-CoV-2 (Table 1), 
and both samples exhibited low Ct values for 
the ORF1ab and RdRp genes.
Phylogenetic analysis of SARS-CoV-2 isolates 
from West Kalimantan in 2020: The evolu-
tionary history was inferred using the max-
imum likelihood method with a bootstrap 
consensus tree of 1000 replicates (Figure 
1). The phylogenetic tree analysis results 
showed that both samples studied shared 
a close ancestral lineage with the original 
Wuhan Hu 1 reference strain, representing 
the earliest identified SARS-CoV-2 genome. 
Furthermore, these samples also exhibited 

a close genetic relationship with the two 
primary variants of concern, namely Beta 
(B.1351) and Delta (B.1), suggesting that 
they might have evolved from the same an-
cestral node in the SARS-CoV-2 phylogenetic 
tree. In contrast, the phylogenetic analysis 
revealed that both samples shared a more 
distant lineage with several other major 
variants of concern and interest, including 
Gamma (P.1), Alpha (B.1.1.7), Lambda (C.37), 
Omicron (B.1.1.529), and the recombinant 
XBB lineage. These variants appear to have 
acquired additional mutations over time, as 
evidenced by their divergence in several ge-
nomic sequences, particularly in the spike 
protein gene and other regions associated 
with viral infectivity and immune escape. 
Genomic mutation analysis of SARS-CoV-2 
isolates from West Kalimantan in 2020: 
To explore mutations, viral genomes 
were sequenced using next-generation 
sequencing (NGS). The resulting data were 
pairwise aligned with the reference strain 
hCoV-19/Wuha n/WIV04/2019, which was 
sequenced in China on December 30, 2019. 
Alignment was conducted using Molecular 
Evolutionary Genetics Analysis (MEGA) 
software (Ver. 10.2.2), and the sequences 
were subsequently submitted to GISAID. 

Table 1) Sample characteristics and RT-PCR test result for SARS-CoV-2

Variable Sample X Sample Y

Sample characteristics 
Gender Female Male 
Age 32 55
City of Origin Pontianak Mempawah
Clinical symptom Asymptomatic Fatigue, headache 
Comorbidities No comorbidities No comorbidities 

Suspected source of infection Direct contact with COVID-19 
patient -

Patient status Alive Alive
RT-PCR Results

Cycle Threshold (Ct) of ORF1ab gene 18.47 25.26
Cycle Threshold (Ct) of RdRp gene 17.38 23.89
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Sample X was assigned the accession 
number EPI_ISL_911708, while sample 
Y was assigned the accession number 
EPI_ISL_902921. Both samples exhibited 
high sequencing coverage, with 97% of 
nucleotides sequenced, as stretches of 
NNNs were less than 3%. After submission 
to GISAID, both samples were identified 
as belonging to the B.1.459 lineage. Then 
mutations in three proteins, including the 
spike (S) protein, nucleocapsid (N) protein, 
and non-structural proteins (NSPs), were 
identified in both samples (Table 2). Sample 
Y had mutations at D614G and L5F of the S 
protein, whereas sample X had additional 
mutations at A260V, S689R, and M731I. 
In the N protein, both samples had one 
mutation each: A119S in sample X and 
R203M in sample Y. Furthermore, several 
mutations were found in non-structural 
proteins (NSPs) in both samples, including 
P822L (nsp3), P323L (nsp12), and Q57H 
(ns3). Additionally, sample X displayed 
mutations at H82R and G49V, while sample 
Y had an additional mutation at G172C. 
Spike protein mutations: Among the 
mutations identified in the samples, those 
in the spike protein were subjected to 
further investigation in this study. The spike 
protein of SARS-CoV-2 plays a pivotal role 
in receptor recognition, viral attachment, 
and entry into the host cell. Thus, mutations 
in this protein sequence may impact viral 

pathogenicity. Samples X and Y were 
aligned with the reference strain hCoV-
19/Wuhan/WIV04/2019 using Molecular 
Evolutionary Genetics Analysis (MEGA). As 
shown in Figure 2a, a change was observed 
in the amino acid at position 614 from 
aspartate (D) in the reference sequence to 
glycine (G) in both samples. Subsequently, 
the 3D structure of the spike protein was 
predicted for further analysis using Iterative 
Threading Assembly Refinement (I-TASSER). 
The 3D structure of sample X was aligned 
with the reference protein 7CWL (SARS-
CoV-2 spike protein and P17 fab complex 
with one RBD in close state) [20], revealing 
a distance of 1.1 Å�  between the aspartate 
residue in 7CWL and the glycine residue in 
sample X. Comparatively, when compared 
to the reference protein 6VSB [21], sample Y 
exhibited a longer distance of 2.1 Å� .
Spread of the D614G mutation in SARS-CoV-2 
variants during the pandemic in Indonesia: 
The D614G mutation, a point mutation in the 
spike protein, has garnered attention due to 
its impact on viral infectivity. Since this mu-
tation was identified in the studied samples, 
53.109 sequence samples from Indonesia, 
submitted to GISAID up to June 2023, were 
collected to monitor the presence of D614G. 
The prevalence of the D614G mutation was 
presented as the percentage of its occur-
rence in seven variants: Alpha, Beta, Delta, 
Eta, Kappa, Omicron, and “n/a” (lineages not 

Table 2)  Mutation of sample X and Y based on whole genome sequencing (WGS) analysis

Location of Mutation

Spike protein Nucleocapsid protein Non-structural protein

Sample X Sample Y Sample X Sample Y Sample X Sample Y
A260V - A119S - P822L P822L
D614G D614G - R203M P323L P323L
S689R - H82R -
M731I - G49V -

L5F Q57H Q57H
- G172C
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Figure 1) The evolutionary analysis indicates that the two samples share a common ancestral origin with the 
Wuhan-Hu1- strain, as well as with the former variants of concern Beta (B.1.351) and Delta (B.1). In contrast, 
they exhibit distinct evolutionary lineages from the Gamma (P.1), Alpha (B.1.1.7), Lambda (C.37), Omicron 
(B.1.1.529), and XBB variants.

Figure 2) a)The alignment panel of Spike protein mutation in sequence 614, mutated from Aspartate(D) into 
Glysine (G) in both samples. b) The S-protein from samples X (dark blue) aligned with protein reference 7CWL 
(in green) using PyMol software. c) 3D model of S-protein from sample Y (dark blue) aligned with protein 
reference 6VSB (in green).
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belonging to any known variants) (Figure 
3). As illustrated in Figure 3, the prevalence 
of the D614G mutation gradually increased 
since March 2020, reaching a steady pres-
ence in nearly all sequences throughout 
the pandemic. Initially, the D614G mutation 
appeared in sequences classified as “n/a”. 
When the Delta variant dominated Indone-
sia in 2021, the mutation was detected in the 
majority of Delta variant sequences (> 90% 
of cases). In the same year, the D614G mu-
tation was also found in minority variants 
such as Alpha, Eta, and Kappa. By 2022 and 
2023 (the end of the pandemic), the D614G 
mutation was identified in all Omicron vari-
ant sequences.
 
Discussion
The pandemic, which began in 2019, 
shows no signs of ending soon. As a global 
phenomenon, SARS-CoV-2 mutations have 
primarily emerged independently in various 
countries. The rapid genomic changes of 
SARS-CoV-2 may act as a double-edged 
sword for an RNA virus; large population 
passages often result in fitness gains through 
advantageous mutations [21]; however, these 
same mutations may also hinder host 
immune defenses and pose challenges to 

vaccination strategies. 
In April 2020, West Kalimantan reported its 
first confirmed SARS-CoV-2 cases through 
RT-PCR testing. Between August and 
December 2020, confirmed cases increased 
by 4.17 times [22], raising concerns about 
possible viral mutations in the region. 
Although the first case appeared in April, a 
significant increase in cases towards the end 
of the year prompted us to collect samples 
in October and November to investigate 
potential genomic changes. However, limited 
resources and facilities at the time restricted 
us to analyzing only two samples by the 
end of the year, which is a limitation of the 
study. The detection of D614G in the studied 
samples, representing the first genomic data 
from West Kalimantan, aligns with its rapid 
spread across Indonesia during the early 
stages of the pandemic up to June 2023. 
After submitting sequencing data to GISAID, 
both samples were identified as belonging 
to the B.1.459 lineage, which was later 
detected in North Sumatera (Indonesia) in 
June 2021 [23]. The B.1.459 lineage was also 
reported in January 2021 in the Sarawak 
region of Malaysia, directly bordering West 
Kalimantan [24]. The fact that these samples 
were from COVID-19 cases that significantly 

Figure 3) Prevalence of the D614G mutation among seven SARS-CoV2- variants identified in Indonesia 
between 2020 and 2023
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increased during October and November 
suggests that the D614G mutation might have 
played a role in increasing virus transmission 
in the region. This highlights how even a 
small number of genomic sequences, when 
contextualized with epidemiological data, 
could provide important insights into the 
dynamics of variant spread [15]. 
Samples were collected from individuals of 
different genders without any comorbidities. 
The symptoms such as headache and fatigue 
experienced by patient Y might have been 
associated with his age and gender [25, 26]. 
However, none of the patients experienced 
severe COVID-19. Although studies on the 
relationship between low cycle threshold 
(Ct) values and COVID-19 severity have 
remained inconclusive, they have been 
reported to be strongly associated with 
viral transmission [27, 28]. This explains why 
patient X did not experience any symptoms 
despite having a lower Ct value compared 
to patient Y. The low Ct values observed in 
the studied samples may be due to various 
factors, including specimen type, extraction 
and amplification methods, as well as pre- 
and post-analysis variables [29].
SARS-CoV-2 virus enters host cells via its spike 
(S) glycoprotein through transmembrane 
fusion; therefore, alterations in the amino 
acid sequence of the spike protein might 
influence infectivity and viral interactions 
with host target cells [10]. In this study, five 
mutations were identified in the spike protein 
of the studied samples: L5F, A260V, D614G, 
S689R, and M731I.  Among these, the D614G 
mutation is particularly noteworthy for its 
role in augmenting SARS-CoV-2 infectivity 
in humans [15]. This mutation was the first 
significant mutation that attracted global 
attention due to its persistence in subsequent 
variants, potentially contributing to the 
increase in the prevalence of COVID-19 cases 
[15]. A mutation at position 614th affects the 
structure of the spike protein and enhances 

its binding to angiotensin converting enzyme 
2 (ACE2) [30]. Substitution of aspartic acid (D) 
with glycine (G) enhances the stability of S 
trimer formation, leading to increased viral 
entry through the spike protein [31]. Korber et 
al. (2020) reported that the D614G mutation 
elevated viral load in upper respiratory tract 
cells, although it was not associated with 
worsened disease severity [32]. In this study, 
approximately 89% of SARS-CoV-2 viruses 
in Indonesia carried the D614G mutation, 
making it the most prominent mutation 
in 2020 (Figure 3). The domination of the 
D614G mutation was also observed in SARS-
CoV-2 genomes from India, Bhutan, and Iran 
[33–36]. For the next two years, the D614G 
mutation remained globally dominant and, 
at the time of writing this manuscript, was 
present in 99.65% of sequences submitted 
to GISAID. 
Another mutation in the spike protein, the 
A260V mutation, is located in the S1 subunit, 
specifically in the N-terminal domain. The 
S1 subunit interacts with the ACE2 receptor 
in the aminopeptidase N region. Mutations 
in key residues could affect interaction 
with ACE2 [30]. However, there is limited 
information on how this particular mutation 
influences the function of the S1 subunit. 
The S689R and M731L mutations are found 
in the S2 subunit, positioned before the furin 
cleavage (FP) site. Limited information is 
available regarding the L5F mutation, but 
this mutation has also been reported in other 
variants, such as the Eta and Iota variants [37].  
Since August 2020, the number of confirmed 
COVID-19 cases has been steadily increasing. 
However, due to limited resources, only a 
whole-genome sequencing analysis was 
performed in December 2020, with the 
earliest sample collected in October 2020. 
The findings of the D614G mutation in 
samples collected in October and November 
aligned with published sequencing data 
analyzing the evolution of variants during 
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that period. Moreover, it might have 
contributed to the increase in COVID-19 
cases in West Kalimantan. 
The continued presence of the D614G mu-
tation from 2020 to the present highlights 
the evolving nature and adaptations of the 
SARS-CoV-2 virus over time. This mutation is 
one of the factors contributing to increased 
binding affinity to ACE2, which is associated 
with higher infectivity in humans [38]. It also 
enhances viral fitness, reduces sensitivity to 
temperature-dependent denaturation and 
folding stability, increases environmental 
resistance [39], and improves immune escape 
capability [40].

Conclusion
In conclusion, analyzing only two samples is 
insufficient to fully capture the evolutionary 
trajectory and mutation dynamics of 
SARS-CoV-2. However, despite this limited 
sample size, the findings contribute to 
understanding variant dynamics in West 
Kalimantan during the early stages of the 
pandemic. Notably, both samples exhibited 
the D614G mutation in the spike protein, 
which later became the dominant mutation 
until the end of the pandemic in Indonesia. 
Expanding genomic surveillance through 
broader sample collection across multiple 
islands in Indonesia will provide a more 
comprehensive understanding of SARS-
CoV-2 evolution and mutation patterns. These 
efforts are essential to strengthen public 
health responses and inform preparedness 
strategies for future pandemics. 
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