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ABSTRACT

Background: Since its emergence in China at the end of 2019, severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has undergone multiple mutations, leading to the development of various variants.

Objective: This study aims to identify the genetic mutations associated with the transmission and virulence of 
SARS-CoV-2 variants in Indonesia and to examine their correlation with the outbreak timeline.

Methods: We analyzed whole-genome sequences of SARS-CoV-2 wild type and variants isolated from Indonesian 
samples, sourced from GenBank (National Center for Biotechnology Information, USA) and the GISAID EpiCoV 
database (Germany). The spike glycoprotein gene sequences were examined using the Basic Local Alignment Search 
Tool (BLAST) to identify nucleotide and amino acid changes. Additionally, we investigated the prevalence of these 
variants and their submission timelines on the GISAID database, correlating them with the outbreak timeline.

Results: Our analysis identified nine amino acid changes in the Alpha, Beta, and Delta variants, and three in 
the Gamma variant, compared to the wild type (Wuhan strain). By November 21, 2021, 8,861 submissions of 
Indonesian variants were recorded in the GISAID database. A correlation between the submission timelines of 
SARS-CoV-2 variants and the outbreak timeline indicated that the Delta variant (B.1.617.2) likely contributed to 
the surge in COVID-19 cases from July to September 2021.

Conclusion: Mutations were detected in each variant, emerging at distinct times, and are likely to influence 
transmission rates and virulence. However, further research is needed to elucidate how structural changes in the 
spike protein impact these properties.
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Introduction 
In late 2019, China reported its first case of a 

novel infectious disease in Wuhan, later identified 
as coronavirus disease 2019 (COVID-19). Initial 
investigations at Wuhan Jinyintan Hospital involved 
collecting three bronchoalveolar lavage samples 
from a patient with unexplained pneumonia. 
Real-time polymerase chain reaction (PCR) tests 
on these samples yielded positive results for pan-
Betacoronavirus. The causative agent was subsequently 
identified as severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), which rapidly spread to 
other countries, leading to a global pandemic [1,2].

SARS-CoV-2 is the seventh known coronavirus 
to infect humans, joining others such as MERS-CoV, 
SARS-CoV-1, HCoV-NL63, CoV-HKU1, HCoV-OC43, 
and HCoV-229E [3]. As of November 2021, over 
255 million COVID-19 cases and more than 5 
million deaths have been reported worldwide [4]. 
In Indonesia alone, the pandemic has resulted in 
over 4.25 million confirmed cases and more than 
144,000 deaths [5]. 

SARS-CoV-2 is a single-stranded RNA virus 
with a genome characterized by an RNA-based 
metagenomic next-generation sequencing approach, 
spanning 29,881 base pairs and encoding 9,860 
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amino acids (GenBank no. MN908947) (6,7). The 
genome comprises structural and non-structural 
proteins, with the structural proteins encoded by the 
S, E, M, and N genes, and non-structural proteins 
encoded by the ORF region [8]. The virus’s surface 
is adorned with glycosylated spike (S) proteins, 
which bind to the angiotensin-converting enzyme 
2 (ACE2) receptor on host cells, facilitating viral 
entry and subsequent RNA release and replication 
[9]. This highlights the critical role of the spike 
protein in the infection process.

Mutations are changes in the genetic sequence, 
which, though viruses are not living organisms, 
can enhance viral infectivity or enable immune 
evasion [10,11]. RNA viruses, including SARS-
CoV-2, are known for their high mutation rates, 
accumulating approximately two single-letter 
mutations per month [12,13,14]. Factors influencing 
these rates include polymerase fidelity, template 
secondary structure, replication mechanisms, cellular 
environments,proofreading, sequence context, and 
access to post-replicative repair [13].

The World Health Organization (WHO) classifies 
SARS-CoV-2 variants into categories: variants of 
interest (VOI), variants under monitoring (VUM), 
and variants of concern (VOC). VOIs are variants 
with mutations that may affect viral characteristics, 
such as transmissibility or immune escape, while 
VUMs have mutations that could pose future 
risks, although their impact is not yet fully 
understood [14]. 

VOCs, such as Alpha (B.1.1.7), Beta (B.1.351), 
Gamma (P.1), and Delta (B.1.617.2), are notable 
for their increased transmissibility, potential 
to cause severe disease, and reduced vaccine 
or treatment efficacy [15]. In Indonesia, these 
VOCs have significantly impacted the COVID-19 
outbreak, with the Delta variant driving a 
surge in cases between July and September 
2021. The Omicron variant, first identified in 
South Africa and Botswana in November 2021, 
represents the most recent addition to the VOC  
category [14,17]. 

The first reported case of SARS-CoV-2 in 
Indonesia occurred in early March 2020, prompting 

to a series of government interventions, including 
social restrictions and public health campaigns. 
Throughout 2020 and 2021, Indonesia experienced 
several waves of COVID-19 with varying degrees 
of severity, where many patients had mild to 
moderate symptoms. However, the number of 
severe cases and deaths was particularly high in 
2021. The severity of the disease was influenced by 
factors such as age, pre-existing health conditions, 
and access to healthcare [18,19]. The COVID-19 
pandemic has posed significant challenges to global 
health and economies, including in Indonesia, 
where managing healthcare systems and controlling 
the rapid spread of SARS-CoV-2 variants—such 
as Alpha, Beta, Gamma, and Delta—proved  
especially difficult, with a peak in cases during 
2021 [20].

Understanding the genetic variations and 
mutations of SARS-CoV-2 is crucial for developing 
effective treatments, vaccines, and public health 
strategies. This study focuses on the genetic analysis 
of SARS-CoV-2 isolates in Indonesia, particularly 
mutations in the spike glycoprotein gene, which is 
essential for viral entry into host cells and serves 
as a primary target for vaccines and therapies. The 
study underscores the importance of understanding 
the mutations in the glycosylated spike proteins, 
as these mutations correlate with each variant’s 
transmission rate and virulence. Variants exhibit 
unique molecular and structural characteristics 
depending on their geographic and temporal origins. 
Identifying and distinguishing these variants is 
vital for diagnostics and therapeutic purposes. 
Notably, some local variants in Indonesia, not 
found elsewhere, have been discovered [21].

This study analyzes the nucleotide and amino acid 
changes in the spike glycoprotein gene sequences 
of SARS-CoV-2 Alpha, Beta, Delta, and Gamma 
variants in Indonesia. It also examines the prevalence 
of these variants and their correlation with the 
outbreak timeline, as reflected by submission 
data in the GISAID database. The findings aim 
to provide valuable insights to inform local public 
health policies and support efforts to combat  
COVID-19.
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Methods 
SARS-CoV-2 submission timeline analysis

The submission timelines of SARS-CoV-2 variants 
in Indonesia were analyzed using data from the 
GISAID EpiCoV database. The analysis covered 
the period from March 1, 2020, to November 
21, 2021, with data segmented quarterly. The 
location was set to “Indonesia”, and the variant 
was set as one of the options below:
•	 VOC Delta (GK/478K.V1, B.1.617.2+AY.x) first 

detected in India
•	 VOC Alpha (202012/01 GRY, B.1.1.7+Q.x) first 

detected in the UK
•	 VOC Beta (GH/501Y.V2, B.1.351+B.1.351.2+ 

B.1.351.3) first detected in South Africa
•	 VOC Gamma (GR/501Y.V3, P.1+P.1.x) first detected 

in Brazil/Japan
The SARS-CoV-2 wild-type genome (Wuhan’s 

original strain) was used as the reference gene.

Analysis of cumulative confirmed COVID-19 
cases and deaths in Indonesia

Data on cumulative confirmed COVID-19 cases 
and deaths in Indonesia were obtained from the “Our 
World in Data” website (https://ourworldindata.
org/coronavirus-data?country=~IDN). The country 
was set to ‘Indonesia’ and the data was recorded 
every three months.

Whole genome sequences of SARS-CoV-2 
SARS-CoV-2 whole genome sequences (WGS) 

were obtained from the GISAID EpiCoV database 
(https://gisaid.org/) and GenBank (National Center 
for Biotechnology Information). Registration to 
GISAID was required to access the database.

Genetic composition analysis
The genetic composition of SARS-CoV-2 spike 

glycoprotein sequences was analyzed by examining 
nucleotide variants and amino acid mutations. 
The complete genome of the SARS-CoV-2 wild 
type (Wuhan’s original strain) was used as the 
reference gene [22].

SARS-CoV-2 submission timeline analysis
To assess the similarity between the reference 

and the query sequences, the Basic Local Alignment 
Search Tool (BLAST) for nucleotides was employed. 
A pairwise alignment view with identity dots was 
used to identify nucleotide mutations. Additionally, 
the coding sequence (CDS) feature was utilized to 
analyze the amino acid sequences of the isolates.

Results 
Analysis of confirmed cases, deaths, and 
variants SARS-CoV-2 on GISAID database

In this study, we analyzed the prevalence of SARS-
CoV-2 variants in Indonesia and their correlation 
with the COVID-19 outbreak timeline, using data 
sourced from the GISAID EpiCoV database. The 
analysis covered the period from March 1, 2020, 
to November 21, 2021.

The distribution of SARS-CoV-2 variants in 
Indonesia shifted over time. From March 2020 to 
March 2021, the wild-type strain was predominantly 
circulating. The Alpha, Beta, and Delta variants 
first appeared on March 2, 2021, although their 
presence was initially minimal. However, from 
May to November 2021, the Delta variant became 
the dominant strain in Indonesia, surpassing the 
wild type in prevalence (Figure 1).

The spread of SARS-CoV-2 has significantly 
impacted Indonesia since the onset of the pandemic, 
with confirmed cases surging from just two on 
March 2, 2020, to 4.25 million by November 
2021. Similarly, the number of deaths, initially 
nonexistent in March 2020, escalated to over 
143,000 by November 2021. This dramatic increase 
highlights the rapid spread of the virus and its 
profound impact on the Indonesian population 
(Figure 2).

The increase in cumulative confirmed COVID-19 
cases remained steady from September 2020 to 
January 2021, with approximately 300,000 new 
cases every three months. However, between January 
and March 2021, the number of confirmed cases 
surged by around 590,000, rising from 758,473 on 
January 2, 2021, to 1.35 million on March 2, 2021. 

https://doi.org/10.32889/actabioina.163
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Figure 1. Graph of submitted SARS-CoV-2 Indonesian variants on GISAID database with time range

Figure 2. Graph of cumulative confirmed COVID-19 cases and deaths in Indonesia

The most profound increase occurred between 
July and September 2021, when confirmed cases 
nearly doubled from 2.23 million on July 2 to 4.10 
million on September 2. During the same period, 

COVID-19-related deaths also surged dramatically, 
from 59,534 to 133,676. By November 21, 2021, 
the cumulative number of COVID-19 cases had 
reached 4.25 million, with 143,739 deaths.
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As shown in Table 1, the Delta variant dominated 
the SARS-CoV-2 population in Indonesia, comprising 
a significantly higher percentage of cases than 
other variants. While the Wuhan wild-type 
variant remained present, the Alpha, Beta, and 
Gamma variants were detected in much smaller  
numbers.

A significant surge was observed in the 
number of submitted Indonesian Delta variant 
sequences to the GISAID EpiCoV database, 
increasing from 2 submissions between March 
and May 2021 to 382 submissions between May 
and July 2021 (Figure 1). This number further 
rose to 1,889 submissions in July-September 
2021 and 2,707 in September-November 2021. 

To analyze the correlation between cumulative 
COVID-19 cases and deaths and the cumulative 
submissions of SARS-CoV-2 Indonesian variants 
on the GISAID database, a direct comparison was  
performed.

As shown in Figure 3, a notable change 
occurred between July 1, 2021, and September 
1, 2021. On July 1, 2021, the number of Delta 
variant submissions from Indonesia on the GISAID 
database was 384, which increased dramatically 
to 2,273 by September 1, 2021. During the same 
period, there was a corresponding sharp increase 
in cumulative COVID-19 cases and deaths in 
Indonesia. On July 1, 2021, the country recorded 
2.23 million cumulative cases and 59,534 deaths, 

Table 1. Total submission of SARS-CoV-2 variants in Indonesia on GISAID database until 21 November 2021

No. Types of Variants Total of viruses Percentages (%)

1. VOC Delta GK/478K.V1 (B.1.617.2+AY.x) first detected in India 4,980 56.20

2. Wuhan wild type 3,780 42.66

3. VOC Alpha 202012/01 GRY (B.1.1.7+Q.x) first detected in the UK 77 0.87

4
VOC Beta GH/501Y.V2 (B.1.351+B1.351.2+B.1.351.2) first detected in 
South Africa 22 0.25

5 VOC Gamma GR/501T.V3 (P.1+P.1.x) first detected in Brazil/Japan 2 0.02

Total viruses: 8,861

Figure 3. The cumulative submissions of SARS-CoV-2 Indonesian variants on the GISAID database. Imposed graphic shows 
number of Delta variants and death.
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which surged to 4.10 million cases and 133,676 
deaths by September 1, 2021. This analysis 
suggests a strong correlation between the rising 
number of Delta variant submissions and the 
sudden increase in cumulative COVID-19 cases 
and deaths in Indonesia.

SARS-CoV-2 Indonesian variants spike protein 
sequence

The Delta (B.1.617.2), Alpha (B.1.1.7), Beta 
(B.1.351), and Gamma (P.1) variants were 
compared with the wild-type strain as the 
reference. Mutations across these variants have 

Table 2. Spike glycoprotein gene sequence result of wild type vs Delta, Alpha, Beta, Gamma variant

Location from  
wild type

NC_045512.2  
(Wuhan wild type)

Mutation in 
variant

Location from 
variant

Delta 
Accesion ID: EPI_ISL_1824604

21618 C (T) G (R) 21594

21987 G (G) A (D) 21963

22028 G (E) A (K) 22004

22227 C (A) T (V) 22203

22917 T (L) G (R) 22893

22995 C (T) A (K) 22971

23073
23074

GT (G) NN (X)
23049
23050

23403 A (D) G (G) 23379

23604 C (P) G (R) 23580

Alpha 
Accesion ID: EPI_ISL_1169047

21765
21770

TACATG
(IHV)

-(--T) -

23063 A (N) T (Y) 23023

23271 C (A) A (D) 23231

23403 A (D) G (G) 23363

23604 C (P) A (H) 23564

23709 C (T) T (I) 23564

24506 T (S) G (A) 24466

24914 G (D) C (H) 24874

Beta
Accesion ID: EPI_ISL_1824605

21801 A (D) C (A) 21777

22206 A(D) G(G) 22182

22280 A(T) A(P) 22258

22813 G(K) T(N) 22789

23012 G(E) A(K) 22988

23063 A(N) T(Y) 23039

23149 G(K) A(K) 23125

23403 A(D) G(G) 23379

23664 C(A) T(V) 23640

Gamma
Accesion ID: EPI_ISL_2854770

21597 C(S) T(F) 21550

22286 C(L) T(F) 22239

23403 A(D) G(G) 23356

Format: nucleotide (amino acid)
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occurred in several genes, potentially affecting the 
biological characteristics of SARS-CoV-2, which is 
crucial for developing effective disease control 
and prevention strategies (Table 2).

Discussion 
There is a significant correlation between the 

rise in Delta variant (B.1.617.2) cases and the 
sharp increase in cumulative COVID-19 cases and 
deaths in Indonesia. This relationship can be 
attributed to the clinical characteristics of the Delta 
variant, including (1) increased transmissibility, (2)  

potential reduction in vaccine effectiveness against 
symptomatic COVID-19, and (3) potential reduction 
in the neutralization efficacy of monoclonal 
antibody therapies. Furthermore, the Delta 
variant has been associated with increased 
severity, as evidenced by higher hospitalization 
rates [23]. This observation is supported by the 
analysis of genomic/protein mutations (Table 1), 
which suggests that these mutations facilitate 
the variant’s rapid development by enabling it 
to evade cellular immunity and enhance viral 
infectivity, potentially leading to increased viral  
replication [24].

Table 3. Amino acid mutations in SARS-CoV-2 Alpha, Beta, Delta, and Gamma variant

No. Amino acid mutations
SARS-CoV-2 variants

Alpha Beta Delta Gamma

1. Δ68-69 √

2. A222V √

3. A570D √

4. A701V √

5. D1118H √

6. D215G √

7. D614G √ √ √ √

8. D80A √

9. E156K √

10. E484K √

11. G142D √

12. G504X √

13. K417N √

14. K529K √

15. L242F √

16. L452R √

17. N501Y √ √

18. P681H √

19. P681R √

20. S12F √

21. S982A √

22. T19R √

23. T240P √

24. T478K √

25. T716I √

26. V70I √

Total mutated amino acids 9 9 9 3
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This study utilized comprehensive data from 
reliable sources, including GISAID, GenBank, and 
the ‘Our World in Data’ website, ensuring that the 
analysis was grounded in extensive and diverse 
datasets. An in-depth examination of nucleotide 
and amino acid changes in the SARS-CoV-2 spike 
glycoprotein sequence provided valuable insights 
into the mutations occurring in SARS-CoV-2 variants 
in Indonesia. Additionally, the study demonstrated 
a correlation between the timing of SARS-CoV-2 
variant submissions to the GISAID database and 
the COVID-19 outbreak timeline in Indonesia, 
offering insights into how specific variants may 
contribute to surges in cases.

However, this analysis has limitations, including 
(1) insufficient data to precisely quantify COVID-19 
cases caused by each SARS-CoV-2 variant, (2) a 
lack of significant analysis leading to definitive 
conclusions, and (3) discrepancies between the 
dates of variant submissions and case/death data 
due to different sources.

Mutations are alterations in the sequence of DNA 
or RNA bases that can impact the structure and 
function of genes and the proteins they encode. In 
viruses, mutations can affect their ability to infect 
hosts, their resistance to treatments, and their 
response to vaccines. These changes can range 
from having no impact to significantly influencing 
viral behavior, potentially leading to increased 
transmissibility, severity, or immune evasion [25].

The Alpha (B.1.1.7) variant exhibits several 
spike glycoprotein mutations: Δ68-69, V70I, N501Y, 
A570D, D614G, P681H, T716I, S982A, and D1118H. 
The Δ68-69 mutation involves an amino-terminal 
domain deletion. The N501Y mutation enhances 
the spike protein’s binding to the ACE2 receptor 
[26] and reduces neutralization by a subset of 
receptor-binding domain (RBD) antibodies [27]. 
The D614G mutation increases viral infectivity by 
promoting S1 subunit shedding and incorporating 
more spike proteins into the viral envelope [3,26].

The spike glycoprotein mutations in the Beta 
variant were D80A, D215G, T240P, K417N, E484K, 
N501Y, K529K, D614G, and A701V. The K417N 
and E484K mutations suggest the Beta variant 

may evade the polyclonal antibody response by 
reducing neutralization by class 1 and class 2 
RBD-specific antibodies, with K417N playing a 
key role in immune escape [28]. The N501Y 
mutation, similar to the Alpha variant, strengthens 
the virus’s binding to the ACE2 receptor, while 
D614G increases infectivity [26].

The Gamma variant has the following spike 
glycoprotein mutations: S12F, L242F, and D614G. 
The D614G mutation, also observed in the Alpha 
and Beta variants, enhances viral infectivity [3]. 
The S12F mutation, which is surface-exposed, may 
influence cell interaction [29]. 

The Delta (B.1.617.2.55 or AY.55) variant 
exhibits several mutations in the spike glycoprotein, 
including T19R, G142D, E156K, A222V, L452R, 
T478K, G504X, D614G, and P681R. The T19R 
and G142D mutations may disrupt the binding of 
certain anti-NTD (N-terminal domain) neutralizing 
antibodies derived from the wild-type spike protein 
[30]. The A222V mutation, found in both Delta 
and Delta Plus variants, appears with a prevalence 
of 58% and 9%, respectively [31]. 

The L452R mutation induces structural changes 
that reduce intramolecular and intermolecular 
contacts, weakening the binding affinity to the ACE2 
receptor [32]. Additionally, this mutation has been 
shown to decrease or eliminate the neutralizing 
activity of 14 out of 35 RBD-specific monoclonal 
antibodies, including three in clinical stage [33]. 
Furthermore, the L452R mutation enables the 
virus to evade HLA-24-restricted cellular immunity 
while also enhancing viral infectivity, potentially 
leading to increased viral replication [23]. 

The T478K mutation, specific to the Delta 
B.1.617.2.55 variant, occurs within the RBD’s epitope 
region and significantly impacts the neutralization 
of ‘Class 1’ monoclonal antibodies [34]. The D614G 
mutation stabilizes the spike protein, enhancing its 
ability to penetrate host cells more efficiently [21]. 
Lastly, the P681R mutation at the furin cleavage 
site increases the basicity of the polybasic stretch, 
which may facilitate a higher rate of membrane 
fusion and internalization, thereby improving 
transmissibility [32].
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Conclusion
This research examined the genome analysis and 

prevalence of SARS-CoV-2 variants in Indonesia, 
focusing on the correlation between the submission 
timelines of the Alpha, Beta, Delta, and Gamma 
variants on the GISAID database and the COVID-19 
outbreak timeline. The genome analysis identified 
amino acid changes in the spike glycoprotein of 
these variants. The analysis of submission timelines 
and outbreak data, combined with the clinical 
manifestations associated with these mutations, 
suggests that the SARS-CoV-2 Delta (B.1.617.2) 
variant likely contributed to the sharp increase in 
confirmed COVID-19 cases and deaths in Indonesia 
from July to September 2021.
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