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a b s t r a c t 

Objectives: To determine the lineage distribution of the virus during the first wave of the pandemic in North 
Sumatra, Indonesia. 
Methods: A total of 20 samples with positive results based on reverse transcription-polymerase chain reaction were 
selected for virus culture and then performed whole-genome sequence analysis using next-generation sequencing 
which was applied by the Illumina MiSeq instrument. 
Results: Whole-genome sequence analysis revealed that the majority of our samples belong to lineages B.1.468 
(n = 10), B.1 (n = 5), B.1.1 (n = 2), B.1.1.398 (n = 2), and B.6 (n = 1). Other unique amino acid mutations found 
in our samples were present in A58T on non-structural protein (NSP3) (70%), P323L on NSP12 (95%), Q57H on 
NS3 protein (75%), and D614G on S (100%). 
Conclusion: The SARS-CoV-2 lineage B.1.468 may be the main virus variant circulating in North Sumatra at the 
beginning of the emergence of COVID-19 cases in this province. 
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SARS-CoV-2 was discovered in Wuhan, China, in late 2019, and
OVID-19, the disease caused by SARS-CoV-2 [1] , rapidly developed

nto a global pandemic and also affected the Indonesian population. The
rst two cases in Indonesia were discovered on March 02, 2020 [2] ,
hen spread rapidly to 34 provinces. By June 2023, Indonesia had been
he country with the most confirmed cases of COVID-19 in Southeast
sia [3] . 

The first wave of the SARS-CoV-2 pandemic in Indonesia occurred on
arch 02, 2020, to April 30, 2021. The second wave, dominated by the
elta variant, peaked in July 2021, followed by the third wave, which
eaked in February 2022 with the dominance of the Omicron variant.
ost of the cases and deaths in Indonesia were reported on the island

f Java [4] . North Sumatra province contributed the highest confirmed
ases of COVID-19 outside Java [5] . 

The Indonesian government implemented social/physical distancing
easures by closing schools in a limited manner and encouraged people
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o work from home. However, without strict precautions, the number
f deaths due to the coronavirus in Indonesia had soared to the high-
st in Southeast Asia [6] . The government finally declared a national
ealth emergency by imposing a partial lockdown Pembatasan Sosial
erskala Besar, regional with harsh measures such as shutting down
ublic venues, isolating public transportation, imposing limitations on
ravel to other zones, limiting commercial travel, and closing the in-
ernational borders [7] . However, the number of cases is continued to
ncrease. 

SARS-CoV-2 ′ s first genome was published in January 2020, and
ince then, several studies have emerged to track its evolution world-
ide [8] . Viruses evolved into a high-level phylogenetic grouping

alled the PANGO Lineage (CoV-Lineage) nomenclature [9] that com-
lements the other two SARS-CoV-2 nomenclature systems NextStrain
10] and Global Initiative on Sharing All Influenza Data (GISAID)
11] , which focus on broader phylogenetic clades incorporating spe-
ific criteria based on whole-genome sequence (WGS) analysis. The
ANGO Lineage is hierarchical and small-scale and designed to look
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t patterns of pandemic transmission which can recognize different
eographic areas through the ongoing evolution of the virus that occurs
12] . 

Analyzing WGSs was essential to provide insight into this new virus
o contain its outbreaks. Genomic epidemiology based on WGS analysis
elps explore transmission patterns that play a crucial role in under-
tanding the rapid emergence and global spread of SARS-CoV-2. Epi-
emiological analyses of the genome have concluded the evolutionary
elationship of the virus using whole-genome sequences and phyloge-
etic approaches that have yielded important insights into the begin-
ing of the COVID-19 pandemic in many countries [13] . However, the
imited supply of reagents, trained laboratory personnel, and the avail-
bility of well-equipped laboratories are the main challenges for detect-
ng and whole-genome sequence analysis of SARS-CoV-2 in developing
ountries, especially Indonesia [14] . 

Some of the SARS-CoV-2 whole-genome sequences from Indonesia
ere submitted to the GISAID database, classified into several CoV lin-
ages or clades and amino acid mutations that occur. Many sequences
ave been entered into GISAID, but this is the first report of the SARS-
oV-2 North Sumatra, Indonesia local isolates. So this study aims to
etermine the type of lineages SARS-CoV-2 in North Sumatra province
uring the first pandemic through genomic surveillance. 

ethods 

Samples were collected from nasopharyngeal-oropharyngeal swabs
n viral transport media (VTM) of COVID-19 suspected patients and
f contact tracing purposes from those attending any health facility
n North Sumatra province. Viral RNA was extracted from the VTM
f COVID-19 suspected patients using the Maccura - Mag-Bind RNA
xtraction Kit (Maccura Biotechnology, Chengdu, Republic of China).
he isolation process was done with 300 μl VTM added to lysis buffer,
ollowed by nucleic acid binding, washing buffer, and finally elution
f RNA for reverse transcription-polymerase chain reaction using Mac-
ura - SARS-CoV-2 Fluorescent polymerase chain reaction kit (Maccura
iotechnology, Chengdu, Republic of China) using the LightCycler® 96
nstrument (Roche Diagnostic Corporation, Indianapolis, USA) accord-
ng to the manufacturer’s instructions at the Microbiology Laboratory,
aculty of Medicine, Universitas Sumatera Utara in Medan. The Mac-
ura kit targeted three genes, E, N, and ORF1ab, with cycle threshold
Ct) value < 37 for the E gene and < 38 for both N and ORF1ab genes
as defined as the cut-off to confirm a positive result for SARS-CoV-2. 

A total of 20 positive specimens were selected if the Ct value > 20
nd without degradation of the VTM quality indicated by a yellowish
olor or VTM volume < 600 μl. Samples were then sent to the Institute of
ropical Diseases, Universitas Airlangga, Surabaya, East Java, Indonesia
o perform a WGS analysis. The study flowchart can be seen in Figure 1 .

WGS has comprehensive utility in virus discovery; this technique
rovides high sensitivity which makes it prone to contamination. The
ombination of viral culture and WGS can increase the sensitivity and
ccuracy of WGS analysis, which can enable amplification and enrich-
ent of viral genetic material, isolation of certain viral strains, reduc-

ion of host contamination, and preparation of high-quality viral nucleic
cids, which will result in understanding of the genomic data of SARS-
oV- 2 [15–17] . 

The viral culture was performed by inoculating the sample onto con-
uent monolayers of African green monkey kidney Vero cells (ATCC,
irginia, USA) grown in growth medium (Gibco, Thermo Fisher Scien-

ific, Massachusetts, USA) supplemented with fetal bovine serum (FBS)
Gibco, Thermo Fisher Scientific, Massachusetts, USA) in a cell culture
ish (Corning, New York, USA). Cell culture disk moved from the 37°C
ncubator to a Class III Biosafety cabinet within a Biosafety Level-3 labo-
atory environment. Samples were prepared by diluting a reduced serum
rowth medium without FBS and filtering over a filter. Collect 150-200
l of filtered patient material inoculated onto a detached confluent cell
onolayer and transfer it to the new tube along with the negative con-
S2 
rol. Samples were absorbed onto cells by incubating tubes for 1 hour
t 37°C before cultures were re-fed with 2 ml of pre-warmed (37°C) re-
uced serum growth medium. Cultures were incubated for 2-7 days un-
il observed signs of cytopathic effect (CPE). Cell culture is suspected of
osting virus replication based on the presence of CPE, including dam-
ge to the monolayer, cell clearing, and morphological changes. 

Total viral RNA was extracted from samples using a QIAamp Viral
ini kit (Qiagen, Tokyo, Japan). As a transfer RNA wave, we used a

inear polyacrylamide as the carrier. The RNA library was prepared us-
ng TruSeq RNA Sample Preparation Kit v2 (Illumina, California, USA).

GS was performed using next-generation sequencing applied in the
llumina MiSeq instrument (Illumina, California, USA) and loaded in
 300-cycle cell stream with Illumina MiSeq Reagent Kit v2 (Illumina,
alifornia, USA). The multiplexed library sequencing (2 × 150 bp) bar-
ode was performed on the Illumina MiSeq platform (Illumina, Califor-
ia, USA). MiSeq generates a FASTQ file in which the primary sequence
nd adapter are trimmed to remove the adapter sequences automati-
ally itself when demultiplexing process. All files were then analyzed
n the CLC genomics workbench v8.1 (Qiagen, Hilden, Germany). To-
al reads are filtered to remove reads of poor quality ( < Q30, length < 26
p, or contain more than two consecutive ambiguous bases). The filtered
eadings were then mapped to the genome sequence of the SARS-CoV-2
uhan-Hu-1 virus (GISAID ID EPI_ISL_402124) using the CLC Genomic
orkbench to obtain a consensus sequence for the SARS-CoV-2 virus

n North Sumatra. Full-genome sequences of the SARS-CoV-2 virus in
orth Sumatra were submitted to the GISAID. 

Phylogenetic analysis using a dataset of available SARS-CoV-2 virus
enomes that have complete genome, high coverage, and no stretches
f repetitive unknown nucleotide (NNNN) for the phylogenetic dataset
rom genome sequences of 20 lineages identified in this study, and 125
vailable SARS-CoV-2 genomes database (76 sequences from Indonesia,
nd 50 sequences from other countries) was retrieved from GISAID up
o February 16, 2023, via doi.org/10.55876/gis8.230622zt . Sequence
lignment for multiple nucleotide sequence alignment and the phyloge-
etic tree was constructed using 29,409 nucleotide length starting from
he ORF1ab gene of SARS-CoV-2 using a neighbor-joining method with
,000 bootstrap replications were performed in Genetyx version 10 soft-
are (Genetyx, Tokyo, Japan). Because the purpose of this phylogenetic
nalysis was to determine the evolutionary relationships between our
irus samples and the other SARS-CoV-2 viruses, the phylogenetic tree
as rooted in the oldest virus, hCoV-19/Wuhan/WIV04/2019 (GISAID

D EPI_ISL_402124). 
This study was conducted after receiving ethical clearance from the

aculty of Medicine, University of North Sumatra Ethical Committee, by
13/KEP/USU/2020. We affirm that our research adhered to the appli-
able guidelines and regulations specified in the approval. The oropha-
yngeal and nasopharyngeal swab samples utilized in this study were
btained from patients who provided written informed consent, express-
ng their agreement to contribute their samples for research objectives.

esults 

During this study period, 20 samples from North Sumatra province,
ndonesia, were performed viral cultured. Seventeen samples were suc-
essfully performed based on the presence of CPE, while the other three
ailed. The SARS-CoV-2 genome sequence was submitted via the GI-
AID platform ( https://www.gisaid.org/ ). Five samples had complete
ARS-CoV-2 genome sequences, while the other samples, although not
omplete genome sequences, still consisted of 11 SARS-CoV-2 genes
ORF1ab, S, ORF3a, E, M, ORF6, ORF7a, ORF7b, ORF8, N, and ORF10).
equences of this sample were compared with the reference hCoV-
9/Wuhan/WIV04/2019 (GISAID ID EPI_ISL_402124). The amino acid
utation of our samples is A58T on non-structural protein-3 (NSP3)

n = 14), P323L on NSP12 (n = 19), Q57H on NS3 protein (n = 15),
nd all samples had amino acid substitution (D614G) on spike protein
S-protein) (n = 20) ( Figure 2 ). The WGS results revealed that 10 sam-

https://doi.org/10.55876/gis8.230622zt
https://www.gisaid.org/


R. Bestari, I.R.A. Nainggolan, M. Hasibuan et al. IJID Regions 8 (2023) S1–S7 

Figure 1. Study flowchart. Ct, cycle thresh- 
old; RT-PCR, reverse transcription-polymerase 
chain reaction; VTM, viral transport media. 

Figure 2. Amino acid variations of SARS-CoV-2 virus samples from North Sumatra aligned with reference genome. (White spot remarked the amino acid mutation 
which shown only from the translated region of each protein) 
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les were B.1.468 lineage, five were B.1 lineage, two were B.1.1 lineage,
wo were B.1.1.398 lineage, and one was B.6 lineage. All SARS-CoV-2
enomes analyzed belong to the B lineages, with most samples clustered
nto lineage B.1.468. The phylogenetic tree of all viruses is presented in
igure 3 . The other characteristics of the samples can be seen in Table 1 .

iscussion 

The initial pandemic showed that only two CoV lineages, A and B,
re the most dominant lineages circulating worldwide based on WGS
nalysis of COVID-19 confirmed cases. The ancestor of the two lineages
riginally came from China, but A lineage spread from Asia throughout
he world, while B lineage mainly spread in Europe [18] . After being
iscovered for the first time, the B lineage developed further into sub-
ineages and spread dominantly during the first wave of the pandemic
n Indonesia [19] . 

During the first wave of the pandemic in Indonesia, the lineages that
ere commonly found in Indonesia were B.1.466.2 and B.1.470 [20] ,
S3 
ut the lineage that is most commonly found for each province in In-
onesia are different ( Table 2 ), such as B. 1.468 which is commonly
ound in North Sumatra, and B.1.470 which is commonly found in East
ava, apart from that during this first wave period, B.1466.2 was also
uite commonly found in Bali, before finally spreading throughout the
orld and being identified as Indonesian lineages. Only B.1.466.2 is still
eing found after the first wave of the pandemic has passed [21] . 

During the second wave period, there was a marked shift in the dom-
nant strain of Indonesian SARS-CoV-2 infection, namely the Delta vari-
nt (B.1.617.2 and AY.xx sub-lineages) [22] , then shift to the Omicron
ariant (B.1.1.529 and all sub-lineages) in the third wave period which
preads rapidly and is a common variant evenly in all provinces in In-
onesia [23] . This phenomenon reflects fierce competition between pop-
lations of different variants of the same virus [24] . The transition of
ARS-CoV-2 variants within a specific geographical area is a natural pro-
ression of the virus as it adjusts to its surroundings. Consequently, new
ariants may arise as the virus undergoes genetic mutations, potentially
nhancing its adaptability and ability to spread [25] . 
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Figure 3. Phylogenetic analysis of SARS-CoV-2 genomes. The clustering of certain lineages is indicative of the extent of genomic variations. (Samples from North 
Sumatra are indicated in pink color) 

S4 
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Table 1 

Characteristics of 20 patients with COVID-19 and SARS-CoV-2 virus samples from North Sumatra. 

No Virus ID 
(GISAID accession ID) 

Sex Age 
(year) 

Sample 
origin 

Collection 
date 
(2020) 

Consensus 
length 

Depth 
coverage 

Total 
Amino acid 
replacement 

CoV 
lineages 

1 hCoV-19/Indonesia/ 
SU-USU-15NTv/2020 
( EPI_ISL_1335883 ) 

Male 43 Virus Culture 20 
September 

29903 2235x 10 B.1.468 

2 hCoV-19/Indonesia/ 
SU-USU-16NTv/2020 
( EPI_ISL_1069153 ) 

Female 58 Virus Culture 25 
September 

29903 2158x 8 B.1.468 

3 hCoV-19/Indonesia/ 
SU-USU-21NTv/2020 
( EPI_ISL_1072963 ) 

Female 33 Virus Culture 15 
October 

29902 2839x 8 B.1.468 

4 hCoV-19/Indonesia/ 
SU-USU-22NTv/2020 
( EPI_ISL_1335885 ) 

Male 41 Virus Culture 3 
October 

29892 416x 10 B.1.468 

5 hCoV-19/Indonesia/ 
SU-USU-23NTv/2020 
( EPI_ISL_1335886 ) 

Male 48 Virus Culture 18 
October 

29899 1066x 8 B.1.468 

6 hCoV-19/Indonesia/ 
SU-USU-27NTv/2020 
( EPI_ISL_1335887 ) 

Female 55 Virus Culture 17 
October 

29903 986x 11 B.1.468 

7 hCoV-19/Indonesia/ 
SU-USU-31NTv/2020 
( EPI_ISL_1335888 ) 

Male 55 Virus Culture 04 
November 

29882 555x 18 B.1.468 

8 hCoV-19/Indonesia/ 
SU-USU-38NT/2020 
( EPI_ISL_1335898 ) 

Male 36 Original 
Swab 

17 
December 

29900 1012x 13 B.1.468 

9 hCoV-19/Indonesia/ 
SU-USU-42NTv/2020 
( EPI_ISL_1335892 ) 

Female 14 Virus Culture 21 
December 

29903 1504x 8 B.1.468 

10 hCoV-19/Indonesia/ 
SU-USU-43NTv/2020 
( EPI_ISL_1335893 ) 

Female 60 Virus Culture 3 
December 

29899 929x 13 B.1.468 

11 hCoV-19/Indonesia/ 
SU-USU-02NT/2020 
( EPI_ISL_1335896 ) 

Male 36 Original 
Swab 

18 
July 

29898 211x 7 B.1 

12 hCoV-19/Indonesia/ 
SU-USU-25NTv/2020 
( EPI_ISL_1072964 ) 

Male 22 Virus Culture 9 
October 

29902 1836x 9 B.1 

13 hCoV-19/Indonesia/ 
SU-USU-36NT/2020 
( EPI_ISL_1335895 ) 

Female 57 Original 
Swab 

04 
November 

29888 44x 8 B.1 

14 hCoV-19/Indonesia/ 
SU-USU-37NTv/2020 
( EPI_ISL_1335889 ) 

Male 53 Virus Culture 7 
December 

29878 1425x 7 B.1 

15 hCoV-19/Indonesia/ 
SU-USU-19NT/2020 
( EPI_ISL_1335894 ) 

Male 23 Original 
Swab 

14 
November 

29902 148x 3 B.1 

16 hCoV-19/Indonesia/ 
SU-USU-18NTv/2020 
( EPI_ISL_1072962 ) 

Female 40 Virus Culture 23 
September 

29889 2733x 10 B.1.1 

17 hCoV-19/Indonesia/ 
SU-USU-20NTv/2020 
( EPI_ISL_1335884 ) 

Female 44 Virus Culture 24 
November 

29903 4664x 9 B.1.1 

18 hCoV-19/Indonesia/ 
SU-USU-39NTv/2020 
( EPI_ISL_1072986 ) 

Female 50 Virus Culture 19 
December 

29901 1983x 13 B.1.1.398 

19 hCoV-19/Indonesia/ 
SU-USU-41NTv/2020 
( EPI_ISL_1335891 ) 

Male 57 Virus Culture 7 
December 

29902 663x 12 B.1.1.398 

20 hCoV-19/Indonesia/ 
SU-USU-40NTv/2020 
( EPI_ISL_1335890 ) 

Female 43 Virus Culture 18 
December 

29894 1188x 12 B.6 
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The B.1.468 lineage observed in this study was also widespread in
ndonesia during the first wave of the pandemic between March 2020
nd December 2020. It was also found in several other countries [26–
8] . This B.1.468 lineage was first reported in Saudi Arabia on February
3, 2020, before spreading to other parts of the world, including Indone-
ia. Until June 2023, Indonesia was the country that reported the most
ndings of the B.1.468 lineage, of which North Sumatra province has
eported the most findings of this lineage [29] . 

The SARS-CoV-2 genome sample from North Sumatra province,
hich represents the B.1.468 lineage, has several amino acid muta-
S5 
ions, including A58T in NSP3, P323L in NSP12, Q57H in NS3, and
614G in S-protein. Through evolutionary and spatial examinations, it
as observed that amino acid substitution plays an essential role in viral

eplication (A58T in NSP3), altering interactions with other components
f the replication/transcription machinery or with the RNA template
P323L in NSP12), inducing conformational changes from the binding
ite (Q57H on NS3), and increased transmission of the virus (D614G on
) which has the potential to affect the process of viral replication and
ranscription so that it is known to spread more efficiently [30] . This
utation changes the structural stability of the protein. It significantly
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S6 
mpacts the biological function of the protein by increasing the inter-
ction between the receptor binding domain on the S-protein and the
ngiotensin-converting enzyme 2 receptor so that it has a higher trans-
ission ability [ 31 , 32 ]. 

At the time of the study, the availability of WGS analysis in Indone-
ia was only in the institutes based on Java Island, Indonesia. While
temming further transmission of COVID-19, especially those caused
y new variants, appropriate steps are needed to find a variant of the
ARS-CoV-2 virus based on genome analysis, which is the most appro-
riate SARS-CoV-2 detection system during this pandemic. Therefore,
his study evaluated the evolution of the SARS-CoV-2 circulating in the
rovince and whether a new mutation emerged within the population. A
enomic epidemiological approach should be part of the COVID-19 eval-
ation to determine further control measures to prevent the increasing
ave of cases. 

onclusion 

These findings indicate that the SARS-CoV-2 lineage B.1.468 may be
he main virus variant circulating in North Sumatra, especially at the
eginning of the emergence of COVID-19 cases in this province. 

imitation 

The limitation of this study is that the number of samples analyzed
as only a tiny proportion of all the SARS-CoV-2 confirmations in North
umatra and did not correlate the SARS-CoV-2 variant with disease
everity or another clinical outcome. 
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