
Chhoung et al. BMC Genomics         (2024) 25:1063  
https://doi.org/10.1186/s12864-024-10973-0

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

BMC Genomics

Sustained applicability of SARS‑CoV‑2 
variants identification by Sanger Sequencing 
Strategy on emerging various SARS‑CoV‑2 
Omicron variants in Hiroshima, Japan
Chanroth Chhoung1, Ko Ko1*, Serge Ouoba1,2, Zayar Phyo1, Golda Ataa Akuffo1, Aya Sugiyama1, 
Tomoyuki Akita1, Hiroshi Sasaki3, Tadashi Yamamoto3, Kazuaki Takahashi1 and Junko Tanaka1* 

Abstract 

Background  The evolution of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) persists, giving rise 
to new variants characterized by mutations in the spike protein. However, public data regarding the virus’s evolution-
ary trend is not widely available after the downgrade of coronavirus disease 2019(COVID-19). Therefore, this study 
aimed to investigate the applicability of an in-house Sanger-based method for identifying SARS-CoV-2 variants, 
particularly focusing on newly emerged Omicron variants, and updating the epidemiology of COVID-19 during the 8th 
wave in Hiroshima Prefecture.

Results  A total of 639 saliva samples of individuals who had tested positive for COVID-19, received from Hiroshima 
City Medical Association Clinical Laboratory Center between February 01, 2023, and March 12, 2024, were included 
in the study. SARS-CoV-2 variants were identified in 69.3% (443/639) with the mean viral titer 2 × 106 copies/mL, 
and high viral titer in Omicron variant XBC.1.6* (5 × 108 copies/mL) using RT-qPCR. By partial Spike gene-based 
sequencing using the Sanger Sequencing strategy, Omicron sub-lineages XXB.1, BA.5, and EG.1 were identified 
during different periods. A comprehensive phylogenetic analysis of 7383 SARS-CoV-2 strains retrieved from GISAID, 
collected in Hiroshima from the onset of the COVID-19 pandemic in early 2020 until July 2024, revealed the dynamic 
evolution of SARS-CoV-2 variants over time. The study found a similar pattern of variant distribution between the full 
genomes from GISAID, and the partial genomes obtained from our screening strategy during the same period.

Conclusions  Our study revealed that all SARS-CoV-2 viruses circulated in Hiroshima were Omicron variants and their 
sub-lineages during the 8th wave outbreak in Hiroshima. Persistent molecular surveillance of SARS-CoV-2 is needed 
for the decision-making and strategic planning of the public promptly. Our study added evidence for the usefulness 
of SARS-CoV-2 spike gene partial sequencing-based SARS-CoV-2 variant identification strategy for mass screening 
and molecular surveillance even though the evolution of newly emerged various SARS-CoV-2 Omicron variants.
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Background
The coronavirus disease, characterized by its high infec-
tivity and pathogenicity, is caused by the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) [1, 
2]. This coronavirus disease 2019(COVID-19) pandemic, 
which emerged in late 2019 and spread very quickly 
across the world, has resulted in a total of over 771 mil-
lion confirmed cases, including over six million fatali-
ties worldwide since the inception of this deadly disease 
as of November 10th, 2023. There have been over 33 
million confirmed cases in Japan and 74,694 reported 
deaths. Specifically in Hiroshima Prefecture, located in 
the southwest of Japan’s main island, it was estimated 
about 816,788 confirmed cases resulted in 1,373 reported 
deaths [3].

Over time, since the outbreak occurred in the past 
three years, this disease has evolved, giving rise to vari-
ous variants that have heightened the global public health 
threat. These extended infections increase in new muta-
tional variants, which allow the virus to spread quickly or 
make it resistant to treatments or vaccines. Significantly, 
alterations in the spike (S) gene of SARS-CoV-2 can influ-
ence the virus’s ability to enter host cells, its infectivity, 
transmission dynamics, and the effectiveness of protec-
tive immune responses [4]. SARS-CoV-2 variants are 
circulating and evolving globally due to their propensity 
for mutation and recombination. Some of them are cat-
egorized as variants of concern (VOCs, namely Alpha, 
Beta, Gamma, Delta, and Omicron) and variants of inter-
est (VOIs namely Epsilon, Zeta, Eta, Theta, Iota, Kappa, 
Lambda, Mu) based  on the risk posed to global public 
health [5]. Recently, WHO has been actively tracking sev-
eral SARS-CoV2 variants including three VOIs: XBB.1.5, 
XBB.1.16, and EG.5, and seven variants under monitor-
ing: BA.2.75, BA.2.86, CH.1.1, XBB, XBB.1.9.1, XBB.1.9.2 
and XBB.2.3 [6]. This continuum of virus mutations 
could challenge public health systems and impact strate-
gies to combat the COVID-19 pandemic.

Due to the decrease in the trend of COVID-19 deaths, 
COVID-19 hospitalized, insensitive care unit admissions, 
and the high level of herd immunity to SARS-CoV-2 
infection, WHO announced downgrading COVID-19 as 
no longer constitutes a public health emergency of inter-
national concern (PHEIC); however, it does not mean 
that the global threat by COVID-19 is over as the virus 
continues to mutate, especially the mutation on the spike 
gene. After WHO announced the end of the emergency 
phase of COVID-19 in May 2023, many countries have 
stopped reporting and integrating COVID-19 into res-
piratory disease surveillance, as a result, there is lim-
ited public data regarding the virus’s evolutionary trend. 
Additionally, it’s essential to exercise caution when inter-
preting the recent decrease in infection rates, as this may 

be attributed to the reduced in testing, sequencing, and 
reporting and reporting delays in numerous countries [6].

In our previous reports, we have developed and evalu-
ated a simple and effective SARS-CoV-2 variant identi-
fication strategy using SARS-CoV-2 spike gene partial 
sequencing by the Sanger method which provided a 
significantly higher variant identification rate and appli-
cable for those saliva samples with low viral titer where 
next-generation sequencing is challenging [7–10]. After 
the emergence of various SARS-CoV-2 Omicron vari-
ants with a variety of mutations, the applicability of our 
in-house developed SARS-CoV-2 variants identifica-
tion strategy is questionable. Therefore, this study aimed 
to investigate the applicability of in-house developed 
Sanger-based SARS-CoV-2 variants identification strat-
egy among newly emerged various SARS-CoV-2 Omi-
cron variants and then to update the epidemiology of 
COVID-19 during the 8th wave in Hiroshima Prefecture.

Methods
Study subjects
Japan has reclassified COVID-19 as “A class 5 dis-
ease according to the Infectious Diseases Control 
law.  Because  it is at the same level as the seasonal flu, 
the countermeasure has been changed. All the clinics are 
equipped to perform the COVID-19 PCR test and report 
the positive case to local and regional health center. In 
collaboration with the Hiroshima City Medical Associa-
tion Clinical Laboratory Center,our study included a total 
of 639 saliva samples from individuals who had tested 
positive for COVID-19 polymerase chain reaction (PCR) 
between February 01, 2023, and March 12, 2024, in Hiro-
shima.  The saliva samples were collected  from COVID-
19 confirmed cases in all clinics in Hiroshima using the 
Opt-Out system where the use of the saliva samples for 
research purposes is notified to all individuals visiting 
the clinic for COVID-19 testing and every individual has 
right to defer using their samples in our study. Figure 1 
shows the study’s workflow and provides insights into the 
samples’ distribution for SARS-CoV-2 mutant screening. 
All the samples used in this study were rendered anony-
mous, and no personal information was included.

Extraction of nucleic acid and quantification of SARS CoV‑2 
Virus by qRT‑PCR
SARS-CoV-2 RNA was extracted by using the Maxwell® 
RSC viral total nucleic acid multi-pack kit (Promega, 
USA). Following the manufacturer’s protocol, 200μL 
of the saliva samples were added to the tube containing 
200μL Lysis buffer, and 20μL Protein Kinase, followed by 
a 10-min incubation at 56  °C. Subsequently, the sample 
mixture was introduced into Maxwell® RSC cartridges 
and run at total nucleic acid extraction protocol. Finally, 
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the nucleic acid products were automatically transferred 
into elution tubes containing 50µL of RNase water. Then, 
the SARS-CoV-2 viral titer was quantified by real-time 
reverse transcription PCR (qRT-PCR) as described previ-
ously [7, 9, 10] and the titer was transformed into copies 
per milliliter (copies/mL).

SARS‑CoV‑2 Spike gene partial sequencing for SARS‑CoV‑2 
variant screening and identification
The amplification of the SARS-CoV-2 spike gene hav-
ing 798 base pairs was performed by nested RT-PCR 
using in-house primer sets as described previously 
[9, 10]. The outer primer set includes forward prim-
ers (22632S:5’GAA​TCA​GCA​ACT​GTG​TTG​CTG3’, 
22659S :5 ’C TG​TC C ​TAT​ATA ​AT T​C C G ​C ATC3’, 
22659S-Omi:5’CTG TCC​TAT​ATA​ATC​TCG​CAC​C3’) 
and reverse primers (SP35AS:5’TGA CTA​GCT​ACA​CTA​
CGTGC3’, SP36AS: 5’TT AGT​CTG​AGT​CTG​ATA​ACT​
AG3’). The inner primer set includes the forward prim-
ers (22687S:5’CAC​TTT​ TAA​GTG​TTA​TGG​AGTG3’, 
22712S:5’CCT​ACT​AAA​TTA​AAT​GAT​CTCTG3’) and 
reverse primers (SP37AS: 5’GCA​TAT​ACC​TGC​ACC​AAT​
GG3’, SP38 AS:5’TAT​GTC​ACA​CTC​ATA​TGA​GTTG3’). 
The amplicons were then visualized by gel electropho-
resis and the successfully amplified products were then 
purified by MinElute® 96UF PCR purification kit (QIA-
GEN, Germany) and underwent the Sanger sequencing 
using SeqStudio GENETIC Analyzer (Thermo Fisher Sci-
entific, Applied Biosystems, Foster City, CA, USA) as per 
the previously described method [10]. The raw data was 
visualized by GENETYX-MAC (version 21.0.1, GENE-
TYX Corporation, Tokyo, Japan). Then, SARS-CoV-2 

variants are identified by the unique checkpoints of base 
nucleotide mutation in the spike gene as shown in the 
Supplementary Fig. 1.

Investigation of the dynamic of SARS‑CoV‑2 evolution 
during 2020 ~ 2024 by phylogenetic tree analysis of 7383 
SARS‑CoV‑2 strains submitted at GISAID from Hiroshima
A comprehensive phylogenetic analysis was conducted 
on 7,383 SARS-CoV-2 strains retrieved from the Global 
Initiative on Sharing All Influenza Data (GISAID) data-
base (https://​gisaid.​org). These  retrieved  strains were 
collected in Hiroshima from the onset of the COVID-19 
pandemic in early 2020 through to July 2024, providing a 
detailed overview of the viral evolution over this period. 
The phylogenetic tree was constructed by the neighbor-
joining method using 70% cut-off value with 1000 boot-
strap replication in Molecular Evolutionary Genetics 
Analysis (MEGA) version 11 [11] to determine the evolu-
tionary relationships and track the emergence and spread 
of different variants.

Results
SARS‑CoV‑2 viral titer by variants
From February 1, 2023, to March 12, 2024, a total of 639 
saliva samples received from the Hiroshima City Asso-
ciation Clinical Laboratory Center were included in this 
study. The viral titer ranged from 5 × 104 to 5 × 108 cop-
ies/mL, with an average of 2 × 106 copies/mL. The high 
viral titer of SARS-CoV-2 was found in Omicron sub 
lineage XBC.1.6* (mean viral titer: 5 × 108 copies/mL), 
CH.1* (mean viral titer: 3 × 107 copies/mL), EG.5.1 (mean 
viral titer: 2 × 107 copies/mL), and BA.2 (mean viral titer: 

Fig. 1  Distribution of the number of samples for SARS-CoV-2 variants screening. The distribution of the number of saliva samples from individuals 
who had tested positive for COVID-19 received from the Hiroshima City Medical Association Clinical Laboratory Center from February 2023–March 
2024 for SARS-CoV-2 variants screening in Hiroshima during the 8th wave

https://gisaid.org
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2 × 107 copies/mL). Of 639 samples, 10% of samples 
(64/639) were failed to amplify spike gene (mean viral 
titer 4 × 103 copies/ mL), and 20% of samples (128/639) 
were failed to sequence (mean viral titer: 1 × 105 copies/
mL), and the remaining 443 samples were subjected to 
variant identification (Fig. 2).

Amplification and variants identification by Sanger 
sequencing strategy
Among a total of 639 samples, 93 had a viral titer ≤ 103 
copies/mL, 325 had a viral titer from 104 to 106 copies/mL 
and 221 had a viral titer > 107 copies/mL. Our in-house 
developed SARS-CoV-2 partial spike gene amplification 
for variants identification provided the successful ampli-
fication rate of 48.3% (45/93), 95.1% (309/325), 100% 
(221/221) in those samples with viral titer ≤ 103, 104 to 
106, and > 107copies/mL, respectively. Excluding the 
amplicon failed to sequence, the variants were success-
fully identified in 21.5% (20/93), 66.5% (216/325), and 
93.7% (207/221) of those samples with viral titer ≤ 103 
and 104 to 106 copies/mL, respectively (Table 1).

Distribution of SARS‑CoV‑2 variants from February 2023 
to March 2024 in Hiroshima
From February to April 2023, the Omicron sub-lineage 
BA.5 was predominant in Hiroshima, with frequencies 
of 56%, 50%, and 44%, respectively. The distribution of 
the Omicron sub-lineage XBB.1 was 20% in February, 
rising each month to reach 95% in June. However, its 
prevalence began to decline from July (58%) to August 
(28%). The Omicron sub-lineage BQ.1 was frequently 
found in February (19%) and May (17%) 2023. Moreover, 

Omicron sub-lineage BA.2 was also found in May 2023 
(19%). From August 2023 to December 2024, the Omi-
cron sub-lineage EG.5.1 increased in frequency from 25 
to 100%. Other Omicron sub-lineages such as XBB.2.3, 
CH.1, and FU.1 were found in August (10%, 8%, and 9%, 
respectively) and September 2023 (3%, 10%, and 3%, 
respectively). The Omicron sub-lineages JN.5 (13%) and 
XBB.1.16 (31%) were identified in October 2023. Between 
January and March 2024, 3 types of variants named as 
EG.5.1, BA.2.86.2 and JN.1 were detected (Fig. 3).

The dynamic of SARS‑CoV‑2 evolution between March 
2020 and July 2024 in Hiroshima
The phylogenetic tree revealed the presence of mul-
tiple significant SARS-CoV-2 variants in Hiroshima 
between March 2020 when the first case of COVID-19 
was detected in Hiroshima and July 2024. This analysis 
included total 7383 SARS-CoV-2 strains retrieved from 
GISAID. In the early phase of outbreak in Hiroshima, the 
wild-type strains and various B lineages were dominant 

Fig. 2  The Viral Titer of SARS-CoV-2 stratified by variants. The viral load expressed in copies per milliliter of the SARS-CoV-2 is stratified by each 
variant. The scattered plot indicates the viral tilter of the detected variants with different colors that represent each specific variant

Table 1  The rate of amplification and variant identification 
among SARS-CoV-2 Omicron variants using Sanger Sequencing 
Strategy

Viral titer
(copies/mL)

N Complete 
amplification
n (%)

Variants identification
n (%)

≤ 103 93 45 (48.3%) 20 (21.5%)

104 ~ 106 325 309 (95.1%) 216 (66.5%)

≥ 107 221 221 (100%) 207 (93.7%)

Total 639 575 (90.0%) 443 (69.3%)
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until April 2021. Since May 2021, the Alpha variant 
(B.1.1.7) was dominant followed by the Delta variant 
(B.1.617.2-like) from June 2021 to January 2022. Both the 
Alpha and Delta variants exhibit the less branching in the 
phylogenetic tree. Since December 2021, the Omicron 
variant was found in Hiroshima when BA.1. was predom-
inant followed by BA.2, BA.5, BF.5, BQ.1 in the year 2022 
and early 2023. The other Omicron variants sub lineages 
XBC.1, XBB.1 and XBB.2 series, EG.5, FU.1, BA.2.86, etc. 
emerged in year 2023 which were then replaced by JN.1, 
JN.5, HK.3 (XBB-like) in year 2024 in Hiroshima. Over 
time, the emergence of Omicron variants was observed, 
with several sub-lineages such as BA.2, BA.5, and XBB 
becoming prevalent. Each variant’s timeframe of pre-
dominance was documented, indicating shifts in the 
dominant strains across different waves of the pandemic 
(Fig. 4).

Discussion
SARS-CoV-2 continues its global and regional spread. 
In the 28-day interval from September to October 22, 
2023, COVID-19 cases were reported by 93 countries, 
and 38 countries reported COVID-19-related deaths. 
According to the available data, there has been a decline 
in the number of reported cases and deaths during these 
28 days, showing a decrease of 42% in new cases and 43% 
in new deaths compared to the preceding 28 days (from 

August 28 to September 24, 2023). It is important to note 
that reported cases may not accurately reflect infection 
rates due to reduced testing and sequencing, along with 
reporting delays in many countries [6].

This study is a continuum of SARS-CoV-2 variant 
screening conducted since the beginning of the COVID-
19 epidemic in Hiroshima Prefecture. Together with the 
Hiroshima City Association Clinical Laboratory Center 
, a total of 639 saliva samples from February 1, 2023, to 
March 12, 2024, were included for the SARS-CoV-2 vari-
ants screening, using the Sanger Sequencing Strategy 
with the modified in-house primer set validated in our 
previous study [10]. Among a total of 639 samples, both 
the amplification and variants identification rate were 
increased by viral titers, and it sustainably provided the 
amplification rate at 48.3% in low viral titer ≤ 103 copies/
mL but considerably decreased from 89.7% in our previ-
ous report [8]. However, our Sanger sequencing-based 
SARS-CoV-2 variants identification strategy is sustain-
ably able to apply after evolution of various SARS-CoV-2 
Omicron variants. Additionally, our method still could 
identify new variants despite the lower viral titer (≤ 103 
copies/mL).

Based on our previous report, from the 3rd to 6th wave 
in Hiroshima Prefecture, we found that each outbreak 
was linked to the dominance of a specific SARS-CoV-2 
variant: the R.1 variant in the 3rd wave, the Alpha variant 

Fig. 3  Percentage distribution of SARS-CoV-2 variants in Hiroshima by each month. The percentage distribution of the SARS-CoV-2 variants 
was identified during the screening period from February 2023–March 2024 indicating by each month. Each variant was shown with a specific color
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(B.1.1.7) in the 4th wave, the Delta variant (B.1.617.2) in 
the 5th wave, and the Omicron variant (B.1.1.529) in the 
6th wave [10]. Our current study revealed that all SARS-
CoV-2 circulated in Hiroshima during the 8th outbreak of 
the COVID-19 infection are Omicron variants (XBB.1, 
BQ.1*, BN.1, BA.5, BF.5, EG.1, BA.2, FU.1, XBB.2.3, 
EG.5.1, XBC.1.6*, CH.1*, XBB.1.16, JN.5, BA.2.86.2, and 
JN.1). Specifically, Omicron (BA.5) was predominant 
from February to April 2023 while from May to Sep-
tember 2023, Omicron (XBB.1) was the most detected 
case. Other SARS-CoV-2 Omicron sub-lineages BQ.1, 
BA.2, and EG.5 were increasingly found from May to 
August 2023, and later the other SARS-CoV-2 Omicron 

sub-lineages XBB.2.3, CH.1*, FU.1, XBB.1.16, JN.5, 
BA.2.86.2, and JN.1 were also circulated in August 2023 
to March 2024.

We also analyzed the phylogenetic tree to under-
stand the evolution and distribution of SARS-CoV-2 
variants in Hiroshima, after retrieving all the submitted 
SARS-CoV-2 full genomes from Hiroshima Prefecture at 
GISAID. The analysis highlighted the dynamic nature of 
SARS-CoV-2 evolution and the successive waves of dif-
ferent variants affecting Hiroshima. The initial spread of 
wild-type strains and early variants like Alpha and Delta 
was followed by the more transmissible Omicron vari-
ants, reflecting global trends. The phylogenetic revealed 

Fig. 4  The dynamic of SARS-CoV-2 variant evolutions between March 2020 and July 2024 in Hiroshima. The comprehensive phylogenetic tree 
analysis illustrates the dynamic of SARS-CoV-2 variants in Hiroshima. A total of 7383 SARS-CoV-2 full genomes submitted from Hiroshima to GISAID 
from March 2020 to July 2024, were retrieved and included in the analysis. The phylogenetic tree was constructed by the neighbor-joining method 
using MEGA.11 software
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difference branching patterns among SARS-CoV-2 wild 
type, Alpha variant, Delta variant and the Omicron vari-
ant. All the wild type, the Alpha and the Delta exhibit the 
less branching pattern, with the shortness of branch and 
consisting of large number of cases in the same branch 
indicates the less genetic variation and mutation during 
the early phase of outbreak in Hiroshima. Since the Omi-
cron variant emerged alongside with subsequent evolu-
tion of multiple Omicron sub lineages within a short 
period indicates the change in mutation rate of SARS-
CoV-2 and rapid evolution. Thus, the Omicron variants 
in the phylogenetic tree provided the multiple branching 
and longer branches carrying cluster cases. The Omicron 
era is obviously differed from the previously emerged 
its ancestor and the rapid emergence of Omicron sub-
lineages such as BA.2, BA.5, and XBB indicates ongoing 
viral adaptation and immune escape, posing challenges 
for public health responses. Continuous monitoring and 
sequencing are crucial for identifying new variants and 
informing vaccination and mitigation strategies. This 
study underscores the importance of global data sharing 
and collaborative efforts in tracking and combating the 
COVID-19 pandemic. Therefore, it is suggested that our 
Sanger-based variant identification strategy is effective 
in identifying the newly emerged various SARS-CoV-2 
Omicron variants in Hiroshima in addition to previously 
emerged Alpha, Delta and other variants and is subjected 
as an alternative variants screening strategy to highly cost 
gold standard next generation sequencing.

In November 2021, WHO declared that the world 
encountered a new variant of concern known as the 
Omicron variant (B.1.1.529), which was first reported 
in South Africa [12] and continues to spread world-
wide. Over the past few months, various lineages of 
the Omicron SARS-CoV-2 variant have been detected 
worldwide, including the BA.1 and BA.2 subvariants. 
Presently, the dominant strain in the United States is 
the BA.2.12.1 subvariant, while in South Africa, BA.4 
and BA.5 hold prominence. Additionally, the Centaurus 
BA2.75 and BA2.75.2 subvariants have also been iden-
tified [13]. As of February 2022, the prevalence of the 
Omicron variant has led to a rise in COVID-19 cases 
in Japan [14]. Omicron variant has high transmissibility 
and the capacity to evade immunity leading to its rap-
idly replacing Delta as the predominant strain globally 
[15]. Regarding the severity, previous studies reported 
that Omicron variants are less likely to develop severe 
clinical outcomes compared to other previous variants 
[16–18]. Moreover, prior studies found that patients 
infected with Omicron were significantly less likely 
to require hospitalization or ICU care [19, 20]. None-
theless, there is a possibility that the pathogenicity of 

the Omicron variant might be underestimated due to 
numerous factors including the increasing levels of 
herd immunity resulting from prior infections, high 
vaccination coverage, and other health conditions [16, 
21, 22]. Our study found that the Omicron variant was 
dominant compared to other previous variants.

SARS-CoV-2 has acquired many novel mutations 
since the onset of the COVID-19 pandemic, as a result, 
an increase in adaptive diagnostic methods for vari-
ant screening is required. Generally, to confirm a spe-
cific SARS-CoV-2 variant, Whole Genome Sequencing 
(WGS), or at least complete or partial S-gene sequenc-
ing, is the more reliable method for identifying the 
SARS-CoV-2 variant and its characteristics. Other 
methods, such as nucleic acid amplification technique 
(NAAT)-based assays for diagnostic screening, have 
been developed to enable early detection and pre-
screening for estimating the prevalence of Variants of 
Concern (VOCs), Variants of Interest (VOIs), and Vari-
ants Under Monitoring (VUM). While some of these 
methods can accurately identify different variants, 
others may require confirmation through sequenc-
ing, focusing on at least the complete or partial S-gene 
genomic region in a subset of samples [23]. In our 
study, we used a Sanger sequencing method, which is 
low-cost, compared to other methods, to identify the 
SARS-CoV-2 variants that were circulating in Hiro-
shima Prefecture.

Since the beginning of the COVID-19 epidemic in 
Japan, we studied the molecular characteristics, and 
the mutation pattern of the SARS-CoV-2 virus circu-
lated in Hiroshima [7]. At the time of the evolution of 
SARS-CoV-2 from the Asian clade into the European 
clade, we developed the in-house primer set to dif-
ferentiate between the Asian clade and the European 
clade, using the in-house developed identification 
method [7]. Once WHO notified SARS-CoV-2 VOCs, 
VOIs, and VUMs after the emergence of SARS-CoV-2 
Alpha, Beta, and Gamma variants, we also developed 
and reported in-house strategy for the identification 
of SARS-CoV-2 variants using SARS-CoV-2 Spike 
gene partial genome sequencing by Sanger method [9], 
which proved that the identification was 100% agreed 
to gold standard Next Generation Sequencing (NGS) 
and the SARS-CoV-2 amplification rate was increased 
to 89.7% compared to NGS (19.2%) among the samples 
with low viral load < 103 copies/mL [8]. Therefore, our 
in-house developed SARS-CoV-2 spike gene partial 
genome sequencing-based variant identification helped 
increase the variant identification rate and promoted 
the molecular surveillance of SARS-CoV-2 during the 
public health emergency and was practically applicable 
for mass screening.
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Conclusions
Our study revealed that all SARS-CoV-2 viruses circu-
lated in Hiroshima were Omicron variants and their 
sub-lineages during the 8th wave outbreak in Hiro-
shima. Our study yielded the molecular surveillance 
of SARS-CoV-2 though the Japanese MHLW reclas-
sified the SARS-CoV-2 as class 5 infectious disease. 
Our in-house developed SARS-CoV-2 variants identi-
fication consistently provided a high amplification rate 
even though in low viral titer ≤ 103 copies/mL. Persis-
tent molecular surveillance of SARS-CoV-2 is needed 
for the decision-making and strategic planning to the 
public promptly and our study added evidence for 
the usefulness of SARS-CoV-2 spike gene partial gene 
sequencing-based SARS-CoV-2 variant identification 
strategy for mass screening and molecular surveillance.
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