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Abstract:  15 

In the context of public health, asymptomatic carriers of respiratory infectious diseases 16 

are considered a hidden yet critical factor in the transmission of infection and represent 17 

a key target for efforts to mitigate disease spread. To contribute a unique genomic 18 

resource to the SARS-CoV-2 research community, we collected SARS-CoV-2–positive 19 

samples from asymptomatic individuals at the SB Coronavirus Inspection Center Corp. 20 

during the COVID-19 pandemic in Japan and conducted a comprehensive analysis of 21 

their viral genomes. Using Illumina COVIDSeq technology, we successfully generated 22 

8,266 SARS-CoV-2 genome assemblies, all of which have been made publicly available 23 

to facilitate further research. In this report, we summarize our efforts to collect SARS-24 
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CoV-2–positive samples from asymptomatic individuals and highlight the key features 25 

and accessibility of this genomic dataset.  26 

 27 

Background & Summary:  28 

      We operate the SB Coronavirus Inspection Center Corp. (SBCVIC) 1 , which has a 29 

key distinguishing feature compared to other medical facilities that conduct testing for 30 

general health concerns: our center collects samples from asymptomatic 31 

individuals.  Consequently, the positive samples obtained at our facility are considered 32 

to be from asymptomatic carriers of SARS-CoV-2. Epidemiologically, asymptomatic 33 

carriers are known to have similar transmission capabilities to symptomatic 34 

individuals2-5. Therefore, their existence represents a hidden yet critical factor in 35 

controlling the spread of the pandemic6,7. From a genomic perspective, samples from 36 

asymptomatic carriers are also a valuable resource for investigating genetic factors in 37 

the viral genome that may be associated with the presence or absence of clinical 38 

symptoms in COVID-19 patients8.  39 

      During the pandemic period in Japan9,10, spanning from July 2020 to January 2023, 40 

the country experienced eight epidemic waves of SARS-CoV-2 infection. These 41 

included waves dominated by the Alpha (the 4th wave), Delta (the 5th wave), and 42 

Omicron sublineages BA.1, BA.2, and BA.5 (from the 6th wave onward) (Figure 1A, B). 43 

Over the course of the study (July 27, 2020 – January 16, 2023), we tested a total of 44 

4,573,575 samples, among which 18,475 tested positive for SARS-CoV-2 using reverse 45 

transcription real-time quantitative polymerase chain reaction (RT-qPCR) (Ct values of 46 

≤ 40) (Figure 2 and Table 1). The overall average positive rate among asymptomatic 47 

individuals was 0.40%.  The positive rates varied by wave: 0.05% during the 3rd wave, 48 
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0.13% in the 4th wave (Alpha), 0.23% in the 5th wave (Delta), 4.5% in the 6th wave, 49 

8.2% in the 7th wave (BA.1/BA.2), and 5.2% in the 8th wave (BA.5) (Figure 2). The 50 

numbers of newly confirmed cases in Japan correlates well with the infection rate 51 

among asymptomatic individuals (Figure 1A). 52 

      Starting October 9, 2020 (approximately six weeks after the initiation of the study), 53 

we began collecting background information on positive cases from 45 prefectures 54 

across Japan, including Shiga, Tokyo, Nagasaki, Osaka, Hokkaido, Fukuoka, Chiba, 55 

Gifu, Kanagawa, Saitama, Hyogo, Aichi, Kyoto, Miyagi, Gumma, Hiroshima, Nagano, 56 

Kumamoto, Ibaraki, Shizuoka, Tochigi, Fukushima, Yamanashi, Nara, Miyazaki, 57 

Okinawa, Mie, Ehime, Iwate, Okayama, Kagawa, Yamagata, Saga, Aomori, Akita, 58 

Niigata, Toyama, Tottori, Ishikawa, Yamaguchi, Oita, Kagoshima, Fukui, Shimane, and 59 

Kochi (Figure 3). Among these cases, 51.9% were male, with a median age of 36 years 60 

(interquartile range [IQR]: 27–44) (Table 1). 61 

 62 

 Number (%) 
Tested individuals 4,573,575 
Positive cases 18,475 
Gender  

Male 6,408 (51.9%) 
Female 5,944 (48.1%) 
Unknown 6,123 

Age (Years) 36 [27 - 44] 

Table 1. Statistics of the study participants. Data are presented as median 63 

[interquartile range] for continuous measures and n (%) for categorical measures. 64 

 65 

      In total, we obtained 18,475 SARS-CoV-2-positive samples from asymptomatic 66 

individuals. We performed whole-genome sequencing on residual saliva samples and 67 

assembled viral genome sequences that met quality thresholds for downstream analysis. 68 

Ultimately, we successfully generated 8,266 genome assemblies from these cases, 69 
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which are archived in the SBCVIC genomic dataset and categorized into two groups 70 

(Table 2 and Table 3). 71 

      For technical validation, we evaluated the distribution of consensus genome 72 

sequence lengths and examined the lineage composition of the SARS-CoV-2 genomes. 73 

We also assessed the presence of known mutations to confirm the reliability of our 74 

sequencing pipeline for allele typing. In particular, we focused on two adjacent, co-75 

occurring mutations in the nucleocapsid (N) protein R203K/G204R11, which are 76 

associated with increased viral infectivity, fitness, and virulence. For further details, see 77 

the Technical Validation section.  78 

 79 

Methods:  80 

SARS-CoV-2 Testing (Screening of Asymptomatic Cases) 81 

      Following previously described protocols1,12, we conducted SARS-CoV-2 testing 82 

and genome sequencing. The details are summarized below. The SBCVIC provided 83 

routine workplace-based SARS-CoV-2 screenings upon company request, as well as 84 

voluntary screenings requested by local governments. As a result, most positive cases 85 

were identified in asymptomatic individuals 1,12. All patients gave informed consent via 86 

the opt-out method. Between July 27, 2020, and January 16, 2023, we tested 87 

approximately 4.6 million asymptomatic individuals in Japan. However, individuals 88 

who declined participation in the study were excluded from this count. The study 89 

protocol was approved by the Ethics Committee of the National Center for Global 90 

Health and Medicine (NCGM), Japan (approval number: NCGM-G-003678-00). Each 91 

participant self-collected approximately 2 mL of saliva using the ZEESAN Saliva RNA 92 

Sample Collection Kit (MD-ZSV-001; Zeesan Biotech, Fujian, China), which contained 93 
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1 mL of a guanidine-based viral inactivation buffer. The sample was mailed to the 94 

inspection center as a UN 3373 Biological Substance Category B. On the day of arrival, 95 

SARS-CoV-2 RT-qPCR testing was performed using the SARS-CoV-2 Direct Detection 96 

RT-qPCR Kit (Takara Bio, Shiga, Japan). Kits RC30JW and RD003 were used until 97 

April 4 and from April 5, 2021, respectively, according to the manufacturer’s protocol. 98 

Because the guanidine-based viral inactivation buffer can inhibit RT-PCR reactions13, 99 

we modified the pretreatment process. Specifically, 16 µL of the saliva/buffer mixture 100 

was combined with 16 µL of water and 4 µL of pretreatment reagent (Solution A) to 101 

dilute the inhibitor. The resulting 36 µL mixture was incubated at room temperature for 102 

5 minutes, followed by 5 minutes at 95°C. A 2.5 µL aliquot of this treated mixture was 103 

used as the RT-qPCR template. Test results (positive or negative) were determined 104 

based on the protocol, with Ct values ≤ 40 considered positive.  105 

Viral Genome Sequencing 106 

      Samples from SARS-CoV-2-positive individuals were subjected to genome 107 

sequencing. The sequencing execution rate was nearly 100% for samples with Ct values 108 

≤ 30 across all periods. However, the rate decreased for higher Ct values (30–40), 109 

particularly from 2022 onward, due to operational constraints (see Table 2 and Table 3). 110 

For RNA extraction, 50 μL of viral nucleic acid was extracted from 200 μL of saliva 111 

samples using MagMAX Viral/Pathogen Nucleic Acid Isolation Kit (Themo Fisher 112 

Scientific, MA, USA) with MVP_Saliva_200_Flex_V1 protocol for KingFisher Flex 113 

System (Themo Fisher Scientific). The eluted RNA (20 μL) was treated with RQ1 114 

RNase-Free DNase (Promega, WI, USA). Subsequent cDNA synthesis, target 115 

amplification using the ARTIC primer set 14, and library preparation were performed 116 

according to the Illumina COVIDseq Test Reference Guide (Illumina Inc., CA, USA). 117 
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Sequencing was conducted on an Illumina NextSeq 2000 system. Sequencing data were 118 

analyzed using the Illumina DRAGEN COVID Lineage Pipeline. Consensus sequences 119 

in FASTA format were generated, collected and archived (see Data Records). The 120 

ARTIC primer sets and DRAGEN versions used for each sample are documented in the 121 

archive. Sequences ≥ 29,000 nucleotides in length (Category 1 in Table 2 and Table 3) 122 

were analyzed for lineage assignment using Phylogenetic Assignment of Named Global 123 

Outbreak Lineages (PANGOLIN) version  4.3.1 (pangolin-data 1.21) 15. 124 

Control Dataset 125 

      To analyze the distribution of SARS-CoV-2 lineages across Japan during the study 126 

period (July 27, 2020 – January 16, 2023), we utilized sequences registered in the 127 

GISAID EpiCov database (https://gisaid.org) as of February 6, 2023. The filtering 128 

criteria were: 129 

• Host: Human 130 

• Location: Asia / Japan 131 

• Collection date: July 27, 2020 – January 16, 2023 132 

• Sequence length: ≥ 29,000 nt 133 

• Passage history: Original 134 

The resulting 539,504 sequences were analyzed using PANGOLIN version 4.3.1 135 

(pangolin-data 1.21) for lineage classification (see Figure 1B).  136 

Bioinformatics  137 

      The reference genome used was the Wuhan WIV04 strain (hCoV-138 

19/Wuhan/WIV04/2019, EPI_ISL_402124), downloaded from GISAID. A multiple 139 
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sequence alignment, including the WIV04 reference, was generated in FASTA format 140 

using MAFFT 16. The WIV04 sequence was then removed from the alignment, which 141 

was analyzed using AliView 17 and custom Python scripts to calculate allele frequencies 142 

at the R203K/G204R sites in the N protein. 143 

 144 

Data Records:  145 

      Of the 18,475 SARS-CoV-2-positive samples, 14,201 were subjected to viral 146 

genome sequencing. By the end of December 2021, sequencing was conducted for 147 

100% of samples with Ct ≤30 and 93.92% of those with Ct value between 30–40. From 148 

2022 onward, the coverage remained high Ct ≤30 samples (for 99.83%) but decreased 149 

to 62.71% for Ct 30–40 samples (Table 2).  150 

 151 

 152 

Table 2. Summary of viral genome sequencing. The upper section shows actual 153 

sample counts; the lower section shows corresponding percentages relative to the total 154 

number of positive samples. For the definition of Categories 1 and 2, see Table 3. 155 

 156 

Year/Group Positive Samples Sequenced Samples Genomes Determined  
(Category 1 and 2) 

Genomes Determined  
(Category 1) 

- 2021 Ct ≤30 513  
2,025 

513  
1,933 

346  
683 

263  
444 

Ct 30-40 1,512 1,420 337 181 

2022 - Ct ≤30 5,258  
16,450 

5,249  
12,268 

4,389  
7,583 

2,473  
2,473 

Ct 30-40 11,192 7,019 3,194  0   

  
  

total 18,475 total 14,201 total 8,266 total 2,917 

- 2021 Ct ≤30 100 %  
100 % 

100.00 %  
95.5 % 

67.45 %  
33.7 % 

51.27 %  
21.9 % 

Ct 30-40 100 % 93.92 % 22.29 % 11.97 % 

2022 - Ct ≤30 100 %  
100 % 

99.83 %  
74.6 % 

83.47 %  
46.1 % 

47.03 %  
15.0 % 

Ct 30-40 100 % 62.71 % 28.54 %  0 %   
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      Raw reads and consensus genome sequences for 8,266 SARS-CoV-2 samples were 157 

submitted and are available for download from the International Nucleotide Sequence 158 

Database Collaboration (INSDC) 18. The corresponding BioSample and other accession 159 

numbers are summarized in Table 3. According to operational criteria (based on 160 

genome length and Ct values), sequences were categorized into two groups (see Table 161 

3). Assembled genome sequences were also submitted to GISAID 19-21, under the 162 

accession IDs listed.  163 

 164 

Category and Criteria 
Number 

of 

Sequences 

BioSample* 

Accession 
Sequence 

Accession 
SRA Run 
Accession 

SRA 
Experiment 
Accession 

GISAID ID 

Category 1: 
Genome length ≥ 29,000 nucleotides 

and 
Ct value ≤ 40 (for - 2021) 

             ≤30 (for 2022 -) 

2917 

SAMD00738313 
- SAMD00741057, 

SAMD00741082, 
SAMD00786981 
- SAMD00787151 

BS007837 
- BS010581, 

BS010689, 
BS016048 
- BS016218 

DRR600457 
- DRR603201, 

DRR603222, 
DRR608552 
- DRR608722 

DRX581004 
- DRX583748, 

DRX583769, 
DRX589099 
- DRX589269 

EPI_ISL_19576276 
- EPI_ISL_19582591, 

EPI_ISL_19582637, 
EPI_ISL_19575435 
- EPI_ISL_19575605 

Category 2: 
Complete Genome not meeting 

Category 1 criteria 
and 

with ≤ 20% unidentified nucleotides 

5349 

SAMD00741058 

- SAMD00741081, 
SAMD00741083 
- SAMD00746626** 

BS010669 

- BS010688, 
BS010690 
- BS016018 

DRR603202 

- DRR603221, 
DRR603223 
- DRR608551 

DRX583749 

- DRX583768, 
DRX583770 
- DRX589098 

EPI_ISL_19582592 
- EPI_ISL_19582606, 
EPI_ISL_19582632 

- EPI_ISL_19582636, 
EPI_ISL_19582638 

- EPI_ISL_19585391, 
EPI_ISL_19579847 
- EPI_ISL_19580766, 

EPI_ISL_19578927 
- EPI_ISL_19579846, 
EPI_ISL_19574700 
- EPI_ISL_19575434 

 165 

Table 3. Submission of genomic sequences to public repositories (INSDC/DDBJ 166 

and GISAID) 167 

* BioSample accessions provide metadata describing the biological source materials 168 

used to generate sequencing data. 169 

** 219 BioSample data did not meet Category 2 criteria; sequence data for these were 170 

not submitted. 171 

 172 
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Technical Validation: 173 

Statistics of Consensus Genome Sequences 174 

      We first examined the length distribution of the 8,266 complete consensus genome 175 

sequences across both Category 1 and Category 2  (Figure 4). A sufficient number (n = 176 

2,917) of nearly full-length genome sequences (≥ 29,000 nt; Category 1) were included 177 

and exclusively used for SARS-CoV-2 lineage assignment via PANGOLIN, as well as 178 

for subsequent analyses described below.  179 

Epidemiological Distribution of SARS-CoV-2 Variants 180 

      Since the SBCVIC dataset represents a SARS-CoV-2 subpopulation within the 181 

broader Japanese population, we anticipated a comparable lineage distribution between 182 

our dataset and that of GISAID. Lineage analysis using PANGOLIN (Figure 1B and 183 

1C) revealed a similar distribution of SARS-CoV-2 variants between SBCVIC and 184 

GISAID datasets, supporting the validity of the overall SBCVIC sampling, sequencing, 185 

and analysis workflow. 186 

Detection of R203K/G204R Mutations in the Nucleocapsid Protein 187 

      The 2,917 Category 1 genome assemblies were also used for further technical 188 

validation. As a control, we randomly selected 2,917 SARS-CoV-2 genome sequences 189 

from symptomatic individuals of Japanese origin deposited in GISAID during the same 190 

period (July 27, 2020 to January 16, 2023) (Table 4). To demonstrate the genotyping 191 

capability of our dataset, we focused on two well-known adjacent co-occurring 192 

mutations R203K/G204R in the N protein of SARS-CoV-2, which are known to affect 193 

viral pathogenicity11.  194 

      Genome sequences were aligned to the SARS-CoV-2 reference genome, and the 195 

allele frequencies at the R203K/G204R sites were calculated for both the GISAID 196 
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(symptomatic) and SBCVIC (asymptomatic) groups (see Method). Our SBCVIC 197 

dataset exhibited a lower rate of missing allele calls (5.9%) compared to the GISAID 198 

dataset (17.8%), indicating high-quality genotyping across the majority of samples. 199 

Interestingly, the frequency of the mutant allele in the SBCVIC (asymptomatic) group 200 

was comparable to that in the GISAID (symptomatic) group (Table 4) (P = 0.799676, 201 

G-test), despite our initial expectation that mutation rates would differ between 202 

symptomatic and asymptomatic individuals. While we do not propose a specific 203 

hypothesis here, this allele-level analysis highlights a potential application of the 204 

SBCVIC dataset. 205 

 206 

 Wild allele 

(R203/G204) 

Mutant allele 

(203K/204R) 

Allele Not 

Determined  

GISAID (Symptomatic, n=2917) 7 2391 519 (17.8%) 

SBCVIC (Asymptomatic, n=2917) 7 2739 171 (5.9%) 

Table 4. Number of wild-type and mutant alleles at the nucleocapsid protein mutation 207 

sites (R203K/G204R) in symptomatic and asymptomatic populations. 208 

 209 

Usage Note:  210 

      The dataset of SARS-CoV-2 samples collected and analyzed from asymptomatic 211 

individuals in Japan is highly distinctive. We demonstrated the validity of this SBCVIC 212 

dataset for analyzing the epidemiological distribution of SARS-CoV-2 variants and for 213 

conducting allele-level genotyping. We believe that this dataset has significant potential 214 

to provide insights into the modulation of SARS-CoV-2 virulence and to enhance our 215 

understanding of viral fitness. 216 

 217 

Code Availability 218 
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      All custom scripts used in this study are available on GitHub 219 

at https://github.com/oyasai55/calc_allele_frequencies/. 220 
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 256 

Figure legends: 257 

Figure 1. Monthly epidemiological distribution of SARS-CoV-2 variants in Japan 258 

(July 27, 2020 - January 16, 2023). (A) Monthly number of newly confirmed COVID-259 

19 cases in Japan, based on open data from the Ministry of Health, Labour and Welfare 260 

(https://covid19.mhlw.go.jp/en/, accessed May 1, 2023)22. (B) All domestic sequences 261 

registered in the Global Initiative on Sharing All Influenza Data (GISAID) EpiCoV 262 

database as of February 6, 2023 (n = 539,504). (C) Positive cases detected in 263 

asymptomatic individuals in this study (n = 2,917). SARS-CoV-2 lineage analysis was 264 

conducted using the Phylogenetic Assignment of Named Global Outbreak Lineages 265 

(PANGOLIN) version  4.3.1. Data visualization was performed using R version 4.3.1. 266 
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 267 

Figure 2. Number of tested (gray) and SARS-CoV-2-positive (blue) cases in this 268 

study. Between July 27, 2020, and January 16, 2023, a total of 4,573,575 saliva samples 269 

were tested, of which 18,475 were positive by RT-qPCR testing. Individuals who opted 270 

out of the study were excluded from this count. 271 

 272 

Figure 3.  Geographic distribution of sample collection. This figure was generated 273 

using the R package NipponMap (https://cran.r-274 

project.org/web/packages/NipponMap)23,24. Color intensity indicates the number of 275 

samples collected, with darker shades representing higher counts. The top five 276 

prefectures with the highest number of samples were Shiga (n = 6,082), Tokyo (n = 277 

3,118), Nagasaki (n = 521), Osaka (n = 429), and Hokkaido (n = 401). 278 

 279 

Figure 4. Distribution of SARS-CoV-2 genome consensus sequence lengths 280 

obtained in this study (n = 8,266). A histogram shows the distribution of sequence 281 

lengths (X-axis) and their frequencies (Y-axis). Category 1 sequences (n = 2,917) are 282 

shown in dark purple, and Category 2 sequences (n = 5,349) are shown in green. The 283 

dashed line represents the threshold for near-complete genome sequences (29,000 nt). 284 

 285 
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