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ABSTRACT We report 13 genomic sequences of human bocavirus 1 isolated from pediat-
ric inpatients in Fukushima, Japan, using an air-liquid interface culture of human bronchial
tracheal epithelial cells. This work suggests the endemic circulation of a human bocavirus
variant with a unique amino acid signature in Fukushima.

Human bocavirus (HBoV) belongs to the family Parvoviridae, with a genome consisting
of approximately 5.5 kb of single-stranded DNA (ssDNA) and heterotelomeric DNA,

and was first detected in Sweden in 2005 (1). HBoV has four subtypes (HBoV1 to HBoV4), and
the genome contains three major open reading frames (ORFs), which encode nonstructural
proteins (NSs), a nuclear phosphoprotein (NP1), and viral capsid proteins (VPs) (2). The NS ORF
encodes several NSs (NS1, NS1-70, NS2, NS3, and NS4) (3). Three VPs (VP1, VP2, and VP3) are
generated by the alternative splicing of VP mRNA by the NP1 protein (4). Some viruses contain
putative up1 and ORFX genes (5). Recent studies showed HBoV1 can cause lower respiratory
tract diseases as a monoinfection and not only in combination with other respiratory patho-
gens, suggesting the importance of HBoV as a pathogen of respiratory infection ranked
second or third after respiratory syncytial virus (6–8). Nevertheless, few full-length genomes
of HBoV1 have been registered in databases; in particular, the hairpin sequences at both
ends, which are necessary for viral genome replication, are often lacking (9, 10).

In this study, 13 nearly complete genome sequences of HBoV1 isolates, including
hairpin sequences, were determined (Table 1). Nasopharyngeal swab specimens were col-
lected from pediatric inpatients in Fukushima, Japan, between 2018 and 2021, and those that
were HBoV1 positive by multiplex real-time PCR assays for respiratory viruses (11, 12) were
used for virus isolation using an air-liquid interface culture of human bronchial tracheal epithe-
lial cells (HBTEC-ALI) prepared as described previously (13, 14). Nucleic acids were extracted
from virus stock with a QIAamp viral RNA minikit (Qiagen, Hilden, Germany) (DNA was
extracted simultaneously). The libraries for next-generation sequencing were prepared using a
NEBNext Ultra II RNA library preparation kit for Illumina (New England Biolabs, Ipswich, MA,
USA) following the manufacturer’s instructions. Although HBoV is an ssDNA virus, indexed
libraries were obtained using this kit. The indexed libraries were analyzed for 2 � 150 cycles
on a DNBSEQ-G400 instrument at GENEWIZ (South Plainfield, NJ, USA). Reads were trimmed
and then de novo assembled or mapped (based on the number of HBoV reads obtained) to the
reference sequence (GenBank accession number JQ923422) using CLC Genomics Workbench
v21.0.4 with default settings. The coverage of the assembled sequences was checked by
mapping. The gene annotations were analyzed by VAPiD v1.6.6 (15).

The phylogenetic analysis of the VP1 protein sequences showed that the Fukushima
isolates clustered in distinct lineages, closely related to viruses described from around the
globe (Fig. 1a). Characteristically, isolates OR59, OR65, H181, H216, H254, and O234 have a
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FIG 1 (a) Phylogenetic analysis using the nucleotide sequences of VP1 was performed using MEGA-X software (v10.1.8). The maximum
likelihood method was used to generate the phylogenetic tree. Five hundred bootstrap replicates were performed, and only values
above 70 are shown. Reference HBoV1 sequences were obtained from GenBank. The new isolates are marked in yellow. The sequences
carrying the disrupted DDXXD motif are shown in bold, and strains carrying the R17K amino acid substitution are underlined. The
numbers show the bootstrap values. The scale bar shows the number of changes per position. (b) The alignment of VP1 amino acid
sequences was prepared using MEGA-X software. Red arrows indicate the positions of amino acid substitutions.
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substitution at the 17th amino acid in the VP1 protein (R to K) and, except for OR65, also
an amino acid substitution in the DDXXD motif (amino acid positions 68 to 72 in VP1),
which disrupts this putative metal binding domain (16, 17) (Fig. 1b). Strains carrying both
of these amino acid substitutions are not present in databases, suggesting that this unique
variant was endemic in Fukushima from 2018 to 2021.

Human subjects were enrolled after approval from the ethics committee of our
institute (approval numbers 1001 and 1087).

Data availability. The nearly complete genome sequences have been deposited in
GenBank under accession numbers LC651167, LC651168, LC651169, LC651170, LC651171,
LC651172, LC651173, LC651174, LC651175, LC651176, LC651177, LC651178, and LC651179
(Table 1). The raw reads were deposited under BioProject number PRJDB12572. Run data
have been deposited in the DNA Data Bank of Japan (DDBJ) under accession numbers
DRR328227, DRR328228, DRR328229, DRR328230, DRR328231, DRR328232, DRR328233,
DRR328234, DRR328235, DRR328236, DRR328237, DRR328238, and DRR328239.
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