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A new human virus, provisionally named human bocavirus (HBoV), was discovered by Swedish re-
searchers in 2005. A new immunofluorescence assay using Trichoplusia ni insect cells infected with a
recombinant baculovirus expressing the VP1 protein of HBoV was developed, and the levels of immuno-
globulin G antibody to the VP1 protein of HBoV in serum samples were measured. The overall seropreva-
lence rate of antibodies against the VP1 protein of HBoV in a Japanese population aged from 0 months
to 41 years was 71.1% (145 of 204). The seropositive rate was lowest in the age group of 6 to 8 months and
gradually increased with age. All of the children had been exposed to HBoV by the age of 6 years. A rise
in titers of antibody against the VP1 protein of HBoV during the convalescent phase was observed for four
patients with lower respiratory tract infections, and HBoV DNA was detected in nasopharyngeal swab and
serum samples from all four patients. These results suggest that HBoV is a ubiquitous virus acquired early
in life and that HBoV might play a role in the course of lower respiratory tract infections.

In September 2005, a new human virus provisionally named
human bocavirus (HBoV), belonging to the Parvoviridae fam-
ily, Parvovirinae subfamily, and Bocavirus genus, was cloned by
molecular screening of pooled human respiratory tract samples
in Sweden (3). Recently, the same virus has been identified in
patients with respiratory tract infections in Australia, Japan,
Canada, the United States, France, Germany, Korea, Thai-
land, the United Kingdom, South Africa, Switzerland, China,
Finland, Italy, The Netherlands, and Iran (2, 5–7, 11, 13, 20, 21,
26–30, 33, 35, 40, 42–44, 47). HBoV seems to be a new member
of the community-acquired respiratory viruses such as respira-
tory syncytial virus, adenovirus, influenza virus, parainfluenza
virus, and rhinovirus, which cause common respiratory tract
infections in the community (3, 5). The purpose of this study
was to clarify the seroprevalence of HBoV in Japan. HBoV
encodes two nonstructural proteins (NS1 and NP-1) and two
capsid proteins (VP1 and VP2) (3). Capsid (VP1 and VP2)
proteins of human parvovirus B19 (B19), which belongs to the
Parvoviridae family, Parvovirinae subfamily, and Erythrovirus
genus, are known to be immunodominant antigens (9, 15, 39),
and they have been expressed in numerous prokaryotic and
eukaryotic expression systems in order to use them as diagnos-
tic reagents for B19 infection (8, 10, 17, 34). The VP1 proteins
of HBoV are therefore likely to evoke an antibody response. In
the present study, a new immunofluorescence assay (IFA) us-
ing Trichoplusia ni (Tn5) insect cells infected with a recombi-
nant baculovirus expressing the VP1 protein of HBoV was
developed, and levels of immunoglobulin G (IgG) antibody to
the VP1 protein of HBoV in sera were measured.

MATERIALS AND METHODS

Serum samples. A total of 204 serum samples were obtained from patients
(aged 0 months to 41 years) who were outpatients or inpatients at six hospitals
(see Acknowledgments) in Hokkaido Prefecture, Japan, from 1998 to 2005. All
samples were collected after obtaining informed consent from the children’s
parents or the adults.

Nasopharyngeal swab and serum samples from patients with lower respira-
tory tract infections. From January 2006 to January 2007, a total of 161 naso-
pharyngeal swab samples were collected from children (aged 2 months to 6 years
and 1 month) with lower respiratory tract infections (LRTI) at four hospitals (see
Acknowledgments) in Hokkaido Prefecture, Japan. Serum samples from patients
in the acute and/or convalescent phase of LRTI were also obtained. All samples
were collected after obtaining informed consent from the children’s parents.

Cells. Sf9 insect cells were cultured in SF900 II medium (Invitrogen, Carlsbad,
CA) containing 5% fetal bovine serum. Trichoplusia ni (Tn5) insect cells were
cultured in EX-CELL 405 medium (JRH Biosciences, Lenexa, KS).

Expression of HBoV and B19 VP1 proteins in a baculovirus-insect cell system.
A baculovirus expression kit (Bac-to-Bac system) was used to prepare VP1
proteins expressed in a baculovirus-insect cell system in accordance with the
instructions of the manufacturer (Invitrogen, Carlsbad, CA). The genomic DNA
of VP1 protein from HBoV strain JPBS05-52 (GenBank accession no.,
EF035488) was amplified by PCR with primers HBoV VP1 start (5�-ATC GTC
TCG CAT GAG TAA AGA AAG TGG CAA-3�) and HBoV VP1 end (5�-GCC
TCG AGT TAC AAT GGG TGC ACA CGG C-3�). The genomic DNA of B19
VP1 protein (a kind gift from Y. Munakata and K. Ishii [41] and T. Ito) was
amplified by PCR with primers B19 VP1 start (5�-ATC GTC TCG CAT GAG
TAA AGA AAG TGG CAA-3�) and B19 VP1 end (5�-GCC TCG AGT TAC
AAT GGG TGC ACA CGG C-3�). (The restriction sites in the primers used for
cloning are underlined.) The PCR products were digested with BsmBI and XhoI
and cloned into the NcoI and XhoI sites of the baculovirus transfer vector
pFASTBAC HTa. The resulting plasmids (pFASTBAC HTa-HBoV VP1 and
pFASTBAC HTa-B19 VP1) and pFASTBAC HTa were transformed into Esch-
erichia coli DH10 Bac, a host for the baculovirus expression vector (Invitrogen,
Carlsbad, CA), for transposition into the bacmid. The recombinant bacmids were
isolated and transfected into Sf9 cells with a liposome-mediated transfection kit
(Invitrogen, Carlsbad, CA). Recombinant baculoviruses (His-HBoV VP1-Bac,
His-B19 VP1-Bac, and His-Bac) were used to infect Tn5 cells for 72 h.

IFA using the baculovirus-insect cell system and absorption test. Tn5 cells
infected with the recombinant baculovirus (His-HBoV VP1-Bac, His-B19 VP1-
Bac, and His-Bac) were spotted onto slides. The cell smears were air dried, fixed
in acetone for 10 min, and incubated for 30 min at 37°C with serum samples
diluted serially, beginning at 1:40. After being incubated, the slides were washed
three times in phosphate-buffered saline (PBS) for 10 min each time. They were
then incubated for 30 min at 37°C with fluorescein isothiocyanate-conjugated
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rabbit anti-human IgG (Dako, Glostrup, Denmark) at a serum dilution of 1:40.
After being incubated, they were washed three times in PBS for 10 min each
time, air dried, and mounted with PBS-glycerin (1:1). The stained preparations
were then examined at �400 magnification under a fluorescence microscope
(model BX60; Olympus, Tokyo, Japan). Serum samples that reacted with the
VP1 proteins of HBoV and B19 at dilutions of more than 1:40 were considered
positive for antibodies to HBoV and B19 (HBoV and B19 IFAs). A T25 flask of
uninfected Tn5 cells or Tn5 cells infected with recombinant baculoviruses (His-
HBoV VP1-Bac, His-B19 VP1-Bac, and His-Bac) was resuspended in 500 �l of
PBS. The suspension was sonicated for 10 s on ice with a sonicator (Handy Sonic
model UR-20P; Tomy Seiko Co., Tokyo, Japan). For the absorption test, 10 �l

of serum was incubated with 25 �l of the sonicated lysate for 6 h on ice and
serially diluted with PBS from 1:40 to 1:2,560 and then used for HBoV and
B19 IFAs.

SDS-polyacrylamide gel electrophoresis and Western blot analysis. Histidine-
tagged proteins were purified from insect cell extracts with Ni-NTA agarose
(QIAGEN, Santa Clarita, CA) by following the procedures supplied by the
manufacturer. Briefly, the cells were lysed with lysis buffer (50 mM potassium
phosphate–300 mM NaCl buffer [pH 8.0]) containing 1% NP-40 and 20 mM
imidazole. After centrifugation, the supernatant was applied to a column filled
with Ni-NTA agarose, and the column was then washed with the same lysis
buffer. The protein was then eluted with elution buffer (50 mM potassium
phosphate–300 mM NaCl buffer [pH 8.0]) containing 1% NP-40 and 250 mM
imidazole. Twenty nanograms of purified protein was subjected to sodium
dodecyl sulfate (SDS)–8% polyacrylamide gel electrophoresis under reducing
conditions, and the recombinant proteins were detected by Coomassie bril-
liant blue staining. The separated proteins were electrotransferred onto a
nitrocellulose membrane. After being blocked with 1% bovine serum albu-
min, serum (at a dilution of 1:400) or anti-six-histidine monoclonal antibody
(at a dilution of 1:1,000; BioDynamics Laboratory Inc., Tokyo, Japan) was
allowed to bind to the filter and then to react with horseradish peroxidase-
conjugated goat anti-IgG (at a dilution of 1:1,000) or goat anti-mouse Ig
polyclonal antibodies (at a dilution of 1:1,000; Biosource International, Ca-
marillo, CA), and the proteins were detected by a chemiluminescence assay
method (ECL Plus Western blotting detection reagent; Amersham Pharmacia
Biotech, Inc., Piscataway, NJ).

Detection of the HBoV genome in nasopharyngeal swab samples by PCR and
sequencing. DNA and RNA were extracted from nasopharyngeal swab samples
by using Chomczynski’s protocol (12). The PCR primers and conditions used for
detection of HBoV have been published previously (3). Both sense and antisense
strands of the PCR products were sequenced directly by using a BigDye termi-
nator cycle sequencing ready reaction kit (Perkin-Elmer Applied Biosystems,
Tokyo, Japan) with an ABI Prism 310 genetic analyzer (Perkin-Elmer Applied
Biosystems).

Detection of other viruses in nasopharyngeal swab samples. Reverse tran-
scription-PCR was carried out for the detection of human enteroviruses, human
rhinoviruses, human respiratory syncytial virus, human parainfluenza virus types
1, 2, 3, and 4, influenza viruses A and B, human coronavirus, and human
metapneumovirus, and PCR was carried out for the detection of adenovirus (1,
19, 23, 32, 37, 38, 45).

Detection of HBoV in serum samples by real-time PCR. Nucleic acids were
extracted from 200 �l of each serum sample, using a QIAamp blood mini kit
(QIAGEN, Santa Clarita, CA), and DNA was eluted in 50 �l of reaction mixture.
The primers and probe for real-time PCR were selected from the NP-1 gene of

FIG. 1. Western blot analysis of (A) histidine-tagged VP1 protein
of HBoV, (C) histidine-tagged VP1 protein of B19, and (B, D) histi-
dine-tagged control protein. The gels were stained with Coomassie
brilliant blue (lanes 1 and 9). Anti-six-histidine monoclonal antibody
(lanes 2 and 10), HBoV IFA-negative sera (lanes 3, 4 and 5), HBoV
IFA-positive sera (�1:1,280) (lanes 6, 7 and 8), B19 IFA-negative sera
(lanes 11, 12 and 13), and B19 IFA-positive sera (�1:1,280) (lane 14,
15 and 16) were incubated on nitrocellulose membranes.

FIG. 2. Detection of VP1 proteins of HBoV and B19 by IFA. Tn5 cells infected with His-HBoV VP1-Bac (A, B, C, and D), His-B19 VP1-Bac
(E, F, G and H), or His-Bac viruses (I, J, K, and L) were stained, using serum samples 7M-7 (A, E, and I), 4Y-6 (B, F, and J), 27Y-1 (C, G, and
K), and 28Y-1 (D, H, and L) at dilutions of 1:40.
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HBoV. The 50-�l amplification reaction mixture contained 5 �l of sample DNA,
25 �l of TaqMan gene expression master mix (Perkin-Elmer Applied Biosystems,
Tokyo, Japan), 900 nmol/liter of each primer (forward, 5�-GAG GAA GAG
ACA CTG GCA GAC-3�; reverse, 5�-AAG ACG ATA GGT GGC TGA TTG
G-3�), and 250 nmol/liter of a probe (FAM-CAT CAC AGG AGC AGG AGC
CGC AGC-TAMRA). Amplification was performed using an ABI Prism 7000
sequence detection system (Perkin-Elmer Applied Biosystems, Tokyo, Japan)
with the following instrument settings: 50°C for 2 min, 95°C for 10 min, and then
40 cycles at 95°C for 15 s and 60°C for 1 min. The plasmid pHBoV_NS1real,
containing the PCR product of the qualitative PCR in the vector pT7Blue
(Novagene, Inc., Madison, WI), was used as a positive control and for the
standard curve. The results were analyzed using ABI Prism 7000 SDS software.
Viral loads were calculated from the threshold cycle values of individual samples
with respect to the standard curve. The minimum viral load that would allow
reproducible quantification was 10 copies per reaction, corresponding to 500
copies/ml for the serum samples.

RESULTS

Expression of HBoV and B19 VP1 proteins. The predicted
molecular sizes of the histidine-tagged VP1 fusion proteins of
HBoV and B19 were 78.1 and 89.0 kDa, respectively, which
were consistent with the molecular sizes of these proteins as
determined by SDS-polyacrylamide gel electrophoresis (78 and
89 kDa, respectively) (Fig. 1A, lane 1, and C, lane 9). These
fusion proteins reacted with anti-six-histidine monoclonal an-
tibody by Western blotting (Fig. 1A, lane 2, and C, lane 10).

Detection of antibodies by Western blot analysis. Human
sera reacted with the histidine-tagged VP1 fusion proteins of
HBoV and B19 by Western blotting. Representative results are
shown in Fig. 1. Antibodies against the histidine-tagged VP1
fusion protein of HBoV were detected in sera from three
patients whose HBoV IFA titers were �1:1,280 (Fig. 1A, lanes
6, 7, and 8) but not in sera from three patients whose HBoV
IFA titers were �1:40 (Fig. 1A, lanes 3, 4, and 5). The sera did

not react with the histidine-tagged control protein (Fig. 1B,
lanes 3 to 8). Six (66.6%) of nine serum samples with HBoV
IFA titers of �1:1,280 reacted with the histidine-tagged VP1
fusion protein of HBoV by Western blotting (data not shown).
Only one (11.1%) of nine serum samples with HBoV IFA titers
of 1:40 to �1:640 reacted with the histidine-tagged VP1 fusion
protein of HBoV by Western blotting (data not shown). Anti-
bodies against the histidine-tagged VP1 fusion protein of
HBoV were not detected in 12 serum samples with HBoV IFA
titers of �1:40 (data not shown).

Antibodies against the histidine-tagged VP1 fusion protein
of B19 were also detected in sera from three patients whose
B19 IFA titers were �1:1,280 (Fig. 2C, lanes 14, 15, and 16)
but not in sera from three patients whose B19 IFA titers were
�1:40 (Fig. 1C, lanes 11, 12, and 13). The sera did not react
with the histidine-tagged control protein (Fig. 1D, lanes 11 to
16). Five (55.5%) of nine serum samples with HBoV and B19
IFA titers of �1:1,280 reacted with the histidine-tagged VP1
fusion protein of B19 by Western blotting (data not shown).
Only one (11.1%) of nine serum samples with B19 IFA titers of
1:40 to �1:640 reacted with the histidine-tagged VP1 fusion
protein of B19 by Western blotting (data not shown). Antibod-
ies against the histidine-tagged VP1 fusion protein of B19 were
not detected in 12 serum samples with B19 IFA titers of �1:40
(data not shown).

Detection of antibodies against HBoV and B19 by IFAs.
Specific antibodies against HBoV and B19 in 204 human se-
rum samples were measured by IFAs. Representative results
are shown in Fig. 2. More than 80% of the cells expressed the
VP1 proteins of HBoV and B19 (data not shown). Specific
antibodies against both HBoV and B19 were detected in serum
sample 28Y-1 (Fig. 2D and H). A specific antibody against
HBoV was detected, but no antibody against B19 was detected
in serum sample 4Y-6 (Fig. 2B and F). A specific antibody
against B19 was detected, but no antibody against HBoV was
detected in serum sample 27Y-1 (Fig. 2C and G). Human sera
did not react with Tn5 cells infected with recombinant His-Bac
(Fig. 2I, J, K, and L). The results of HBoV and B19 IFAs in
individual serum samples are summarized in Table 1. The
cutoff for a positive test was a serum dilution of 1:40, because
nonspecific signals were observed at a serum dilution of 1:20
for some sera (data not shown). Fifty serum samples were
positive for both HBoV and B19 IFAs, 95 serum samples were

TABLE 1. Results of HBoV and B19 IFAs of individual
serum samples

Sample

No. of samples with indicated
B19 IFA result Total no.

of samples
B19-negative B19-positive

HBoV-negative 45 14 59
HBoV-positive 95 50 145

Total 140 64 204

TABLE 2. Age distribution of patients with antibodies against HboV

Age
group

No. of samples with antibody against HBoV at indicated dilution: No. of positive
samples/total

no. of samples
% Positive

�1:40 1:40 1:80 1:160 1:320 1:640 �1:1,280

�3 mo 2 4 6 6 2 1 19/21 90.5
3–5 mo 6 2 1 1 4/10 40.0
6–8 mo 17 1 1/18 5.6
9–11 mo 12 1 1 1 2 1 6/18 33.3
1 yr 15 1 4 5 1 11/26 42.3
2–3 yr 3 2 1 4 4 2 2 15/18 83.3
4–5 yr 2 1 8 4 2 2 17/19 89.5
6–9 yr 5 2 4 2 6 1 20/20 100
10–19 yr 4 9 5 1 1 20/20 100
�20 yr 2 3 8 8 8 4 1 32/34 94.1

Total 59 23 23 45 28 17 9 145/204 71.1
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positive for HBoV IFA and negative for B19 IFA, 14 serum
samples were positive for B19 IFA and negative for HBoV
IFA, and 45 serum samples were negative for both HBoV and
B19 IFAs.

Seroprevalence rate of anti-HBoV antibodies. The overall
seroprevalence rate of anti-HBoV antibodies in the Japanese
population in Hokkaido Prefecture for patients aged from 0
months to 41 years was 71.1% (145 of 204). The age-related
seroprevalence rates of anti-HBoV antibodies were 90.5% (19
of 21) in the age group under 3 months, 40.0% (4 of 10) in the
3- to 5-month-old group, 5.6% (1 of 18) in the 6- to 8-month-
old group, 33.3% (6 of 18) in the 9- to 11-month-old group,
42.3% (11 of 26) in the 1-year-old group, 83.3% (15 of 18) in
the 2- to 3-year-old group, 89.5% (17 of 19) in the 4- to
5-year-old group, 100% (20 of 20) in both the 6- to 9- and 10-
to 19-year-old groups, and 94.1% (32 of 34) in the over 20-
year-old group. Antibody titers of HBoV varied from 1:40 to
�1:1,280 (Table 2).

Seroprevalence rate of anti-B19 antibodies. The overall se-
roprevalence rate of anti-B19 antibodies in the Japanese pop-
ulation in Hokkaido Prefecture for patients aged from 0
months to 41 years was 31.4% (64 of 204). The age-related
seroprevalence rates for anti-B19 antibodies were 33.3% (7 of
21) in the age group under 3 months, 70.0% (7 of 10) in the 3-
to 5-month-old group, 27.8% (5 of 18) in the 6- to 8-month-old
group, 5.6% (1 of 18) in the 9- to 11-month-old group, 0% (0
of 26) in the 1-year-old group, 16.7% (3 of 18) in the 2- to
3-year-old group, 15.8% (3 of 19) in the 4- to 5-year-old group,
50.0% (10 of 20) in the 6- to 9-year-old group, 65.0% (13 of 20)
in the 10- to 19-year-old group, and 44.1% (15 of 34) in the
over 20-year-old group. Antibody titers of B19 varied from 1:40
to �1:1,280 (Table 3).

Absorption test. To test the specificity of antibodies against
HBoV and B19, the specific antibody titers of the serum sam-
ples were measured following absorption of sera (positive for
both HBoV and B19 as determined by IFA) by cell sonicates of
recombinant baculovirus (His-HBoV VP1-Bac, His-B19 VP1-
Bac, and His-Bac)-infected or uninfected Tn5 cells. For the
absorption test, four serum samples were selected on the basis
of the results of HBoV and B19 IFAs. For the samples se-
lected, (i) the titers against both HBoV and B19 were more
than 1:320 and (ii) the differences in HBoV and B19 IFA titers
in the serum sample were within fourfold. The results are

shown in Table 4. The antibody against HBoV was absorbed by
the cell sonicate of His-HBoV VP1-Bac-infected Tn5 cells but
not by the cell sonicate of His-B19 VP1-Bac-infected Tn5 cells.
The antibody against B19 was absorbed by the cell sonicate of
His-B19 VP1-Bac-infected Tn5 cells but not by the cell soni-
cate of His-HBoV VP1-Bac-infected Tn5 cells. Therefore, spe-
cific antibodies to the VP1 proteins of HBoV and B19 were
detected by the HBoV and B19 IFAs, respectively.

Detection of anti-HBoV antibodies and HBoV DNA in acute
and convalescent-phase sera from patients with HBoV infec-
tion. Eight (5.0%) of the 161 nasopharyngeal swab samples
from children with LRTI were positive for HBoV DNA. Direct
sequencing of the PCR products of these samples showed that
their sequences were identical to the sequences of published
HBoV (data not shown). Both acute- and convalescent-phase
sera were obtained from four patients whose nasopharyngeal
swab samples were positive for HBoV as determined by PCR.
The titers of specific antibodies against HBoV and B19 were
measured in acute- and convalescent-phase sera of those four
patients. The titers of the antibody against HBoV increased from
�1:40 (acute phase) to 1:640 to �1:2,560 (convalescent phase) in
four patients (Table 5), but the antibody against B19 was not
detected in either the acute- or convalescent-phase sera of four

TABLE 3. Age distribution of patients with antibodies against B19

Age
group

No. of samples with antibody against B19 at indicated dilution: No. of positive
samples/total

no. of samples
% Positive

�1:40 1:40 1:80 1:160 1:320 1:640 �1:1,280

�3 mo 14 1 6 7/21 33.3
3–5 mo 3 3 1 1 2 7/10 70.0
6–8 mo 13 2 2 1 5/18 27.8
9–11 mo 17 1 1/18 5.6
1 yr 26 0/26 0.0
2–3 yr 15 1 1 1 3/18 16.7
4–5 yr 16 1 2 3/19 15.8
6–9 yr 10 10 10/20 50.0
10–19 yr 7 1 4 8 13/20 65.0
�20 yr 19 1 1 1 2 10 15/34 44.1

Total 140 7 4 3 5 9 36 64/204 31.4

TABLE 4. Titers of antibodies against HBoV and B19 after
absorption by Tn5 cells

Serum sample
and antibody

Antibody titers after
absorption by

uninfected Tn5 cells

Antibody titers after absorption
by Tn5 cells infected with

indicated strain:

His-Bac His-HBoV
VP1-Bac

His-B19
VP1-Bac

3Y-6
Anti-HBoV 1:320 1:320 �1:40 1:320
Anti-B19 1:640 1:640 1:640 �1:40

10Y-1
Anti-HBoV 1:1,280 1:1,280 �1:40 1:1,280
Anti-B19 1:1,280 1:1,280 1:1,280 �1:40

26Y-2
Anti-HBoV 1:640 1:640 �1:40 1:640
Anti-B19 1:640 1:640 1:640 �1:40

31Y-2
Anti-HBoV 1:2,560 1:2,560 �1:40 1:2,560
Anti-B19 1:640 1:640 1:640 �1:40
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patients (data not shown). HBoV DNA was detected in four
(100%) of the four acute-phase serum samples and one (25%) of
the four convalescent-phase samples. Viral loads in sera ranged
from �5 � 102 to �1.86 � 104/ml (convalescent phase) to 7.32 �
104 to �1.48 � 106/ml (acute phase) (Table 5).

Detection of other viruses in nasopharyngeal swab samples.
Four HBoV-positive nasopharyngeal swab samples from four
patients from whom acute- and convalescent-phase sera were
obtained were tested for twelve other viruses described in
Materials and Methods. Human rhinovirus was detected in two
nasopharyngeal swab samples (Table 5, patients 1 and 3), and
human rhinovirus and adenovirus were detected in one sample
(Table 5, patients 4).

DISCUSSION

HBoV DNA has recently been detected frequently in chil-
dren with upper and lower respiratory tract infections (2, 3,
5–7, 11, 13, 20, 21, 26–30, 33, 35, 40, 42–44, 47). A method for
detecting the antibody against HBoV in human serum has not
been available until now. In the present study, an IFA using
Tn5 cells infected with a recombinant baculovirus expressing
the VP1 protein of HBoV was developed, and levels of IgG
antibody to the VP1 protein of HBoV in sera were successfully
measured for the first time (Fig. 2 and Table 2). The antige-
nicity of HBoV VP1 protein was also demonstrated by West-
ern blot analysis (Fig. 1). It was shown that the seropositive
rate of HBoV was lowest (5.6%) in the 6- to-8 month age
group and increased with advancing age and that all of the
children had been exposed to HBoV by the age of 6 years.
Twenty-three (74%) of the 31 infants under 6 months of age in
this study had antibodies to HBoV, which might be maternally
derived (Table 2). These results are consistent with the fact
that HBoV DNA has usually been detected in samples from
patients between 6 months and 3 years of age (5–7, 11, 13, 20,
27, 28, 42, 43, 47). Elevation of the titers of HBoV-specific
antibody in convalescent-phase sera was observed in four pa-
tients with LRTI, and HBoV DNA was detected in nasopha-
ryngeal swab and serum samples from all four patients (Table
5). These four cases were thought to be primary infections by
HBoV because of undetectable IgG antibodies against HBoV
in acute-phase sera (Table 5). Detection of HBoV DNA in
acute-phase sera suggested that HBoV can cause not only a
respiratory tract infection but also a systemic infection, like
other parvoviruses, and can evoke a humoral immune response
(16, 18, 31).

Human parvovirus B19 is a human pathogen that causes a
wide spectrum of clinical manifestations (9). B19 VP1 has only

18% amino acid identity to HBoV VP1 (3, 41). To eliminate
the possibility that an IFA positive for HBoV was the result of
detection of the antibody against B19, Tn5 cells infected with
a recombinant baculovirus expressing B19 VP1 protein were
prepared and used for an IFA and absorption test. The overall
seroprevalence rate and the age group-specific rate of anti-B19
antibody titers are shown in Table 3. These rates are consistent
with previously reported data (4, 14, 22, 25, 46), indicating that
the VP1 protein of B19 was properly prepared. The existence
of HBoV IFA-positive and B19 IFA-negative or HBoV IFA-
negative and B19 IFA-positive serum samples indicates that
the anti-HBoV and anti-B19 sera did not cross-react with each
other (Table 1). The results of absorption tests also demon-
strate that the specific antibody to the VP1 protein of HBoV,
but not the antibody to that of B19, was detected by the HBoV
IFA (Table 4).

Relatively high proportions of coinfection with HBoV and
other respiratory viruses (for example, respiratory syncytial
virus, adenovirus, human metapneumovirus, human rhinovi-
rus, human parainfluenza viruses types 1 to 4, and influenza
viruses types A and B) have recently been reported (2, 5, 11,
13, 20, 21, 24, 30, 36, 44, 47). Although two respiratory viruses
(human rhinovirus and adenovirus) were detected in three of
four HBoV-positive nasopharyngeal swab samples in this
study, these results might be biased due to the limited number
of nasopharyngeal swab samples. In addition, the serum and
nasopharyngeal swab samples used in this study were collected
in only one part of Japan. Further studies are therefore nec-
essary to determine whether HBoV is truly one of the causative
agents of LRTI, whether HBoV is widespread throughout Ja-
pan, and whether HBoV plays a role in modifying the clinical
course of infections in children who are coinfected with other
respiratory viruses.

In the present study, we developed an IFA using the VP1
protein of HBoV. The IFA using HBoV VP1 protein provides
a useful tool to analyze the spectrum of HBoV infections, the
immune responses against HBoV, and the pathogenesis of
HBoV infections.
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