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Background. A new human-pathogenic parvovirus, human bocavirus (HBoV), has recently been discovered
and associated with respiratory disease in small children. However, many patients have presented with low viral
DNA loads, suggesting HBoV persistence and rendering polymerase chain reaction—based diagnosis problematic.
Moreover, nothing is known of HBoV immunity. We examined HBoV-specific systemic B cell responses and
assessed their diagnostic use in young children with respiratory disease.

Patients and methods. Paired serum samples from 117 children with acute wheezing, previously studied for
16 respiratory viruses, were tested by immunoblot assays using 2 recombinant HBoV capsid antigens: the unique
part of virus protein 1 and virus protein 2.

Results. Virus protein 2 was superior to the unique part of virus protein 1 with respect to immunoreactivity.
According to the virus protein 2 assay, 24 (49%) of 49 children who were positive for HBoV according to polymerase
chain reaction had immunoglobulin (Ig) M antibodies, 36 (73%) had IgG antibodies, and 29 (59%) exhibited
IgM antibodies and/or an increase in IgG antibody level. Of 22 patients with an increase in antibody levels, 20
(91%) had a high load of HBoV DNA in the nasopharynx, supporting the hypothesis that a high HBoV DNA
load indicates acute primary infection, whereas a low load seems to be of less clinical significance. In a subgroup
of patients who were previously determined to have acute HBoV infection (defined as a high virus load in the
nasopharynx, viremia, and absence of other viral infections), 9 (100%) of 9 patients had serological evidence of
primary infection. In the control group of 68 children with wheezing who had polymerase chain reaction results
negative for HBoV in the nasopharynx, 9 (13%) had IgM antibodies, including 5 who displayed an increase in
IgG antibody levels and were viremic. No cross-reactivity with human parvovirus B19 was detected.

Conclusions. Respiratory infections due to HBoV are systemic, elicit B cell immune responses, and can be
diagnosed serologically. Serological diagnoses correlate with high virus loads in the nasopharynx and with viremia.
Serological testing is an accurate tool for disclosing the association of HBoV infection with disease.

Viral infections of the lower airways are a major cause
of morbidity and even mortality in infants and small
children. The classical perpetrators are rhinovirus, re-
spiratory syncytial virus, influenza virus, parainfluenza
virus, and adenovirus, but interesting newcomers, such
as severe acute respiratory syndrome coronavirus, hu-
man metapneumovirus, and, more recently, human bo-
cavirus (HBoV), also cause severe disease. HBoV was
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discovered in 2005 from pooled nasopharyngeal aspi-
rates (NPAs) by a procedure named molecular virus
screening, including random PCR, large-scale sequenc-
ing, and bioinformatics [1]. Subsequent sequence and
phylogenetic analysis of the HBoV genomic DNA
showed that the virus is taxonomically closest to the
newly established genus Bocavirus of the Parvoviridae
family. It is the second human-pathogenic parvovirus
known. The first, parvovirus B19, causes rash, arthro-
paties, anemias, and fetal death. Other human parvo-
viruses include the adeno-associated viruses and the
newly found parvovirus 4, which have unknown clinical
impact [2, 3]. The closest relatives of HBoV are the
bocaviruses bovine parvovirus and canine minute virus,
which infect cows and dogs, respectively [1]. The an-
imal bocavirus infections are mostly subclinical. How-

ever, diseases associated with canine minute virus or
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bovine parvovirus include reproductive failure, enteritis, and
neonatal respiratory disease [4-8].

Since its discovery, HBoV has been shown worldwide to be
one of the most common viruses in respiratory secretions, with
DNA prevalences of 1%—19%, depending greatly on the study
design, including laboratory technology, patient age, and symp-
toms. HBoV is typically found in children <3 years of age who
are hospitalized for lower respiratory tract disease [9-16],
whereas healthy children and adults have generally had PCR
results that are negative for HBoV [12, 17-21]. Thus, growing
evidence exists for HBoV being a human-pathogenic virus caus-
ing acute lower respiratory diseases in infants and young chil-
dren. However, a large number of patients have presented with
low viral loads [17, 22-24], suggesting HBoV persistence and
making PCR-based diagnosis problematic. Nevertheless, all
studies performed with this virus so far have been based on
PCR detection, and little is known of HBoV-specific B cell
immunity [25]. The aim of our study was to find out whether
symptomatic HBoV infections in pediatric patients elicit sys-
temic antibody responses and whether these responses can be
used for diagnosis of HBoV infections in children with respi-
ratory disease.

PATIENTS, MATERIALS, AND METHODS

Patients and sample collection. Children aged 3 months to
15 years who were admitted to the Department of Pediatrics
of Turku University Hospital (Turku, Finland) from 1 Septem-
ber 2000 through 31 May 2002 for acute expiratory wheezing
have been observed and described elsewhere [17, 26]. At ad-
mission to the hospital, NPAs for viral diagnosis were obtained
by a standard procedure [26]. Blood samples were collected at
hospital admission and 2—3 weeks after hospital discharge, and
the paired serum samples were stored at —20°C. Of the 259
children who were included in the previous virus etiology study,
comprising PCR studies of NPAs for 16 viruses (adenovirus;
HBoV; coronaviruses 229E, OC43, NL63, and HKU1; entero-
viruses; rhinoviruses; influenza A and B viruses; human met-
apneumovirus; parainfluenza virus 1-4; and respiratory syn-
cytial virus), 49 (19%) of 259 were shown to be HBoV positive
by PCR [17]. Paired serum samples from these 49 HBoV-pos-
itive children (mean age, 2.1 years; range, 5 months to 11 years)
were available for the present study. Paired serum samples from
68 randomly selected wheezing children (mean age, 2.5 years;
range, 5 months to 12 years) who had NPAs with HBoV-neg-
ative PCR results in the same study were included as control
subjects. The duration of symptoms (e.g., cough) prior to hos-
pital admission was a mean of 4.8 days (range, 0-28 days) and
the hospitalization time was a mean of 28.6 h (range, 0-138
h), based on data available for 112 children. The study was
approved by the Ethics Committees of Turku University Hos-

pital (Turku, Finland) and Helsinki University Hospital (Hel-
sinki, Finland).

Recombinant antigen production. The full-length virus
protein 2 (VP2) and the unique region of virus protein 1
(VP1lu) HBoV capsid genes (corresponding to nucleotides
3443-5071 and 3056-3442, respectively) were amplified by
high-fidelity PCR from a plasmid containing a near full-length
HBoV clone (GenBank accession no. DQ000496). The primers
included recognition sites for the restriction enzymes (table 1).
The amplicons were cloned into the His6/T7-fusion expression
vector pET23b (Novagen) using standard cloning practices and
transformed into the Escherichia coli expression host
BL21(DE3) pLysS (Invitrogen). For protein production, the E.
coli strains harboring VP1u and VP2 were kept shaking at 37°C
in 0.5 | Luria broth or Terrific broth medium, respectively,
containing 50 pug/mL of ampicillin and 34 pg/mL of chloram-
phenicol. When the cultures reached an OD600 of 0.5, they
were induced for 3 h with 0.4 mM isopropyl 3-D-thiogalac-
toside. The cells were harvested by centrifugation (10 min at
10,000 g at room temperature), resuspended in 25 mL of PBS,
and lysed by sonication on ice. The His6/T7-tagged proteins
were purified under denaturing conditions by affinity chro-
matography using Ni-NTA resin (Qiagen) in accordance with
the manufacturer’s instructions.

Serological testing. For the immunoblot assays, purified
protein samples were separated by PAGE and transferred onto
nitrocellulose membranes (Protran BA 85; Whatman, Schlei-
cher & Schuell), which were blocked for 30 min with blocking
buffer (5% dry milk and 0.2% Triton-X-100 in PBS) at room
temperature and then treated with the human serum samples
in blocking buffer (IgG, dilution 1:50; IgM, dilution 1:30) for
1 h at room temperature. Finally, horseradish peroxidase—con-
jugated antihuman IgG or IgM, diluted in blocking buffer (1:
500), was added, and peroxidase activity was demonstrated by
3,3’-diaminobenzidine and H,0,. After each step, the sheet was
washed 3 times for 10 min each with PBS containing 0.05%
Tween. Stained bands were visualized and regarded as negative
or positive (equivocal results were considered to be negative).

Table 1. Primer sequences used to amplify the capsid genes
for cloning.

Primers®

5- ATGGAATTCGATGCCTCCAATTAAG -3

5- GTCCTCGAGTTTTGAGGTTCCTGGTT-
TAG -3

5- GAACGAGCTCCATGTCTGACACT-
GAC-3

5- GAGGCTTATACTCGAGCAACACTT-
TATTG -3

Amplicon Target vector

VP1u pET23b

VP2 pET23b

NOTE. VP1u, unique part of virus protein 1; VP2, virus protein 2.
@ Restriction sites are shown in boldface type.
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Figure 1.

Coomassie blue—stained SDS PAGE showing the prokaryotically expressed virus protein 2 (VP2) (4) and the unique part of virus protein

1 (VP1u) (B). Arrows indicate VP1u and VP2. M, molecular weight standard; p, affinity purified protein; w, lysate with expressed VP gene; w/o, lysate

without virus protein gene.

The scoring was done before knowledge of the results of PCR
for HBoV.

All serum samples were also tested for parvovirus B19 IgM
and IgG antibodies with commercial (IgG and 1gM; Biotrin)
and in-house (epitope type-specific IgG and $-VP1) ElAs [27-
30].

Quantitative PCR. Most of the paired serum samples from
children with NPAs positive for HBoV by PCR had been studied
earlier by a quantitative PCR targeting the NP1 gene [17]. All
of the remaining serum samples (except for samples from 2
children, which were unavailable) underwent HBoV DNA am-
plification. DNA was purified from 50 uL of serum with the
QIAamp DNA Blood Mini kit (Qiagen) and eluted in 50 uL,
of which 5 pL was used in a total reaction volume of 25 uL.
The TagMan universal PCR master mix (PE Applied Biosys-
tems) was used, and the PCR was performed according to
Allander et al. [17], except that the thermal cycler was Mx3005P
QPCR System (Stratagene), and the settings were 95°C for 10
min, followed by 45 cycles of 95°C for 15 s and 60°C for 1
min. A positive quantifiable result was obtained with as few as
10 copies/uL of the HBoV ST2-containing plasmid [1]. To avoid
contamination, the samples and the PCR mixtures were pre-
pared under laminar flow hoods in separate rooms. Water was
used as a negative control.

RESULTS

Expression of HBoV proteins. The VPlu and VP2 proteins
were expressed in bacteria, and the expression was analyzed by
SDS PAGE (figure 1). The his6/T7-tagged VPlu and VP2
showed the apparent molecular weights of ~20 kDa and 65
kDa, respectively. The protein yield was good in both cases,

with a 500-mL culture sample resulting in ~8 mg of affinity
purified recombinant protein.

HBoV immunoblot.
wheezing children were applied onto immunoblot membranes

The paired serum samples of the 117

harboring as antigens the 2 recombinant HBoV capsid proteins,
VP1u and VP2, for the detection of human bocavirus—specific
IgG and IgM antibodies (representative results are shown in
figure 2). In all, 60 (51%) of 117 children had IgG antibodies
and 33 (28%) of 117 had IgM antibodies for the major capsid
protein VP2 (table 2). The VP2 immunoblot results were com-
pared with the previous results of PCR of NPAs [17], as shown
in table 2. Among the 49 children with HBoV-positive results
of PCR of NPAs, 29 (59%) of 49 had diagnostic antibody results
(24 [49%] of 49 had HBoV-specific IgM antibodies, and 22
[45%] of 49 had a detectable increase in IgG antibodies). Of
the 22 children with increases in IgG, 19 actually experienced
seroconversion, and 17 (77%) also exhibited IgM antibodies.
All but 1 of the serodiagnoses (97%) occurred in children aged
<3 years.

Allander et al. [17] suggested that a high HBoV DNA load
in NPAs (=10* copies/mL) indicated a primary symptomatic
infection, whereas a lower viral load likely reflected virus per-
sistence. The group with HBoV-positive PCR results was, there-
fore, subdivided according to the DNA load in the NPAs; 24
(86%) of 28 of the group with high viral loads exhibited a
diagnostic antibody result, compared with 5 (24%) of 21 pa-
tients in the low viral load group (table 2). Of the 22 patients
with IgG antibody increases or seroconversions, 20 (91%) were
in the high viral load group. Furthermore, in the group of
children with HBoV as the sole PCR finding (HBoV mono-
infection in table 2), 9 (82%) of 11 had diagnostic results; 7
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(64%) of 11 had IgM antibodies, and 8 (73%) of 11 had an
increase in IgG antibody level (7 of whom experienced sero-
conversion). (Of the 12 patients initially regarded as having
HBoV monoinfection [17], 1 was later found to harbor a non-
typable picornavirus.) Of note, of the 9 viremic children with
a high load of DNA in their NPAs and with HBoV as the only
PCR finding, 100% had an HBoV serodiagnosis. Among the
children who had PCR results positive for HBoV and were
coinfected with another respiratory virus, 20 (53%) of 38 had
an HBoV serodiagnosis (table 2). Of the 49 children with PCR-
positive NPAs, 31 (63%) had serum samples with positive PCR
results (table 2), with DNA levels ranging from 1 X 10 to
1 X 10° copies/mL [17].

In the control group of 68 children with HBoV-negative
NPAs according to PCR, 10 (15%) of 68 had a diagnostic result;
9 (13%) of 68 had IgM antibodies, and 6 (9%) of 68 had an
increase in IgG antibody level (5 of whom experienced sero-
conversion) (table 2). Of note, of these 6 control patients with
IgG increases, 5 had serum samples with PCR results that were
positive for HBoV (i.e., these particular control patients indeed
had an ongoing HBoV infection, even though they had NPAs
that were reproducibly PCR negative). In all, 12 (18%) of the
68 children with PCR-negative NPAs were viremic, with viral
loads up to 10° copies/mL (table 2).

The total prevalence of HBoV VP2 IgG was 35% (or 29%
if only the first serum samples are included) in the group of
wheezing children with HBoV-negative NPAs according to PCR
(mean age, 2.5 years; range, 5 months to 12 years). The se-
roprevalences among the different age groups were as follows:
<6 months of age, 0% (n = 3); 6-12 months of age, 17%
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(n = 12); 1-2 years of age, 52% (n = 21); 2-3 years of age,
43% (n = 14); 3-5 years of age, 27% (n = 11); and >5 years
of age, 29% (n = 7).

According to the VP1u antibody assay, only 8 (7%) of 117
children had IgG, 2 (2%) of 117 had IgM, and 3 (3%) of 117
had an increase in IgG (1 of whom is described in figure 2A).
The 5 VP1u serodiagnoses did not correlate with the NPA PCR
results, but all of the serodiagnoses occurred in children with
viremia and a VP2 diagnostic result (data not shown). Seven
of the 8 VP1u IgG—positive children had IgG antibodies to the
VP2 antigen.

B19 serological testing.  All serum samples were studied for
parvovirus B19-VP1u and -VP2 IgM and IgG antibodies. No
diagnostic B19 findings (positive IgM or low epitope-type spec-
ificity index [28, 29]) were seen among the children with HBoV
serodiagnoses. In our entire clinical material, a single B19 di-
agnosis was encountered, in a 6-year-old HBoV-seronegative
child in the control group. Altogether, of the 20 (17%) of 117
children with B19 IgG antibodies, 6 had HBoV IgG antibodies,
and of the 60 children with HBoV IgG antibodies, only 6 (10%)
had B19 IgG antibodies, compared with 14 (25%) of the 57
HBoV IgG-negative children (data not shown).

DISCUSSION

We have successfully expressed and purified the HBoV major
capsid protein VP2 in full length, and the unique part of the
minor capsid protein VP1, which together span the entire pu-
tative capsid-protein coding region. The proteins were used for
the detection of human bocavirus—specific IgG and IgM anti-
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Figure 2. Representative results of human bocavirus (HBoV) IgG (A) and IgM (B) immunoblotting, using virus protein 1 (VP1u) or virus protein 2
(VP2) antigen-harboring membranes, as indicated. Membrane strips were treated with the first (I) and second (Il) samples of serum pairs and show
lgG conversions for both VP1u and VP2 (A) and the appearance of IgM for VP2 (B). Black and white arrows indicate the positions of the VP1u and

VP2 antigens, respectively. M, molecular weight.
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Table 2. Human bocavirus (HBoV) virus protein 2 (VP2) immunoblot results for 117 wheezing children, compared with nasopha-

ryngeal aspirate (NPA) [17] and serum PCR results for HBoV.

Patients with
HBoV-positive
NPA PCR results

Patients with
HBoV-negative
NPA PCR results

HBoV
HBoV coinfection monoinfection
High HBoV-negative
High Low High Low viral load, serum PCR

Variable All viral load  viral load All viral load  viral load All viremia All results® Total
No. of patients 49 28 21 38 18 20 11 9 68 56 117
Age, mean years 2.1 1.6 2.8 2.3 1.7 2.8 1.6 1.7 2.5 2.6 2.3
IgM positive 24 (49) 19 (68) 5 (24) 17 (45) 12 (67) 5 (25) 7 (64) 7 (78) 9 (13)° 3 (5) 33 (28)
IgM increase 13 (27) 11 (39) 2 (10) 10 (26) 8 (44) 2 (10) 3 (27) 3 (33) 4 (6)° 0 17 (15)
IgG positive 36 (73) 23 (82) 13 (62) 28 (74) 15 (83) 13 (65) 8 (73) 8 (89) 24 (3b) 17 (30) 60 (51)
IgG increase 22 (45) 20 (71) 2 (10) 14 (37) 12 (67) 2 (10) 8 (73) 8 (89) 6 (9)° 1(2) 28 (24)°
Serodiagnosis 29 (59) 24 (86) 5 (24) 20 (53) 15 (83) 5 (25) 9 (82) 9 (100) 10 (15)° 4.(7) 39 (33)
Viremia 31 (63) 27 (96) 4 (19) 22 (58) 18 (100) 4 (20) 9 (82) 9 (100) 12 (18)° 0 43 (37)°

NOTE. Data are no. (%) of patients, unless otherwise indicated. High viral load was defined as =10* copies/mL of sample material, and low viral load
was defined as <10* copies/mL. HBoV coinfection was defined as coinfection with another respiratory virus (rhinovirus, adenovirus, respiratory syncytial
virus, or enterovirus). Serodiagnosis, IgM positive and/or an IgG increase or seroconversion. Viremia was defined as HBoV DNA detected in serum by PCR.

? Viremic state not known for 2 children.
Six children had HBoV viremia.

Four children had HBoV viremia.

Five children had HBoV viremia.

Includes 24 children with seroconversions.

® a o T

bodies in paired serum samples from children with acute
wheezing. Among 117 wheezing children, 2 major groups with
similar age distributions were compared; 49 children who har-
bored bocavirus DNA in the nasopharynx and 68 who did not
[17]. The group of children with HBoV-positive PCR results
was further subdivided according to the amount of HBoV DNA
detected and also according to whether HBoV was the sole
finding, as outlined in table 2.

The antibody results showed that the VP2 antigen is superior
in immunoreactivity to VP1u. This was surprising in compar-
ison with the other human-pathogenic parvovirus, B19, in
which the VPlu is very immunoreactive [30] and contains
many neutralizing epitopes [31-35]. Indeed, both VP2 and the
VP1u region have been successfully used in the diagnosis of
B19 infections [30, 36—38]. One possible reason for the dissim-
ilarity between the 2 viruses might be a difference in the location
of VP1u within the capsid [34, 39, 40], which could affect its
accessibility to host immunity. With the HBoV VP1u immu-
noblot assay, the overall seroprevalence rate was as low as 7%,
with no correlation with HBoV-positive NPAs by PCR. How-
ever, the VP1u assay seemed to be specific; all 5 diagnoses were
confirmed by the VP2 assay and by PCR of serum samples.

By contrast, with the VP2 assay, >70% of the children with
HBoV-positive NPAs by PCR were seropositive, and more than
one-half of them exhibited markers (IgM antibodies or in-
creasing IgG antibody level) of acute viral infection. Most of
these serodiagnoses (24 of 29) occurred in children with a high
virus load. Furthermore, among our group of 117 wheezing

children, 9 fulfilled all 3 nonserological criteria for acute HBoV
infection, including viremia, high viral load in NPAs, and lack
of other viruses. Of the patients in this subgroup, 100% showed
serological evidence of acute infection.

In the control group with NPAs that were HBoV-negative
by PCR, only 6 children (9%) showed a diagnostic IgG increase.
Of note, 5 of these were found to have HBoV-positive serum
samples by PCR, indicating an ongoing systemic HBoV infec-
tion. In total, 12 (18%) of the wheezing children with HBoV-
negative NPAs by PCR were viremic, further emphasizing the
need for other diagnostic tools. Even if technical problems in
PCR and clinical sampling (or its timing) cannot be ruled out
as possible explanations for the PCR negativity of these sero-
diagnostic and viremic cases, an interesting alternative expla-
nation could be a systemic HBoV infection without virus shed-
ding in the respiratory tract. Indeed, the high prevalence of
NPAs with HBoV-positive PCR results [17] and the high num-
ber of seroconversions in the group with high viral loads suggest
that our sampling and its timing, in general, were appropriate.

On the other hand, there were 20 patients who had NPAs
with HBoV-positive PCR results, almost all of whom had low
virus loads, without a serodiagnosis. Of these 20 children, 17
were also nonviremic. This could have several explanations
(e.g., a superficial infection without systemic immunization or
persistence of viral DNA in the nasopharynx following an ear-
lier infection). HBoV in this age group is common [9, 10, 14—
16, 24] and could be widely circulating among children in day
care or within families, thereby easily contaminating airways.
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In line with the high frequency of PCR results positive for
HBoV is the high prevalence of coinfections with other respi-
ratory viruses [9-12, 14, 17, 18]. Indeed, among the wheezing
children in our study, not only most of the patients with HBoV
monoinfection, but also one-half of those who were coinfected
with other viruses, exhibited a serodiagnosis of HBoV infection,
indicating that HBoV also occurs systemically in individuals
with coinfection and should be considered in the diagnosis of
respiratory disease.

The prevalence of HBoV IgG in the group of wheezing chil-
dren who had NPAs with PCR results negative for HBoV (mean
age, 2.5 years; range, 5 months to 12 years), based on our VP2
assay, was 35%. However, this cannot be regarded as a general
HBoV seroprevalence in this age group because of the fact that
all of our children had been enrolled on the basis of their
respiratory symptoms. According to PCR, acute HBoV infec-
tion has been shown to be most prevalent in children aged 6
months to 3 years [9-16]. It is possible that children <6 months
of age are protected by maternal antibodies. In our study, how-
ever, only 5 children were as young as 5-6 months of age (2
in the coinfection group and 3 in the control group), and none
were HBoV seropositive. The seroprevalence seemed to increase
with age, reaching a maximum of 52% among children 1-2
years of age and then decreasing to 27% among children 3-5
years of age. This decrease suggests that the denatured antigen,
which is inherent to the immunoblot method, might not be
recognized by the past immunity antibodies of the older chil-
dren. Such a time-related conformational dependence is char-
acteristic for the B cell immunity of the B19 virus [27-29, 41,
42]. This phenomenon, in addition to the superficial mucosal
infection, could also explain why not all patients with low viral
loads were IgG positive, in line with the hypothesis of virus
persistence long after infection.

Some evidence of serological cross-recognition between hu-
man and bovine parvoviruses and, more specifically, between
B19 and the bocavirus bovine parvovirus has been observed
[8, 43], even though the latter 2 viruses are phylogenetically
distant and their capsid protein sequence similarity is low [44].
To ensure that antibodies to B19 would not cross-react with
HBoV (and, thus, interfere with our results), all children were
examined for B19 B cell immunity. However, there were more
B19 IgG—positive children among the HBoV IgG-negative
group than among the HBoV IgG—positive group. Furthermore,
no children were found to be positive for both B19 and HBoV
IgM. Therefore, among our patients, B19 antibodies did not
interfere with the HBoV antibody results.

Allander et al. [17] found HBoV DNA in the NPAs of 49
(19%) of 259 wheezing children, 28 (11%) of whom had high
HBoV DNA loads, and 12 (5%) of whom were infected with
HBoV only. Infections associated with low virus loads were,
however, prevalent and were suggested to reflect virus persis-

tence. High viral load and viremia were noted mainly in the
absence of other respiratory viruses, suggesting a causative role
for HBoV in acute wheezing. In the present study, serodiag-
nostic findings strongly support this causality. A low viral load
in the nasopharynx thus seems to be of little clinical signifi-
cance. Even though the VP2 immunoblot assay used here is
not intended to be the final diagnostic tool, our findings clearly
show the diagnostic value of serological testing in acute HBoV
infection. The diagnostic criteria for a bocavirus infection are
currently unsettled. Using only HBoV-positive PCR results in
NPAs as the criterion, some cases of acute HBoV infection
(evidenced by viremia and/or serodiagnostic findings) would
be missed. Furthermore, a number of false diagnoses would be
obtained, perhaps as the result of persisting HBoV DNA or
mucosal contamination. Serological testing, coupled with quan-
titative PCR, should be included in diagnostics, as shown here,
to strengthen the causal association between HBoV and respi-
ratory disease. With this combination of diagnostic tools, it is
now possible to also evaluate other clinical manifestations pos-
sibly caused by HBoV, such as pediatric gastroenteritis [45].
Whether, and in which context and to what extent, this virus
affects immunocompromised individuals, pregnant women,
and elderly individuals is currently unknown. Additional
knowledge of the neutralizing capacity and the longevity of
HBoV immunity is also required.

It is here shown, to our knowledge for the first time, that
respiratory infections due to HBoV elicit a systemic B cell re-
sponse, comprising both IgM and IgG. We also show that the
main target for this response is the major capsid protein VP2,
whereas the unique region of the minor protein, VP1u, is less
immunoreactive. By measurement of HBoV-specific antibodies,
it is possible to identify acute HBoV infections in small children
hospitalized for severe respiratory disease. For maximum di-
agnostic power, both quantitative PCR and serological testing
should be performed.
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