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Background. Human bocavirus 1 (HBoV-1) is frequently detected in young children. The role of HBoV-1 in
respiratory illness is unclear, owing to frequent detection in asymptomatic children.

Methods. Weekly oral fluid samples from a longitudinal cohort of infants were tested by quantitative polymerase
chain reaction for HBoV-1 DNA. Symptoms during HBoV-1 primary shedding events were compared to those
during 14-day control periods occurring 1 month prior to and following the primary event. Eight single-nucleotide
polymorphisms were analyzed to assess HBoV-1 variants.

Results. Sixty-six of 87 children (76%), followed for at least 18 months from birth, had a primary HBoV-1
infection. HBoV-1 was consistently detected for >1 month (maximum duration, 402 days) following 42 of 66
primary shedding events. Children were more likely to experience new cough symptoms (odds ratio [OR], 2.7;
95% confidence interval [CI], 1.4–5.5) and to visit a healthcare provider (OR, 2.8; 95% CI, 1.02–7.7) during the 14
days surrounding the time of initial detection of HBoV-1. Recurrent HBoV-1 shedding events were found in 33
children (50%). Twelve of 48 children with HBoV-1 variant data had multiple viral allelic patterns over time.

Conclusions. HBoV-1 primary shedding events are associated with mild respiratory illness with subsequent
prolonged detection of HBoV-1 DNA for up to a year. HBoV-1 reinfection contributes to long-term shedding.
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Human bocavirus 1 (HBoV-1), a DNAvirus in the Par-
voviridae family that was first identified in 2005 [1], has
been frequently detected in young children experienc-
ing acute respiratory tract illness. HBoV-1 DNA is de-
tected in up to 18% of nasal or nasopharyngeal samples
from children with respiratory illness [2] and in a third
of samples from children with mild illnesses not requir-
ing hospital admission [3]. Over 85% of children in the
United States have antibodies to this virus by 4 years of

age [4]. HBoV-1 is infrequently detected in adults [2].
Studies of disease associations have yielded conflicting re-
sults. HBoV-1 has been associated with wheezing [5, 6],
acute otitis media [7, 8], and severe pneumonia and respi-
ratory failure [9–11]. Studies detecting HBoV-1 DNA in
serum [12] or spliced HBoV-1 messenger RNA [13] have
shown an association with lower respiratory tract illness
in children. However, HBoV-1 is often identified concur-
rently with other respiratory viruses associated with acute
illness [2, 5, 12, 14, 15], and HBoV-1 DNA has frequently
beendetected inasymptomatic children (up to44%) [3, 14,
16–19], presenting challenges for cross-sectional analyses.

Long-term viral shedding following symptomatic in-
fection may provide an explanation for HBoV-1 detec-
tion in asymptomatic children and children with other
acute viral illnesses [3, 19–21]. Limited data are available
from studies using longitudinal systematic testing in
symptomatic and asymptomatic children. Our objective
was to describe HBoV-1 shedding patterns, HBoV-1 var-
iants, and symptoms associated with HBoV-1 detection
in a longitudinal cohort of young children with weekly
oral fluid samples collected from birth to 2 years of age.
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MATERIALS AND METHODS

Study Population
Banked weekly oral fluid samples collected on filter paper, along
with demographic and clinical data, were obtained from a pre-
viously reported prospective study of human herpesvirus 6 nat-
ural history in children [22]. Inclusion criteria for enrollment
included pregnancy of the mother, receipt of care at a Seattle
area–based obstetrical practice, and provision of informed con-
sent prior to participation. Childrenwere then followed frombirth
for up to 2 years of age between April 1997 and August 2003. No
further exclusion criteria were applied within the birth cohort.
This present study was determined to be exempt by the institu-
tional review boards at Seattle Children’s Research Institute and
Wayne State University. Study methods and findings are reported
according to STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) guidelines [23].

Study Definitions
An HBoV-1 shedding event was defined as at least 2 sequential
HBoV-1–positive samples collected at least 6 days apart with no
more than 1 consecutive interim HBoV-1–negative specimen. A
primary shedding event was defined as the first such detection of
HBoV-1 in each child. Recurrent shedding events were defined as
shedding events occurring after the resolution of the primary
event, marked by 2 consecutive HBoV-1–negative specimens.
Within individual subjects, distinct HBoV-1 variants were de-
fined as those containing any nucleotide polymorphism.

Clinical Data Collection
Demographic data were collected from the mother at enrollment.
Symptom data were collected using a daily diary. Symptoms in-
cluded fever (temperature, >38.0°C), cough, rhinorrhea, vomit-
ing, diarrhea, generalized rash, fussiness above the baseline
level for the child, seizure, and physician visit for illness. An ad-
ditional composite end point, new respiratory illness, was defined
as new-onset cough and/or new-onset rhinorrhea. Additional
surveys were conducted to collect data on breast-feeding, group
child-care attendance, and playgroup attendance.

Specimen Collection and Processing
Oral fluid samples were collected weekly, using a method devel-
oped for the detection of human herpesviruses 6 and 7 in field
studies [24] and previously described by our group for detection
of HBoV-1 [18]. Oral fluid was collected by parents, using mul-
tiple sterile Schirmer-test filter paper strips as previously pub-
lished [22], which were mailed to the study site and stored at
−80°C. DNA was extracted from the filter strips using QIAmp
blood DNA miniprep columns (Qiagen, Valencia, California)
with a modified protocol [18] and eluted in 100 µL of water.
The presence of HBoV-1 DNA was detected by real-time quan-
titative polymerase chain reaction (PCR) targeting the NP1 gene
[25]. Estimates of virus quantity by milliliter of oral fluid were

based on the collection of 5 strips that each hold 12 µL of oral
fluid, for a total of 60 µL [18, 24]. Initially, samples were selected
for HBoV-1 testing at 1-month intervals throughout each child’s
follow-up to screen for HBoV-1. Once a positive specimen was
identified, we tested weekly samples collected before and after
that date until the entire shedding event was captured. For the
first 10 subjects, all available samples were tested, and HBoV-1
rates were compared to those of the sampled subjects by general-
ized estimating equation regression with a negative binomial link
to assess the sampling strategy. Because no difference was found,
we used the aforementioned sampling strategy throughout.

Single-Nucleotide Polymorphism (SNP) Assay
Sixty whole-genomic sequences for HBoV-1 were obtained from
GenBank. After alignment of the sequences, 8 single-nucleotide
polymorphism (SNP) sites with nucleotide minor allele frequen-
cies of >10% were identified in 2 genes (Table 1). Samples with
sufficient remaining volumes of extracted DNA were tested in
separate allelic discrimination assays for each of the 8 SNPs. Taq-
Man Universal PCR Master Mix was used following standard
manufacturer instructions for TaqMan SNP Genotyping Assays
(Life Technologies, Carlsbad, California), using the following
temperature parameters: 95°C followed by 95°C for 15 seconds
and 60°C for 1 minute for 40 cycles. The majority of genotyping
results (>90%) were obtained from samples containing at least 4
log copies/mL of HBoV-1. Allele determinations were made
using plotted data for visual determination, following manufac-
turer instructions. Samples with fluorescence for >1 reporter dye,
indicating mixed alleles, were excluded from the analysis (3
samples).

Statistical Methods
Analyses were performed using Stata, version 11 (College Sta-
tion, Texas). The incidence of primary events was calculated
with the 95% confidence interval (CI). The risk of a primary
event associated with individual characteristics was assessed
using univariate Cox proportional hazard regression models.
Child-care center attendance and breastfeeding were analyzed
as time-varying variables. A step-wise multivariate Cox propor-
tional hazard model was then constructed using an entry P value
of .10 and a removal P value of .20. No variables met the criteria
for model inclusion. HBoV-1 seasonality was evaluated by com-
paring time to primary acquisition by season of birth. An individ-
ual-level case crossover analysis was performed to assess
symptoms associated with HBoV-1 primary events. The 14-day
period surrounding the beginning of the primary event in each
child (7 days prior to first detection through 7 days thereafter)
was compared to 14-day control periods occurring 1 month
prior to and following the primary event, using conditional logis-
tic regression. The 7 days prior to the first detection was included
in the targeted period to capture symptoms occurring between
collection of the last negative specimen and collection of the
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first positive specimen. Sensitivity analyses were performed to
evaluate the impact of viral quantity, respiratory season (defined
as October–March), and subsequent recurrence on study esti-
mates. Similar 14-day control periods were also defined to deter-
mine symptoms present with the detection of additional HBoV-1
variants. HBoV-1 viral quantity was described as log10 copies
per mL of oral fluid. Viral quantity was compared between age
strata, using analysis of variance. Viral quantity and duration of
viral shedding were compared between primary and recurrent
events and after the onset of a new variant, using the Mann–
Whitney U test. P values of <.05 were considered statistically
significant.

RESULTS

Weekly oral fluid samples were obtained from 87 infants fol-
lowed from birth to at least 18 months of age. Median follow-
up was 705 days (range, 551–778 days). Characteristics of the
cohort are shown in Table 2. Almost all children (98%) were
breastfed, and the majority of children attended some type of
playgroup and/or child-care center. The median age at play-
group start was 146 days, and the median age at child-care cen-
ter start was 169 days.

Risk Factors for HBoV-1 DNA Primary Events
A total of 4425 of 6934 oral fluid samples collected were tested
for HBoV-1 DNA. Nearly all children (80 [92%]) had HBoV-1
DNA detected from >1 sample during the study. Sixty-six chil-
dren (76%) had a primary event identified. The remaining 14
children had only single HBoV-1 detections that did not meet
our criteria for a primary event. Thirty-three children (38%)
had a recurrent shedding event. The incidence of HBoV-1 pri-
mary events was 8.8 events per 100 child-months (95% CI,
6.9–11.2). Median age at HBoV-1 acquisition was 11 months
(interquartile range [IQR], 3–20 months); the youngest child
with any HBoV-1 detection was 2 days old. No association
was found between age at acquisition and patient demographic
or family characteristics (Table 2), including birth order or
number of older siblings. No differences in age at acquisition
were found in children born in the fall, winter, or spring as
compared to the summer (hazard ratios [HRs], 1.0 [95% CI,
.54–1.86]; 0.7 [95% CI, .31–1.4], and 1.24 [95% CI, .64–2.39],
respectively), indicating that seasonal patterns did not influence
primary infection.

HBoV-1 Detection and Viral Quantity
Among all 842 HBoV-1–positive oral fluid samples, viral quan-
tities ranged from 2.3 to 10.7 log10 copies/mL (median, 4.1 log10
copies/mL; mean, 4.4 log10 copies/mL). Peak copies within shed-
ding events ranged from 3.1 to 10.7 log10 copies per mL (median,
5.2 log10 copies/mL). Peak viral concentrations were higher in
primary events (median, 6.1 log10 copies/mL; IQR, 4.8–7.8Ta
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log10 copies/mL), compared with recurrent events (median, 4.4
log10 copies/mL; IQR, 3.8–5.1 log10 copies/mL; P < .001). Peak
viral concentration during primary events was associated with
older age; children who experienced a primary event later in
infancy had higher peak viral quantities (median, 4.2, 5.8, 6.8,
and 7.4 log10 copies/mL in children aged 0–5, 6–11, 12–18, ≥18
months, respectively; P = .003). The median viral quantity
among 111 single HBoV-1 DNA detections that did not consti-
tute a primary event was 4.0 log10 copies/mL (IQR, 3.5–4.1
log10 copies/mL).

Association Between HBoV-1 Detection and Respiratory Illness
Fifty-two percent (425) of 824 HBoV-1 detections with diaries
completed for that day or adjacent days were in asymptomatic
children. During HBoV-1 primary events at any quantity of
HBoV-1 DNA detection, children were significantly more likely
to experience new cough symptoms (odds ratio [OR], 2.7; 95%
CI, 1.4–5.5) and to visit a healthcare provider (OR, 2.8; 95% CI,
1.02–7.7; Figure 1 and Table 3). Specific reasons for healthcare
visits reported by parents of children with an HBoV-1 primary
event included upper respiratory tract illness (4 cases), conjunc-
tivitis (2 cases), otitis media (2 cases), initiation of antibiotics
(2 cases), erythema infectiosum (1 case), and unspecified viral
illness (1 case). When restricting the analysis to primary events
with higher peak viral loads (≥106 copies/mL; 36 events) and
paired control periods, HBoV-1 acquisition was significantly as-
sociated with new onset of respiratory symptoms (OR, 5.6; 95%
CI, 2.1–15.1), which was defined as new cough (OR, 4.1; 95%
CI, 1.6–10.7) and/or new rhinorrhea (OR, 2.9, 95% CI, 1.3–
6.7), as well as healthcare visits (OR, 7.5; 95% CI, 1.6–34.8).
No significant differences were found in symptom prevalence

between recurrent events and primary events or between recur-
rent events and paired control periods. A sensitivity analysis was
performed, restricting the data to include only those primary
events occurring during the respiratory virus season (Octo-
ber–March). These estimates were similar to those for primary
events occurring outside of the respiratory virus season.

HBoV-1 Shedding
The median shedding duration was 50 days, and HBoV-1 was
consistently detected for >30 days following 42 of 66 primary
events (64%). The longest duration of consistent shedding fol-
lowing a primary event was 402 days. Thirty-three children had
recurrent HBoV-1 events, and 12 children had multiple recur-
rent events, including 3 children who had 4 recurrences each.
The median duration between the end of the primary event
and the beginning of the recurrent event was 48 days (range,
21–420 days). The median duration of shedding for recurrent
events was significantly shorter than for primary events (26 vs
50 days; P < .01).

HBoV-1 Variants
Allele data for at least 4 of the 8 identified HBoV-1 SNPs were
available from 224 samples from 71 children. Of these, 48 chil-
dren had SNP data from ≥2 HBoV-1 samples (range, 2–10 sam-
ples; mean, 3 samples) collected over a median of 146 days
(range, 7–497 days). Twelve of 48 (25%) had HBoV-1 DNA dem-
onstrating multiple allelic patterns, or variants, over time (Fig-
ure 2), suggesting reinfection with different HBoV-1 variants.
In 11 of 12 cases, 1 variant persisted without change to the end
of a shedding event with a different variant identified at the be-
ginning of a recurrent event, including 1 child (child G) with 3

Table 2. Characteristics of Study Participants

Characteristic Total (n = 87)

HBoV-1 Primary Event During Study
Univariate HR (95% CI) for
HBoV-1 Primary EventNo (n = 21) Yes (n = 66)

Male sex 54/87 (62) 13/21 (62) 41/66 (62) 0.9 (.5, 1.5)
Race/ethnicity

White 63/82 (77) 16/20 (80) 47/62 (76) Reference

Black 2/82 (2) 0/20 (0) 2/62 (3) 1.2 (.3–4.9)
Asian 9/82 (11) 2/20 (10) 7/62 (11) 1.1 (.5–2.3)

Hispanic 6/82 (7) 1/20 (5) 5/62 (8) 2.1 (.8–5.4)

Multiple 2 (2) 1/20 (5) 1/62 (2) 0.4 (.1–3.1)
Breastfed 85/87 (98) 20/21 (95) 65/66 (98) 3.0a (.4–21.8)

Age at weaning, mo, mean ± SD 11 ± 6 12 ± 5 10 ± 6 1.0 (.998–1.001)

Child-care center attendance 33/87 (38) 8/21 (38) 25/66 (38) 1.3a (.8–2.4)
Playgroup attendance 56/86 (65) 11/21 (52) 45/65 (65) 1.4 (.8–2.4)

Older siblings in household 40/87 (46) 11/21 (52) 29/66 (44) 0.9 (.5–1.4)

Maternal age, y, mean ± SD 34 ± 4 34 ± 5 34 ± 4 1.0 (.9–1.1)

Data are no. of subjects with the characteristic/no. evaluated (%), unless otherwise indicated.

Abbreviations: CI, confidence interval; HBoV-1, human bocavirus 1; HR, hazard ratio; SD, standard deviation.
a Assessed as a time-varying covariate (ie, the HR takes into account actual periods of child-care attendance and breastfeeding).
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Table 3. Prevalence of Healthcare Visits and Symptoms During Human Bocavirus 1 (HBoV-1) Primary and Recurrent Events, Compared
With Matched Control Periods

Variable

HBoV-1 Primary Event
HBoV-1 Primary Events, Peak Viral Load

≥6 Logs Only HBoV-1 Recurrent Event

HBoV-1
Event,
No. (%)
(n= 66)a

Control
Period,
No. (%)
(n = 132)a

OR
(95% CI)b

HBoV-1
High Copy
Event, No.
(%) (n = 36)

Control
Period,
No. (%)
(n = 72)a

OR
(95% CI)b

First HBoV-1
Recurrence, n
(%) (n = 33)

Control
Period,a

No. (%)
(n = 66)

OR
(95% CI)b

Healthcare visit 12 (18) 11 (8) 2.8 (1.02–7.7) 10 (28) 5 (7) 7.5 (1.6–34.8) 5 (15) 9 (14) 1 (.3–3.5)
Fever 17 (26) 20 (15) 2.1 (.9–4.6) 14 (39) 14 (20) 2.5 (1.0–6.1) 9 (27) 9 (14) 3.0 (.9–10.4)

New rhinorrhea 31 (47) 44 (33) 1.7 (.9–3.2) 23 (64) 24 (34) 2.9 (1.3–6.7) 13 (39) 22 (34) 0.9 (.4–2.4)

New cough 29 (44) 32 (24) 2.7 (1.4–5.5) 20 (56) 17 (24) 4.1 (1.6–10.7) 15 (45) 26 (41) 1.6 (.6–4.2)
Vomiting 3 (5) 12 (9) 0.5 (.1–1.7) 2 (6) 9 (13) 0.4 (.08–1.9) 1 (3) 5 (8) 0.3 (.04–3.4)

Diarrhea 4 (6) 9 (7) 0.8 (.2–3.2) 3 (8) 7 (10) 0.7 (.1–3.7) 3 (9) 6 (9) 1.0 (.2–6.4)

General rash 3 (5) 5 (4) 1.2 (.3–5.0) 1 (3) 3 (4) 0.7 (.07–6.4) 2 (6) 4 (6) 1.0 (.2–6.4)
Local rash 1 (2) 2 (2) 1.0 (.09–11.0) 1 (3) 1 (1) 2.0 (.1–32.0) 1 (3) 2 (3) 1.0 (.1–11.0)

Fussiness 25 (38) 44 (33) 1.2 (.6–2.5) 17 (47) 22 (31) 2.0 (.9–4.8) 12 (36) 23 (36) 1.0 (.4–2.7)

New respiratory
symptomc

41 (62) 54 (41) 2.3 (1.2–4.2) 30 (83) 29 (41) 5.6 (2.1–15.1) 20 (61) 38 (59) 1.0 (.4–2.5)

Abbreviations: CI, confidence interval; OR, odds ratio.
a Symptom data missing for 2 of 132 control periods, 2 of 72 high-copy control periods, 2 of 66 recurrence control periods, and 1 of 66 primary case events. The valid
percentage is reported.
b The OR was calculated using conditional logistic regression, to account for correlation in case and control periods matched by individual child.
c Defined as new-onset cough and/or new-onset rhinorrhea.

Figure 1. Symptom timing around the human bocavirus 1 (HBoV-1) primary event. Height of gray bars indicates number of children with a healthcare visit,
fever, or new-onset cough (y-axis) on a given day (x-axis) relative to the beginning of the HBoV-1 primary event. The continuous line was generated using a
median cubic spline (Stata 11) and represents a smoothed curve of the daily symptom prevalence. The area between the black reference lines represents the
predefined primary event period.
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different sequential variants (Figure 2). One of the 12 children
(child H; Figure 2) had 2 variants detected sequentially during
the same primary event. Differences between variants included
variations at >1 SNP site in samples from 10 of 12 individuals,
and the second variant was sustained for multiple weeks in 6
(Table 4). The median time between shedding events due to dif-
ferent variants was 212 days. Symptoms reported among the
11 children with data available during the 2-week period
surrounding the second HBoV-1 variant detection included
fever (7 cases [64%]), new-onset cough (6 [55%]), new-onset
runny nose (8 [73%]), vomiting (1), diarrhea (3), general rash
(1), local rash (1), and fussiness (9 [82%]). Four of 11 children
(36%) reported an illness-related primary care provider visit.

DISCUSSION

This prospective cohort study documents the natural history
and clinical symptoms associated with HBoV-1 shedding in

young children followed longitudinally from birth, measured
using HBoV-1 DNA in oral fluid. We were able to evaluate
the symptoms associated with the onset of HBoV-1 detection,
as samples were collected frequently and systematically during
both symptomatic and asymptomatic periods. Through the use
of molecular methods, we demonstrated that reinfection with
different HBoV-1 variants may occur following primary infec-
tion. Sequential infection may be partially responsible for in-
stances of prolonged HBoV-1 shedding.

Our epidemiologic analyses show that HBoV-1 primary events
occur in very young children and are associated with mild respi-
ratory illness. The median age of initial HBoV-1 acquisition
in our study population was 11 months, reflecting findings by
Meriluoto et al showing that most primary HBoV-1 immune
responses occur after 6 months of age [8]. The virus was detected
year-round, with no evidence of seasonality, as demonstrated by
the lack of differences in viral acquisition by season of birth. We
found a significant association with new-onset cough during

Figure 2. Human bocavirus 1 (HBoV-1) alleles over time in 12 children. The first, second, and third allele patterns in each individual child are represented
by changes in shape and color. Gray circles indicate tested samples with no HBoV-1 detected.
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primary infection. HBoV-1 primary events with higher viral
quantities were also associated with new-onset rhinorrhea and
healthcare visits. Previous studies including children of a range
of ages have linked HBoV-1 primary infection to wheezing
[5, 6] and lower respiratory tract illness [12]. It is unexpected
that our analyses of HBoV-1 load found higher peak viral
loads in children who were older at the time of their primary
event, in contrast to studies of other respiratory viruses in
children, including respiratory syncytial virus [26–28]. Given
the high seroprevalence of HBoV-1 antibody in the US popula-
tion [4], it is possible that maternal antibody may pay a role in
modifying primary HBoV-1 infection in the very youngest
children.

We have previously reported a lack of association between
HBoV-1 detection and respiratory symptoms in older children
attending a child-care center [3]. It is possible that the association
found here is specific to primary infection in very young children,
and the contribution of HBoV-1 to respiratory illness becomes
less pronounced as the child ages. Primary shedding events lasted
>1 month in a majority of cases and included shedding events

that lasted for >1 year. The shedding events described here are
notably longer than those previously reported [3, 19, 20], likely
because sampling continued even after symptoms resolved.
This extended shedding makes it difficult to attribute HBoV-1
detection to acute illness when longitudinal testing and collection
of blood specimens [12] has not been performed prior to the
onset of illness [3]. Given the size of our study and the generally
healthy nature of the infants who participated, it is likely that we
have not captured the full range of diseases related to HBoV-1.
We have not excluded the possibility that HBoV-1 may play a
role in more-severe disease in some children and cause milder
disease in others, akin to other DNA viruses with prolonged
shedding patterns, namely human herpesvirus 6 [22, 29].

We used a novel molecular assay to describe HBoV-1 sequence
variation across time in 48 children, including children with pro-
longed shedding and/or recurrent HBoV-1 events. This analysis
indicated possible reinfection with a second HBoV-1 variant in
12 children (Table 4). The changes detected by our assay may
be due to random single-event mutations. However, we found
that changes occurred simultaneously at multiple SNP sites and

Table 4. Allele Patterns of Human Bocavirus 1 Variants Over Time in 12 Children

Child
Age at Earliest
Detection, mo Variant

Times
Detected, No.

SNP Position

2842 3923 4181 4229 4742 4799 4862 4874

A
3 1 1 A C T T A T . . . G

10 2 1 A C [C] [C] A . . . A G

B
8 1 1 A C C C A . . . A G

18 2 3 A C [T] [T] [C] A A [A]

C
1 1 1 A C C T C . . . G A

10 2 6 A1 C C1 [C] [A] T [A]1 [G]

D
0 1 2 A1 C1 C C A1 T A G

16 2 1 A C C [T] [C] T [G] [A]

E
6 1 5 A C C1 C A T A2 G

16 2 2 A C [T] [T] [C] [A] A [A]

F
7 1 1 A C T T C A A A

12 2 1 . . . [T] [C] [C] [A] . . . A [G]

G
8 1 1 A C T T C A A A

11 2 8 [G]1 [T]1 [C]3 [C] [A]1 [T] A1 [G]

20 3 1 [A] [C] C C A . . . A G

H
10 1 2 A C T1 . . . C1 A1 A A
11 2 1 . . . C . . . T C . . . [G] A

I
6 1 8 A C C C1 A1 T2 A G

17 2 1 A C [T] [T] [C] . . . A [A]

J
3 1 1 . . . C T T C A . . . A

10 2 6 A1 C [C] [C] [A]1 [T]2 A1 [G]

K
8 1 2 A C T T C1 A1 A A

11 2 1 . . . C [C] T C A . . . A

L
4 1 1 A C . . . T C . . . . . . A

19 2 2 A1 C C [C]1 [A] T1 A [G]

Single-nucleotide polymorphisms (SNPs) are enclosed in brackets. Superscript numerals indicate the number of samples with missing data for that allele in that child.
Dashes indicate missing data for all samples for that child and allele.
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were sustained over time, providing evidence that an infection
with a second variant occurred. The majority of children had
fever, new-onset cough and runny nose, and fussiness in the 2
weeks surrounding the appearance of the second variant. Unfor-
tunately, our sample size was too limited to do comparative test-
ing of symptoms at the time of a potential second infection,
similar to that done by Meriluoto et al, who found no association
between illness and HBoV-1 secondary immunoactivation or re-
conversion, based on immunoassay findings [8]. It is possible this
difference is due to the younger age of our study participants (up
to 2 years vs up to 8 years) and the increased specificity enabled
by the weekly sample collections in our study. Further work using
deep-sequencing methods is needed to determine the degree to
which HBoV-1 primary infections represent mixed populations
of variants versus a single homologous strain.

Although the oral fluid samples used in this study were col-
lected as long as 13 years before testing, DNA dried onto filter
paper is very stable [30]. A sensitivity analysis showed that the
peak viral quantity and rate of primary events was not associated
with year of enrollment, indicating that DNA detection has been
consistent across the study period (data not shown). However,
the use of dried samples of oral fluid restricted our ability to de-
tect other respiratory viruses that may have contributed to the
symptoms observed during the primary HBoV-1 event. For
this reason, we selected control periods in each child that were
1 month prior to and following the primary event. We anticipate
that this comparison controls for the impact of seasonal varia-
tion in other respiratory pathogens on our final results. We also
performed subanalyses of primary events occurring during respi-
ratory season as compared to those occurring outside the season
and did not see a significant difference. We are unable to com-
ment on how generalizable our findings are to children with dif-
ferent epidemiologic risk factors, particularly children who are
not breastfed. Sampling of oral fluid provides advantages, includ-
ing the ability to regularly collect and easily store weekly samples
without requiring frequent contact with healthcare providers or
researchers. We have found that our oral fluid assay was more
sensitive than nasopharyngeal swabs for the detection of
HBoV-1 DNA [18]. By performing complete testing on the
first 10 subjects, we confirmed that the rate of HBoV-1 detection
was not reduced as a result of our sampling strategy. We did not
have serum samples available to confirm acute HBoV infection
through serological analysis or detection of HBoV-1 DNA, as re-
ported elsewhere [6, 8, 12, 31, 32]. Despite this, our use of longi-
tudinal weekly samples beginning shortly after birth allowed us
to clearly define the timing of the onset of first and ongoing
HBoV-1 detection. Our study is also limited to young children
in the first 2 years of life, when HBoV-1 infection is most fre-
quent, and therefore we were unable to examine the impact of
HBoV-1 on syndromes typically found in older children, such
as asthma. Furthermore, as parents were not asked to collect
daily symptom data on wheezing, we were limited in our ability

to investigate an association with wheezing as a potential precur-
sor to asthma.

The onset of HBoV-1 DNA detection in this cohort of young
children was associated with new cough symptoms and pri-
mary care visits. Our results add to the growing evidence that
HBoV-1 is an etiologic cause of respiratory illness. However, we
have also demonstrated the pitfalls of using a single positive
respiratory specimen to establish HBoV-1 as an etiologic
cause of disease, in the absence of more-robust clinical diagnos-
tic analyses. Because of the long duration of HBoV-1 shedding
and the potential for reinfection with additional variants, detec-
tion of HBoV-1 at a single time point is not sufficient to diag-
nose an incident HBoV-1 infection and should be interpreted
with care.
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