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Abstract

To determine human bocavirus-1 (HBoV 1) infection characteristics in young Australian children. Data were from the Observational
Research in Childhood Infectious Diseases (ORChID) study, a Brisbane, Australia—based birth cohort of healthy, term, newborns
followed prospectively for 2 years. Parents recorded daily symptoms, maintained an illness-burden diary, and collected weekly
nasal swabs, which were tested for 17 respiratory viruses, including HBoV 1, by real-time polymerase chain reaction (PCR) assays.
Main outcomes measured were infection incidence, risk factors, symptoms, and healthcare use. One hundred fifty-eight children
in the ORChID cohort provided 11,126 weekly swabs, of which 157 swabs were HBoV 1 positive involving 107 incident episodes.
Co-detections were observed in 65/157 (41.4%) HBoV 1-positive swabs (or 41/107 [38.3%] infection episodes), principally with
rhinovirus. Shedding duration was 1 week in 64.5% of episodes. The incidence of HBoV 1 infections in the first 2 years of life was
0.58 episodes per child-year (95% confidence interval [CI] 0.47-0.71), including 0.38 episodes per child-year (95% CI 0.30-0.49)
associated with respiratory symptoms. Recurrent episodes occurred in 18/87 (20.7%) children following their primary infection.
In the first 2 years of life, incidence of HBoV 1 episodes increased with age, during winter and with childcare attendance. Overall,
64.2% of HBoV 1 episodes were symptomatic, with 26.4% having healthcare contact. Viral load estimates were higher when children
were symptomatic than when asymptomatic (mean difference=3.4; 95% CI 1.0-5.7 PCR cycle threshold units). After age 6 months,
HBoV1 is detected frequently in the first 2 years of life, especially during winter. Symptoms are usually mild and associated with
higher viral loads.
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Human bocavirus-1 (HBoV1) is a DNA virus of the Par-
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of Vaccine Preventable Diseases, Sydney, New South Wales, children diagnosed with an acute respiratory illness (ARI)
Australia [1]. Subsequent studies indicated > 90% of children are
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Coast Health, Gold Coast, Queensland, Australia children associated with HBoV1 infection include fever,
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cough, rhinitis, and wheezing, leading to diagnoses of the
common cold, acute otitis media, pneumonia, bronchioli-
tis, or acute asthma [1, 3, 4]. Nonetheless, its role in these
illnesses remains controversial as experimental models are
lacking and virus DNA shedding in some studies can per-
sist for up to 6 to12 months following a primary HBoV1
infection [5-7]. Such prolonged shedding may compro-
mise cross-sectional studies where HBoV1 is co-detected
with other respiratory viruses in as many as 95% of cases
[4, 8] and identified in 5 to 44% of asymptomatic chil-
dren [5, 9-11]. Support for a pathogenic role comes from
prospective studies identifying HBoV1 more frequently
in children hospitalised with an ARI than age-matched
asymptomatic controls [9, 10, 12]. There are also studies
in symptomatic children where HBoV1 was the only virus
identified, where increased HBoV1 viral load was asso-
ciated with disease severity, and mRNA transcriptional
activity or IgG seroconversion indicated acute infection
[13—15]. Furthermore, HBoV1 was detected as the sole
pathogen in the tracheal aspirates of a small number of
mechanically ventilated children in the USA with severe
lower respiratory infections [16], and in the lung aspirates
of children in Sub-Saharan Africa with radiographic-con-
firmed pneumonia [17, 18].

HBoV1 is detected globally, and much of the epidemio-
logical data are derived from cross-sectional hospital and
laboratory-based studies [8—10, 12, 19-26]. However, to
obtain a greater understanding of HBoV1 pathogenicity
and its underlying epidemiology and disease burden, lon-
gitudinal community-based studies are needed to overcome
the challenges posed by prolonged virus shedding. Where
prospective, community-based HBoV1 studies exist [5-7,
11, 27, 28], they have had one or more limitations. These
include being limited to < 1-year duration [6, 11, 27, 28],
to sampling principally during ARI episodes [5, 6, 27, 28],
being confined to children attending childcare centres [5],
with incomplete data capture of respiratory symptoms [7],
possible sample contamination from other children [7],
nasal swabs not collected routinely at the time of ARI epi-
sodes [11], and no reporting of other respiratory viruses
[7]. Consequently, HBoV1 community-level epidemiology
and disease burden in early life remains underexplored. The
Australian Observational Research in Childhood Infectious
Diseases (ORChID) birth cohort provided the opportunity to
address many of these limitations by having parents record a
daily symptom diary and collecting weekly nasal swabs from
their newborn babies until their second birthday [29]. Previ-
ous reports from this community cohort identified that by
age 2 years, 75% of participants had acquired HBoV1 on at
least one occasion [30], although detections were not neces-
sarily associated with ARI episodes [31]. Here, we examine
in greater detail the characteristics of HBoV1 infections,
including their epidemiology, risk factors, symptoms, and

@ Springer

healthcare use in Australian children aged <2 years from a
subtropical, urban setting.

Materials and methods
Study design and participants

The ORChID study (ClinicalTrials.gov: NCT01304914) was
a dynamic birth cohort study, which was conducted in the
subtropical city of Brisbane, Australia, between September
2010 and October 2014. Healthy term, newborn babies with-
out underlying congenital abnormalities or chronic disorders
were progressively recruited from two metropolitan hospi-
tals between September 2010 and October 2012 and fol-
lowed until their second birthday [29-31]. Parents provided
informed consent for their child’s enrolment post-birth. Par-
ents collected weekly anterior nasal swabs from their child
and completed a daily symptom diary. Children exited the
study when parents stopped returning study material or on
the child’s second birthday.

Child and family characteristics

Child and family characteristics were recorded at study
entry, including information on the pregnancy and delivery.
Breastfeeding and childcare attendance details were updated
3 monthly by telephone. Exclusive breastfeeding was the
period from birth until introduction of solids or formula
milk. Childcare was classified as formal, if outside the home
by a regulated childcare service, or informal if non-regulated
from friends or family.

Nasal swab collection

Parents were taught to collect bilateral anterior nasal swabs
using a single plastic-shaft, rayon-budded swab, which was
inserted into the anterior cavity of the nose and rubbed
around the internal walls of the nares. After sampling from
each nostril, the swab was then placed in a transport tube
with a foam pad reservoir soaked in viral transport medium
containing chloramphenicol and amphotericin B (Virocult
MW950, Medical Wire & Equipment, Wiltshire, England).
The initial nasal swab was collected shortly after birth and
then on the same day each week, irrespective of symptoms.
The swabs were returned to the laboratory in a sealable bag
by surface mail at ambient temperatures. They took a median
3 days (interquartile range [IQR] 2—4 days) to reach the labo-
ratory from the time of collection and where the swabs were
processed and stored immediately at — 80 °C.
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Laboratory testing

Nasal swabs were vortexed in 2 mL of phosphate buffered
saline from which 200 uL was spiked with equine herpes
virus-1, which acted as an extraction and inhibition con-
trol, before nucleic acid was extracted using the CAS1820
XtractorGene automated system (Qiagen, Australia). An
additional internal control was endogenous retrovirus-3
(ERV3), which determined the presence of human DNA,
thereby indicating successful extraction of nucleic acid from
epithelial cells and overall higher sample quality [29, 32].

Swab samples were batch-tested for 17 respiratory
viruses, which in addition to HBoV1 included rhinovirus,
influenza viruses A and B, respiratory syncytial viruses A
and B, parainfluenza viruses 1-3, human adenovirus, human
metapneumovirus, human coronaviruses (OC43, HKU1,
229E, and NL63), and human polyomaviruses, WUPyV
and KIPyV using previously validated real-time polymerase
chain reaction (PCR) assays [29-32].

The HBoV1 assay used in the ORChID study for respira-
tory samples was a singleplex assay comprised of a single
set of primers that amplified a 96-nucleotide sequence of
the VP1 gene, and a TagMan™ probe labelled with FAM
and BHQI (Table 1). The 20-uL reaction mix comprised the
following: 10 uL of SesiMix™ II probe mix (Bioline, Aus-
tralia) and 2.0 uL of sample extract, 8 pmol of each primer,
and 3.2 pmol of the TagMan™ probe. The amplification
was performed under the following thermo-cycling condi-
tions: an activation step at 94 °C for 10 min, then 45 cycles
of a denaturation step at 94 °C for 15 s, then annealing and
elongation steps at 60 °C for 60 s. Acquisition of the PCR
product signal occurred during the annealing and elongation
step. All detections with cycle threshold (Ct) values <40
were considered positive for HBoV 1 and other target viruses
(Supplementary Fig. 1) [29-32].

PCR Ct values were also used as a semi-quantitative
measure of viral loads as they are inversely proportional to
the amount of target nucleic acid in the test sample. Thus
lower Ct values align with higher viral load and a difference
of 3.3 cycles corresponds to a tenfold difference in viral load
[33]. As part of quality control, swab samples with ERV3 Ct
values > 38 were defined as being of lower quality [31, 32].

Table 1 Oligonucleotide sequences, reporting and quenching dyes
used in a singleplex polymerase chain reaction assay to detect human
bocavirus-1 in nasal swab samples

Name Sequence

HBoV-F GGCAGAATTCAGCCATACTCAAA

HBoV-R TCTGGGTTAGTGCAAACCATGA

HBoV-TM QUASAR670-AGAGTAGGACCA
CAGTCATCAGACACTGCTCC-
BHQ3

A new HBoV1 episode was defined as either detecting
HBoV1 for the first time, after at least two intervening nega-
tive swabs, or > 30 day from the last HBoV 1-positive swab.

Symptom and illness diaries

An ARI was defined according to parent-reported symptoms
collected from a daily tick-box symptom diary. Symptoms
were pre-defined, and parents were trained to recognise
them. An upper respiratory illness (URI) was recorded if
nasal congestion/discharge, dry cough, or physician-diag-
nosed otitis media were present. An acute lower respiratory
illness (ALRI) was recorded if rattly breathing, wet (moist)
cough, shortness of breath, wheeze, or physician-diagnosed
pneumonia was present. When a URI episode progressed to
an ALRI, the entire episode was categorised as an ARLI.

Parents completed an illness-burden diary documenting
healthcare-seeking behaviour when the child had URI or
ARLI symptoms. To minimise inconvenience, parents did
not complete illness-burden diaries for either isolated nasal
symptoms or dry cough as we assumed healthcare would
not be sought. Completed symptom and illness-burden
diaries were mailed each month to the research team. An
ARI associated with HBoV1 was defined if symptoms were
recorded within 7 days of a new HBoV1 detection [30, 31].
Emergency department and hospital records were reviewed
at study completion.

Data analysis

Incidence rates of single new HBoV1 episodes, and asso-
ciations between pre-defined risk factors and single new
HBoV1 episodes, were calculated using mixed-effects
Poisson regression models, with child included as a random
effect and models adjusted for exposure-time.

Lower-quality swabs were excluded from incidence cal-
culations to avoid underestimating incidence rates. The asso-
ciation between HBoV 1-positive swabs and other respiratory
virus detections was investigated using log-binomial regres-
sion. All multivariable models were adjusted for age, season
of detection, presence of older children in the household, and
childcare attendance. The association between symptomatic
episodes and shedding duration or viral load was performed
using linear regression. All analyses were conducted using
Stata statistical software v16 (StataCorp, College Station,
TX, USA).

Results
One-hundred fifty-eight children returned 11,126 swabs,

and 154 provided 87,547 symptom diary-days of obser-
vation (78% of expected observation-days). This included
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10,811 swabs (66% expected) matched to 82,036 diary-days
from 154 children and 8101 higher-quality swabs from 157
children (Fig. 1). Participants were predominantly first-born
children with tertiary-educated parents (Table 2).

There were 157 HBoV1-positive swabs from 87 chil-
dren, of which 107 were incident episodes (Supplementary
Table 1). Most (64.5%) shedding events were for 1 week.
At least one other virus was co-detected in 65/157 (41.4%)
HBoV1-positive swabs (or 41/107 [38.3%] infection epi-
sodes), and this was most frequently rhinovirus. However,
after adjusting for potentially confounding variables, HBoV1
was not associated with co-detection with any other specific
virus (Supplementary Table 2).

The overall incidence of HBoV 1 in the first 2 years of life
was 0.58 episodes per child-year (95% confidence interval
[CI] 0.47-0.71). The incidence in the first and second years
was 0.47 (95% CI 0.34-0.64) and 0.71 (95% CI 0.53-0.94)
episodes per child-year, respectively. The overall incidence
rate in the first 2 years of life for symptomatic HBoV1 infec-
tions was 0.38 (95% CI 0.30-0.49) episodes per child-year
and 0.32 (95% CI 0.23-0.47) and 0.45 (95% CI 0.32-0.64)
episodes per child-year in the first and second years of life,

respectively. HBoV1 incidence increased with age during
the first 2 years of life (Table 2), and episodes were more
likely to occur in winter than summer seasons (adjusted
incidence rate ratio (aIRR)=3.0; 95% CI 1.6-5.8) (Table 2,
Supplementary Fig. 2) and when the child attended childcare
(aIRR =2.2; 95% CI 1.3-3.8) (Table 2).

There were 106 incident episodes linked to symptom
diaries, and 68 (64.2%) were associated with an ARI
(Table 3). There were 51 (75.0%) URIs, of which 22 con-
sisted of either dry cough or runny nose alone. Health-
care was sought for 28 (26.4%) episodes, consisting of
23 (21.7%) consulting a family physician only and three
(2.8%) presenting to an emergency department (Table 3).
There were no hospital admissions. Antibiotics were
prescribed for 16 (23.5%) children seeking healthcare,
one of whom had otitis media, while for the remainder
the indication for antibiotics was not recorded. Health-
care utilisation rates were non-significantly higher for
HBoV1 sole detections than when another virus was co-
detected in the same episode (Supplementary Table 3).
Symptomatic children had significantly lower Ct val-
ues (indicating higher viral loads) than asymptomatic

891 potentially eligible
participants approached
v
' l N
165 subjects enrolled
(11,193 swabs)
\ 4 7 subjects excluded, including 1 ineligible
l (delivered <36 weeks gestation) and 6 who
, ~ did not provide swabs or symptom data
11,193 swabs (158 subjects)
s Excluded 67 swabs (from 33 subjects) in
1 infant >730 days old (approx. >24 months
of age)
Supplementary Table 1. HBoV1 swabs, incident 11,126 swabs
episodes, and shedding duration (158 subjects)

Supplementary Table 2. HBoV1 co-detections

87,547 symptom diary-days
(154 subjects)

Remove 5,511 symptom diary-days
from 119 children without
accompanying swabs (5,412 with no

Table 3: Healthcare-seeking behaviour by acute respiratory
illness category in HBoV1 detection episodes

Supplementary Table 3. Healthcare-seeking behaviour by
acute respiratory illness category in HBoV1 co-detection
episodes

Supplementary Table 4. Trough cycle threshold values in
symptomatic and asymptomatic episodes

1

swab within the preceding
ll 14 days, and 99 diary-days that were
>14 days prior to the first positive
swab)

Loss of 315 swabs from 68

10,811 swabs asymptomatic children without
82,036 symptom diary-days accompanying symptom diary data.
(154 subjects)

¥
Table 2. Incidence rates of HBoV1 8.101 swabs 3,025 other virus positive and negative
infections, by risk factors o S“a‘ = lower-quality swabs excluded from analysis
S i Fiiiie 2. Seasonslity oF 89 HBoV1 episodes as these had either low (Ct >38) or
Upp efientaty. Tigure 2. Seasonatly o (157 subjects) undetectable ERV3 viral loads

HBoV1

Fig. 1 Participant flow within the Observational Research in Childhood Infectious Disease Study. Corresponding tables/figures shown in boxes
in the left column. Ct cycle threshold, HBoV human bocavirus-1, ERV3 endogenous retrovirus-3
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Table 2 Incidence rates of human bocavirus-1 infections by risk factor (n=157 infants, 8101 higher-quality swabs, 89 episodes)

Risk Factor No. of children Child-years  New Incidence rate per child- Incidence rate ratio Incidence rate ratio
of observa- HBoV1 year (95%CI) (95%CT1)
tion episodes Unadjusted Adjusted®
Age (months)
0to<3 157 30.1 2 0.07 (0.02-0.27) Reference Reference
3to<6 139 20.9 7 0.33 (0.16-0.70) 5.0 (1.0-24.3) 3.9 (0.8-19.1)
6to<12 135 34.5 31 0.90 (0.63-1.28) 13.5 (3.2-56.5) 8.9 (2.1-38.5)
12to<24 120 69.8 49 0.70 (0.53-0.93) 10.6 (2.6-43.5) 5.5 (1.2-24.49)
Sex
Male 75 69.3 37 0.53 (0.39-0.74) Reference Reference
Female 82 86.1 52 0.60 (0.46-0.79) 1.1 (0.7-1.7) 1.1 (0.7-1.7)
Season of birth
Summer (December to 42 45.3 28 0.62 (0.43-0.90) Reference Reference
February)
Autumn (March to May) 30 29.5 17 0.58 (0.36-0.93) 0.9 (0.5-1.7) 1.0 (0.6-1.9)
Winter (June to August) 43 39.2 17 0.46 (0.29-0.73) 0.7 (0.4-1.3) 0.6 (0.3-1.1)
Spring (September to 42 41.5 26 0.63 (0.43-0.92) 1.0 (0.6-1.7) 0.8 (0.5-1.4)
November)
Type of birth
Vaginal 107 103.5 63 0.61 (0.48-0.78) Reference Reference
Caesarean 50 51.8 26 0.50 (0.34-0.74) 0.8 (0.5-1.3) 0.8 (0.5-1.3)
Gestational age at birth
Full term (39 to 41 weeks) 122 123.1 72 0.59 (0.46-0.74) Reference Reference
Early term (36 to 35 323 17 0.53 (0.33-0.85) 0.9 (0.5-1.5) 1.0 (0.6-1.7)
38 weeks)
Breastfeeding (n=147)
Exclusive at age 4-months 82 85.8 47 0.55 (0.41-0.73) Reference Reference
Non-exclusive at 65 69.0 42 0.61 (0.45-0.82) 1.1 (0.1-1.7) 1.0 (0.6-1.5)

age <4-months
Season of detection

Summer (December to 145 347 11 0.32 (0.18-0.57) Reference Reference
February)

Autumn (March to May) 146 38.1 17 0.45 (0.28-0.72) 1.4 (0.7-3.0) 1.3 (0.6-2.8)

Winter (June to August) 141 43.1 46 1.07 (0.80-1.42) 3.4 (1.7-6.5) 3.0 (1.6-5.8)

Spring (September to 141 394 15 0.38 (0.23-0.63) 1.2 (0.6-2.6) 1.1 (0.5-2.5)
November)

Family history

Neither parent has asthma/ 78 71.6 34 0.47 (0.34-0.66) Reference Reference
eczema

Either parent has asthma/ 79 83.7 55 0.66 (0.50-0.86) 1.4 (0.9-2.1) 1.4 (0.9-2.1)
eczema

Tobacco smoke exposure at birth (n=155)

No exposure 136 137.8 79 0.57 (0.46-0.71) Reference Reference

Household resident 19 16.3 10 0.61 (0.33-1.14) 1.1 (0.6-2.1) 1.0 (0.5-2.0)
smokes

Household size at birth

No older children in 102 101.4 65 0.64 (0.50-0.82) Reference Reference
household

More than one child in 55 54.0 24 0.44 (0.30-0.66) 0.7 (0.4-1.1) 0.8 (0.5-1.2)
household

Maternal education status (n=156)

University degree or 57 52.5 28 0.53 (0.37-0.77) Reference Reference
higher
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Table 2 (continued)

Risk Factor No. of children Child-years New Incidence rate per child- Incidence rate ratio Incidence rate ratio
of observa- HBoV1 year (95%CT) (95%CI)
tion episodes Unadjusted Adjusted®
No university degree 99 102.8 61 0.59 (0.46-0.76) 1.1 (0.7-1.7) 1.1 (0.7-1.7)
Childcare attendance
No childcare 156 78.8 24 0.30 (0.20-0.45) Reference Reference
Informal childcare only 42 19.1 9 0.47 (0.24-0.90) 1.5(0.7-3.3) 1.1 (0.5-2.4)
Formal (with/out informal 89 574 56 0.97 (0.75-1.27) 3.2 (2.0-5.2) 2.2 (1.3-3.8)

childcare)

The numbers in bold indicate a statistically significant result

“Multivariable mixed-effects Poisson regression adjusted for age group, season of detection, older child in household and childcare attendance

CI confidence interval, HBoVI human bocavirus-1

Table 3 Healthcare-seeking behaviour by acute respiratory illness category (n= 154 children, 10 811 swabs, 82 036 days)*

Any healthcare Any family phy- Family physician Other healthcare  ED presentation Hospital Antibiotics

contact sician visits visit only professional without admission admission n (%)

n (%) n (%) n (%) n (%) n (%) n (%)
ARI (n=68) 28 (41.2) 28 (41.2) 23 (33.8) 3(4.4) 3(4.4) 0(0.0) 16 (23.5)
URI (n=51) 16 (31.4) 16 (31.4) 14 (27.4) 23.9) 12.0) 0(0.0) 8 (15.7)
ALRI (n=17) 12 (70.6) 12 (70.6) 9(52.9) 1(5.9) 2(11.8) 0(0.0) 8 (47.1)

20Of 107 human bocavirus-1 episodes, 106 were linked to symptom diaries

ALRI acute lower respiratory illness, AR/ acute respiratory illness, ED emergency department, URI upper respiratory illness

children (mean [standard deviation] trough Ct values
of 29.0 [6.1] versus 32.4 [5.3] respectively; a mean
decrease of 3.4 (95%CI 1.0-5.7) Ct units) (Supplemen-
tary Table 4). In contrast, shedding duration was not
associated with symptom status (mean difference —0.1;
95% CI: - 0.5 to 0.3) weeks.

While 69/87 (79.3%) children had a single identified
HBoV1 infection episode, 16 children had two discrete
detection episodes, and a further two each had three epi-
sodes detected (Supplementary Fig. 3). The median time
between episodes was 137 (IQR 66—183) days, which
was well away from the 30-day threshold for defining a
new detection episode. The shedding duration of HBoV1
DNA was longer following a primary infection episode
than after subsequent detection episodes (mean [standard
deviation] 1.7 [1.1] weeks versus 1.1 [0.2] weeks respec-
tively, a mean difference of 0.6 [95%CI 0.4-0.8] weeks).
In contrast, co-detection rates with other respiratory
viruses when HBoV1 was first detected following primary
infections (33/87; 37.9%) and subsequent episodes (8/20;
40.0%) were similar. In the 106 HBoV1 episodes linked to
symptom diaries, 56/86 (65.1%) first episodes were asso-
ciated with ARI symptoms, compared with 11/20 (55.0%)
subsequent detection episodes (odds ratio=0.76; 95% CI
0.29-2.20).
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Discussion

HBoV1 was detected frequently in ORChID cohort par-
ticipants during their first 2 years of life. Of the 17 res-
piratory viruses tested, it was the fourth most common
virus after rhinovirus, human polyomaviruses WU/KI, and
seasonal coronaviruses. Co-detections occurred in 38.3%
of episodes, which is lower than the 52 to 95% reported
for hospital and laboratory-based studies [8, 21, 23, 26,
34], but similar to the 47% co-detection rate reported in a
Danish community-based cohort study [11]. It is possible
that higher co-detection rates in cross-sectional studies
are either from sicker patients, where the second virus is a
recognised pathogen, or persistent HBoV1 DNA shedding
from a prior infection.

HBoV1 DNA shedding in our study was <4 weeks in
106/107 (99%) episodes. Reasons for the shorter shedding
duration observed in our cohort are uncertain, but could
include differences in sample collection and quality, trans-
port to the laboratory, and in-house assay performance
affecting sensitivity for detecting low HBoV1 DNA levels
in those with persistent shedding [29, 32, 35]. Indeed, like
other DNA viruses, HBoV1 can establish latent infection
within cells of the upper airways [1]. Therefore, a possible
explanation for prolonged virus DNA shedding following
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primary infection is release of latent HBoV1 DNA from
cells disrupted by inflammatory responses to other respira-
tory pathogens. In contrast, active infection is character-
ised by mRNA transcriptional activity for periods of no
more than 2 weeks [15, 36].

In the current study, recurrences or new detection epi-
sodes were identified in 20.7% of children following their
primary infection. Other longitudinal studies have reported
recurrences in as many as 38% of young children [6, 7,
37], although sequencing revealed most were not from new
HBoV1 variants [6, 7]. The Danish community-based birth
cohort, which collected monthly nasal swabs from children
in the first year of life, reported 68% of 50 HBoV 1-infected
children with ARI symptoms shed virus DNA for < 1 month,
and for no longer than 4 months in the remaining infected
participants [11]. However, in a US birth cohort where
children provided weekly saliva samples from birth until
18 months of age, shedding events <30 days occurred in just
36% of 66 primary HBoV1 infections, with some children
shedding the virus DNA for> 1 year [7]. Recurrent episodes
occurred in 38% of children 21 to 420 days (median 48 days)
following cessation of their primary episode, in which only
25% had a new variant detected [7]. Similar results were
found in another prospective study of healthy children aged
6 months to 3 years who over a 1-year period had nasal swab
specimens collected during an ARI or otitis media episode.
[6] Shedding HBoV1 patterns were determined in 46 chil-
dren. Overall, 28% cleared the virus DNA within 30 days,
46% had persistent or intermittent detection of the same
strain for up to 265 days, 22% had no recurrences after their
single positive episode, and just 4% had new HBoV1 sub-
types detected in subsequent episodes [6]. Release of latent
HBoV1 DNA from epithelial cells might also explain some
of these recurrent episodes and the low detection rates of
new HBoV1 variants on such occasions. Nevertheless, our
study did not find evidence for increased virus co-detections
associated with subsequent new HBoV 1 detection episodes.

Consistent with seroprevalence and birth cohort stud-
ies [7, 11, 37, 38], HBoV1 was detected rarely (<5%) in
ORChID participants during their first 6 months of life, but
detections increased rapidly thereafter, such that by age
2 years 75% had experienced at least one HBoV1 infection
[30]. With the notable exception of rhinovirus, this temporal
pattern of respiratory virus infections is observed in other
birth cohort studies [38, 39]. Possible explanations for these
observations include protection provided by transplacental
maternal antibodies, breastfeeding, and young infants hav-
ing less exposure than older children to others outside the
household, including attending childcare [40, 41].

The incidence of 0.58 episodes per child-year was less
than reported by a similar birth cohort study (0.73 episodes
per child-year) that also collected weekly specimens [7].
However, most children in this cohort had commenced

childcare by 6 months of age [7], which we found to be an
independent risk factor for HBoV1. Indeed, across several
birth cohort studies, childcare attendance has been found to
be a consistent risk factor for ARIs and healthcare utilisation
in the preschool years [38, 41-44].

Despite cross-sectional epidemiological studies and a
recent longitudinal birth cohort study not finding evidence of
HBoV seasonality after controlling for sampling frequency
[4, 38], our 4-year study identified annual winter peaks, sup-
porting comparable observations in other birth cohorts [7,
11]. The reasons for these conflicting observations are likely
to be complex as seasonality and virus transmission can be
determined by several factors, including human behaviour,
the impact of temperature and humidity upon virus stability
within the environment, as well as meteorological factors
affecting host airway defences, and finally virus-virus inter-
ference [45, 46]. Of these, meteorological conditions and
human behaviour are likely to be the main factors driving
differences in seasonality [47].

In ORChID participants, 64.2% of those with new
HBoV1 detections experienced ARI symptoms, 75.0% of
whom had a mild URI. Nevertheless, 41.2% of these chil-
dren had healthcare contact, 23.5% received antibiotics, but
none was admitted to hospital. These proportions are similar
to those observed with other common viruses detected in
ORCAhID participants: parainfluenza (59%, 60%, 54%, 30%,
2%), seasonal coronaviruses (50%, 63%, 48%, 18%, 1%),
and respiratory syncytial virus (73%, 43%, 57%, 32%, 3%)
for ARI symptoms, URI symptoms, healthcare contact, anti-
biotic treatment, and hospitalisation, respectively [48-50].
These results for single HBoV1 detection episodes were not
significantly different from episodes where other viruses
were present. As noted previously in support of HBoV1 as
a genuine respiratory pathogen [13], children with HBoV1
detections and ARI symptoms had significantly higher
(approximately tenfold) viral loads (lower HBoV 1 Ct values)
than those without symptoms, although this did not extend
to prolonging shedding duration.

The ORChID study, as an unselected community-based
cohort, has several strengths from its high-density sampling
over a 4-year period, optimising detection rates, seasonal
effects, and virus shedding kinetics. However, it does have
limitations. First, despite parents being trained to recognise
symptoms, some may have been missed or misclassified.
While doctor-diagnosed otitis media and pneumonia were
recorded in the illness-burden diary, the indication for pre-
scribing antibiotics was not captured systematically. Sec-
ond, although we and others have shown that with sensitive
PCR assays, parent-collected nasal swabs mailed into the
laboratory have at least similar virus detection rates to those
collected by healthcare workers [35, 51, 52], suboptimal
swabbing techniques may have still missed virus detections
[32]. We therefore removed 3025 (27%) lower-quality swabs
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from incidence rate calculations to avoid underestimation of
rates due to misclassification bias. Third, to maintain cohort
retention, we did not collect blood samples, and neither did
we sequence HBoV1 isolates or seek evidence of HBoV1
mRNA transcriptional activity [15], to differentiate between
new infection events and reactivation of latent virus follow-
ing the primary infection. Finally, as is common with studies
of this nature, participants came from small and advantaged
households, and results may not generalise to other popula-
tions or settings.

In conclusion, HBoV1 was detected commonly in the
ORChID cohort in the first 2 years of life and associated
with increasing age, winter, and childcare attendance. Shed-
ding duration was <4 weeks and co-detections occurred in
38.3% of infection episodes. Almost two-thirds of infections
were symptomatic, and 41.2% of symptomatic episodes led
to healthcare visits, but all were managed in the commu-
nity. Higher viral loads (lower Ct values) were associated
with ARI symptoms. These findings add further evidence
for HBoV1 being a genuine respiratory pathogen.
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