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Human Bocavirus Infection in Young Children
in the United States: Molecular Epidemiological
Profile and Clinical Characteristics of a Newly
Emerging Respiratory Virus

Deniz I{esehrr, Marietta Vazquez,"‘ Carla Weibel,? Eugene D. Shapiro,** David Fergusen,® Marie L. Landry,”

and JJeffrey S. Kahn!

Divisions of *Respiratory Medicine, “General Pediatrics, *Infectious Diseases, Department of Pediatrics, and Departments of *Epidemiclogy
and Public Health and laboratory Medicine, Yale University School of Medicine, New Haven, Connecticut

(See the editorial commentary by Mcintosh, en pages 1197-8, and the major arlicle by Manning et al,,
on pages 1283-90.)
Background., Human bocavirus (HBoV) is a newly identified human parvovirus that was originally identified

. in the respiratory secretions of children with respiratory tract disease. To further investigate the epidemiological

profile and clinical characteristics of HBoV infection, we screened infants and children <2 years of age (hereafter

. referred to as “children”) for HBoV.

Methods. Children for whom respiratory specimens submzt!ed tc a dmgnostxc laboratory tested negative for
respiratory syncytial virus, parainfluenza viruses (types 1-3), influenza A and B viruses, and adenovirus, as well
as asymptomatic children, underwent screening for HBoV by use of polymerase chain reaction {PCR). Respiratory
specimens were obtained from the children from 1 January 2004 through 31 December 2004.

Results. Twenty-two (5.2%) of the 425 children who had a respiratory specimen submitted to the diagnostic
Jaboratory and 0 of the 96 asymptomatic children were found to be positive for HBoV by PCR (P = .02). Fever,
thinorrhea, cough, and wheezing were observed in 250% of the HBoV-positive children. Of the 17 children who
had chest radiography performed, 12 (70.6%) had abnormal findings. HBoV appeared to have a seasonal distri-
bution. Nucleotide polymorphisms were detected in the viral capsid protein (VP) 1/VP2 genes. Two distinct HBoV

genotypes circulated during the study period.

Conclusions, HBoV is circulating in the United States and is associated with both upper and lower respiratory

tract disease in infants and young children.

Among childten, respiratory tract infections are a lead-
ing cause of morbidity and mortality worldwide [1].
Respiratory syncytial virus (RSV), influenza viruses,
parainfluenza viroses, adenoviruses, rhinoviruses, co-

Received 4 April 2006; accepted 5 June 2008; electconically published 26

ronaviruses, and the recenty discovered human meta-
prneumovirus likely account for a majarity of respiratory
tract fllnesses, However, for a substantial proportion of
respiratory tract illnesses in children, 2 pathogen cannot
be identified, even when sensitive detection methods,
such as polymerase chain reaction (PCR), are used {2-
4]. This finding suggests that unidentified pathogens may
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be_circulating.and causing disease.in_children.

In 2005, Allander et al. [5) discovered a previously
unidentified human pa_{voﬁrus in respiratory secre-
tions obtained from individuals with clinical features
of respiratory tract illness. This nove] virus was dis-
covered with a technique that included viral purifi-
cation {with filtration and ultracentrifugation), PCR
amplification of purified viral DNA with primers con-
taining random hexamer-binding sites, and subsequent
cloning and sequencing of the amplified DNA products.
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Sequence and phylogenetic analyses demonstrated that this new
virus was a parvovirus and was closely related to, although
distinct from, bovine parvovirus and minute virus of canines,
which are members of the genus Bocavirus of the family Par-
voviridse, subfamily Parvovirinae. This new virus was desig-
nated “human bocavirus” {HBoV).

Parvoviruses are nonenveloped, single-stranded DNA viruses
that are among the smallest viruses. The family Parvoviridae
contains 2 subfamilies: the Densovirinae subfamily, which in-
fects insects, and the Parvovirinae subfamily, which infects ver-
tebrates [6). Within the subfamily Parvovirinae are the genus
Erythrovirus (which contains parvovirus B19, which was pre-
viously thought to be the only human pathogenic parvovirus),
the genus Dependovirus, and the genus Bocavirus [7]. Within
the genus Bocavirus, HBoV is clearly distinct from both bovine
parvovirus and minute virus of canines, having only ~42%
amino acid identity within the major open reading frames with
the 2 viruses {5].

The complete genomic sequénces of 2 strains of HBoV have
been elucidated. The 5217-base viral genome contains 3 open
reading frames encoding (in the 5-3 orientation) N35! (a gene
encoding a nonstructural protein), NP-1 (the function of which
is unknown), and the viral capsid protein (VP) 1/VP2 over-
lapping genes, which likely encode the structural proteins of
the HBo'V virjon. Qverall, there is relatively little heterogeneity
in the HBoV genome of the 2 isolates studied to date, although
most of the nuclestide polymorphisms appear to be in the VP1/
VP2 genes. [5]. '

Overall, Allander et al. {5] found that 17 (3.1%) of 540
respiratory specimens fested positive for HBoV. These speci-
mens were collected from November 2003 through October
2004 and were obtained from children hospitalized on & pe-
diatric infectious diseases ward at Karolinska University Hos-
pital in Stockholm, Sweden. No other respiratory virus was
detected in specimens obtained from 14 of these children. A
majotity of these children had fever, and, of the 7 children who
had chest radiography performed, 6 had abnormal findings [5].
HBoV has been detected in Australia and ]apﬁn. Of 324 Aus-
tralian children with zcute respiratory tract infection who had
respiratory specimens submitted to a diagnostic laboratory, 18

{5.6%) tested positi\}e for HBoV. These specimens were col-

lected from May through Avgust (ie., autumn and winter in
the Southern Hemisphere) in 2004 {8]. Eighteen (5.7%).0f 318
Japanese children with lower respiratory tract infection tested
positive for HBoV [9]. The findings of the aforementioned
studies suggested that HBoV may be a common human virus;
however, because none of these initial studies included a control
group of asymptomatic children, it is difficult to draw any
conclusions about causation. To determine whether HBoV cir-
culated in New Haven, Connecticut, and to further define the
epidemiological profile and dlinical characteristics associated

with HBoV in young children, we screened respiratory speci-
mens obtained from both symptomatic and asymptomatic in-
fants and children (hereafter referred to as “children™) for
HBoV.

MATERIALS AND METHODS

Clinical specimens. All respiratory specimens that were
screened for HBoV were obtained from children <2 years of
age. Two groups of children were screened for HBoV. The first
group of children had respiratory specimens submiited to the
Clinical Virology Laboratory, Yale~-New Haven Hospi'tal {New
Haven, Connecticut). These respiratory specimens (nasal swabs,
respiratery secretions, and bronchoalveolar lavage fluid sam-
ples) were submitted to the Clinical Virology Laboratory from
1 January 2004 through 31 December 2004 and were stored at

—20°C after the addition of an equal volume of “vira] freezing .
media” (2X Dulbecco’s modified Eagle medium, 200 mmol/L -

Mg80,, and 100 mmol/L HEPES [pH 7.5]). Specimens orig-
inated from children seen in the emergency department, in-
patient wards, intensive care units, and the hospital-affiliated
outpatient urgent care clinic and were submitted at the dis-
cretion of the medical teams. These specimens tested negative
for RSV, parainfluenza viruses (types 1-3), influenza A and B
viruses, and adenovirus by means of direct immunofluores-
cence assay (DEA). The second group of children was com-
prised of asymptomatic control subjects who were seen at the
Yale-New Haven Hospital Pediatric Primary Care Center for
routine well-child visits. Nasal wash specimens, obtained after
the parent or guardian of the child provided written, informed
consent, were collected according to standard protocols {10]
and were stored at —20°C after the addition of an equal volume
of vira] freezing media. -

Nucleic acid purification and PCR screening.  Nucleic ac-
ids from each respiratory specimen were extracted by use of
QlAamp nucleic acid purification kits (Qjagen), according to
the manufacturer's protocol. DNA was subsequently screened
for the presence of HBoV by means of PCR performed with
HotStar Taqg polymerase (Qiagen), according to the manufac-
turer’s specification. The primers used in the screening of the
respiratory specimens were identical to those described else-

where by Allander et al, .{5]. The forward primer 5¥-GACCTCT--— —— -~ -

GTAAGTACTATTAC-3' and the reverse primer 5~-CTCTGTG-
TTGACTGAATACAG-3' target a portion of the HBoV NP-1
gene and produce 2 354-bp amplicon that corresponds to nt
2351-2704 of the HBoV genome {GenBank accession number

DQ000495), PCR amplification cycles were performed at 95°C .

for 15 min, followed by 35 cycles at 94°C for 1 min, 54°C for
1 min, and 72°C for 2 min, and then by a final extension cycle
2t 72°C for 10 min {5]. Each set of PCRs contained appropriate
negative controls. The authenticity of each amplicon was con-
firmed by DNA sequencing. For phylogenetic analysis, regions
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of the VP1/VP2 genes were amplified and sequenced. The for-
ward primer 5-GGACCACAGTCATCAGAC-?¥ and the reverse
primer 5-CCACTACCATCGGGCTG-3 target nt 4370-4387
and nt 5172-5189, respectively, of the HBoV genome, and PCR
amplification yields a predicted amplicon of 819 bases. The
PCR amplification cycle that was used is the same as the one
outlined above, Each HBoV-positive specirhen was screened for
human metapneumovirus by reverse-transcriptase PCR [11].

DNA sequencing and phylogenetic analysis. Sequencing
was performed using an Applied Biosystems 3730 XL DNA
Analyzer at the W, M, Keck Biotechnology Resource Laboratory,
Yale University School of Medicine. Each nucleotide polymor-
phism that was present in only 1 strain of HBoV was confirmed
by sequencing of an amplicon product from an independent
PCR. Phylogenetic analysis was performed using Lasergene
Megalign software (version 5.05; DNAstar), with use of the
Clustal W alignment method,

Clinical data. The medical records of all HBoV-positive
children were reviewed. The demographic and ¢linical char-
acteristics of each HBoV-positive child were recorded on a
standard collection form. Each HBoV-positive specimen was
assigned a numerical code, and none of the data presented in
the current study includes protected health information. Spec-
imen collection and collection of clinical data were approved
by the Yale University Human Investigation Committee.

Statistical analysis. Fisher’s exact test was used to deter-
mine whether the difference in the percentage of HBoV-positive
specimens between the 2 groups was statistically significant.

RESULTS

Overall, 1271 DFA-negative respiratory specimens collected from
children <2 years of age were obtained from the Clinical Virology

BENEZ006-023

Laboratory. We screened every third sample for HBoV. Twenty-
two {5.2%) of 425 samples tested positive for HBoV. None of
the 96 respiratory specimens obtained from asymptomatic chil-
dren tested positive for HBoV; this difference between the 2
groups was statisticaily significant (P = .02). Each of the HBoV-
positive specimens tested positive for both the NP-1 gene and

the VP1/VP2 genes by PCR. None of these HBoV-positive spec- -

imens tested positive for human metapneumovirus. -

The monthly distribution of HBoV-positive specimens is dis-
played in figure 1. HBoV was detected in January-April and
in October—December. No HBoV-positive specimens were ob-
tained in May—-August. During the months in which HBoV was
detected, the range of the percentage.of HBoV-positive speci-
mens was 3.3% (in March} to 9.6% (in November). Overall,
79 (82.3%) of the 96 specimens collected from asymptomatic
children were obtained during months in which HBoV was
detected in specimens obtained from symptomatic patients. The
age distribution of HBoV-positive children is shown in figure
2. In general, the presence of HBoV was not limited to a specific
subpopulation {e.g., young infants) among the children <2 years
of age who had screening performed. The youngest HBoV-
positive individual was 40 days of age at the time that the re-
spirdtory specimen was obtained. '

The clinical characteristics of 20 of the 22 HBoV-positive
children are shown in table 1. Medical records were available
for 21 of the 22 HBoV-positive children. One child whose re-
spiratory specimen was subsequently found to be culture pos-
itive for adenovirus was not included in the analysis of dini-
cal characteristics of HBoV infection. Nearly two-thirds of the
HBoV-pasitive children were males. Rhinorrhea (in 18 [90%]
of 20 children), fever (in 14 170%] of 20 children), cough (in
14 [70%] of 20 children), and wheezing (in 10 [50%)] of 20

70
60 ]
o 50+ | — o
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g 40 — —
o — —
230 1 — —
c —
6 20 —
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1044~ - - - - e e
oLl | b | o 1O |
Jan Feb Mar Apr May | Jun Jul Aug Sep . Qct Mov Dec
O Total screenad | 54 53 30 34 27 z 9 & 34 | 38 52 55
B HBOV positive 4 2 1 2 0 0 0 o] Q 3 5 5
Yo prositive 7.9 3.2 3.3 5.8 L1 4] 8] 8] o] 7.9 9.6 9.1
2004

Figure 1.

Distribution of human bocavirus {HBoV}-positive specimens in 2004, by month. The no. of respiratery specimens submitted to the Clinical

Virology Laboratory at Yale-New Haven Hospital (New Haven, Connecticut) fwhite bars), the no. of HBoV-positive spemmens fblack bars), and the

percentage of HBoV-positive -specimens collected in each month are shown.
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Figure 2. Distribution of human bocavirus—positive children, by age

children) were present in =50% of the children. Six (30%) of
20 children had hypoxia {5a0,, <90%). Of the 17 children who
had chest radiography performed, 12 (70.6%) had abnormal
findings, Eight of these children had radiographic findings con-
sistent with Iung hyperinflation, peribronchial cuffing, or ate-
lectasis; 4 children had evidence of lobar infiltrates, and 1 child
had evidence of pleural effusion. Fifteen (75%) of the 20 chil-
dren had comorbidities, and 12 {80%) of these 15 patients had
a history of prematurity or underlying Iung disease or both.
Complete blocd counts were perforrlned for 15 of the 20 chil-
dren. The mean WBC count was 11,700 cells/pL- (range, 7700—
15,800 cells/pL}, and the mean platelet count was 44%,000 cells/
pL (range, 245,000-680,000 cells/uL)}. Bacterial cultures of
blood or of blood and urine were obtained for 2 patients (pa-
tients 3141 and 4176, respectively). All cultore results were
negative. Rashes were not reported for any patient.

Five children had diarrhea, and 3 of these children {patients
3429, 3503, and 3559) ultimately had “viral gastroenteritis”
diagnésed. For 2 of the 3 children who had viral gastroenteritis
diagnosed (patients 3429 and 3503), a stool specimen tested
negative for rotavirus antigen. A stool specimen obtained from
patient 4168 tested positive for Clostridium difficile toxin.

Nosocomial-infection occurred-in-at-least-3-children-These
children (patients 2879, 4527, and 4549}, who were 1, 4, and
6 months of age at the time that their HBoV-positive épedmen
was obtained, had been hospitalized since birth. The HBoV-
positive specimens obtained from the child who was 4 months
of age {patient 4527) and the child who was 6 months of age
{patient 4549} were collected 4 days apart, and both specimens
were collected in Jate December of 2004. These children re-
ceived care in separate rooms in the same respiratory care unit,
although they received care from the samne medical and nursing

personnel,

1

Rare nucleotide polymorphisms were observed in the am-
plified 354-base portion of the NP-1 gene of the New Haven
HBoV isolates (a map of the HBoV genome is shown in figure
3A) (GenBank accession numbers DQ652146-DQ652167). The
maxirum number of nucleotide changes observed for any
given sequence, compared with the sequences of the reference
HBoV genosne (reference strain ST1 [GenBank accession num-
ber DQ000495]), was 1. Three strains contained a G—A change
at nt 2471, and 4 strains contained a G—A change at nt 2516
(data not shown). Single-nucleotide polymorphisins, which oc-
curred in single-isolate sequences, were observed at nt 2585
and nt 2638 of the HBoV genome. None of these nudee-
tide changes resulted in changes in the predicted 2mino acid
sequence.

Sequence analysis of the VP1/VP2 genes of nearly one-half
of the HBoV-positive specimens revealed that the greatest fre-
quency of nucleotide polymorphism occurred in the 3’ third
of the gene. Therefore, the sequences of the 3’ third of the VP1/ -
VP2 gene of all HBoV-positive specimens were obtained {nt
43705189 of the HBoV genome) (GenBank accession numbers
DQ652168-DQ652182). Phylogenetic analysis of these se-
quences, which is shown in figure 3B, revealed that at least 2
distinct genotypes circulated during the study period. The nu-
cleotide sequences of viruses of one genotype were either iden-

. tical or nearly identical to. those of ST1, which is 1 of the 2

HBoV isolates identified by Allander et al. [5]. Likewise, nu-
cleotide sequences of viruses of the second genotype were either
identical to or nearly identical to those of ST2 (GenBank ac-
cession number DQ000496), the second HBoV isolate identi-
fied by Allander et al. [5]. The majority of the nucleotide poly-
morphisms did not translate into changes in the predicted
amino acid sequences. HBoV isclates ST1 and ST2 differ at nt
4823, resulting in either a serine or threonine in the predicted
amino acid sequence. The polymorphism at nt 4823 was noted
in the New Haven isolates, For the 2 children with nosocomial
infection whose samples were obtained 4 dayg apart, the m-
cleotide sequences were identical in both NP1 and VP1/VP2
{figure 3B, arrows). The sequences of these 2 isolates were also
identical to those of other isolates that circulated during the
same time of year and to those of isolates that circulated earlier
in the year.

DISCUSSION

HBoV was detected in 5.2% of children who were <2 years of
age and for whom a respiratory specimen submitted to a di-
agnostic virology laboratory was found to have DFA results that
were negative for RSV, parainfluenza viruses (types 1-3), in-
fluenza A and B viruses, and adenovirus. The percentage of
HBoV-positive specimens was similar to that noted in the lim-
ited numbers of clinical studies of HBoV infection {5, §, 9]. It
is unlikely that our findings were the result of PCR contami-
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Table 1. Clinical characteristics Iassnniated with human bocavirus (HBoV) infection in children <2 years of age.
1 .
Date 'when Age in
HBoV* specimen months, i Hospitalization®
Pationt®  was obtainad sex  Fever® Chest radiography findingls} Diarthea Wheeze Cough Rhinarthea (duration, in days) Hypoxia® Comorbidity
2864 2 Jan 2004 17, f % A (ROLjfeuft N e +{5) + Rec bronch/atopia
2879 3 Jan 2004 2, F - Negative - . - — + + 4D) - Prem/BPD
2808 6 Jan 2004° 20, léﬂ “+ 1AMy - + + + +(2) - Seizurefasthma
2842 10 Jan 2004 2, F| + Cutt ] - - + + - - CF ) -
3141 5 Feb 2004 4, F} + Negative - + + + + (3} + Neone
3429 15 Mar 2004 5, 'i: + Cuff + - + + + 16} . - MRCP/OSA/HepC
3503 11 Apr 2004 2, NII + NP + - - + + {2} - None
3558 23 Apr 2004 7. M + Hyp - - + + - - Nong
3963 1 Oet 2004 19, I\EJI + NP - + + + - it Premn/BPD/RAD
4032 16 Oct 2004 19, I\I/I + A (Ling, LLL, RUL) - + + + + {17) + VCO/MRCP/Prem
4080 24 Qct 2004 17, I‘\lfl - Hyp + + + + + {2} + None
4164 6 Mav 2004 18, hlfﬂ * Megative - - +* + - - CHD
4168 7 Nov 2004 15, I\E/I + Cuff + - - + + {3 - Nane
4176 8 Nav 2004 22, F + | {RUL) - + + + + {1} + Eczema/recurrent skin abscess
4290 25 Nov 2004 10, I\§1 + I {RUL, perihilar) + + + + + {1} - Asthma
4362 4 Dec 2004 24, i|3 - Negative - + + + (3} + AQOM, asthma
4411 9 Dec 2004 9 iV;I NP - - - + - - Eczema
4419 9 Dec 2004 7. i\/li I {perthilary/hyp - + 4+ + + {1 NP Neone
4527 27 Dec 2004 4, F‘! - Negative - - - - + {138} - Pram/BPDjtrach
4548 31 Dee 2004 ' B M - Effusion, A ;HUL, LUL) - - - + + (221) - Prem/BPD/trach
NOTE. Patients are sorted bﬂ.' the dateE when the’HBoV specimen was callected, The medical record for 1 of tha 22 HBoV-positive children was not available. Adenovirus was cultured from the respiratory spacimens

obtained from 1 child, and this child was not included in the analysis. A, atelectasis lwith the location of atelectasis shown in parentheses); AOM, acute otitis media; BPD, bronchoptimonary dysplasia; CE cystic fiorosis;

CHD, congenital heart disease; cuff, penbronchlal cuffing; 1. infiltrate {with.the Iocation of the infiltrste shown in parentheses); HBoV*, human bocavirus positive; HepG, hepatitis C virus positive; Hyp, hyperinflation;

Ling, lingual; LLL, left lower lobe: effusmn pleural effusion; MRCR mental retardation and cerebral pafsy; NP not performed; OSA, abstructive sleep apnea; Prem, histary of prermature birth; RAD, reactive airways

disease; rec bronch, recurrent bronchiolitis: RML, right middle lobe; RUL, right upper lobe; trach, tracheostemy: VCD, vocal cord dysfunction: +, present; —, absent
* Patient nes. also appear in the phylogenenc analysis in flgura 3.

b Ternperature >38°C.

¢ Patients 2879, 4527, and 4549 had been hospitalized sinca bmh

¢ $a0,, <90%.
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Figure 3. A Map of the human bocavirus (HBoV) genome. The putafiva open reading frames of the HBoV genome are shown ahove the map. A
portion of the NP-1 gene {white box] was targeted during screening for HBoV in respiratory specimens. Phylogenetic analysis was based on sequences
of the 3 third of the viral capsid protein {VP) 1/VP2 genes {nt 4370-51885 of the HBoV genome) {black box). B, Phylogenetic analysis of HBoV isolates.
The sequences of the New Haven {NH) isolates, the patient nos., and the month of acquisition of each HBoV-positive specimen {month/fyear) are
shown. HBoV isolates recovered from 2 children with nosocomial infection whose respiratory specimens were collected 4 days apart are denoted by
‘arrows. #, Initial strains of HBoV {ST1 and ST2} identified by Allander et al. [5); A. HBoV isolate from St Louis, Missouri {CRDZ). For figure clarity,
not all New Haven isolates were included in the phylogenetic analysis. The HBoV sequences that were omitted were identical to at least one of the

straing shown in the figure.

nation. Each HBoV-positive specimen tested positive at least
twice by use of independent PCR primers and reactions. Fur-
thermore, each set of PCRs included appropriate negative
eontrols.

Several lines of evidence indicate that HBoV was the agent
responsible for the disease observed in HBoV-positive children.
All but one of the 22 HBoV-positive children tested negative
for other respiratory viruses. Although the DFA and PCR
screening tests that were used do not screen for all known
respiratory viruses (such commeon viruses as rhinoviruses and
coronaviruses were not included in the screening), and al-
though the sensitivity of DFA for adenovirus is only 70% (one
child whose respiratory specimen ultimately tested positive for
adenovirus in cell culture was found to be negative for ade-
novirus by DFA), it is unlikely that another respiratory virus

The screening of respiratory specimens submitted to a di-
agnostic laboratory has potential shoricomings, not the least
of which is that there are no specific criteria used for sample
collection. However, there are potential benefits to this ap-
proach. Screening is not limited to hospitalized children, as has
been the case in other studies of HBoV infection {5]. Because
respiratory specimens are often collected and screened for rea-
sons other than the detection of respiratory tract discase (e.g.,
for the identification of the source of a fever), other manifes-

tations of HBoV-associated disease not limited to the respira- ;

tory tract may. be detected. Indeed, 5 of the HBoV-positive
children had diarrhea, and 3 of these 5 children (2 children
were hospitalized) had viral gastroenteritis diagnosed. Our
study was not designed to evaluate the potential role of HBoV
in gastrointestinal disease. However, both bovine parvovirus

of the 96 asymptomatic children who had screening performed
tested positive for HBeV. One potential explanation for the
absence of HBoV in the asymptomatic children was that those
children were selected and underwent screening during months
(May to September) of the year-long study period in which
HBoV apparently was not circulating. However, this was not
the case. The respiratory specimens of 82.3% of asymptomatic
children were collected in Januvary-April and in October—Pe-
cember, the months during which HBoV was detected in spec-
imens collected from symptomatic children.

and minute viras of canines, the other 2 hernbers of the genus

Bocavirus (HBaV is the third member of this genus), cause
enteric disease in their natural host {12, 13]. The poteqtial role
of HBoV in enteric disease will require further investigation.
Our data suggest that HBoV may have a seasonal distribu-
tion. All of the HBoV-positive specimens were collected in fall,
winter, and early spring {although only a relatively few speci-
mens obtained in July and August were screened, and, therefore,
it is not possible to draw any conclusions about seasonality
from our data }. Nonetheless, this finding is in agreement with
the findings of other studies of HBoV. In the l-year study by
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Allander et al. [5], 16 of the 17 HBoV-positive specimens were
collected from December 2003 through April 2004. Of the 18
HBoV-positive specimens identified in a Jspanese study, 17
were collected from January through May {9]. Likewise, HBoV
was detected in Australian children during the fall and winter

" months [8]. Erythema infectiosum (i.e., fifth disease), caused

by parvovirus B19 (which, before the discovery of HBoV, was
the only known human parvovirus to be associated with a
specific disease), is also seasonal, although occurrence of the
disease peaks in the spring and summer [14].

Nosocomial infection was observed in at least 3 children who
had been hospitalized since birth. Two of these children, whose

. HBoV-positive specimens were obtained 4 days apart, were

zpparently infected with the same strain of virus. This strain
was detected in other children in the same and in different
peﬁcds of the year. These children were hospitalized on the
same hospital ward at the same time. Because the mode of
transmission of HBoV is unknown, it is impossible to deter-
mine, at this point, how these children became infected with
HBoV.

Qur initial sequencing efforts focused on 2 portion of the
NP-1 gene of the New Haven isolates of HBoV. Rare nucleotide
changes were observed in NP-1, and none of these palymor-
phisms resulted in amino acid changes, On the basis of the
sequencing of 2 isolates, Allander et al. [5] found that nucle-
otide polymorphisms were most common in the VP1/VP2 gene
of HBoV. Therefare, we hypothesized that sequencing of the
VP1/VP2 gene of the New Haven isolates would allow for the
most robust phylogenetic analysis. We sequenced the VP1/VP2
gene of ~50% of the isolates and found that the majority of
nucleotide changes occurred in the 3’ third of the VP1/VP2
cassette. Therefore, we sequenced the 3’ third of the VP1/VP2
gene of all New Haven isolates, Although nucleotide poly-
morphisms were infrequent, there appeared to be at least 2
strains of HBoV circulating. A polymorphism in VP1/VP2 was
observed at nt 4823 in the HBoV genome. This polymorphism
resulted in either a serine or a threonine in the predicted amino
acid sequence. This polymorphism was also present in ST1 and
§7T2, the original isolates identified by Allander et al. {5}. Our
findings indicate that the 2 genotypes of HBoV identified in
New Haven are remarkably similar to the genotypes of the

BENEZ2006-023

is the etiological agent responsible for both upper and lower
respiratory tract disease in infants and young children. ‘Addi-
tional studies are required to completely define the epidemi-
ologica] profile of this newly recognized pathogen.
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