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Background: Viral respiratory illness is a major cause of morbidity and mortality. The human bocavirus

(HBoV) is a recently recognized parvovirus isolated from human respiratory secretions.

Objectives: To define the clinical and epidemiologic characteristics in adult and pediatric patients with

evidence of HBoV.

Study design: From October 2005 through October 2006, we screened respiratory samples from chil-
. dren and adults negative for common respiratory pathogens for HBoV by PCR. Demographic and clinical

Human bocavirus s . . e et

Respiratory infections characteristics were obtained from medical records of HBoV po'smve mc}mduals.

COPD Results: Of 2075 samples screened, 1826 (88.0%) represented distinct respiratory events: 1539 (84.3%) were

Asthma pediatric (<18 years), and 273 (15.0%) adult (>18 years). Forty (2.2%) patients had HBoV: 36 (2.3%) children

Nosocomial infection and 4 (1.5%) adults. HBoV positive children had history of prematurity (31.3%) and cardiac disease (18.8%).

Adults had underlying pulmonary (100%) and cardiac (50%) disease. Twenty-seven children (84.4%) were

hospitalized; 9 (28.1%) required intensive care. All adults were hospitalized; none required intensive care.

Nosocomial acquisition likely occurred in 3 patients.

Conclusions: HBoV circulates in Cleveland, OH, in children and adults with similar frequencies, and can

warrant hospitalization and intensive care. Further study would clarify our understanding of this newly

recognized human pathogen.

Keywords:

© 2008 Elsevier B.V. All rights reserved.

1. Background

Respiratory illness is an important reason for adult and pediatric
emergency department visits.! In the United States, the propor-
tion of pediatric hospitalizations caused by asthma, pneumonia,
and acute bronchitis is nearly 22%. Of all hospital discharges, 9.7%
are attributed to diseases of the respiratory system.2 In the United
States, the annual burden to society for respiratory infections is
estimated to be $112 billion.3

Allander et al. (2005) described a novel parvovirus isolated
from human respiratory secretions from patients with pneumonia
named the human bocavirus (HBoV).# Since that time, its pres-
ence in both the pediatric and adult population has been confirmed
throughout the world. The incidence of this pathogen has ranged
from 1.8% to 19%, with a variety of clinical presentations.>~”
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Human bocavirus has been found in patients with upper and
lower respiratory tract disease,>®? as well as gastrointestinal
illness.!%-12Cases reported in children constitute the majority;
adult cases are reported less frequently.”!3'4 Common presenta-
tions include cough, wheezing, fever, and emesis.”!#1> Thai adults
have been reported to have pneumonia associated with HBoV
severe enough to warrant hospitalization.!3

Multiple studies have reported frequent detection of other viral
pathogens in HBoV positive samples.!® It has been hypothesized
that prolonged shedding or persistence may be a reason. Because
of this, questions remain about the role of HBoV in respiratory
infection.

We sought to further define the clinical and epidemiologic char-
acteristics of HBoV in adult and pediatric patients in Cleveland, OH.

2. Methods
2.1. Sample collection

From 1 October 2005 to 15 October 2006, respiratory samples
were collected from the Core Laboratory at University Hospitals of


http://www.sciencedirect.com/science/journal/13866532
http://www.elsevier.com/locate/jcv
mailto:Frank.Esper@UHhospitals.org
dx.doi.org/10.1016/j.jcv.2008.07.009

B.D.W. Chow et al. / Journal of Clinical Virology 43 (2008) 302-306 303

Cleveland. Samples were submitted to the Core Laboratory at the
discretion of the primary medical teams. Submitted samples origi-
nated from the emergency department, inpatient wards, intensive
care units and hospital-affiliated primary care outpatient clin-
ics. We obtained all clinical specimens from children and adults
that had negative results for RSV, parainfluenza viruses (1-3),
influenza A and B, and adenovirus by direct immunofluorescence
assay (DFA). For DFA, samples were processed, applied to slides
by cytocentrifugation, stained with Respiratory Panel 1™ Direct
immunofluorescence Assay (Millipore, Temecula, CA), and exam-
ined.

2.2. RNA extraction, polymerase chain reaction (PCR) and
sequencing

Nucleic acid from each respiratory specimen was extracted with
the MagMAX™-96 Viral RNA Isolation Kit (Applied Biosystems,
Foster City, CA) according to the manufacturer’s protocol. This prod-
uct recovers both RNA and DNA from samples allowing us to screen
for multiple respiratory pathogens. Samples were then screened
by PCR for the presence of HBoV with Platinum Taq polymerase
(Invitrogen) according to the manufacturer’s specification.

Primers used in the screening of the respiratory specimens were
based on sequences in published reports and targeted the HBoV
NP-1 gene.!> The forward primer, 5'-GACCTCTGTAAGTACTATTAC-
3’ and reverse primer, 5'-CTCTGTGTTGACTGAATACAG-3’ produce
a 353 base-pair amplicon that corresponds to nucleotides 2351-
2704 of the HBoV Np-1 gene. Each set of PCR reactions contained
appropriate negative controls. PCR amplification cycles were as fol-
lows: 95 °C for 3 min followed by 40 cycles of 94 °C for 1 min, 54 °C
for 1 min, 72°C for 30s and completed with a 10-min 72° cycle.
Sequencing was performed on ABI Prism 3730 DNA Analyzer auto-
mated sequencer.

Isolates positive for HBoV were screened for common respira-
tory viruses by RT-PCR with published primer sets. Viruses screened
include respiratory syncytial virus, human parainfluenza virus 3,
human metapneumovirus, adenovirus, rhinovirus, influenza, WU
polyomavirus, and the human coronaviruses NL63, HKU1, OC43,
229E.17-21

2.3. Phylogenetic analysis

The phylogenetic analysis included representative samples of
Cleveland isolates in addition to isolates from published reports.
The region of analysis corresponded to a 228-base pair region of the
NP-1 gene spanning nucleotides 2426-2654 of the HBoV genome.
ClustalW alignment was generated using Bioedit 7.0.5.2 alignment
software. Five-hundred bootstrap data sets were created using the
PHYLIP program SEQBOOT. Phylogenetic analyses were conducted
using the PHYLIP program DNAML, with the default transition to
transversion ratio of 2.0 and 1 jumble.

2.4. (Clinical data

Available medical records for HBoV positive-individuals were
reviewed. Demographic data and clinical characteristics of each
individual were recorded on a standard collection form. Pediatric
cases were defined as patients whose age at the time of sample col-
lection was less than 18 years; adult cases were defined as patient
age at time of collection of 18 years and older.

3. Results

Of 2075 samples screened, 1826 (88.0%) were determined to be
separate respiratory events. Samples collected greater than 28 days

apart from a single individual were considered separate respira-
tory events. Of these, 1539 (84.3%) were obtained from pediatric
patients, and 273 (15.0%) from adult patients. Demographic infor-
mation was unavailable for 14 (0.8%) patients.

Samples were collected throughout the year, with more samples
obtained during the winter months in Cleveland. Monthly sample
collections ranged from 63 (July) to 271 (March) (Fig. 1).

Forty samples (2.2%) tested positive for HBoV by PCR: 36 (90%)
pediatric patients and 4 (10%) adult patients. Medical records were
unavailable for 1 (2.5%) subject. Four (10.0%) samples had other res-
piratory pathogens identified by RT-PCR. These include rhinovirus
(2) and coronaviruses HCoV-NL63 (1) and HCoV-229E (1). All co-
infected samples originated from children and were excluded from
clinical analysis.

HBoV samples were primarily identified in fall and winter, peak-
ing in November where 6.8% of samples screened positive. HBoV
continued to circulate until May. No HBoV was detected in the
summer months of June, July, and August (Fig. 1).

The median pediatric age was 12 months, with the range of ages
from the 24 days to 8 years 5 months. The median adult age was
58 years, ranging from 20 years to 86 years. The 12-18 month age
group had the highest prevalence, with HBoV detected in 6.0% of
respiratory samples screened (Fig. 2).

The clinical presentation of the pediatric populations is
described in Table 1. Of pediatric patients testing positive, 66.7%
were male, 53.1% were Caucasian, and 31.3% were African-
American. Underlying conditions included prematurity (31.3%),
cardiac disease (18.8%), immunodeficiency (9.3%), and pulmonary
disease (9.3%). The most common symptoms reported included
cough (75.0%), rhinorrhea (62.5%), and fever (53.1%). Gastrointesti-
nal symptoms were reported in 11 (34.3%) patients, and 8 (25.0%)
patients had wheezing.

Of pediatric patients who screened positive for HBoV, 27
(84.4%) were admitted to the hospital, including 9 (28.1%) who
required intensive care. For patients admitted to an intensive
care unit, the median stay in intensive care was 2 days (range
1-5 days). Reasons for ICU admission included respiratory dis-
tress (66.6%), apnea (11.1%), cardiac arrhythmia (11.1%), and shock
(11.1%).

Of the remaining pediatric patients, 18 (56.3%) were admitted
to a pediatric ward. Disposition for one patient was unavailable.
The median duration of hospitalization was 3 days (range 1-8
days). Admission diagnoses for patients not requiring intensive care
include bronchiolitis (22.2%), dehydration (16.7%), exacerbation
of asthma or reactive airway disease (16.7%), pneumonia (11.1%),
apparent life threatening event (11.1%), hypoxia (11.1%), and bron-
chopulmonary dysplasia exacerbation (5.6%).

Of all pediatric patients admitted, oxygen therapy was initiated
or increased over baseline requirements in 10 (31.3%) patients. One
patient (3.1%) was discharged on oxygen therapy not previously
required. Mean duration of oxygen therapy before return room air
or baseline oxygen requirements was 4.7 days. In pediatric patients
positive for HBoV, there were no deaths.

Three (9.4%) pediatric patients were already hospitalized when
respiratory samples were obtained. One patient with hypoplas-
tic left heart syndrome was admitted in respiratory failure with
respiratory syncytial virus (RSV). Subsequent respiratory sam-
ples screened negative for RSV and HBoV. Thirty-one days into
her admission a nasopharyngeal sample tested positive for HBoV
and negative for other respiratory pathogens by RT-PCR. Two
other cases involved newborn patients who had never been dis-
charged from the hospital. One patient in the neonatal ICU was
not previously on respiratory support, and presented with multi-
ple drops in oxygen saturation. She required oxygen therapy for 20
days.
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Two subjects are twin siblings in the same household, both
born prematurely with bronchopulmonary dysplasia, and were
both admitted to the hospital sequentially with respiratory symp-
toms.

In the adult group, all patients had underlying pulmonary dis-
ease; half had underlying cardiac disease (Table 1). The most
common presenting symptoms were rhinorrhea (50%), cough
(50%), and wheeze (50%). All were hospitalized, with median hospi-
talization of 1.5 days (range 1-4 days). Admission diagnoses include
change in mental status (50.0%) and asthma exacerbation (50.0%).
None required oxygen therapy or intensive care, and there were no
deaths. Adult chest radiographs, while abnormal, were unchanged
from previous studies.

Of the 24 patients who had a complete blood count with
differential drawn, 44.4% were abnormal. Abnormalities include
immature granulocytes (37.5%), atypical lymphocytes (29.1%), and
leukocytosis (20.8%). Twenty-six (81.3%) pediatric patients had
chest radiographs taken, with 76.9% of chest radiographs reported
as abnormal. Abnormalities included perihilar/peribronchial thick-
ening or central inflammatory changes (42.3%), infiltrate (19.2%),
ground glass disease (7.7%), pleural effusion (7.7%), hyperinflation
(7.7%), and atelectasis (7.7%).

Phylogenetic analysis confirmed that a single strain of
HBoV circulates in Cleveland, OH, and is similar to strains
described in various studies reported worldwide. There was

Table 1
Click here to download high resolution image

Pediatric patients Pediatric patients

no. (%) no. (%)
Demographics
Number of subjects 32 (88.8%) 4(12.2%)
Median age (range) 12 months (24 58 years (20-86
days to 8 years) years)
Male 22 (66.7%) 2 (50%)
African-American 10 (31.3%) 2 (50%)
Caucasion 17 (53.1%) 2(50%)
Underlying conditions
Prematurity (<37 weeks) 10 (31.3%) N/A
Cardiac disease?® 6 (18.8%) 2 (50%)
Immunodeficiency® 3(9.3%) 0
Pulmonary disease® 3(9.3%) 4 (100%)
Clinical signs and symptoms
Respiratory findingsd 28 (87.5%) 3 (75%)
Cough 24 (75.0%) 2(50%)
Rhinorrhea 20 (62.5%) 2 (50%)
Fever>38.0°C 17 (53.1%) 1(25%)
Tachycardia 13 (40.6%) 0
Gastrointestinal symptoms 11 (34.3%) 0
Hospitalization
Hospitalized 27 (84.4%) 4 (100%)
Median hospital days (range) 3 days (1-8 days) 1.5 days (1-4
days)
Admitted to ICU 9(28.1%) 0
Median ICU days (range) 2 days (1-5 days) N/A
Oxygen therapy 10 (31.3%) 0

a Pediatric diagnoses include multifocal atrial tachycardia, ventricular septal
defect,atrial septal defect, patent ductus arteriosus, and hypoplastic left heart. In
adults, diagnoses include heart failure, atrial fibrillation/flutter, and prosthetic mitral
and tricuspid values.

b Include Kippel-Feil syndrome with asplenia, neutropenia secondary to
chemotherapy, and common variable immune deficiency.

¢ In pediatric patients, excludes lung disease associated with prematurity.
Includes asthma and Hunter’s disease. In adults, includes asthma, chronic obstruc-
tive pulmonary disease, transudative pleural effusion, and restrictive lung disease.

d Specific respiratory findings (number, %) -Pediatric patients respiratory distress
(13, 40.6%), hypoxia (9, 28.1%), ronchi (10, 31.2%), wheeze (8, 25.0%), tachypnea (8,
25.0%), rales (7, 21.8%), cyanosis (4, 12.5%), apnea (3, 9.3%). Adult patients: tachypnea
(3, 75%), wheeze (2, 50%), rales (1, 25%), and hypoxia (1, 25%).
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Fig. 3. Phylogenetic analysis. Phylogenetic tree of representative pediatric and adult
human bocavirus strains from Cleveland, OH using a 229 bp region of the HBoV NP-
1 gene. Additional strains from Sweden (ST2 [GenBank accession no. DQ000496]),
ST1 [DQO00495], New Zealand (NZ2005.1 [EF686011]; NZ2005.2 [EF686012];
NZ2005.3 [EF686013]), CT, USA (NH4441 [DQ652164], NH4549 [DQ652165],
NH4527 [DQ652167]), Beijing (B]3064 [DQ988933]) and England (MR6 [AB257721],
MR19 [AB257722]) are included. Bootstrap values are displayed at major branch
points.

no difference in strains circulating among children and adults
(Fig. 3).

4. Discussion

This study demonstrates that HBoV circulates in Cleveland,
OH. In our study, HBoV predominates in the winter months, and
extends into the late spring and early fall. The predominate age
group affected are children under 18 months. In our study, HBoV
is present in many patients who have cardiac or pulmonary dis-
ease.

In many institutions, respiratory sample collection and viral
screening occur infrequently in adults. However, it is notable that
HBoV was found at similar rates in both pediatric and adult patients
in our population. We found HBoV at slightly higher rates in adults
than other reports.®7 This underscores that viral respiratory disease
leading to hospitalization in the adult population may be underap-
preciated.

Like prior studies, we find a substantial number of patients with
gastrointestinal symptoms including emesis and diarrhea. Gas-
trointestinal symptoms are reported with other respiratory viruses,
but generally with lower frequency.®22 By screening respiratory
samples, this study is biased towards finding respiratory tract dis-
ease. Further investigation of patients with gastrointestinal illness
will improve our understanding of this virus in gastrointestinal
pathology.
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Our data suggests nosocomial acquisition of HBoV in three cases,
and close household contact in another. For the two patients who
screened HBoV positive in the NICU, vertical transmission cannot be
ruled out. Siblings with sequential hospitalization both screening
positive for HBoV does not prove that the children infected each
other although it seems likely their infections originated from close
contact. These cases highlight the importance of universal caregiver
and visitor hygiene. Further study on modes of transmission are
needed to elucidate specific precautions needed for patients with
HBoV.

HBoV was the only identified pathogen in 36 (90%) isolates.
This differs from other reports which demonstrate a higher rate of
viral co-infection.” This discrepancy is likely due to our selection of
samples that are negative for common respiratory pathogens rou-
tinely screened at this institution. As such, the co-infection rate
seen in this study cannot be compared to those of other stud-
ies. Screening of samples positive for other respiratory pathogens
will likely increase the number of HBoV positive samples. How-
ever, this report suggests that clinical disease associated with HBoV
alone may be severe enough to require admission to the hospi-
tal in both adults and children and to the intensive care unit in
children.

Limitations of our study include its retrospective nature and
lack of a control group. By screening samples of patients who
present to a tertiary care center, there is likely an overrepresen-
tation of patients with severe disease. In our study all 80-90% of
samples screened were collected from patients who were hospi-
talized. Other reports show that many patients with HBoV can
have either mild or severe respiratory tract disease.23 The sen-
sitivity of the nucleic acid extraction and primer set used has
not been established. Using different primer sets or alternate
DNA isolation techniques may identify further HBoV positive sam-
ples.

We find that HBoV is circulating in Cleveland, OH, in children
and adults. Disease associated with HBoV is severe enough to war-
rant hospitalization and intensive care support. Our study suggests
that HBoV may be transmitted between close household contacts
and within the hospital. Further study on the prevalence in adult
patients, both in hospital settings and outpatient settings, would
clarify our understanding of this virus.

Conflict of interest

None.
Acknowledgements

We are indebted the staff of the Core Laboratory at University
Hospitals Case medical Center and to the Department of Medical
Records at St John Westshore Hospital.

Presented in part at St. Jude-PIDS Pediatric Infectious Diseases
Research Conference, Memphis, TN, February, 2008.

Collection of specimens and clinical data were approved by the
University Hospitals Human Investigation Committee.

References

1. Bourgeois FT, Valim C, Wei JC, McAdam AJ, Mandl KD. Influenza other res-
piratory virus-related emergency department visits among young children.
Pediatrics 2006;118:e1.

2. Merrill CT, Elixhauser A. Hospitalization in the United States, 2002. HCUP Fact
Book No. 6. AHRQ Publication No. 05-0056. Rockville, MD: Agency for Health-
care Research and Quality, 2005.

3. Birnbaum HG, Morley M, Greenberg PE, Colice GL. Economic burden of respi-
ratory infections in an employed population. Chest 2002;122:603-11.

4. Allander T, Tammi MT, Eriksson M, Bjerkner A, Tiveljung-Lindell A, Andersson
B. Cloning of a human parvovirus by molecular screening of respiratory tract
samples. Proc Natl Acad Sci USA 2005;102:12891-6.

5. Allander T, Jartti T, Gupta S, et al. Human bocavirus and acute wheezing in
children. Clin Infect Dis 2007;44:904-10.

6. Bastien N, Brandt K, Dust K, Ward D, Li Y. Human bocavirus infection. Can Emerg
Infect Dis 2006;12:848-50.

7. Longtin ], Bastien M, Gilca R, et al. Human bocavirus infections in hospitalized
children and adults. Emerg Infect Dis 2008;14:217-21.

8. Maggi F, Andreoli E, Pifferi M, Meschi S, Rocchi ], Bendinelli M. Human bocavirus
in Italian patients with respiratory diseases. J Clin Virol 2007;38:321-5.

9. Volz S, Schildgen O, Klinkenberg D, et al. Prospective study of human bocavirus
(HBoV) infection in a pediatric university hospital in Germany 2005/2006. ] Clin
Virol 2007;40:229-35.

10. Vicente D, Cilla G, Montes M, Pérez-Yarza EG, Pérez-Trallero E. Human bocavirus
a respiratory and enteric virus. Emerg Infect Dis 2007;13:636-7.

11. Lau SK, Yip CC, Que TL, et al. Clinical and molecular epidemiology of human
bocavirus in respiratory and fecal samples from children in Hong Kong. J Infect
Dis 2007;196:986-93.

12. Lee ]I, Chung ]JY, Han TH, Song MO, Hwang ES. Detection of human
bocavirus in children hospitalized because of acute gastroenteritis. ] Infect Dis
2007;196:994-7.

13. Fry AM, Lu X, Chittaganpitch M, et al. Human bocavirus: a novel parvovirus
epidemiologically associated with pneumonia requiring hospitalization in
Thailand. J Infect Dis 2007;195:1038-45.

14. Kupfer B, Vehreschild ], Cornely O, et al. Severe pneumonia and human
bocavirus in adult. Emerg Infect Dis 2006;12:1614-6.

15. Kesebir D, Vazquez M, Weibel C, et al. Human bocavirus infection in
young children in the United States: molecular epidemiological profile and
clinical characteristics of a newly emerging respiratory virus. J Infect Dis
2006;194:1276-82.

16. Schildgen O, Miiller A, Allander T, Mackay IM, V6lz S, Kupfer B, et al. Human
bocavirus: passenger or pathogen in acute respiratory tract infections? Clin
Microbiol Rev 2008;21(2):291-304.

17. Gaynor AM, Nissen MD, Whiley DM, Mackay IM, Lambert SB, Wu G, et al. Iden-
tification of a novel polyomavirus from patients with acute respiratory tract
infections. PLoS Pathog 2007;4:3(5):e64.

18. Lam WY, Yeung AC, Tang JW, Ip M, Chan EW, Hui M, et al. Rapid multiplex nested
PCR for detection of respiratory viruses. J Clin Microbiol 2007;45(11):3631-40.

19. Esper FP, Martinello RA, Boucher D, et al. A one year experience with
human metapneumovirus in children less than 5 years old. J Infect Dis
2004;189:1388-96.

20. Esper FP, Weibel C, Ferguson D, Landry ML, Kahn JS. Evidence of a novel coron-
avirus associated with respiratory tract disease in infants and children. J Infect
Dis 2005;191(4):492-8.

21. Esper FP, Weibel C, Ferguson D, Landry ML, Kahn JS. Evidence of coronavirus
HKU1 infection in the United States: clinical manifestations associated with
HKUT1 in children <5 years of age. Emerg Infect Dis 2006;12:775-9.

22. von Linstow ML, Eugen-Olsen ], Koch A, Winther TN, Westh H, Hogh B. Excretion
patterns of human metapneumovirus and respiratory syncytial virus among
young children. Eur ] Med Res 2006;11(8):329-35.

23. Monteny M, Niesters HG, Moll HA, Berger MY. Human bocavirus in febrile
children, The Netherlands. Emerg Infect Dis 2006;13:180-2.



