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Background. Human bocavirus (HBoV) is a newly described parvovirus. HBoV1 has been associated with
respiratory infections, including acute otitis media (AOM), but the knowledge on the significance of HBoV1
in upper respiratory tract infections (URI) and AOM in relation to other respiratory viruses is limited. The
objective of this study was to compare the rate of detection of HBoV1 to that of other respiratory viruses in
specimens from children with URI, with and without AOM complication.
Methods. Nasopharyngeal secretions (NPS) were collected during URI from healthy children (6–35 months)
followed prospectively for 1 year; specimens have been previously analyzed for broad spectrum of respiratory
viruses. Archived NPS were analyzed for HBoV1 using a high-throughput, quantitative polymerase chain
reaction method.
Results. Seven hundred and seven NPS samples collected during URI episodes from 201 children were studied
for HBoV1. A total of 94 (47%) children tested positive for HBoV1 DNA during 172 (24%) URI episodes;
HBoV1 was present as the only virus in 44 (6%) URI episodes. Overall, 37% of URI episodes were
complicated by AOM. Of URI associated with single virus (n = 303), the rate of AOM complicating URI
associated with HBoV1 only was 52% (23 of 44); this was a higher AOM rate, compared to that of other
respiratory viruses.
Conclusions. Among URI associated with single respiratory virus, HBoV1-URI was commonly associated
with AOM complication. The important role of HBoV1 on AOM pathogenesis needs to be studied further.
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BACKGROUND

Human bocavirus (HBoV) is a parvovirus that was first
discovered in 2005 [1]. To date, 4 different HBoV species,
HBoV 1–4, have been reported and associated with differ-
ent clinical manifestations [1–7]. The HBoV1 is primarily
a respiratory virus; the other species [2–4] are more com-
monly related to gastrointestinal tract [7].
Acute otitis media (AOM) is one of the most common

infections in children. Acute otitis media usually occurs
concurrently with or just after viral upper respiratory tract
infection (URI), and certain respiratory viruses, eg, respi-
ratory syncytial virus (RSV), adenovirus, and rhinovirus

have commonly been associated with AOM [8–10]. Beder
et al. [11] detected HBoV in 6.3% of nasopharyngeal se-
cretions (NPS) from children with AOM, and HBoV-DNA
was also found in 2.7% of middle ear fluids (MEFs). In
AOM with otorrhea, 4% of MEF samples were positive
for HBoV [12]. Two studies with hospitalized patients
reported that 33%–44% of children with respiratory in-
fection and HBoV detection had AOM [4, 13]. In a recent
study, HBoV1 infection, confirmed by serology, was asso-
ciated with AOM in children [14].

Human bocavirus-DNA has been detected in symptomatic
and asymptomatic children [13, 15] and repeatedly from
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the same subjects [15]. The cause-and-effect relationship
of HBoV detection in respiratory specimens and the pres-
ence of HBoV in children over time still need to be studied
further. We investigated the presence of HBoV1-DNA in
NPS from young children with URI to determine the role
of HBoV1 in URI and AOM, and we compared the rate of
AOM complicating HBoV1-URI to that of URI associated
with other viruses.

STUDY DESIGN

Study Design and Subjects

Specimens tested for HBoV1 were archived specimens
from a prospective, longitudinal study performed between
January 2003 and March 2007 at the University of Texas
Medical Branch (Galveston, TX) [10]. Constitutionally
healthy children were enrolled at the ages of 6–35 months
and followed for 1 year for occurrences of URI and AOM.
The parents informed the study personnel when the child
developed URI symptoms. Children were seen by a study
physician and followed after URI onset for the occurrence
of AOM. At each visit, otoscopic and physical examinations
and tympanometry were performed. Acute otitis media was
considered to have complicated URI if it occurred within 28
days of URI onset. Acute otitis media was defined as acute
onset of symptoms, signs of tympanic membrane inflamma-
tion (erythema, opacification, or bugling), and the presence
of fluid in the middle ear. The study was approved by the
Institutional Review Board of University of Texas Medical
Branch, and informed consent was obtained from the guard-
ians of all study children.

Virologic Studies
Respiratory specimens for viral studies were collected at
the initial URI visit and when AOM was diagnosed. Nasal
swabs were collected for viral culture and NPS for other
viral studies. The NPS sample was collected by vacuum
suction catheter with mucus trap, which were rinsed with 1
mL phosphate-buffered saline. The total secretion volume
was recorded to provide the dilution factor of the original
sample.

Respiratory specimens were collected during 864 URI
episodes in the original study [10]. The NPS samples col-
lected during RSV season were also analyzed for RSV
antigen detection by enzyme immunoassay (EIA). Culture
and RSV-EIA-negative samples were tested by real-time
polymerase chain reaction (PCR) for adenovirus, enterovi-
rus, rhinovirus, and coronavirus (OC43, 229E, and NL63)
and by microarray PCR for RSV A and B, parainfluenza
viruses 1–3, and influenza viruses A and B, performed at
the Medical College of Wisconsin (Milwaukee, WI). The
HBoV1 and human metapneumovirus (hMPV) were not

targeted in the assay performed and reported in the origi-
nal study. Specific to this report, 707 frozen archived NPS
specimens were available for testing by quantitative PCR
(qPCR) for hMPV, HBoV, and RSV; these represent 81%
of the URI samples collected for viral studies. All of the
results from previous and new virological analysis of these
707 samples were included in this study.

Nucleic acid extraction and qPCR were performed in
a “clean room” facility within the Galveston National
Laboratory (University of Texas Medical Branch) using
MagMAX Total Nucleic Acid isolation kits (Ambion/
Applied Biosystems, Austin, TX) and a Biosprint 96
(QIAGEN, Valencia, CA). A customized script directed the
extraction protocol to optimally recover RNA and DNA
from each sample. After extraction, the elution volume
(200 µL) was diluted 1:1 with nuclease-free 0.1 mM EDTA
(Ambion/Applied Biosystems, Austin, TX) and distributed
to daughter plates for subsequent analyses.

DNA from each sample was evaluated using a duplex
qPCR assay with primers that amplified targets within
the HBoV1 NS-1 region [16] and human glyceraldehyde
3-phosphate dehydrogenase (hGAPDH) [17]. Glyceral-
dehyde 3-phosphate dehydrogenase was used as an indica-
tor of sample integrity and extracted nucleic acid quality.
TaqMan probes were used to track the specific amplifica-
tion in the duplex. Quantitative PCR was completed
in a C1000 thermocycler equipped with a CFX reaction
module (Bio-Rad) using the following parameters: Cycle
1: 95°C (3 minutes); Cycle 2, Step 1: 95°C (15 seconds),
Step 2: 60°C (45 seconds), repeated 50 times. Fluorescent
signal data were collected at the end of each annealing and
extension step. Viral genomic titers were extrapolated from
standard curves of plasmids harbouring the PCR targets
generated in parallel for each run. A parallel qPCR reaction
for GAPDH [17] was completed on every clinical sample to
evaluate RNA and cDNA quality. Detection of hGAPDH
at less than 500 copies/reaction from the NPS sample sug-
gested inadequacy of the specimen and led to the exclusion
of the sample from further analysis. Viral load was calculat-
ed as HBoV1-DNA copies/mL of the original specimen
based on the original dilution of the specimens and subse-
quent assay dilutions. Due to unknown dilution of 58 NPS
samples, viral load analysis was available in NPSs from 649
URI episodes.

In addition to HBoV1 qPCR, duplex hMPV-RSV-qPCR
was also performed; hMPV data have been reported previ-
ously [18]. Virology results reported here combined data
from qPCR and data from the original study [10]. For
RSV, previous PCR data were performed only in culture-
negative and EIA-negative samples by microarray, which
is less sensitive than real-time PCR [19]. As a result, new
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detection of RSV was made by qPCR in 71 URI episodes,
including 38 episodes with RSV as the single virus.

Statistics
Comparisons were made using Fisher’s exact test for 2 × 2
tables and t tests. For viral load, log transformations were
applied to make standard deviations comparable. To
compare number of URI episodes, Poisson regression with a
categorical predictor was used and assessed for goodness-
of-fit. All calculations were carried out in R, a software envi-
ronment for statistical computing and graphics (http://cran.
r-project.org).

RESULTS

The HBoV1 testing was performed in 707 NPS samples
collected during URI from 201 children. Demographic
characteristics and risk factor data are presented in
Table 1, which also compares data from children who had
1 or more URI episode with HBoV1 detection with those
without. Children with HBoV1 infection had significantly
more frequent URI episodes, compared with children
without HBoV1 infection; they also have more URI epi-
sodes associated with multiple viruses. Of 94 children
with HBoV1 infection, HBoV1 was detected more than
once in 42 (45%) children during the year. In 23 children,
HBoV1 was detected twice: in 10 children, 3 times; in 5
children, 4 times; in 2 children, 5 times; in 1 child, 6 times;
and 1 child had 8 HBoV-positive URI episodes during the
study period. The pattern of multiple HBoV1 detections

varied in the 42 children: multiple detection in consecutive
samples, which suggests persistence (n = 23); 2 or more
HBoV1 detections with at least 1 negative detection in
between, which suggests either reinfection or periodic
shedding (n = 19). The interval between HBoV1-positive
URI episodes ranged from 8 to 301 days (with or without
HBoV1-negative episodes in between).

Respiratory viruses were detected in 542 (77%) NPS
samples; of these, 303 (43%) contained a single virus.
HBoV1 was detected in 172 (24%) URI episodes
(Table 2). In 44 URI episodes (6% of all episodes),
HBoV1 was the only respiratory virus detected; in 128,
another virus was also detected, most often adenovirus,
enterovirus, and rhinovirus (46, 40, and 36 episodes, re-
spectively). The HBoV1 was detected year-round, with
63% between October and March. There was no signifi-
cant difference in signs and symptoms at the time of sick
visit between the children with HBoV1 as a single virus
and the children without HBoV1 (data not shown).

Overall, 37% of all URI episodes, 39% of virus-positive
URI episodes (single or multiple viruses), and 45% of
HBoV1-positive episodes (single or multiple viruses) were
complicated by AOM. Of URI associated with the pres-
ence of a single virus, the rate of AOM complicating URI
was 52% in HBoV1-positive episodes. The rates of AOM
complicating URI for other viruses are presented in
Table 2. Although presence of HBoV1 alone in the child
with acute onset of URI, without other viruses detected,
suggests the association between HBoV1 and acute URI

Table 1. Demographic and Individual Characteristics of 201 Study Children

Children With HBoV1 Infectiona

(patients, n = 94) %
Children Negative for HBoV1a

(patients, n = 107) %

Female 45 48 54 51
Median age at enrollment (mo) 12 (range, 6–34) 12 (range, 6–35)
Number of URI episodes/child year (median)b 4.8 2.4
Number of URI episodes with �2 viruses/child
year (median)b

2.1 0.4

URI episodes with�2 viruses/all URI episodesb 197 of 448 44 42 of 259 16
Race
Asian 3 3 3 3
Black 28 30 29 27
Biracial 8 9 11 10
White 55 59 64 60
Ethnicity: Hispanic/Latino 37 39 52 49

Childcare arrangement
Home 60 64 72 67
Home day care 7 7 9 8
Day care center 26 28 26 24

Breast feedingc 50 53 55 51
Cigarette smoke exposure 34 36 29 27
History of prior otitis media episodesb 65 69 48 45

Abbreviations: HBoV1, human bocavirus 1; URI, upper respiratory tract infection.
aOne or more HBoV1-positive result(s) during 1-year study period.
bSignificant difference between the groups, Fisher’s exact test for 2 × 2 tables, P < .001.
cAny breast feeding irrespective of the duration.
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symptoms, persistence of HBoV1 from previous episodes
could not be ruled out. We used available longitudinal
data to determine whether these children had shed HBoV1
previously. In 44 URI episodes (35 children), 15 episodes
were associated with previous shedding of HBoV1 10–89
days previously. Of the remaining 29 episodes, there was
no HBoV1 detected in the previous URI episode in 15; pre-
vious data were not available in 14 episodes (first URI
episode in the study). The rate of AOM after URI was
52% (15 of 29) in cases without documented previous
HBoV1 detection and 40% (6 of 13) in cases in which
available data excluded HBoV1 persistence.

Viral load determination was available in samples col-
lected during 157 of 172 (91%) episodes that were posi-
tive for HBoV1. The median HBoV1 viral load of all
positive samples was 2.7 × 106 copies/mL of the original
volume; the mean viral load was 2.7 × 1010 copies/mL
(range, 3.2 × 103 to 1.7 × 1012 copies/mL). The HBoV1
viral load did not correlate with any URI sign or symptom
or development of AOM (data not shown).

DISCUSSION

In this longitudinal study to determine URI and AOM oc-
currences in young children, we frequently detected
HBoV1 alone or in combination with other viruses during
URI. The unique feature of our study is the comparison of
the rate of AOM complicating URI associated with single
respiratory virus. We found that a high proportion of
HBoV1-associated URI episodes were complicated by
AOM. Our findings suggest that HBoV1 may play an im-
portant role in AOM pathogenesis, similar to other viruses
such as RSV, adenoviruses, and coronaviruses [10, 20].

The HBoV1 is now recognized as a respiratory virus [5];
it has been detected in the MEF of children with AOM [12]
and active HBoV1 infection documented by serology sig-
nificantly associate with AOM development [14].
However, it is known that HBoV-DNA can be detected in
asymptomatic children [15] due to prolonged presence of
the viral nucleic acids. Therefore, detection of HBoV1-
DNA alone in the NPS might not be sufficient to document
active HBoV1 infection. Unfortunately, we were unable to
confirm active HBoV1 infection in our study by serology.
Due to the longitudinal nature of the study and nonsevere
nature of viral URI and AOM, we were not able to include
blood drawing for acute and convalescent serology in our
design. Nevertheless, indirect evidence exists to support
the role of active HBoV1 infection in our cases with URI as-
sociated with HBoV1 alone. First, we used extensive viral
diagnostic methods to detect a variety of common respirato-
ry viruses during symptomatic URI, although we did not
detect less common, newly described viruses such as poly-
omaviruses and parechoviruses. Negative findings for other
viruses but positive finding for HBoV1 only suggested the as-
sociation between HBoV1 (a recognized respiratory virus)
and acute symptoms. Second, viral load in the cases of
HBoV1 alone was relatively high (mean viral load, 1.8 × 1010

copies/mL of the original sample; range, 3.2 × 103 to
5.5 × 1011). Lastly, in our recently published study using NPS
samples from the same cohort [21], concentrations of lactate
dehydrogenase, a marker for cellular injury during inflam-
mation, are associated with the rate of AOM complication
after URI and with the presence of adenovirus, rhinovirus,
and HBoV1. These findings together support the association
between the presence of HBoV1 and its clinical significance
during URI episodes for which no other virus was detected.

Table 2. Respiratory Viruses Detected During 707 Upper Respiratory Tract Infection Episodes

Virus
URI Episodes,

n (%a)
Episodes With Single

Virus, n
Percentage of AOMRelated

to Single Virus

HBoV1 172 (24) 44 52%
Adenovirus 164 (23) 50 48%
Rhinovirus 145 (21) 59 25%
RSV 105 (15) 41 44%
Enterovirus 103 (15) 31 32%
Coronavirus 56 (8) 11 45%
hMPV 48 (7) 25 24%
Parainfluenzavirus 43 (6) 26 27%
Influenzavirus 31 (4) 16 31%

Percentage of AOMOverall
Single virus 303 (43) 37%
Combined viruses 239 (34) 41%
Virus-negative 165 (23) 33%
Total 707b 37%

Abbreviations: AOM, acute otitis media; HBoV, human bocavirus; hMPV, human metapneumovirus; RSV, respiratory syncytial virus; URI, upper respiratory tract
infection.
a Percentage of total number of URI episodes.
bTotal number of viruses = 867.
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The incidence of HBoV1 detection in our patients with
URI (24%) is among the highest published; overall, the in-
cidence of HBoV has ranged from 5% to 33% in children
with respiratory infection [2–4, 15, 22–23]. The higher in-
cidence of HBoV detection in longitudinal studies, com-
pared with that in cross-sectional studies, is likely from
prolonged presence of the virus in the respiratory tract.
The same reason may also explain high frequencies of con-
current detection of HBoV with other viruses, which has
been reported to occur up to 72% [13, 15, 22, 24–25].
In our study, 45% of children with HBoV1 in the NPS
had the virus detected more than once. Prolonged shed-
ding of HBoV1 in nasal secretions has been described up
to 11 weeks in children attending day care [15] and up to
3 months in otitis-prone children [26]. Extended viral
shedding has also been observed with other DNA-viruses;
in the same study population, we studied genetic sequences
of adenoviruses and found that repeated presence could be
from the same viral serotype and strain detected continu-
ously or intermittently, or different serotype or strain de-
tected sequentially [27]. Further studies of the viral
genome in children with sequential HBoV1 are required,
to differentiate between prolonged presence of the viral
and reinfection with different HBoV isolates. These types
of studies will help elucidate the natural history and
foster the understanding of the pathogenicity of HBoV1
infection.
In conclusion, HBoV1 was a common virus detected

alone or in combination with other respiratory viruses
during URI. Among cases of URI associated with presence
of single virus, HBoV1-URI was associated with a high
rate of AOM complication.

Acknowledgments

We thank Krystal Revai, Janak Patel, Ron L. Veselenak, Sangeeta
Nair, M. Lizette Rangel, Kyralessa B. Ramirez, Syed Ahmad,
Michelle Tran, Liliana Najera, Rafael Serna, Carolina Pillion, and
Ying Xiong for assistance with study subjects and specimen collection
and processing. We also thank Jane Kuypers and Janet Englund
(University of Washington, Seattle, WA) for providing HBoV-positive
controls.

Financial support. This work was supported by the National
Institute of Deafness and Other Communication Disorders (grant
number R01 DC005841) and by the National Center for Advancing
Translational Sciences (grant number UL1 TR000071), National
Institutes of Health.

Potential conflict of interest. All authors: No reported conflicts.
All authors have submitted the ICMJE Form for Disclosure of

Potential Conflicts of Interest. Conflicts that the editors consider rele-
vant to the content of the manuscript have been disclosed.

References

1. Allander T, Tammi MT, Eriksson M, et al. Cloning of a human
parvovirus by molecular screening of respiratory tract samples.
Proc Natl Acad Sci USA 2005; 102:12891–6.

2. Ma X, Endo R, Ishiguro N, et al. Detection of human bocavirus
in Japanese children with lower respiratory tract infections.
J Clin Microbiol 2006; 44:1132–4.

3. Sloots TP, McErlean P, Speicher DJ, et al. Evidence of human
coronavirus HKU1 and human bocavirus in Australian children.
J Clin Virol 2006; 35:99–102.

4. Söderlund-Venermo M, Lahtinen A, Jartti T, et al. Clinical as-
sessment and improved diagnosis of bocavirus-induced wheezing
in children, Finland. Emerg Infect Dis 2009; 15:1423–30.

5. Jartti T, Hedman K, Jartti L, et al. Human bocavirus-the first
5 years. Rev Med Virol 2012; 22:46–64.

6. Lu X, Gooding LR, Erdman DD. Human bocavirus in tonsillar
lymphocytes. Emerg Infect Dis 2008; 14:1332–4.

7. Kapoor A, Simmonds P, Slikas E, et al. Human bocaviruses are
highly diverse, dispersed, recombination prone, and prevalent in
enteric infections. J Infect Dis 2010; 201:1633–43.

8. Heikkinen T, Thint M, Chonmaitree T. Prevalence of various
respiratory viruses in the middle ear during acute otitis media.
N Engl J Med 1999; 340:260–64.

9. Nokso-Koivisto J, Räty R, Blomqvist S, et al. Presence of specific
viruses in the middle ear fluids and respiratory secretions of young
children with acute otitis media. J Med Virol 2004; 72:241–8.

10. Chonmaitree T, Revai K, Grady JJ, et al. Viral upper respiratory
tract infection and otitis media complication in young children.
Clin Infect Dis 2008; 46:815–23.

11. Beder LB, Hotomi M, OgamiM, et al. Clinical and microbiologi-
cal impact of human bocavirus on children with acute otitis
media. Eur J Pediatr 2009; 168:1365–72.

12. Ruohola A, Meurman O, Nikkari S, et al. Microbiology of acute
otitis media in children with tympanostomy tubes: prevalences of
bacteria and viruses. Clin Infect Dis 2006; 43:1417–22.

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

14. Meriluoto M, Hedman L, Tanner L, et al. Association of human
bocavirus 1 infection with respiratory disease in childhood
follow-up study, Finland. Emerg Infect Dis 2012; 18:264–71.

15. Martin ET, Fairchok MP, Kuypers J, et al. Frequent and pro-
longed shedding of bocavirus in young children attending
daycare. J Infect Dis 2010; 201:1625–32.

16. Lu X, Chittaganpitch M, Olsen SJ, et al. Real-time PCR assays
for detection of bocavirus in human specimens. J Clin Microbiol
2006; 44:3231–5.

17. Bourne N, Pyles RB, Yi M, et al. Screening for hepatitis C virus
antiviral activity with a cell-based secreted alkaline phosphatase
reporter replicon system. Antiviral Res 2005; 67:76–82.

18. Nokso-Koivisto J, Pyles RB, Miller AL, et al. Viral load and acute
otitis media development after human metapneumovirus upper re-
spiratory tract infection. Pediatr Infect Dis J 2012; 31:763–6.

19. Henrickson K, Kraft A, Canter D, Shaw J. Comparison of electronic
microarray to enzyme hybridization assay for multiplex reverse-
transcriptase PCR detection of common respiratory viruses in chil-
dren. Clinical Microbiology Newsletter 2007; 29:113–9.

20. Kleemola M, Nokso-Koivisto J, Herva E, et al. Is there any spe-
cific association between respiratory viruses and bacteria in acute
otitis media of young children? J Infect 2006; 52:181–7.

21. Ede LC, O’Brien J, Chonmaitree T, et al. Lactate dehydrogenase
as a marker of nasopharyngeal inflammatory injury during viral
upper respiratory infection: implications for acute otitis media.
Pediatr Res 2012; 73:349–54.

22. Franz A, Adams O, Willems R, et al. Correlation of viral load of
respiratory pathogens and co-infections with disease severity in

102 Nokso-Koivisto et al



children hospitalized for lower respiratory tract infection. J Clin
Virol 2010; 48:239–45.

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

24. Christensen A, Nordbø SA, Krokstad S, et al. Human bocavirus in
children: mono-detection, high viral load and viraemia are associ-
ated with respiratory tract infection. J Clin Virol 2010; 49:158–62.

25. Moriyama Y, Hamada H, Okada M, et al. Distinctive clinical
features of human bocavirus in children younger than 2 years.
Eur J Pediatr 2010; 169:1087–92.

26. Lehtoranta L, Söderlund-Venermo M, Nokso-Koivisto J, et al.
Human bocavirus in the nasopharynx of otitis-prone children.
Int J Pediatr Otorhinolaryngol 2012; 76:206–11.

27. Kalu SU, Loeffelholz M, Beck E, et al. Persistence of adenovirus
nucleic acids in nasopharyngeal secretions: a diagnostic conun-
drum. Pediatr Infect Dis J 2010; 29:746–50.

Human Bocavirus in URI and AOM 103



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


