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Abstract
Background—Oral HPV infection elevates risk of oropharyngeal cancer, but its natural history
is unknown. Natural history studies necessitate validation of an automated, high-throughput
method for HPV genomic DNA detection in oral rinse samples (ORS).

Objectives—To compare agreement of oral HPV detection in ORS processed by a magnetic-
bead based automated platform to a previous gold-standard, manual protein-precipitation method.
Agreement was compared to that of repeat sampling and repeat HPV testing.

Study Design—HIV-infected individuals (n=100) provided two ORS collected 15 minutes
apart. DNA was isolated from equal aliquots by either a protein-precipitation based (Puregene,
Qiagen) or magnetic-bead based (QIAsymphonyTM SP, Qiagen) method. HPV DNA was detected
and type-specified by consensus primer PCR and reverse line blot hybridization. The kappa
statistic was used to assess overall agreement (OA) and agreement on a positive test (Ps+).

Results—The DNA purification methods had very high agreement for categorizing an individual
as HPV infected (OA = 0.95; Ps+ = 0.94) as well as for detection of HPV type-specific infection
(OA = 0.99; Ps+ = 0.88) in ORS. Agreement for detection of HPV type-specific infection was
greater than that observed with repeat oral rinse sampling (OA = 0.99, Ps+ = 0.76) but comparable
to inter-assay agreement (OA = 1.00, Ps+ = 0.90).

Conclusions—HPV detection in ORS processed with a magnetic-bead based automated
platform will facilitate large natural history studies of oral HPV infection necessary to evaluate the
potential use of oral HPV detection in oral cancer screening.
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Background
Case-control studies estimate oral human papillomavirus (HPV) 16 infection to confer an
approximate 14-fold increase in oropharyngeal cancer risk, and ∼1% of healthy adults have
a prevalent infection.1-3 While HPV detection has been incorporated into cervical cancer
screening, its utility in oral cancer screening is unknown,4 despite the availability of a
commercial assay for oral HPV detection, which to our knowledge remains to be validated.
Natural history studies of oral HPV infection must be performed to guide the interpretation
of an oral HPV detection test.

We have demonstrated that detection of oral HPV infection is affected by methods of
sample collection and subsequent DNA purification.5-7 A protein-precipitation based DNA
purification method (Puregene, Gentra Systems, Minneapolis, MN) yields high DNA purity
and quantity and detected the greatest number of oral HPV infections in oral rinse samples
(ORS) in comparison to several other methods.7 This method is labor intensive, not easily
amenable to automation and therefore unfit for large-scale natural history studies. Magnetic
bead-based DNA purification from body fluids has demonstrated high nucleic acid yields
and utility for isolation of viral nucleic acid from a multitude of sample types.8-10

Objectives
We compared agreement for oral HPV detection in ORS processed by use of an automated,
magnetic-bead-based DNA purification method to a previously established standard protein-
precipitation method. To guide in data interpretation, this agreement was compared to that of
paired ORS collected from the same individual 15 minutes apart and for repeat HPV testing
of the same sample on two separate days (inter-assay agreement) using the current “gold
standard” protein precipitation method.

Study Design
Study population

One hundred HIV-infected men and women enrolled in a prospective cohort study (Human
Oral Papillomavirus Etiology [HOPE] Study) of oral HPV infection at the Johns Hopkins
Hospital participated in this sub-study in 2008. The HOPE protocol was approved by the
Johns Hopkins Hospital Institutional Review Board and written consent was obtained.
Subjects were compensated $20.

Study schema
The study schema is shown in Figure 1. Two ORS (first and second) were collected 15
minutes apart from 100 study subjects by means of a 30-second oral rinse and gargle with
Scope mouthwash. Samples were centrifuged, washed and re-suspended with phosphate-
buffered saline (PBS), split into two equal aliquots (1.5mL each), and stored at -80°C until
further processing.

DNA purification
A single aliquot from the first and the second ORS was processed by use of a modified
protocol for DNA purification from buccal cells in mouth-wash (Puregene DNA purification
kit, Gentra Systems, Minneapolis, MN) as previously described.7 The second aliquot from
the first rinse was processed by use of the Qiagen Virus/Bacteria Midi Kit (Qiagen Inc.;
Hilden, Germany) on the Qiasymphony SP instrument as recommended by the manufacturer
with the following modifications. Briefly, a 1.5-mL aliquot of the ORS (in PBS) was
pelleted by centrifugation at 4,000 × g for 10 min. The supernatant was decanted and the
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pellet was resuspended in 1.4mL of Qiagen cell lysis solution and incubated at room
temperature (RT) for 15 min. The sample was then digested with DNase-free RNase A (5ug/
mL) for 30 minutes at 37°C followed by Proteinase K digestion (final concentration of
0.5mg/ml) overnight at 55°C. Following heat inactivation at 95°C for 10 minutes, the
sample was placed in the Qiasymphony SP to undergo DNA isolation using the Qiagen
Virus/Bacteria Midi Kit and Pathogen Complex 800 program. Isolated nucleic acid was
eluted in 60ul of AVE buffer.

DNA quantity and quality for all samples were measured by spectrophotometry (Nanodrop
Technologies Inc.; Wilmington, DE).

HPV detection
To account for difference in processing between the two DNA isolation methods, 10 μl of
Puregene-purified and 12μl for Qiasymphony-purified DNA (representing equivalent
proportions of the starting material) were used in PCR reactions. The presence of any of 37
HPV DNA types and ß-globin was detected in purified DNA from ORS by PGMY primer
PCR followed by reverse line blot hybridization (Roche Linear Array HPV Genotyping
Test, Roche Molecular Systems, Inc.). ß-globin positive samples were considered evaluable
and classified as HPV-positive if any of the 37 HPV DNA types were detected.

ERV-3 (human cell number) quantification
Nonhuman DNA (e.g., bacteria) precludes use of total DNA concentration as a direct
measure of total human DNA in ORS. Therefore, human diploid-cell genome equivalents
were quantified by use of TaqMan real-time PCR targeting a single copy human gene on
chromosome 7, ERV-3.11 The number of ERV-3 diploid genome equivalents was used as an
estimate of the human cell number per PCR reaction and to adjust for the potential
confounding effect of sampling variability on detection of HPV infections.

Statistical analyses
The HPV DNA detection results for each study subject were stratified by oral rinse number
(1st or 2nd, both Puregene purified) and DNA isolation method (1st rinse, Puregene versus
Qiasymphony purified). Repeat HPV detection testing was also performed as a measure of
inter-assay agreement (1st rinse, Puregene or Qiasymphony SP purified, repeat testing). The
HPV status of each sample was categorized as HPV positive or negative for any of the 37
HPV types and for each type-specific HPV detected. Median values for DNA purity
(A260:A280 ratio), quantity (in ng per PCR reaction), and human cell number (ERV-3
diploid genome copies per PCR) for paired samples were compared by use of the Wilcoxon
sign-rank test. HPV detection results were compared using McNemar's test. The kappa
statistic was used to assess the agreement of HPV infection status (infected or uninfected),
and the agreement for HPV type-specific infection. To account for the high number of
concordant negative-negative tests, agreement on a positive test (Ps+) was also determined.
12 The 95% confidence intervals (CI) for the overall and positive test agreements were
computed using the bias corrected and accelerated (BCa) method of non-parametric
bootstrapping. Generalized linear mixed effects models were used to analyze type specific
infections and determine the possible effects that DNA isolation may have on HPV detection
after adjusting for ERV-3 and the within-sample correlation. All P-values reported are two-
sided, and P-values less than 0.05 were considered statistically significant. The statistical
packages Stata 10 and R 2.9.2 were used for the data analyses.
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Results
A total of 100 HIV-positive individuals enrolled in this study provided two ORS collected
fifteen minutes apart. An HIV-positive cohort was chosen as this population is at increased
risk for both tonsillar cancer and oral HPV infection.13,14 The median age was 48 years
(IQR, 45 to 51 year) with the majority of participants being male (60 men, 61.9% of total).
The median CD4-cell count was 414 cells per microliter (IQR, 231-605) and the median
HIV viral load was 128 copies per microliter (IQR, 25-1783).

A summary of results for measures of DNA purity, quantity and HPV detection are shown in
Table 1. Aliquots from the first oral rinse that were Qiasymphony or Puregene purified had
similar DNA purity (A260:A280 = 1.84). Although total DNA yield was significantly lower
with the Qiasymphony SP, total human DNA yield was significantly higher. A comparison
of the 1st and 2nd ORS collected from the same individual 15 minutes apart and purified by
the Puregene method indicated that total DNA yield was significantly lower with the second
rinse, however, human DNA yield was not (Table 1).

All samples were positive for ß-globin and therefore evaluable for HPV status (Table 1).
The oral HPV infection prevalence estimates for the study population were similar when 1st

rinse samples were purified either with the Puregene or Qiasymphony method (42 vs. 45%,
p-value = 0.38). Prevalence estimates were slightly, although non-significantly, higher in the
first ORS when compared to the second sample collected 15 minutes later (42 vs. 36%, p =
0.07). Repeat HPV testing of the first Puregene purified ORS indicates reproducible results
for HPV infection prevalence with the Roche HPV genotyping and linear array detection
system (42 vs. 41%, p-value = 1.00).

The HPV type distribution detected in the study population is shown in Table 2 stratified by
oral rinse number and DNA isolation method. High-risk HPV types accounted for ∼44-45%
of HPV infections, and HPV16 was one of the most frequently detected types. The
Qiasymphony DNA isolation method detected more type-specific HPV infections (95 vs.
85) in 1st rinse samples when compared to the Puregene method. However, the difference
was not significant after adjusting for ERV3 and within-sample correlation between DNA
isolation methods, consistent with the interpretation that the higher human DNA yield (as
measured by ERV-3) from the Qiasymphony SP accounted for the increase in HPV
detection.

Agreement was evaluated with regard to categorization of an individual as HPV infected or
uninfected and for detection of type-specific infection. To account for the high number of
concordant negative tests, agreement on a positive test (Ps+), in addition to overall
agreement, was determined (Table 3). Qiasymphony and Puregene purification on aliquots
from the first ORS had very high agreement for categorizing an individual as HPV infected
(OA = 0.95; Ps+ = 0.94) as well as for type specific infection (OA = 0.99; Ps+ = 0.88).
Similarly, repeat testing of the Puregene purified 1st ORS revealed high inter-assay
agreement for oral HPV infection status by individual (OA = 0.99, Ps+ = 0.99) and for type-
specific infection (OA = 1.00, Ps+ = 0.90). Repeat HPV testing of the Qiasymphony SP
purified 1st ORS also revealed high inter-assay agreement for oral HPV infection status by
individual (OA = 0.95, Ps+ = 0.94) and for type-specific infection (OA = 1.00, Ps+ = 0.91).
Type-specific agreement for oral HPV infection was not as strong for repeat sampling (OA
= 0.99, Ps+ = 0.76).

As samples from the above cohort were exhausted, duplicate aliquots of ORS collected from
an additional 100 HIV-infected individuals (data not shown) were used to evaluate intra-
assay agreement for Qiasymphony purification. High intra-assay agreement was observed
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for oral HPV infection status by individual (OA = 0.93, Ps+ = 0.91) and for type specific
infection (OA = 0.99, Ps+ = 0.86).

Discussion
Our data indicate that the magnetic bead-based automated platform for DNA purification
chosen for this study provided excellent agreement for HPV DNA detection in ORS when
compared to our previously established “gold-standard” method. Our study design
demonstrated that Qiasymphony performance as measured by agreement with the gold
standard was similar to inter-assay agreement for repeat testing with that gold standard.

We have shown that PCR inhibitors in ORS samples and total human DNA yield affect
detection of HPV DNA.7 In our prior work we demonstrated that thorough digestion of both
RNA and protein in samples successfully removed PCR inhibitors, thus precluding need for
spiking samples with an internal control. In this study, both DNA purification methods
yielded similar levels of DNA purity but the magnetic-bead based method provided higher
human DNA yield as measured by ERV3. Given HPV replicates inside infected cells
without cell lysis, the DNA isolation method that resulted in the highest human DNA yield
also resulted in detection of the highest number of HPV infections.

To guide in data interpretation, we compared agreement between the two DNA isolation
methods to that observed with repeat HPV testing (inter-assay agreement) and repeat
sampling. With repeat sampling, a lower HPV prevalence and type-specific agreement were
observed. The affect that such a short sampling interval may have on HPV detection has
never been fully assessed. However, the higher number of HPV infections detected with the
initial oral rinse demonstrates the utility of the first rinse in collecting HPV infected buccal
cells.

Previous research from our laboratory demonstrated higher detection of HPV infections in
volume-standardized samples as compared to cell number-standardized samples per PCR.7
Therefore, no normalization in DNA concentration was implemented for this study. The
Roche HPV detection kit is a multiplex PCR reaction for which a competition platform
exists for the PGMY L1 consensus primers. The lower limit of assay sensitivity is variable
by HPV type and may differ in the presence of multiple type-infections. Indeed, low viral
load infections (as indicated by the intensity of the line-blot signal) in individuals with
multiple-type infections accounted for the majority of the discrepancies observed in HPV
detection among sample pairs. Nevertheless, this detection system proves to be highly
reliable given the high level of agreement observed in repeat HPV testing of samples.

This study was performed using an HIV-positive cohort because of their high prevalence of
oral HPV infection which facilitated comparison of DNA isolation methods, sampling
interval and repeat detection. We acknowledge that this study did not include
immunocompetent subjects for whom the effects of DNA isolation method and sampling
interval are equally important. This research has relevance for the study design and
interpretation of future natural history studies. The Qiasymphony SP allows for a greater
number of samples to be run and also requires less technician time making it a more
efficient technique for high-throughput DNA isolation. Rinse with SCOPE is considered the
gold standard for oral specimen collection and given the Qiasymphony's high throughput
and automated properties, this technique will be used by our group henceforth to conduct
future natural history studies necessary for appropriate interpretation of a single positive test
result.
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OA overall agreement

Ps+ positive test

HPV Human Papillomavirus

HOPE Human Oral Papillomavirus Etiology

PBS phosphate-buffered saline

RT room temperature

CI confidence interval

IQR inter-quartile range

BCa bias corrected and accelerated

NIDCR National Institute of Dental and Craniofacial Research
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FIG 1.
Flow chart of study. HPV detection is stratified by DNA isolation method (1st rinse,
Puregene versus Qiasymphony SP) and by oral rinse number (1st or 2nd, both Puregene
purified). Repeat HPV detection testing was also performed as a measure of inter-assay
agreement (1st rinse, Qiasymphony SP or Puregene purified, repeat testing).
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TABLE 2

HPV type distribution in oral rinse samples stratified by DNA isolation method, repeat sampling and repeat
HPV testing.

HPV type

No. of Samples

Qiagen Qiasymphony 1st

rinse Puregene 1st rinse Puregene 1st rinse
repeated Puregene 2nd rinse

High-risk HPV

16 6 5 4 5

18 5 4 4 6

26 1 1 1 0

31 1 0 0 1

33 3 3 3 2

35 4 4 3 3

39 2 2 2 2

45 2 2 2 2

51 2 2 2 2

52/33/35/58 2 1 0 1

53 4 4 3 1

56 0 0 0 0

58 0 0 0 0

59 3 1 1 3

66 2 3 2 3

68 1 1 1 1

73 2 2 2 1

82 3 2 2 2

 No. high-risk HPVs (% of total,
95% CI)

43 (45, 35 - 56) 37 (44, 33 - 55) 32 (44, 32 - 56) 35 (44, 33 - 55)

Low-risk HPV

6 3 3 2 4

11 0 0 0 1

40 0 0 0 0

42 2 5 2 2

54 4 1 1 0

55 8 8 8 6

61 4 4 3 3

62 7 6 6 8

64 0 0 0 0

67 0 0 0 0

69 2 1 0 2

70 1 1 1 0

71 1 1 1 1

72 5 5 5 6

81 4 4 4 4
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HPV type

No. of Samples

Qiagen Qiasymphony 1st

rinse Puregene 1st rinse Puregene 1st rinse
repeated Puregene 2nd rinse

83 8 5 4 4

84 3 4 4 4

89 0 0 0 0

 No. low-risk HPVs (% of total,
95% CI)

52 (55, 44 - 65) 48 (56, 45 - 67) 41 (56, 44 - 68) 45 (56, 45 - 67)

Total no. of HPV infections 95 85 73 80
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