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Abstract

Oncogenic human papillomavirus (HPV) viral load may inform the origin of newly detected
infections and characterize oncogenic HPV natural history in mid-adult women. From 2007-2011,
we enrolled 521 25-65 year old female online daters and followed them triannually with mailed
health and sexual behavior questionnaires and kits for self-sampling for PCR-based HPV DNA
testing. Samples from oncogenic HPV positive women were selected for type-specific DNA load
testing by real-time PCR with adjustment for cellularity. Linear or logistic regression models were
used to evaluate relationships between viral levels, health and sexual behavior, and longitudinal
oncogenic HPV detection. Type-specific viral levels were borderline significantly higher in
oncogenic HPV infections that were prevalent versus newly detected (p=0.092), but levels in
newly detected infections were higher than in infections re-detected after intercurrent negativity
(p<.001). Recent sex partners were not significantly associated with viral levels. Compared to
prevalent infections detected intermittently, the likelihood of persistent (OR=4.31,95%Cl:2.20-
8.45) or single-time (OR=1.32,95%CI:1.03-1.71) detection increased per 1-unit increase in
baseline logq viral load. Viral load differences between re-detected and newly detected infections
suggest a portion of new detections were due to new acquisition, although report of recent new sex
partners (a potential marker of new infection) was not predictive of viral load; oncogenic HPV
infections in mid-adult women with new partners likely represent a mix of new acquisition and
reactivation or intermittent detection of previous infection. Intermittent detection was
characterized by low viral levels, suggesting that intermittent detection of persisting oncogenic
HPV infection may be of limited clinical significance
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Introduction

While the epidemiology and natural history of female genital human papillomavirus (HPV)
infections are largely well-characterized, important knowledge gaps remain, particularly for
mid-adult populations.!: 2 Risk of HPV infection peaks in the mid-20s and is associated with
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new sex partners, 3 but the risk of new infections from new partners acquired in mid-
adulthood is unclear. Furthermore, while the majority of infections acquired in young
adulthood are detected transiently,3 4 reactivation from latency and intermittent detection
occur.5 However, the frequencies of these events are unknown. Finally, while persistent
infection with oncogenic HPV infection is a necessary step in cervical carcinogenesis,? the
clinical significance of oncogenic HPV infections that are reactivated or intermittently
detected is unclear.? The availability of such information could inform guidelines and
clinician-patient interactions regarding prophylactic HPV vaccination and cervical cancer
screening. For example, prophylactic HPV vaccines are not currently recommended for
women >26 years of age,! but if older women are susceptible to new infections from new
partners, vaccinating subgroups of high-risk women could be warranted. Furthermore, on an
individual level, such data may be useful for informing clinician/patient psychosocial
counseling regarding the potential origin or clinical significance of HPV test results
encountered during routine cervical cancer screening (given that Pap/HPV co-testing is now
a recommended screening strategy in women =30 years of ageS: 7).

The challenge of distinguishing among new HPV acquisition, reactivation from latency, and
intermittent persistent detection remains a methodological barrier to addressing these
unresolved issues. Serologic measurements have limited utility for distinguishing between
HPV infection states because not all infected women mount an antibody response,8
antibodies can wane over time,® and the sensitivity of serologic assays is limited.10 We
previously observed that both recent (e.g. current high-risk male sex partners) and
cumulative (e.g. lifetime number of partners) risk behaviors were associated with oncogenic
HPV infections in a high-risk cohort of 25-65 year old women, suggesting that both new
acquisition and reactivation or persistence of previously acquired infections contribute to
oncogenic HPV infections in mid-adult women with new partners.1! Characteristics of the
oncogenic HPV virus (e.g. viral load) could help further elucidate the origin of newly
detected infections in these women; in a previous cohort of young adult women, incident
HPV16 and HPV18 viral loads were higher in women reporting multiple versus no recent
new male sex partners.12 Furthermore, given that viral load (primarily HPV/16) correlates
with cervical disease risk,13-18 relating viral loads to patterns of repeat oncogenic HPV
detection could inform the clinical significance of infections that are detected transiently or
intermittently. Therefore, our study goals were twofold: to determine whether oncogenic
HPV viral load measurements can be used in conjunction with previously observed
associations between sexual behavior and oncogenic HPV detection to further inform the
origin of newly detected infections in mid-adult women, and to use viral load measurements
to characterize oncogenic HPV natural history in mid-adult women. To accomplish these
objectives, we used real-time PCR to quantify type-specific oncogenic HPV DNA viral
loads in self-collected vaginal swab samples from a cohort of high-risk 25-65 year old
women who were recruited to participate in a longitudinal study of oncogenic HPV
infections. Specifically, we compared viral levels between newly detected, prevalent, and re-
detected oncogenic HPV infections; determined health and sexual behavior correlates of
viral loads; and evaluated associations between viral levels and type-specific oncogenic
HPV detection over 1 year of follow-up.

Materials and Methods

Between 2007-2010, we used Internet-based recruitment methods to enroll 521 25-65 year
old female online daters into a longitudinal study of HPV infections. The study design was
described previously.11 Briefly, women were followed triannually with at-home vaginal
self-sampling for HPV DNA testing and demographic, sexual behavior, and health history
questionnaires (up to four questionnaires and samples per participant). The protocol was
reviewed and approved by the University of Washington Institutional Review Board.
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Vaginal samples were tested for HPV DNA using polymerase chain reaction (PCR)-based
methods. Samples were digested with 20 pg/mL of proteinase K at 37°C for 1 hour. 200 pl
was used to isolate DNA using the QlAamp DNA blood mini column (Qiagen, Inc.,
Valencia, CA) according to the manufacturer’s protocol (including additional protease
digestion at 56°C for 10 minutes). HPVV DNA and B-globin were amplified simultaneously
(using 1/50 of purified DNA) using the HPV L1 consensus primers MY09, MY11, and
HMBO01 and B-globin primers PC04 (CAACTTCATCCACGTTCACC) and GH20
(GAAGAGCCAAGGACAGGTAC) (amplicon size 268bp). The amplification mixture
contained 6 mmol/L MgCI2, 1x PCR buffer Il (AmpliTaq Gold; Roche Molecular
Diagnostics), 7.5 U of Gold Taq DNA polymerase (AmpliTaq Gold; Roche Molecular
Diagnostics), 200 pmol/L dNTPs, 50 pmol of MY 09 and MY 11 primers, 10 pmol of
HMBO01, PC04, and GH20 primers, and 2 pL of template DNA, in a final volume of 50 pL.
The DNA was amplified by use of the following program: 9 min at 95°C; 30 s at 95°C, 60 s
at 55°C, and 60 s at 72°C, for 40 cycles; and 10 min at 72°C. Ten microliters of PCR
products was then dotted onto nylon filters and probed by use of biotin-labeled -globin and
HPV generic probes. Results were recorded with regard to whether the sample was found to
be positive for -globin and/or HPV.

Samples that were determined to be HPV positive by generic probe or that were $-globin
negative were tested with the Roche Linear Array HPV genotyping test (Roche Molecular
Systems, Inc., Alameda, CA), which uses a $-globin control. The same purified DNA that
was used for the dot-blot step was used for the Roche assay. The Roche Linear Array assay
detects 37 HPV types, including 18 classified as carcinogenic, probably carcinogenic, or
possibly carcinogenic: 16/18/26/31/33/35/39/45/51/52/53/56/58/59/66/68/73/82.19: 20
Samples were deemed insufficient if they were B-globin negative during the initial dot blot
step and HPV negative by the Roche assay.

Samples from women testing positive for =1 of 18 oncogenic HPV types were selected for
type-specific quantitative oncogenic HPV testing, including all type-specific positives
(n=880) and intercurrent type-specific negatives (defined as a type-specific negative
collected between two positives for the same type) (n=38). Samples were stored at —20° C
prior to extraction and purification for real-time PCR. The median time elapsed between
initial HPV detection with the Roche assay and extraction for real-time PCR was 11
(interquartile range, 5-20) months.

Quantification of type-specific HPV DNA loads by duplex real-time PCR

DNA was extracted and purified with QlAamp DNA Mini kit (Qiagen, Valentia, CA) from
an aliquot of 100ul sample, using the methods described above. The purified DNAs were
resuspended in 25ul AE buffer. We used duplex real-time PCR for quantification of cellular
(B-actin) and HPV DNA simultaneously. A set of type-specific HPV E7 DNA standards for
absolute quantification were constructed by cloning PCR-generated HPV DNA fragments
into pSC-B plasmid using a StrataClone Ultra Blunt PCR Cloning Kit according to the
protocol recommended by the manufacturer (Stratagene, La Jolla, CA). The accuracy of the
target inserts was confirmed by DNA sequencing from both directions. To make testing
results compatible across types, the plasmid constructs containing various types of HPV
DNA fragments were calibrated by real-time PCR with a set of primers and probe targeting
plasmid DNA.

Primers and probe for f-actin gene are commercially available (Applied Biosystems).
Primers and probes for type-specific E7 gene were designed using Primer Express (Applied
Biosystems, Foster City, CA) (Table 1). The specificity of type-specific primers and probe
was assessed by testing the plasmid constructs for all types examined at a concentration of
10°copies/pl. The assay was set up in triplicate on a 384 well plate with the TagMan
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Universal PCR Master Mix kit (Applied Biosystems) in a final reaction volume of 4ul
containing 0.8pl DNA sample input. Final concentration was 0.09 uM for primers and 0.06
UM for probes. Amplification was carried out on Applied Biosystems 7900 HT Sequence
Detection System with a cycling program of holding at 50°C for 2 minutes and then at 95°C
for 10 minutes followed by a two-step cycle of 10 seconds at 95°C and 1 minute at 60°C for
40 cycles.

Two standard curves were implemented in each set of the assay, one for HPV DNA and the
other for cellular DNA (TagMan® Control Genomic DNA (Human)). For each run, the
number of viral copies was normalized according to the input amount of cellular DNA and
expressed as the number of HPV copies per nanogram of cellular DNA. Copy numbers were
log-transformed and a mean of three measures was used for analysis. If one of the three
measures differed by more than two standard deviations, the mean of the two remaining
measures was used. Runs with cycle thresholds greater than 40 were classified as having
undetectable DNA levels. Samples negative for $-actin on =2 measures were excluded from
statistical analyses of viral loads. Samples with =2 measures with undetectable HPV DNA
were assigned a value of 1 copy number per nanogram of cellular DNA (0 after logyg
transformation) for statistical analyses if they were type-specific positive by the Roche
assay. Due to the high proportion of HPV 53 Roche positives that were undetectable by real-
time PCR (36 [37%] of 98 compared to 70 [9%] of 782 for all other types combined), we
excluded type 53 from all viral load analyses described below.

Analyses were based on type-specific oncogenic HPV infections. We used linear regression
to compare type-specific oncogenic HPV viral loads at first detection (by the Roche assay)
in incident versus prevalent infections. The linear regression beta coefficients were back-
transformed (by taking the antilogarithm) to represent the ratio increase or decrease in DNA
for a one unit change in the covariate. We refer to the back-transformed beta coefficients as
‘viral load ratios’. We similarly compared viral loads at first incident detection to those in
redetected infections. Redetection was defined as type-specific positive detection following
an observable period of intercurrent negativity for the same type, and viral load was
considered at the time of first Roche positive following the intercurrent negative period.
(Figure 1a) All models included a main-effect term for HPV type, and robust variance
estimates were used to account for correlation among multiple HPV types within a subject.

We used logistic regression to evaluate associations between baseline type-specific
oncogenic HPV viral load (restricted to prevalent infections) and detection patterns over
longitudinal follow-up, including: persistent (positive in =22 consecutive samples without
subsequent redetection), intermittent (repeatedly detected with a period of intercurrent
negativity), or transient (single-time positive). (Figure 1b) All models included a main-effect
term for HPV type, and GEE with robust variance estimates were used to account for
correlation between multiple HPV types within a subject. We evaluated potential
confounding by concurrent detection of other oncogenic HPV types (0/1/2+) and
demographic, health, and sexual behavior variables measured at the time of HPV viral load
assessment, including: age (continuous), lifetime number of male sex partners (quintiles),
cigarette smoking (never/former/current), current use of hormonal contraception (yes/no),
history of an abnormal Pap test (yes/no), condom use with male partners in the last 6 months
(always/not always/not sexually active), and sex with male partners in the last 6 months (not
sexually active/sex with one non-new partner/sex with new or multiple partners). Each
variable was tested individually with viral DNA load and HPV type; those that changed the
point estimate by >10% were considered confounders and were retained in the final model.
We also evaluated peak and mean viral loads over follow-up in relation to longitudinal
detection patterns using similar methods. Finally, we conducted a sensitivity analysis to
evaluate whether intervals of >8 months between sample collection changed our estimates of
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the associations between HPV viral load and longitudinal detection patterns; we restricted
the analyses to infections detected in women with <8 months between all samples (82% of
infections) and compared the results to those from the full model.

We also used linear regression to evaluate demographic, health, and sexual behavior
predictors of viral load at time of first positive by the Roche assay (considering the same
variables evaluated as potential confounders in the analyses described above). To assess
whether timing of infection modified the association between reports of recent male sex
partners and viral load, we compared stratum specific estimates for incident and prevalent
infections. We also used logistic regression to evaluate the associations between potential
demographic, health, and sexual behavior predictors of persistent versus transient and
intermittent infections.

A two-sided 0.05 test level determined statistical significance for all analyses. All analyses
were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC).

Study population characteristics

Analyses were restricted to 518 women (99.4%) with sufficient baseline samples for HPV
testing. Their demographic, health, and sexual behavior characteristics at enrollment have
been reported previously.1! Briefly, their mean age was 35.8 (SD,9.5) years and the majority
was white (64.5%), unmarried (70.7%) and reported sex with new or multiple male partners
in the last 6 months (52.4%). The minority reported no sex with male partners (14.9%) or
one non-new male partner (32.7%) in the last 6 months and current (15.1%) or former
(22.0%) smoking. Oncogenic HPV prevalence was 35.5%. 421 women (81.3%) returned =1
follow-up sample and were followed for a mean (SD) of 12.5 (5.0) months; the mean (SD)
number of samples returned was 3.5 (0.9). 299 (57.7%) women returned all four samples.
The mean (SD) interval between study visits was 5.1 (1.4) months.

Summary of oncogenic HPV infections detected at baseline and over follow-up

A total of 489 type-specific oncogenic HPV infections were detected in 240 (46.3%)
women. The majority was prevalent (65.6%) versus incident (34.4%). HPV16 (12.3%) and
HPV53 (12.3%) were the most common types. Of 191 infections detected in women
followed with 4 samples, 53.4% were persistent, 33.5% transient, and 13.1% intermittent.
(Table 2)

Summary of cellular DNA levels and type-specific oncogenic HPV viral loads

Overall, 8 of 880 (0.9%) samples tested did not have detectable f-actin and were excluded
from statistical analyses of viral load. Among samples with detectable -actin, the mean
(SD) level of cellular DNA was 13.70 (16.72) nanograms (range, 3 x 107 to 271.09
nanograms). Mean log1q type-specific HPV viral loads per nanogram of cellular DNA are
shown in the supplementary table.

Associations between type-specific oncogenic HPV viral load and timing of infection
(incident, prevalent, or redetected)

Mean log;q type-specific HPV viral load per nanogram cellular DNA was borderline
statistically significantly higher in prevalent (2.1) versus incident (1.8) infections (viral level
ratio (VLR)=2.24,95%CI:0.87-5.75, adjusting for HPV type). Mean log1q viral load per
nanogram cellular DNA was significantly higher in incident than in redetected infections
(0.9) (VLR=8.51,95%CI:2.75-26.30, adjusting for HPV type). (Table 3)
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Demographic, health, and sexual behavior predictors of HPV viral load

Mean logyq viral load per nanogram of cellular DNA (measured at first type-specific
positive by the Roche assay) was higher in infections detected in never (2.1) or former
smokers (2.2) compared to those detected in current smokers (1.5), and these differences
were statistically significant (VLR=4.57,95%CI:1.41-14.79 and VLR=4.90,95%CI:1.15-
20.42, respectively, adjusting for HPV type). Reports of recent sex partners were not
significantly associated with viral loads for either incident or prevalent infections. No other
significant predictors of viral load were identified.

Associations between type-specific oncogenic HPV viral load and longitudinal detection

patterns

Among prevalent infections, mean logyg viral load per nanogram of cellular DNA (measured
at first type-specific positive by the Roche assay) increased from 1.2 in infections detected
intermittently to 1.8 in those detected transiently to 2.7 in those detected persistently. Each
1-unit logyg per nanogram of cellular DNA increase in type-specific HPV viral load was
associated with an increased likelihood of persistent versus intermittent detection
(OR=4.31,95%Cl:2.20-8.45, adjusting for HPV type, lifetime number of male sex partners,
recent condom use with male partners, and concurrent detection of other oncogenic HPV
types), transient versus intermittent detection (OR=2.35,95%CI:1.02-5.38, adjusting for
HPV type, lifetime number of male sex partners and recent male partners), and persistent
versus transient detection (OR=1.32, 95%CI:1.03-1.71, adjusting for HPV type). (Table 4)
Similar associations were observed when considering peak or mean type-specific HPV viral
load over follow-up (data not shown). Furthermore, results were similar when restricting to
infections from women with intervals of <8 months between all collected samples (data not
shown).

Demographic, health, and sexual behavior predictors of persistently detected infections

Compared to never smokers, current (OR=0.32,95%CI:0.10-1.06, adjusting for HPV type)
and former (OR=0.32,95% CI:0.11-0.90, adjusting for HPV type) smokers were less likely
to have persistent versus transient detection. No other statistically significant predictors of
persistent versus transient or intermittent detection were identified.

Longitudinal trends in oncogenic HPV viral load

On average, viral loads in intermittently detected infections remained lower over follow-up
than those in persistently detected infections without intercurrent negative periods.
Furthermore, viral loads in persistently detected infections were similar regardless of the
duration of persistent detection (i.e. 4/8/12 months). These trends were observed for both
prevalent and incident infections. In addition, viral loads in transient infections detected at
baseline were lower than in transient infections detected during follow-up. (Figure 2)

Discussion

In a high-risk cohort of mid-adult women followed for 1 year, we investigated whether type-
specific oncogenic HPV DNA viral load measurements in self-collected vaginal samples
could be used to further our understanding of the epidemiology and natural history of
oncogenic HPV infections in mid-adulthood. We used real-time PCR to individually
quantify 18 oncogenic HPV types with B-actin (allowing for correction for cellular DNA),
and measured viral loads up to four times over one year. Our first objective was to explore
whether viral load data could be used to build upon previously observed associations
between sexual behavior and oncogenic HPV detection to further inform the origin of newly
detected infections in mid-adult women. In a previous cohort of 18-22 year old female
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university students recruited close to sexual debut, we found that among incident infections,
report of more than one recent new male sex partner was associated with increased cervical
HPV16 or HPV18 mRNA viral load compared to report of no recent new partners.12
Therefore, our hypothesis was that viral loads at the time of incident detection would be
higher in women reporting recent new or multiple sex partners compared to women who
were not sexually active. However, we observed no significant associations between recent
sexual behavior and viral levels in incident infections. Differences in sampling (clinician-
collected cervical versus self-collected vaginal samples), age and sexual behavior profiles
between the two cohorts (young adult with few or no sex partners at enrollment versus mid-
adult with a median lifetime number of 11 partners) may account for the discrepant results.
Whereas the majority of new infections detected in the younger cohort were likely to
represent newly acquired infections, those detected in the present mid-adult cohort were
likely a mix of new acquisitions, reactivations, and intermittent persistent detections. We
also observed borderline statistically significantly higher viral levels in prevalent than in
incident infections; this finding was expected, given that prevalent infections likely
represent a mix of new and persistent infections, whereas incident infections likely represent
a mix of new, reactivated or intermittently detected infections. In fact, we observed that
infections that were re-detected after a period of negativity (reflective of reactivation or
intermittent persistent detection) harbored viral levels that were significantly lower than
those in incident infections, suggesting that at least a portion of the incident infections
represented new acquisition from new partners rather than previously acquired infection.
These data are consistent with our previous observations that measures of both recent and
cumulative sexual risk behaviors were associated with oncogenic HPV infections in these
mid-adult women,1 and further support the theory that both new acquisition and
reactivation or persistence of previously acquired infections contribute to oncogenic HPV
detections in sexually active mid-adult women.

To better understand the natural history of oncogenic HPV infections in mid-adulthood, our
second objective was to correlate viral load with type-specific oncogenic HPV detection
patterns over longitudinal follow-up. We found that each one-unit logyg increase in baseline
type-specific oncogenic HPV viral load was associated with an increased likelihood of
persistent versus either transient or intermittent detection, and also associated with an
increased likelihood of transient versus intermittent detection. These associations were
similar regardless of whether baseline, peak, or mean viral load measurements were
considered. While definitions of viral persistence and analytical methods for assessing
relationships between viral loads and persistence vary across studies, our results
demonstrating a positive association between viral load and persistent detection are
consistent with many (but not all?: 22) studies conducted in both young and mid-adult
populations of women.23-2% While most previous studies were designed to evaluate whether
viral load predicts duration of detectable infection, our primary focus was on pattern rather
than length of repeat detection. We did notice, however, that the associations described
above were similar regardless of whether a 4, 8, or 12-month definition of persistent
detection (without subsequent redetection) was used, and that viral levels over one year of
follow-up were similar regardless of the length of persistent detection. These findings are
somewhat consistent with those in women enrolled into the atypical squamous cells of
undetermined significance (ASCUS) and low-grade squamous intraepithelial lesion (LSIL)
triage study (ALTS); baseline cervical HPV16 or HPV18 DNA viral loads in were
predictive of short-term (6-month) persistence, but did not effectively differentiate between
short-term versus longer-term (12—24 month) persistence.3°

We further observed that transient infections detected at baseline harbored higher viral
levels than transient infections detected during follow-up. This finding was expected, given
that some transient infections detected at baseline may have represented resolving persistent

Int J Cancer. Author manuscript; available in PMC 2015 April 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Winer et al.

Page 8

infections, whereas those detected during follow-up were more likely to represent transient
detection of new, reactivated, or intermittent infections.

Viral levels were higher when infections were repeatedly detected without any intervening
negative periods than when detection was intermittent. In post-hoc analyses, we further
observed that viral levels in redetected infections were similar following one versus two
intervening negative visits (data not shown). Our longitudinal data provide only a one-year
snapshot of viral load kinetics in the course of oncogenic HPV infection (given that the
onset and duration of infection are unknown). Furthermore, false negative results or
sampling inconsistencies may account for some intermittent detection. Nonetheless, our
results highlight distinctions between infections detected intermittently versus consecutively.
Our findings of low viral loads in intermittent or re-detected oncogenic HPV infections
agree with unpublished data from ALTS; in a random sample of infections with non-HPV16
or 18 oncogenic HPV types detected at >2 visits, the lowest viral levels were observed when
type-specific oncogenic HPV was re-detected after an intervening negative test(s) (Long Fu
Xi, personal communication). In contrast, in an adult cohort of women in Brazil followed
semiannually, viral levels were reportedly similar at the time of initial infection and re-
detection of the same type (following an intervening negative period of at least 1.5 years).31
A limitation of that study, however, was that re-detection was type-specific, but viral load
measurements were not, complicating interpretation of the results. While we did not
evaluate clinical outcomes, our data suggest that intermittent detection of persisting
infections in mid-adulthood may be of limited clinical significance, given that higher
oncogenic HPV viral loads (primarily HPV16) have been associated with a greater risk of
high-grade cervical lesions and carcinogenic progression.13-18, A caveat, however, is that
relationships between oncogenic HPV viral load and carcinogenic progression may vary by
HPV type; some studies demonstrated positive associations between viral load and clinical
disease for HPV/16, but not for other hr types.2% 32,33

In contrast to ALTS data reporting that HPV16 and HPV18 viral loads were higher in
current than in never smokers,3* we found that current smokers had lower oncogenic HPV
viral loads than never smokers. Furthermore, current smokers were less likely than never
smokers to have persistent versus transient detection of oncogenic HPV infections. The
latter finding is consistent with two earlier studies (one in a cohort of university students3®
and one in a mid-adult cohort38), but contrasts with findings from a larger number of studies
demonstrating positive2®: 37-40 or null21: 41-44 associations between smoking and HPV
persistence. The relationship between smoking and HPV-related cervical carcinogenesis is
likely complex; while carcinogens in tobacco smoke likely contribute to carcinogenesis after
persistent oncogenic HPV infection is established, it is unclear whether these carcinogens
influence oncogenic HPV persistence, potentially accounting for differences across
studies.2! We also investigated a dose-response effect by evaluating mean number of
cigarettes smoked per day in relationship to viral load and persistence, but did not observe
any notable trends in support of a causal association. Furthermore, observed associations
with former smoking were inconsistent; former smokers had oncogenic HPV viral loads that
were similar to those in never smokers, but were less likely than never smokers to have
persistent infection. The observed inverse relationship between smoking and viral load and
oncogenic HPV persistence could be attributable to residual confounding by unmeasured
sexual risk behavior. It is also possible that smoking contributes to an increased likelihood
of reactivation. Previous studies indicating an adverse effect of smoking on both local and
systemic immune responses#>-49 support this theory. We did observe a slightly higher
proportion of redetected versus incident or prevalent infections in current smokers.

Several study limitations should be noted. First, we excluded HPV53 (the second most
commonly detected type in this cohort, after HP\/16) from all viral load analyses, due to the
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high proportion of HPV53 positives by the Roche Linear Array that were negative by real-
time PCR. The discrepant results were likely attributable to variant-related nucleotide
alterations in the HPV53 primer/probe binding sites (although the possibility of false
positive test results by the Roche assay cannot be ruled out). As reported previously,>°
mismatches between primers and probes and their binding sites can substantially reduce
amplification efficiency, thereby leading to false negative tests. In fact, we observed this
phenomenon in the present study with HPV56. We sequenced the PCR products of the E7
gene from an HPV56 infection detected in a woman who tested positive for HPV56 in
consecutive samples by the Roche assay, but negative on all samples by real-time PCR.
After identifying an A-to-C change at the 3’ end of the forward primer, we designed new
primer and probe for HPV56, and all samples re-tested positive. Unfortunately, we did not
have sufficient resources to explore variant-related mismatches and alternative primer/probe
for HPV53. Second, with only one year of follow-up, we were unable to explore
relationships between viral load and long-term persistence or long-term fluctuations in viral
load, and were unable to evaluate whether viral load or other predictors of persistent
detection differed for incident versus prevalent infections. Third, we did not have sufficient
power to investigate whether observed associations related to viral load or detection pattern
varied by oncogenic HPV type. In post hoc analyses, however, we did observe that the point
estimates for the associations between viral load and incident versus prevalent detection and
viral load and persistent detection, as well as the relationships between smoking and both
viral load and persistent detection were similar for HPV16 (adjusting for co-infection with
other oncogenic HPV types) compared to all oncogenic HPV types combined (data not
shown). Finally, our results in high-risk mid-adult women may not generalize to lower risk
cohorts of mid-adult women.

In conclusion, our data on comparative viral levels in incident, prevalent, and re-detected
infections suggest that new acquisition and reactivation or intermittent detection of
persisting infections are viable sources of new oncogenic HPV detection in mid-adult
women with new or multiple sex partners. Viral levels were consistently low in
intermittently detected infections, suggesting that intermittent detection of persisting
infection may be of limited clinical significance. Future research is needed to quantify the
risk of carcinogenic progression associated with low-level, intermittent detection of
oncogenic HPV infections in mid-adulthood, and to understand the proportion of oncogenic
HPV infections in mid-adult women that are due to new acquisition versus persistence or
reactivation of previously acquired infection.
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Novelty and Impact Statement

To inform the origin and natural history of oncogenic HPV infections, we used real-time
PCR to quantify 18 oncogenic HPV types in samples from a longitudinal cohort of high-
risk mid-adult women. Higher DNA viral loads observed in incident versus re-detected
infections suggest a portion of newly detected infections in mid-adult women with new
partners are new acquisitions. Low viral levels in intermittently detected infections
suggest intermittent oncogenic HPV detection may be of limited clinical significance.
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Figure 1.
Visual overview of main viral load analyses
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Figure 2.

Mean logqg type-specific oncogenic HPV viral load per nanogram of cellular DNA over
time for a) prevalent and b) incident infections detected intermittently, transiently and
persistently for 4, 8 and 12 months. Figures include types 16, 18, 26, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66, 68, 73, 82 (type 53 was excluded from all viral load analyses). Only visits
with type-specific positive results by the Roche assay are included. For prevalent infections,
month 0 is baseline. For incident infections, month 0 is the time of 15t detection by the
Roche assay. Months 4, 8, and 12 are subsequent visits occurring at approximately 4-month
intervals. Data points are jittered to prevent overplotting.
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Primers and probes for real-time PCR
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HPV types

Forward primer (5’-3%)

Probe (5’-3%)

Reverse primer (5°-3’)

16
18
26
31
33
35
39
45
51
52
53
56
58
59
66
68
73
82

TTCGGTTGTGCGTACAAAGC
CCGACGAGCCGAACCA
TGTGCAGAGCAGTCGACAGAA
CGACAGCTCAGATGAGGAGGAT
TGACAGCTCAGATGAGGATGAAG
ACAGCTCAGAGGAGGAGGAAGA
TGACCTTGTATGTCACGAGCAAT
GCGAGTCAGAGGAGGAAAACG
GCTCCGTGTTGCAGGTGTT
GACAGCTCAGATGAGGAGGATACA
GCAGTTGGCTGTTCAGAGTTCA
AGTGCCAACGCTGCAAGAC
GACAGCTCAGACGAGGATGAAA
TGACTCCGACTCCGAGAATGA
GAGTTGGTGGTGCAGTTGGA
TGAACCCGACCATGCAGTTA
ACCAACAACCGAAATTGACCTT
AAGTGCACTGTTGCAGGTGTTC

VIC-CACACGTAGACATTCGT-MGB
VIC-AACGTCACACAATGTT-MGB
VIC-CGAGTGCTGGAGCAGA-MGB
VIC-TCATAGACAGTCCAGCTGG-MGB
VIC-CTTGGACCGGCCAGAT-MGB
VIC-ACTATTGACGGTCCAGCTG-MGB
VIC-AGGAGAGTCAGAGGATG-MGB
VIC-TGAAGCAGATGGAGTTAGT-MGB
VIC-AAGTGTAGTACAACTGGC-MGB
VIC-ATGGTGTGGACCGGC-MGB
VIC-AAAGAGCTGCGTATTTT-MGB

VIC-TATTAGAACTAACACCTCAAACAG-MGB

VIC-AGGCTTGGACGGGC-MGB

VIC-AAAGATGAACCAGATGGAGT-MGB
VIC-ATTCAGAGTACCAAAGAGGA-MGB

VIC-TCACCACCAACATCT-MGB
VIC-CATGTTACGAGTCATTGGA-MGB
VIC-AGTGTTGTACAGCTCGCAG-MGB

GCCCATTAACAGGTCTTCCAAA
TGGCTTCACACTTACAACACATACA
CCAAGGACACGTCTTCCATTAAC
GGATGTGTCCGGTTCTGCTT
CTGTGGCTGGTTGTGCTTGT
GGAGGTGTCTGGTTTTGCTTGT
TGCATGGTCGGGTTCATCTA
CGGGCTGGTAGTTGTGCAT
GGGTGTCTCCACTGCTTTCC
TGGCTTGTTCTGCTTGTCCAT
TGTGCCCATAAGCATTTGTTG
TGCTCATTGCACTGTAGGTCAA
TGGCCGGTTGTGCTTGT
TCGTCTAGCTAGTAGCAAAGGATGAT
AAGCAGCTGTTGTACCACACGTA
TTCGTCCCGTCTGGCTAGTAG
CTGTTTCATCCTCATCCTCTGAGTT
GGCTGTCTCCACTGCTTTCC
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Table 2
Summary of oncogenic HPV infections detected at baseline and over follow-up in high-risk mid-adult women
(n=518)
ERE
WOMEN with oncogenic HPV detected® | 240 | 46.3
Type-specific oncogenic HPV INFECTIONS detected® | 489 | --
PREVALENT type-specific oncogenic HPV infections detected® 321 | -
HPV 16 42 13.1
HPV 18 25 78
HPV 26 3 0.9
HPV 31 13 4.0
HPV 33 5 1.6
HPV 35 12 3.7
HPV 39 21 6.5
HPV 45 10 31
HPV 51 28 8.7
HPV 52 27 8.4
HPV 53 34 10.6
HPV 56 14 4.4
HPV 58 18 56
HPV 59 20 6.2
HPV 66 25 78
HPV 68 12 3.7
HPV 73 10 31
HPV 82 2 0.6
INCIDENT type-specific oncogenic HPV infections detected? 168 | --
HPV 16 18 10.7
HPV 18 10 6.0
HPV 26 2 1.2
HPV 31 9 5.4
HPV 33 3 18
HPV 35 5 3.0
HPV 39 6 3.6
HPV 45 7 4.2
HPV 51 15 8.9
HPV 52 15 8.9
HPV 53 26 155
HPV 56 8 4.8
HPV 58 5 3.0
HPV 59 11 6.5
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N | %

HPV 66 8 4.8

HPV 68 5 3.0

HPV 73 9 54

HPV 82 6 3.6

Longitudinal oncogenic HPV detection patterns among prevalent type-specific oncogenic HPV infectionsP (n=191)

Persistent 102 | 53.4
12 months (++++) 56 29.3
8 months (+++-) 22 115
4 months (++--) 24 12.6
Transient (+---) 64 335
Intermittent (+——+/+—++/+—+—/++—+) 25 13.1

aMeasured at time of 15t type-specific positive by the Roche assay.

b . . . .
Excluding 130 prevalent infections from women with <4 samples.
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Comparison of type-specific oncogenic HPV2 viral load in incident, redetected and prevalent infections

Redetected® (n=30)

Logyp viral loadP (Mean | p-value®
+5D)
Prevalentd (n=286) 21£22 0.0921
Incidentd (n=142) 18+20
Incidentd (n=142) 1820 0.0002
09+0.9

alncludes types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 73, 82 (type 53 was excluded from all viral load analyses).

bper nanogram of cellular DNA.

c . L .
P-value for mean difference in viral load, adjusted for HPV type.

d . - "
Measured at time of 15t type-specific positive by the Roche assay.

Table 3

Page 19

e . . e - - . R
Measured at time of 15t redetection by the Roche assay for type-specific infections with intercurrent negatives (following either prevalent or

incident detection).
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Table 4

Associations between type-specific log;o oncogenic HPV2 viral load® per nanogram of cellular DNA &
longitudinal detection patterns among prevalent infections®

Detection Pattern OR (95% CI)

Persistentd (n=93) vs. Intermittent (n=25) | 4.31€(2.20-8.45)

Persistentd (n=93) vs. Transient (n=51) 1.32f (1.03,1.71)

Transient (n=51) vs. Intermittent (n=25) 2.359 (1.02,5.38)

alncludes types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 73, 82 (type 53 was excluded from all viral load analyses).
bMeasured at time of 15t type-specific positive by the Roche assay.
CExcluding 130 prevalent infections from women with <4 samples.

Includes infections persistently detected for 4, 8, or 12 months without subsequent redetection. Viral loads at baseline were similar for these 3
categories.

e, . - . . .
Adjusted for HPV type, lifetime number of male sex partners, condom use in the last 6 months, and concurrent detection of other oncogenic HPV
types

fAdjusted for HPV type

gAdjusted for HPV type, number of male sex partners in last 6 months, and lifetime number of male sex partners
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