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The association between oral human papillomavirus 16
(HPV16) DNA load and infection clearance was evaluated
among 88 individuals with oral HPV16 infection who were
identified within a prospective cohort of 1470 HIV-infected
and uninfected individuals. Oral rinse specimens were
collected semiannually for up to 5 years. The oral HPV16
load at the time of the first positive test result was signifi-
cantly associated with the time to clearance of infection (con-
tinuous P trends <.01). Notably, clearance rates by 24 months
were 41% and 94% in the highest and lowest HPV16 load ter-
tiles (P = .03), respectively. High oral HPV16 load warrants
consideration as a biomarker for infection persistence, the
presumed precursor of HPV16-associated oropharyngeal
cancer.
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Oral human papillomavirus 16 (HPV16) infection causes >85%
of HPV-positive oropharyngeal cancers [1], the incidence of
which has been increasing over the past several decades in de-
veloped countries [2].Case-control studies estimate oral HPV16
infection to confer a 50-fold increase in the odds of HPV-driven
oropharyngeal cancer [3]. In the United States, oral HPV16 in-
fection is uncommon (1% prevalence) in the general population
[4], and our preliminary natural history studies indicate that a
majority of oral HPV infections clear within 1–2 years [5].
Thus, a single, qualitative, positive test for oral HPV16 infection
may be a poor predictor of disease risk.

The persistence of cervical HPV infection is an established
surrogate for the risk of cervical dysplasia and cancer, and a
high HPV16 load is associated with both the persistence of cer-
vical infection and the risk of cervical dysplasia [6–8]. Oral
high-risk HPV load was significantly associated with 6-month
infection persistence in a short-term natural history study of in-
fection in HIV-infected individuals [9].Here we evaluate the as-
sociation between oral HPV16 load and longer-term infection
persistence within a prospective cohort study of individuals
with or at risk for HIV infection [5].

METHODS

The study population for the Persistent Oral Papillomavirus
Study (POPS) was nested within 2 prospective, multicenter co-
hort studies of individuals with or at risk for HIV infection in
the United States: theWomen’s Interagency HIV Study (WIHS)
and the Multicenter AIDS Cohort Study (MACS) [5]. A total of
1470 enrolled participants were prospectively followed every 6
months for a maximum of 4 years. The study protocol was ap-
proved by the MACS/WIHS executive committee and the insti-
tutional review board of each participating site. All participants
provided written informed consent.

Oral samples were collected semiannually from all POPS par-
ticipants by use of a 30-second oral rinse and gargle with Scope
mouthwash [5]. Oral DNA was isolated by use of a magnetic
bead-based automated platform (QIAsymphony SP, Qiagen)
as previously described [10]. HPV DNA of 37 types (including
HPV16) was detected by polymerase chain reaction (PCR) with
PGMY09/11 primer pools that targeted the L1 gene, followed by
type specification with the Roche linear array. Samples positive
for β-globin were considered evaluable.

Included in this analysis were all 88 POPS participants with
at least 1 oral rinse sample positive for HPV16 DNA who also
had 1 or more oral rinse samples collected at visits subsequent
to the visit at which the HPV16-positive sample was obtained.
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The HPV16 load in the first positive sample was estimated by
TaqMan quantitative PCR (qPCR) targeted to the HPV16 E6
open reading frame as previously described [9, 11, 12]. Reported
values are the mean of duplicate samples. To account for pos-
sible variations in cellularity between oral rinse samples, the
HPV16 load in each sample was standardized by the number
of human epethelial cells in that sample as measured by number
of a single copy human gene (human endogenous retrovirus
ERV-3), as previously described [13], as previously described
[9, 12]. Seventeen of the 88 samples that were positive for
HPV16 by linear array were negative by qPCR. Differences in
sample volume used for linear array (12 µL) and qPCR (2 µL)
likely resulted in different assay sensitivities, as previously re-
ported [12]. We assigned a viral load of 1 copy per 100 000
cells for these 17 samples [12].

The relationship between demographic, behavioral, and
biological characteristics and HPV16 load were evaluated
using Wilcoxon–Mann–Whitney test for medians. In addition,
Poisson regression with robust variance was used to evaluate
predictors of a higher oral HPV16 load. Variables that were stat-
istically significant (P < .05) in bivariable models and variables
considered relevant based on previous literature were included
in the multivariable models [5].

Time to oral HPV16 clearance was defined as the time from
collection of the first HPV16-positive sample to collection of
the first HPV16-negative sample, with tests performed using
the Roche linear array. An alternate definition of time to 2 con-
secutive HPV16-negative test results was also considered. For
these analyses, oral HPV16 load was evaluated as a continuous
variable and as a categorical variable in tertiles. Clearance rates
were estimated using the Kaplan–Meier method and compared
by the log-rank test. Hazard ratios were estimated by Cox pro-
portional-hazard models. Approximately 20% of the 88 partic-
ipants had a missing intermittent visit during the 5 years of
follow-up, and we assumed that the HPV test result for the
missing visit was the same as that from the previous visit, as pre-
viously described [5]. The association between oral HPV16 load
and clearance was also considered when stratified by sex, HIV
status, and incident/prevalent status of the HPV16 infection,
since these variables were suggested to be effect modifiers for
some risk factors in previous studies [5]. All statistical tests
were 2-sided and considered significant, using an α level of
0.05. Analyses were performed in Stata MP 12.0.

RESULTS

Among the 88 HPV16-positive participants included in this
analysis, 53 had oral HPV16 infections that were prevalent at
baseline, and 35 had oral HPV16 infections that were incident.
The study population included 66 HIV-infected individuals
(75.0%) and 22 HIV-uninfected individuals (25.0%). The medi-
an and mean (±SD) oral HPV16 load at the first positive visit

was 50.2 copies per 100 000 cells (interquartile range [IQR],
0.70–435.14) and 39 760 ± 277 694, respectively.

Associations between demographic and behavioral factors and
oral HPV16 load are presented in Table 1. Oral HPV16 loads were
significantly higher among prevalent versus incident HPV16

Table 1. Median Oral Human Papillomavirus Type 16 (HPV16)
Load Across Study Characteristics Among the 88 Individuals
With Oral HPV16 Infection in the Persistent Oral Papillomavirus
Study

Characteristics of
Participants

Subjects,
No.

Copies Per
100 000 Cells,
No., Median

P for Higher
HPV Loada

Type of infection .03

Incident 35 3.1
Prevalent 53 76.6

Age, yb .02

≤45 31 8.6
45–54 35 74.1

≥55 22 101.0

Current cigarette
smoker

.21

No 37 37.3

Yes 51 65.2
Sex .54

Male (MACS) 40 66.5

Female (WIHS) 48 34.8
Ever had a
tonsillectomy

.35

No 62 32.3
Yes 21 48.8

Not sure 5 28571.4

Oral sex partners in
past 6 months, no.

.56

0 57 48.4

1 14 15.0

≥2 17 88.9
HIV status .11

Negative 22 17.0

Positive 66 57.4
HIV status, CD4+

T-cell count
.22

Negative 22 17.0
Positive, >500
cells/µL

31 73.8

Positive, 200–499
cells/µL

24 42.8

Positive, ≤ 200
cells/µL

11 547.3

Abbreviations: HIV, human immunodeficiency virus; MACS, Multicenter AIDS
Cohort Study; WIHS, Women’s Interagency HIV Study.
a Calculated using the Mann–Whitney test for medians. Variables were
considered as continuous, when possible (ie, age and number of oral sex
partners).
b With each 10-year increase in age, the HPV16 load significantly increased by
10.6 HPV16 copies per 100 000 cells.
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infections (P = .03) and among older individuals (Ptrend =.02).
With each 10-year increase in age, the HPV16 load significantly
increased by 10.6 HPV16 copies per 100 000 cells. In multivar-
iable analysis, prevalent infection status and older age remained
significantly associated with oral HPV16 load above the median
(Supplementary Table 1). Other factors that were nonsignifi-
cantly associated with a higher oral HPV16 load in multivari-
able analysis included HIV positivity (adjusted prevalence
ratio, 1.64; 95% confidence interval [CI], .91–2.94) and current
cigarette use (adjusted prevalence ratio, 1.50; 95% CI, .98–2.28;
Supplementary Table 1).

Among the 88 individuals in this analysis, 57 (65%) had ≥7
follow-up visits. The median number of visits was 8 (IQR, 5–9
visits). The median follow-up time for participants with oral
HPV16 infections in this study was 35.7 months (IQR, 17.4–
48.5 months; 42.3 months for prevalent infections, and 25.0
months for incident infections). Sixty-three of the 88 infections
were observed to clear at any point during the 5 years of obser-
vation. The 12-month clearance rate for all HPV16 infections
was estimated to be 57% (95% CI, 47%–68%), with a higher
clearance rate for incident than prevalent infections (77% vs
44%, respectively; P = .01). When clearance was defined by 2
consecutive negative test results, the 12-month clearance rate
declined to 45% (95% CI, 35%–57%).

The Oral HPV16 load for the first specimen that tested pos-
itive was significantly associated with the time to clearance of
infection (continuous Ptrend <.01). Kaplan–Meier curves for
clearance, stratified by oral HPV16 infection tertile, are shown
in Figure 1. Clearance rates were significantly higher for oral
HPV16 infections in the lower viral load tertiles (log-rank

P < .001). Estimated 12-month clearance rates were 26% (95%
CI, 12%–44%), 67% (95% CI, 50%–82%), and 83% (95% CI,
65%–94%) for the highest, intermediate, and lowest tertiles, re-
spectively. This trend continued: 41% of infections in the high-
est viral load tertile, compared with 94% in the lowest tertile,
cleared within 24 months (P = .03). After adjustment for
other factors, infections in the highest HPV16 load tertile
were 4 times less likely to clear than infections in the lowest ter-
tile (adjusted hazard ratio, 0.24; 95% CI, .11–.56; Supplementary
Table 2). Results were also similar when defining clearance on
the basis of 2 negative test results (Supplementary Table 1) and
when restricting to the 71 samples that were detectable by qPCR
(continuous Ptrend <.01; Supplementary Table 2). Among the 17
individuals who were HPV16 positive by linear array but nega-
tive by qPCR, 14 (82%) had HPV16 infections that cleared with-
in 12 months, which was similar to the clearance rate among
those who had a lower viral load (1.0–6.0 copies per 100 000
cells), from whom 73% had infections that cleared within 12
months. Analysis within subgroups revealed increasing tertile
of oral HPV16 load to be consistently associated with lower
clearance among incident and prevalent infections, among
men and women, and among HIV-infected individuals and
HIV-uninfected individuals (all Ptrend <.05).

DISCUSSION

In this study of the long-term natural history of oral HPV16 in-
fection in higher-risk HIV-infected adults and HIV-uninfected
adults, we observed oral HPV16 load to be strongly associated
with infection persistence, as over half of oral HPV16 infections
in the highest tertile of viral load persisted for at least 24
months. Oral HPV load therefore warrants further investigation
as a biomarker for longer-term persistence and the risk of
HPV16-positive oropharyngeal cancer.

This study supports and helps elucidate previous findings
from oral HPV natural history studies that suggested older
age, prevalent infection, and current cigarette smoking to in-
crease the risk of oral HPV16 persistence [5, 14]. Our study,
along with another from the US-based National Health and Nu-
trition Examination Survey (NHANES) [12], suggest that these
factors are associated with higher oral HPV16 load. Thus,
we hypothesize that aging and cigarette smoking may lead to
poorer immunological control and greater replication of oral
HPV16 infections, which in turn leads to longer oral HPV16
persistence. We previously suggested that males are also poten-
tially at increased risk of oral HPV persistence, compared with
females [5], but unlike the NHANES analysis [12], we did not
observe a higher oral HPV load in males. However, we should
note that men and women in this study came from different
study populations that represent higher-risk communities and
that most of the men in the study were men who have sex
with men [5].

Figure 1. Kaplan–Meier curves for clearance of human papillomavirus
virus type 16 (HPV16), by oral HPV16 infection tertile. *Oral HPV clearance
defined at first visit when oral HPV16 DNAwas not detected. ^Tertile rang-
es: Lowest tertile 1.0–5.9 copies per 100 000 cells; Middle tertile: 6.0–
155.3 copies per 100 000 cells; Highest tertile: >155.3 copies per
100 000 cells. The P-trend was calculated using the log-rank test.
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While a majority of the study participants with a higher oral
HPV16 load had HPV16 infections that persisted for multiple
years, no participants in this study received a diagnosis of oro-
pharyngeal cancer. Preliminary studies of the oral region have
been unable to identify an HPV-positive precancerous lesion,
limiting the potential for developing screening modalities
[15]. At the same time, this lack of identifiable oropharyngeal
precancerous lesions increases the need for biomarkers capable
of identifying HPV infections that are most likely to progress to
cancer. The relatively low incidence of HPV-positive oropha-
ryngeal cancer (approximately 4 cases per 100 000) [2] suggests
that very sensitive and specific markers would be needed for any
potential screening modality to be beneficial. So while a high
viral load appears to be a considerably better predictor of oral
HPV16 persistence than oral HPV16 DNA, viral load alone is
likely too limited in specificity, given that approximately 40% of
the infections with a higher viral load cleared within 2 years.
Given this limited specificity, biomarkers such as HPV16 meth-
ylation and HPV16 E6 seropositivity should be further evaluated
to potentially complement oral HPV16 load.

In summary, a higher oral HPV16 load is strongly associated
with multiyear oral HPV16 persistence in a population of indi-
viduals with or at risk for HIV infection. While this is the first
long-term study to evaluate oral HPV16 load and oral HPV16
persistence, this study is limited by a 1-time viral load measure-
ment, a limited number of oral HPV16 infections, and a lack of
assessment for oral precancerous lesions. Further investigation is
necessary to better understand the role of the oral HPV16 load in
the natural history of oral HPV infection and the risk of clinical
progression, particularly in HIV-uninfected individuals.

Supplementary Data

Supplementary materials are available at The Journal of Infectious Diseases
online (http://jid.oxfordjournals.org). Supplementary materials consist of
data provided by the author that are published to benefit the reader. The
posted materials are not copyedited. The contents of all supplementary
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ing errors should be addressed to the author.
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