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Abstract

Objectives: Our aim was to assess incidence and persistence of oral HPV infection in HIV-negative and HIV-infected men
who have sex with men (MSM).

Methods: MSM aged =18 years were included in Amsterdam (the Netherlands) in 2010-2011, and followed up 6 months
later. Participants completed risk factor questionnaires. HPV DNA was analyzed in oral-rinse and gargle specimens using the
SPF,4-PCR DEIA/LiPA,5 system (version 1). A subset of oral samples was subjected to SPF;, sequencing to identify additional
HPV types. Multivariable logistic regression analyses using generalized estimating equations (GEE) were performed to assess
determinants for oral high-risk HPV incidence and persistence.

Results: 689/795 participant MSM provided both baseline and 6-month data. Baseline prevalence of high-risk HPV was 9.4%
in HIV-negative and 23.9% in HIV-infected MSM (P<<0.001). 56/689 MSM acquired =1 high-risk HPV infection (6-month
incidence 8.1%; 95%Cl| 6.2-10.4%); incidence was 4.1% in HIV-negative and 14.1% in HIV-infected MSM (P<<0.001). HIV
infection and recent use of cannabis were both independently associated with high-risk HPV incidence. Persistent high-risk
HPV was observed in 48/130 (36.9%) infections.

Conclusion: Incidence of oral high-risk HPV infection in MSM is substantial, and is associated with HIV infection. Over a third
of HPV infections persisted over a 6-month period.
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T Deceased.

Introduction and neck squamous cell carcinomas is estimated to be 26% [3],
with highest prevalence of 36-70% reported in oropharyngeal
cancer [3,5,6]. While alcohol consumption and smoking have long
been known as the main risk factors for head and neck cancer [7],
emerging evidence also suggests HPV plays an important role with

Oral infection with high-risk (oncogenic) Human Papillomavi-
rus (HPV), in particular HPV type 16, is associated with a subset of
head and neck cancers [1-4]. The overall HPV prevalence in head
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a rising incidence of HPV-related head and neck cancer in many
parts of the world [6,8,9].

Oral HPV infection is thought to be transmitted sexually [10-
13], and higher prevalence has been reported among HIV-
infected individuals [10,12]. Oral high-risk HPV prevalence in the
general population is estimated to be around 3.5% [13,14], but is
much higher among HIV-infected men who have sex with men
(MSM) [10,15], who are also known to be at increased risk for
HPV-related cancers [16,17].

Two prospective studies among young, mostly heterosexual
(male) adults indicated that sexual behavior, including kissing, may
be associated with oral HPV acquisition [18,19], and that most
infections are likely to be transient rather than persistent [19].
Recently, a large study among men observed no independent
association between oral sexual behavior and oral high-risk HPV
incidence [20].

Improved insight into the natural history of oral HPV infection
could have important public health implications, especially
regarding possible options for prevention of HPV-related head
and neck cancer, such as HPV vaccination. This study investigated
the 6-month oral high-risk HPV incidence and persistence among
MSM, focusing on the role of HIV infection, sexual behavior, and
drug use.

Materials and Methods

Ethics statement

The Medical Ethics Committee of the Academic Medical
Center (AMC) Amsterdam approved this study, and all partici-
pants provided written informed consent prior to participation.

Study participants

The HIV & HPV in MSM (H2M) study design and sample
collection has been described previously [15]. In brief, HIV-
negative and HIV-infected MSM aged 18 years or older were
recruited for a prospective cohort study in 2010-2011 at three sites
in Amsterdam, the Netherlands: the Amsterdam Cohort Study
(ACS) among MSM (Public Health Service of Amsterdam) [21], a
Sexually Transmitted Infection (STT) clinic (Public Health Service
of Amsterdam) [22], and an outpatient Infectious Disease clinic
(Jan van Goyen Medical Center). Participants were followed up
with every 3 to 6 months, for a maximum follow-up period of 24
months per person.

Sample and data collection

At each visit, participants rinsed the oral cavity and gargled for
30 seconds, using 10 to 15 ml Scope mouthwash (Procter &
Gamble, Toronto, Ontario). Participants completed self-adminis-
tered questionnaires, with questions regarding health-related
issues, drug use, and sexual behavior. Data pertaining to baseline
and 6-month visits were included in the current analyses. HIV-
related data were obtained at baseline from the national HIV
patients’ database of the Dutch HIV Monitoring Foundation.

HPV DNA genotyping and classification

Preceding storage at —20°C, oral samples were washed and
concentrated [15]. DNA extraction was performed using the
MagNA Pure LC Total Nucleic Acid Isolation Kit (Roche,
Mannheim, Germany), and subsequently HPV DNA amplification
was performed using the highly sensitive SPF;,-PCR DEIA/
LiPAys system (version 1) [23]. PCR products were tested for HPV
DNA with a DNA Enzyme Immuno Assay (HPV DEIA, Labo
Bio-medical Products, Rijswijk, the Netherlands). The DEIA uses
general probes detecting a large spectrum of >68 HPV types.

PLOS ONE | www.plosone.org

6-Month Oral HPV Incidence in MSM

DEIA-positive samples were genotyped by a reverse-hybridization
line probe assay (LiPAg;) (HPV LiPAy;, Labo Bio-medical
Products, Rijswijk, the Netherlands). LiPAys; allows simultaneous
identification of 25 specific mucosal HPV genotypes: 6, 11, 16, 18,
31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66,
68/73, 70, and 74. The following HPV types were considered
high-risk: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59 [1]. The
remaining HPV types 6, 11, 34, 40, 42, 43, 44, 53, 54, 66, 68/73,
70, and 74 were classified as low-risk. Samples that were PCR-
DEIA-positive and LiPAgs-negative were classified as untypable.

In order to evaluate which HPV types other than the 25 types
covered by LiPAys; were present in oral samples, a subset of oral
samples was additionally subjected to SPF), sequencing. The
following samples were selected for sequencing: 1) baseline oral
samples (n = 106) and 6-month oral samples (n =119) classified as
untypable, and 2) 6-month oral samples of participants with an
untypable oral sample at baseline, regardless of the result of that 6-
month sample (n=67 additional samples). Sequencing was
performed at DDL Diagnostic Laboratory (Rijswijk, the Nether-
lands).

A report on baseline prevalence of oral HPV and associations
with baseline characteristics was published previously [15]; here
we focus on the analysis of risk factors for oral high-risk HPV
incidence and persistence.

Statistical analyses

HIV-negative and HIV-infected participants were compared
using rank sum tests for continuous data, and Chi-square tests for
categorical data. Type-specific HPV incidence and persistence was
estimated with exact 95% confidence intervals (95%CI). Univari-
able and multivariable logistic regression analyses using general-
ized estimated equations (GEE) were performed to assess
assoclations between determinants and the 2 primary outcomes,
i.e. oral high-risk HPV incidence and persistence. Logistic
regression analysis was used rather than Poisson or proportional
hazards analysis, because there were only 2 time points per
participant, and there was limited variation in follow-up time.
GEE was used to account for multiple HPV infections per person,
whereby the unit of analysis was each individual high-risk HPV
type. In a single GEE logistic regression model, each high-risk
HPV type was treated as a separate end point, and then the
exposure effect on high-risk HPV as a whole was estimated, taking
correlations (i.e. multiple records per person) into account,
assuming an exchangeable correlation structure [24].

We performed univariable and multivariable analyses to assess
determinants for oral HPV incidence and persistence. The
following variables were included a priori in each model: HPV
type, HIV status, age, smoking pack years, and active oral-anal
contact. In addition, we included variables that were associated
with the outcome at P<0.1 in univariable analyses in HIV-
negative or HIV-infected MSM. No backward selection was
performed.

In case two wvariables were highly correlated (e.g., recent
number of oral and anal sex partners), only one of these two
variables was included in the model based on relevance or
completeness of data. To minimize loss of observations in
multivariable models, an extra category was created for each
variable with =5% missing values. P values were 2-sided and
considered statistically significant at P<0.05. All analyses were
performed using Stata software package version 11.2 (Stata
Intercooled, College Station, TX, USA).
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Results

Participant characteristics

The current analysis encompasses 689 MSM (86.7%) who
provided both baseline and 6-month oral samples and question-
naire data, of a total of 795 MSM from the H2M study. The
excluded MSM (n = 106) were comparable to the included MSM
with respect to age and HIV status. At enrollment, 276/689
(40.1%) MSM were HIV-infected. Baseline characteristics and
time-updated behavioral data from the 6-month visit are shown in
Table 1. The median age at baseline was 38 years for the 413
HIV-negative and 47 years for the 276 HIV-infected MSM (P<
0.001). HIV-infected MSM reported more smoking pack years
and recent use of cannabis. Also, HIV-infected MSM reported
more recent and lifetime sexual partners compared to HIV-
negative MSM.

Baseline prevalence of oral high-risk HPV infection was 9.4%
(89/413) in HIV-negative and 23.9% (66/276) in HIV-infected
MSM (P<<0.001) (see earlier report on baseline data [15]). The
median follow-up time between baseline and 6-month visit was
182 days IQR 174-190) in HIV-negative and 174 days (IQR
126-207) in HIV-infected MSM (P<<0.001).

Six-month oral high-risk HPV incidence

Incidence of =1 oral high-risk HPV infection at the 6-month
visit was observed in 56/689 MSM (8.1%; 95%CI 6.2-10.4):
incidence was significantly higher in HIV-infected MSM (39/276;
14.1%; 95%CI 10.2-18.8) than in HIV-negative MSM (17/413;
4.1%; 95%CI 2.4-6.5) (P<0.001). Type-specific 6-month inci-
dence was higher in HIV-infected than in HIV-negative MSM for
each HPV type, except for HPV-39 (Figure 1). In total, 67 incident
high-risk HPV infections were observed, of which 19 infections
occurred in HIV-negative MSM and 48 infections in HIV-infected
MSM.

Determinants for oral high-risk HPV incidence

HIV infection was significantly associated with oral high-risk
HPV incidence in univariable analysis (odds ratio (OR) 3.9;
95%CI 2.2-7.0) (Table 2). In addition, recent use of cannabis,
increasing number of lifetime male sex partners, and a higher
number of recent oral sex partners were significantly associated
with oral high-risk HPV incidence in univariable analysis. HIV
infection was also significantly associated with oral high-risk HPV
incidence in multivariable analyses (adjusted odds ratio (aOR) 3.3;
95%CI 1.7-6.3). Apart from HIV infection, recent use of cannabis
remained borderline significantly associated (aOR 1.8; 95%CI
1.0-3.1; P=0.05); a higher number of recent oral sex partners was
also of borderline significance (overall =0.07). In an analysis
restricted to HIV-infected MSM, neither detectable HIV viral
load (aOR 0.5; 95% CI 0.1-1.5) nor CD4 cell count above
350 cells/mm® at bascline (@OR 0.7; 95%CI 0.3-1.8) was
associated with incidence.

Six-month oral high-risk HPV persistence

In total, 105 MSM were positive for =1 oral high-risk HPV
infections at baseline; 6-month persistence was observed in 12/39
HIV-negative (30.8%) and 32/66 (48.5%) HIV-infected MSM
(P=0.08). Among these 105 MSM, a total of 130 baseline type-
specific oral high-risk HPV infections were observed, of which 48
persisted (36.9%) and 82 were cleared (63.1%) after 6 months.
Persistence was observed in 12/44 (27.3%) and 36/86 (41.9%)
infections in HIV-negative and HIV-infected MSM, respectively
(P=0.1). Type-specific persistence, stratified by HIV status, is
shown in Table 3.
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Determinants for oral high-risk HPV persistence

In univariable analysis, HIV infection was not significantly
associated with oral high-risk HPV persistence (OR 1.9; 95%CI
0.9-4.4) (Table 4). In multivariable analyses there were no
determinants significantly associated with oral high-risk HPV
persistence. In an analysis restricted to HIV-infected MSM,
neither detectable HIV viral load (aOR 1.2; 95%CI 0.3-5.3) nor
CD4 cell count above 350 cells/mm® at baseline (aOR 0.6;
95%CI 0.1-2.4) was associated with persistence.

Six-month oral low-risk HPV incidence and persistence

Genotyping data were also available for oral low-risk HPV
types. Baseline prevalence of low-risk HPV was 7.0% (29/413) in
HIV-negative and 20.7% (57/276) in HIV-infected MSM (P<
0.001). Incidence of =1 oral low-risk HPV type at the 6-month
visit was observed in 44/689 MSM (6.4%; 95%CI 4.7-8.5):
incidence was significantly higher in HIV-infected MSM (27/276;
9.8%; 95%CI 6.5-13.9) than in HIV-negative MSM (17/413;
4.1%; 95%CI 2.4-6.5) (P=0.003). In total, 50 incident low-risk
HPV infections were observed (Figure 2).

Of 106 oral low-risk HPV infections present at baseline, 40
(37.7%) persisted and 66 (62.3%) were cleared after 6 months;
persistence was observed in 10/32 (31.3%) and 30/74 (40.5%)
infections in HIV-negative and HIV-infected MSM, respectively
(P=0.3).

SPF,, sequencing results

Ninety of the 106 (85%) untypable baseline samples (PCR-
DEIA-positive and LiPAgs-negative) were successfully analyzed
using SPF), sequencing. Additionally, 41 untypable 6-month oral
samples from other participants were successfully sequenced. The
genotype distribution observed in these 131 samples by use of
SPF, sequencing is shown in Figure 3. The most frequently found
type was HPV-32 (n = 24). Twenty different Alpha-papillomavirus
types, 4 different Beta-papillomavirus types, and one Lambda-
papillomavirus type were observed.

From the 6-month untypable samples, 39 samples were from
men who also had an untypable sample at baseline. Sequencing of
both baseline and 6-month samples was successful in 19 of these 39
participants (48.7%). Type-specific 6-month persistence was
observed in 17/19 (89.5%) participants: this concerned HPV
types 3, 13, 20 (4 times), 26, 32 (5 times), 74, 76, 83 (2 times), and
114.

We assessed whether we could observe any determinants for
HPV-32 and HPV-13 specifically, since these HPV types are
known to be associated with focal epithelial hyperplasia [25]. In a
total of 31 baseline or 6-month samples, HPV-32 or HPV-13 was
identified by use of SPF;, sequencing. Increasing number of
lifetime male sex partners showed a borderline significant
association with HPV-32/HPV-13 infection (OR 1.9; 95%CI
0.6-6.0 for 101-500 partners and OR 3.8; 95%CI 1.3-11.2 for =
501 partners, compared to =100; overall P=0.05). In multivar-
iable analysis adjusting for HIV infection and age, this association
remained borderline significant (P=0.07).

Discussion

In our cohort of MSM, the incidence of oral high-risk HPV was
substantial (4.1% in HIV-negative and 14.1% in HIV-infected
MSM), and significantly higher among HIV-infected MSM and
recent cannabis users. The majority of oral high-risk HPV
infections was cleared after 6 months, both in HIV-negative and

HIV-infected MSM.
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Table 1. Characteristics of 689 MSM participating in the H2M study, overall and stratified by HIV status (Amsterdam, 2010-2012).
HIV-negative MSM HIV-infected MSM
Overall (n=689) (n=413) (n=276) P value®
No. % No. % No. %
A. Socio-demographic characteristics
Median age in years (IQR)® 40.3 (34.9-47.5) 375 (33.4-42.2) 46.5 (39.9-53.1) <0.001"
Age (years) by category*® <0.001
=34 174 25.3% 139 33.7% 35 12.7%
35-44 306 44.4% 214 51.8% 92 33.3%
=45 209 30.3% 60 14.5% 149 54.0%
Country of birth© 0.04
The Netherlands 559 81.8% 344 84.3% 215 78.2%
Any other country 124 18.2% 64 15.7% 60 21.8%
Missing values 6 5 1
B. Health-related characteristics
Tobacco smoking pack years® ¢ 0.001
0-14 423 81.0% 283 85.2% 140 73.7%
=15 99 19.0% 49 14.8% 50 26.3%
Missing values 167 81 86
Cannabis use last 6 months® <0.001
No 467 71.3% 306 76.9% 161 62.6%
Yes 188 28.7% 92 23.1% 96 37.4%
Missing values 34 15 19
C. Sexual behavior
Median lifetime number of male sex partners (IQR)® 200 (60-500) 100 (50-400) 300 (100-1000)  <0.002°
Lifetime number of male sex partners by category® <0.001
=100 267 41.6% 194 50.1% 73 28.6%
101-500 216 33.6% 120 31.0% 96 37.6%
=501 159 24.8% 73 18.9% 86 33.7%
Missing values 47 26 21
Anal sex last 6 months 03
No 123 18.1% 69 16.9% 54 19.8%
Yes 558 81.9% 339 83.1% 219 80.2%
Missing values 8 5 3
Number of anal sex partners last 6 months by category 0.002
=1 307 45.3% 198 48.6% 109 40.2%
2-4 167 24.6% 107 26.3% 60 22.1%
=5 204 30.1% 102 25.1% 102 37.6%
Missing values 11 6 5
Number of oral sex partners last 6 months by category 0.05
=2 280 41.0% 162 39.3% 118 43.5%
3-7 181 26.5% 123 29.9% 58 21.4%
=8 222 32.5% 127 30.8% 95 35.1%
Missing values 6 1 5
Oral-anal contact last 6 months (rimming) 0.08
No 255 38.1% 140 35.4% 115 42.0%
Yes 415 61.9% 256 64.6% 159 58.0%
Missing values 19 17 2
D. HlV-related characteristics
Median CD4 cell count at enroliment (cells/mm?) (IQR)¢ 530 (410-694)
Median nadir CD4 cell count (cells/mm?3) (IQR)¢ 220 (160-320)
HIV viral load at enrollment (copies/mL) by category®
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HIV-negative MSM HIV-infected MSM

Overall (n=689) (n=413) (n=276) P value®
No. No. % No. %

<50 184 79.7%

=50 47 20.3%

Missing values 45

Use of cART at enrollment®

No 29 12.2%

Yes 209 87.8%

Missing values 38

Significant results (P<<0.05) are represented in bold font.
?Based on Chi-square test (except when stated otherwise).
PBased on rank sum test.

Never smokers were included in category 0-14 pack years.

doi:10.1371/journal.pone.0098955.t001

The 6-month oral high-risk HPV incidence observed in our
study was high compared to the incidence observed in most other
studies, which was not surprising given the high-risk population
included in our study. Two studies that took 37 HPV types into
account estimated a 12-month oral HPV incidence of 4-10% in
men and women aged 18-30 vyears [18] and a 12-month
cumulative incidence of 12% in mostly heterosexual young men
[19]. A recent, large study among mostly heterosexual men
reported a 12-month oral high-risk HPV incidence of 1.7% [20].
A study among HIV-infected individuals observed an incidence
rate of oral high-risk HPV of 9.6 per 1000 person-months [26],
which is lower than our findings in HIV-infected MSM. This may
be explained in part by differences in study population and
laboratory methods used, as our study population exhibited high
levels of sexual risk behavior, and our laboratory methods used are
very sensitive [23]. In a long follow-up study among pregnant

5%
4%
3%

2%

1%

Risk of oral hrHPV infection within 6 months

0%

HPV type

HIV-negative MSM  @HIV-infected MSM

Figure 1. Type-specific 6-month oral high-risk HPV incidence.
Type-specific 6-month oral high-risk HPV incidence and 95% confidence
intervals in 413 HIV-negative and 276 HIV-infected MSM (H2M study,
Amsterdam, 2010-2012). Abbreviations: MSM = men who have sex
with men; H2M = HIV & HPV in MSM; hrHPV = high-risk HPV.
doi:10.1371/journal.pone.0098955.g001
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€This concerns cannabis use in general (without specifying route of administration).

Abbreviations: MSM = men who have sex with men; H2M = HIV & HPV in MSM; IQR = interquartile range; cART = combination antiretroviral therapy.

“As measured at enrollment. All other variables are based on questions asked during the 6-month visit.
9participants who were not current smokers but provided no information on past smoking behavior were counted as missing.

women [27] Louvanto et al. found that HPV-16, which is the
predominant type associated with HPV-related head and neck
cancer [1], accounted for most incident oral HPV infections
compared to other types. In our study population HPV-33 was the
most frequent incident HPV type, although type-specific numbers
were low.

From studies on cervical infections it is known that persistence
of high-risk HPV infection is a very strong risk factor for
carcinogenesis. The link between oral high-risk HPV infection
and head and neck cancer is much less well established [28].
Although it is very likely, given the similarities with cervical
cancer, there is no evidence that persistent high-risk HPV infection
is a prerequisite. In our study, 37-38% of oral high-risk and low-
risk HPV infections persisted up to 6 months, somewhat lower
than the 46% 6-month persistence of any oral HPV infection
reported by Beachler et al. [26].

HIV infection was an independent determinant for oral high-
risk HPV incidence, which is compatible with the higher oral HPV
prevalence among HIV-infected persons reported in previous
studies [10,15] and the generally higher incidence patterns of HPV
infections among HIV-infected persons [29]. Whether this
increased oral HPV incidence among HIV-infected persons is
attributable to HIV-related immunosuppression or to higher
sexual risk behavior is unclear. In our multivariable analyses,
sexual behavior variables were not significantly associated with
oral HPV incidence, although we observed a trend for a higher
number of recent oral sex partners. It has been hypothesized that
the increased HPV detection in HIV-infected persons can at least
partially be explained by more frequent reactivation of latent HPV
infection in the context of (local) immunosuppression [30]. We
found no association between CD4 cell count and HPV incidence
among HIV-infected MSM, but most participants were on
combination antiretroviral therapy (cART) and had high CD4
cell counts (117/225 HIV-infected MSM with data on CD4 cell
count had more than 500 cells/mm?®), hence the power of these
analyses was limited.

Interestingly, recent cannabis use was associated with oral high-
risk HPV incidence. A similar, also borderline significant,
association between frequent use of cannabis and oral HPV
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infection was observed by Pickard et al. [18]. A link between
cannabis and HPV-related head and neck cancer has been
hypothesized before, for example by Gillison et al. [31], but results
across studies are inconsistent [32]. Cannabinoids may play a role
in the development of HPV-related head and neck cancer in
several ways [31].

To date, the clinical significance of oral HPV infection is
unknown, although evidence for a causal role of HPV-16 in
subsets of head and neck cancer is accumulating [1]. Our results
indicate that both oral high-risk and low-risk Alpha-papillomavirus
infection is common among MSM. In addition, a broad range of
HPV genotypes can be detected in the oral cavity, which has been
previously observed [33-35]. Apart from mucosal Alpha-papillo-
mavirus types we observed Beta-papillomavirus types, which are
predominantly isolated from the skin and therefore considered
cutaneous types. The biological and pathological consequences of
these findings require further study. Since the HPV assay that we
used is highly sensitive, we cannot rule out contamination from
other sites of the body (e.g., hands or facial skin) or from cats, as we

PLOS ONE | www.plosone.org

Table 2. Determinants of 6-month oral high-risk HPV incidence in 689 HIV-negative and HIV-infected MSM participating in the
H2M study (Amsterdam 2010-2012).
Univariable analysis Multivariable analysis
OR (95% CI) P value aOR (95% CI) P value®
HIV infection® <0.001 <0.001
No 1.0 1.0
Yes 3.9 (2.2-7.0) 33 (1.7-6.3)
Age (years) by category® 0.08 0.9
=34 1.0 1.0
35-44 1.4 (0.6-3.1) 1.3 (0.5-2.9)
=45 2.3 (1.0-4.9) 1.3 (0.5-3.0)
Tobacco smoking pack years® © 0.07 0.2
0-14 1.0 1.0
=15 1.9 (0.9-3.7) 1.5 (0.7-3.1)
Cannabis use last 6 months? 0.001 0.05
No 1.0 1.0
Yes 25 (1.4-4.2) 1.8 (1.0-3.1)
Lifetime number of male sex partners® 0.04 0.7
=100 1.0 1.0
101-500 1.6 (0.7-3.4) 0.7 (0.3-1.6)
=501 2.6 (1.2-5.4) 1.0 (0.4-2.2)
Number of oral sex partners last 6 months by category 0.006 0.07
=2 1.0 1.0
3-7 1.0 (0.4-2.2) 1.1 (0.5-2.5)
=8 24 (1.3-4.5) 2.3 (1.0-4.9)
Oral-anal contact last 6 months (rimming) 0.3 0.8
No 1.0 1.0
Yes 1.4 (0.8-2.4) 1.1 (0.6-2.1)
High-risk HPV: types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59. HPV type was included in the multivariable model, apart from the variables shown in the table.
Abbreviations: MSM = men who have sex with men; H2M = HIV & HPV in MSM; OR = odds ratio; aOR = adjusted odds ratio; 95% Cl = 95% confidence interval.
Significant results (P<<0.05) are represented in bold font.
“Based on Wald test (excluding missing category).
PAs measured at enrollment. All other variables are based on questions asked during the 6-month visit.
“Participants who were not current smokers but provided no information on past smoking behavior were counted as missing.
Never smokers were included in category 0-14 pack years.
%This concerns cannabis use in general (without specifying route of administration).
doi:10.1371/journal.pone.0098955.t002

observed 2 cases of Papillomavirus 2 associated with Felis
domesticus. Although it has been hypothesized that HPV may
be transmitted from humans to cats or vice versa [36], these results
should be interpreted with caution.

HPV types 13 and 32 have been associated with focal epithelial
hyperplasia (Heck’s disease) [25], a benign proliferation of the oral
mucosa, which is rare in Europe. Previously established risk factors
for focal epithelial hyperplasia were related to socio-demographic
characteristics, immunological factors, and HIV infection [25]. To
our knowledge, this study is the first to describe a possible, albeit
non-significant, link between sexual behavior (i.e. lifetime number
of sex partners) and oral HPV-13/HPV-32. Since we performed
no clinical examination, we have no information on oral lesions
indicating symptomatic focal epithelial hyperplasia in these
participants.

Strengths of this study include the relatively large sample size,
and the detailed information obtained through self-administered
questionnaires. The use of oral-rinse-and-gargle samples enabled
us to collect cells from the entire oral cavity, which yields more
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HPV DNA than oral swabs [12,37]. DNA sequencing of a subset
of oral samples confirmed that only few samples (5%) from unique
persons that were classified as untypable and successfully
sequenced contained HPV DNA of one of the HPV types covered

by LiPA,;.

Table 3. Type-specific 6-month oral high-risk HPV persistence with 95% confidence intervals in 413 HIV-negative and 276 HIV-
infected MSM (H2M study, Amsterdam, 2010-2012).

Overall (n=689) HIV-negative MSM (n=413) HIV-infected MSM (n=276)

Positive at Persistent at 6 months Positive at Persistent at 6 months Positive at Persistent at 6 months

baseline (%; 95% ClI) baseline (%; 95% Cl) baseline (%; 95% Cl)
HPV-16 23 12 (52.2%; 30.6-73.2) 9 3 (33.3%; 7.5-70.1) 14 9 (64.3%; 35.1-87.2)
HPV-18 10 3 (30.0%; 6.7-65.2) 3 0 (0.0%; 0.0-70.8) 7 3 (42.9%; 9.9-81.6)
HPV-31 8 2 (25.0%; 3.2-65.1) 1 0 (0.0%; 0.0-97.5) 7 2 (28.6%; 3.7-71.0)
HPV-33 18 13 (72.2%; 46.5-90.3) 4 3 (75.0%; 19.4-99.4) 14 10 (71.4%; 41.9-91.6)
HPV-35 9 5 (55.6%; 21.2-86.3) 6 4 (66.7%; 22.3-95.7) 3 1 (33.3%; 0.8-90.6)
HPV-39 12 1 (8.3%; 0.2-38.5) 4 0 (0.0%; 0.0-60.2) 8 1 (12.5%; 0.3-52.7)
HPV-45 6 0 (0.0%; 0.0-45.9) 1 0 (0.0%; 0.0-97.5) 5 0 (0.0%; 0.0-52.2)
HPV-51 17 4 (23.5%; 6.8-49.9) 8 1 (12.5%; 0.3-52.7) ©) 3 (33.3%; 7.5-70.1)
HPV-52 9 0 (0.0%; 0.0-33.6) 4 0 (0.0%; 0.0-60.2) 5 0 (0.0%; 0.0-52.2)
HPV-56 12 6 (50.0%; 21.1-78.9) 2 1 (50.0%; 1.3-98.7) 10 5 (50.0%; 18.7-81.3)
HPV-58 2 1 (50.0%; 1.3-98.7) 0 NA 1 (50.0%; 1.3-98.7)
HPV-59 4 1 (25.0%; 0.6-80.6) 2 0 (0.0%; 0.0-84.2) 2 1 (50.0%; 1.3-98.7)
Total 130 48 (36.9%) 44 12 (27.3%) 86 36 (41.9%)
Abbreviations: MSM = men who have sex with men; H2M = HIV & HPV in MSM; 95% Cl = 95% confidence interval.
doi:10.1371/journal.pone.0098955.t003

Our study had some limitations. First, the power of our analyses
was limited. Therefore, it was not possible to perform analyses
stratified by HIV status. Second, our results cannot be generalized
to the general male population, because of our high-risk cohort
consisting of HIV-negative and HIV-infected MSM with much

Table 4. Determinants of 6-month oral high-risk HPV persistence of 130 baseline infections in HIV-negative and HIV-infected MSM
participating in the H2M study (Amsterdam 2010-2012).

Univariable analysis

Multivariable analysis

OR (95% CI) P value aOR (95% ClI) P value®
HIV infection® 0.1 0.6
No 1.0 1.0
Yes 1.9 (0.9-4.4) 1.3 (0.5-3.2)
Age (years) by categoryb 0.06 0.2
=34 1.0 1.0
35-44 0.8 (0.2-3.7) 0.8 (0.2-3.5)
=45 2.1 (0.5-9.1) 1.7 (0.4-8.1)
Tobacco smoking pack years® © 0.9 0.6
0-14 1.0 1.0
=15 1.1 (0.4-2.7) 0.8 (0.3-2.1)
Oral-anal contact last 6 months (rimming) 0.1 0.4
No 1.0 1.0
Yes 0.5 (0.2-1.2) 0.7 (0.3-1.6)

PLOS ONE | www.plosone.org

High-risk HPV: types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59.

HPV type could not be included in the multivariable model, due to limited number of observations.
Abbreviations: MSM = men who have sex with men; H2M = HIV & HPV in MSM; OR = odds ratio; aOR = adjusted odds ratio; 95% Cl = 95% confidence interval.
Significant results (P<<0.05) are represented in bold font.
“Based on Wald test (excluding missing category).

PAs measured at enrollment. All other variables are based on questions asked during the 6-month visit.

“Participants who were not current smokers but provided no information on past smoking behavior were counted as missing.
Never smokers were included in category 0- 14 pack years.
doi:10.1371/journal.pone.0098955.t004
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Figure 2. Type-specific 6-month oral low-risk HPV incidence.
Type-specific 6-month oral low-risk HPV incidence and 95% confidence
intervals in 413 HIV-negative and 276 HIV-infected MSM (H2M study,
Amsterdam, 2010-2012). Abbreviations: MSM = men who have sex
with men; H2M = HIV & HPV in MSM; IrHPV = low-risk HPV.
doi:10.1371/journal.pone.0098955.9g002

(previous) HPV exposure. The effect of behavioral factors could be
diluted due to the relatively homogeneous study population with
much high-risk behavior, and the effect of kissing and frequency of
sex acts was not investigated. Third, in our study we did not
differentiate between the use of cannabis with or without the
addition of tobacco. Therefore, the observed association between
cannabis use and HPV incidence may be (partly) due to the use of
tobacco. Fourth, it is quite possible that within the 6-month
sampling interval, transient infections were acquired and cleared,
or that infections were cleared followed by reinfection. As a
consequence, we might have underestimated both incidence and
clearance. However, a study evaluating sampling intervals in HIV-
infected participants concluded that, although transient oral HPV
infections were common, a 6-month sampling interval was
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appropriate for assessing determinants for oral HPV persistence
[38]. On the other hand, since there was only one follow-up visit, it
is not determined that all infections classified as “cleared” were
truly cleared (e.g. the infection could have remained present under
the detection limit of the assay), which could lead to an
overestimation of clearance. Fifth, we did not perform clinical
examination of the oral cavity, and could therefore not relate
individual HPV results to possible oral lesions. Finally, 75/225
(33%) samples untypable by LiPAys could not be successfully
sequenced, because of technical difficulties such as the presence of
multiple HPV types and the very short PCR fragment (65 bp
before nested PCR with elongated primers). This limits the
interpretation of our sequencing results.

In conclusion, we observed that incidence of oral high-risk HPV
infection in MSM is substantial, and significantly higher in HIV-
infected MSM and possibly cannabis users. Nearly two thirds of
high-risk HPV infections were cleared within 6 months; we did not
identify any independent risk factors for persistence at 6 months.
In addition to the known high-risk HPV types, the oral cavity
contains a broad range of both mucosal and non-mucosal HPV
genotypes. The clinical implications of these HPV types require
further research.

Acknowledgments

The authors would like to thank Stichting HIV Monitoring (SHM), in
particular Frank de Wolf and Colette Smit, for their contributions in data
collection; the members of the H2M steering committee for their advice;
the personnel of the ACS, MC Jan van Goyen, and the Amsterdam STI
clinic for their contributions to the implementation of the study and data
collection; Martijn van Rooijen and Linda May for assisting in data
management; Wilma Vermeulen (Public Health Service of Amsterdam) for
HPV genotyping; Jan Sonsma and Marina Burger (RIVM) for DNA
isolation; Jacqueline van Harmelen and Nicole van Dongen for sequencing
(DDL); Anna Giuliano for practical help and advice; Ronald Geskus for
critically reading the manuscript; Roel Coutinho for advice and ideas; and
Claire Buswell for editorial review. Above all, we gratefully acknowledge all
study participants for their co-operation. We also especially would like to
thank Hein Boot, our dear colleague who passed away before publication
of this manuscript.

=

B

R R SR AR PRI R SR\ S\ %A
‘(

BLambda-papillomavirus

Figure 3. SPF,, sequencing results. SPF,, sequencing results, showing number of type-specific HPV infections in 131 MSM who had oral samples
at baseline or 6-month follow-up that were classified as untypable by LiPA,5 (H2M study, Amsterdam, 2010-2012). Abbreviations: MSM = men who
have sex with men; H2M = HIV & HPV in MSM. * Felis domesticus Papillomavirus 2.

doi:10.1371/journal.pone.0098955.9g003

PLOS ONE | www.plosone.org

June 2014 | Volume 9 | Issue 6 | €98955



Author Contributions

Conceived and designed the experiments: MSvdL MvdS HB CM AM WQ
MdK. Performed the experiments: AK AS MdK SM. Analyzed the data:
SM MSvdLL MdK. Contributed reagents/materials/analysis tools: AS DV

References

1.

2.

Bouvard V, Baan R, Straif K, Grosse Y, Secretan B, et al. (2009) A review of
human carcinogens—Part B: biological agents. Lancet Oncol 10: 321-322.
Hobbs CG, Sterne JA, Bailey M, Heyderman RS, Birchall MA, et al. (2006)
Human papillomavirus and head and neck cancer: a systematic review and
meta-analysis. Clin Otolaryngol 31: 259-266.

. Kreimer AR, Clifford GM, Boyle P, Franceschi S (2005) Human papillomavirus

types in head and neck squamous cell carcinomas worldwide: a systematic
review. Cancer Epidemiol Biomarkers Prev 14: 467-475.

. Isayeva T, Li Y, Maswahu D, Brandwein-Gensler M (2012) Human

papillomavirus in non-oropharyngeal head and neck cancers: a systematic
literature review. Head Neck Pathol 6 Suppl 1: 104-120.

. Dayyani F, Etzel CJ, Liu M, Ho CH, Lippman SM, et al. (2010) Meta-analysis

of the impact of human papillomavirus (HPV) on cancer risk and overall survival
in head and neck squamous cell carcinomas (HNSCC). Head Neck Oncol 2: 15.

. Chaturvedi AK, Engels EA, Pfeiffer RM, Hernandez BY, Xiao W, et al. (2011)

Human papillomavirus and rising oropharyngeal cancer incidence in the United

States. J Clin Oncol 29: 4294-4301.

. Mehanna H, Paleri V, West CM, Nutting C (2010) Head and neck cancer—Part

1: Epidemiology, presentation, and prevention. BMJ 341: ¢4684.

. Hocking JS, Stein A, Conway EL, Regan D, Grulich A, et al. (2011) Head and

neck cancer in Australia between 1982 and 2005 show increasing incidence of
potentially HPV-associated oropharyngeal cancers. Br J Cancer 104: 886-891.

. Rietbergen MM, Leemans CR, Bloemena E, Heideman DA, Braakhuis BJ, et al.

(2012) Increasing prevalence rates of HPV attributable oropharyngeal squamous
cell carcinomas in the Netherlands as assessed by a validated test algorithm.
Int J Cancer 132:1565-1571.

. Beachler DC, Weber KM, Margolick JB, Strickler HD, Cranston RD, et al.

(2012) Risk factors for oral HPV infection among a high prevalence population
of HIV-positive and at-risk HIV-negative adults. Cancer Epidemiol Biomarkers
Prev 21: 122-133.

. D’Souza G, Agrawal Y, Halpern J, Bodison S, Gillison ML (2009) Oral sexual

behaviors associated with prevalent oral human papillomavirus infection. J Infect
Dis 199: 1263-1269.

. Kreimer AR, Alberg AJ, Daniel R, Gravitt PE, Viscidi R, et al. (2004) Oral

human papillomavirus infection in adults is associated with sexual behavior and
HIV serostatus. J Infect Dis 189: 686-698.

Gillison ML, Broutian T, Pickard RK, Tong ZY, Xiao W, et al. (2012)
Prevalence of Oral HPV Infection in the United States, 2009-2010. JAMA 307:
693-703.

. Kreimer AR, Bhatia RK, Messeguer AL, Gonzalez P, Herrero R, et al. (2010)

Oral human papillomavirus in healthy individuals: a systematic review of the
literature. Sex Transm Dis 37: 386-391.

. Mooij SH, Boot HJ, Speksnijder AG, Stolte I1G, Meijer CJ, et al. (2013) Oral

human papillomavirus infection in HIV-negative and HIV-infected men who
have sex with men: the HIV & HPV in MSM (H2M) study. AIDS 27: 2117~
2128.

. Grulich AE, van Leeuwen MT, Falster MO, Vajdic CM (2007) Incidence of

cancers in people with HIV/AIDS compared with immunosuppressed
transplant recipients: a meta-analysis. Lancet 370: 59-67.

Silverberg MJ, Chao C, Leyden WA, Xu L, Tang B, et al. (2009) HIV infection
and the risk of cancers with and without a known infectious cause. AIDS 23:
2337-2345.

. Pickard RK, Xiao W, Broutian TR, He X, Gillison ML (2012) The prevalence

and incidence of oral human papillomavirus infection among young men and
women, aged 18-30 years. Sex Transm Dis 39: 559-566.

Edelstein ZR, Schwartz SM, Hawes S, Hughes JP, Feng Q), et al. (2012) Rates
and determinants of oral human papillomavirus infection in young men. Sex
Transm Dis 39: 860-867.

PLOS ONE | www.plosone.org

6-Month Oral HPV Incidence in MSM

HdV SM AM WQ MdK. Wrote the paper: SM MSvdL. Contributed to
discussion and revision of the manuscript: SM AS CM AK DV HdV WQ
AM MdK MvdS MSvdL.

20.

23.

24.

26.

27.

28.

29.

30.

31.

32.

34.

36.

Kreimer AR, Pierce Campbell CM, Lin HY, Fulp W, Papenfuss MR, et al.
(2013) Incidence and clearance of oral human papillomavirus infection in men:
the HIM cohort study. Lancet 382: 877-887.

. Jansen IA, Geskus RB, Davidovich U, Jurriaans S, Coutinho RA, et al. (2011)

Ongoing HIV-1 transmission among men who have sex with men in
Amsterdam: a 25-year prospective cohort study. AIDS 25: 493-501.

. Heijman RL, Stolte IG, Thiesbrummel HF, van LE, Coutinho RA, et al. (2009)

Opting out increases HIV testing in a large sexually transmitted infections
outpatient clinic. Sex Transm Infect 85: 249-255.

Molijn A, Kleter B, Quint W, Van Doorn IJ (2005) Molecular diagnosis of
human papillomavirus (HPV) infections. J Clin Virol 32 Suppl 1: S43-S51.
Xue X, Gange SJ, Zhong Y, Burk RD, Minkoff H, et al. (2010) Marginal and
mixed-effects models in the analysis of human papillomavirus natural history
data. Cancer Epidemiol Biomarkers Prev 19: 159-169.

Said AK, Leao JC, Fedele S, Porter SR (2013) Focal epithelial hyperplasia - an
update. J Oral Pathol Med 42: 435-442.

Beachler DC, D’Souza G, Sugar EA, Xiao W, Gillison ML (2013) Natural
history of anal versus oral HPV infection in HIV-infected men and women.
J Infect Dis 208: 330-339.

Louvanto K, Rautava J, Willberg J, Wideman L, Syrjanen K, et al. (2013)
Genotype-specific incidence and clearance of human papillomavirus in oral
mucosa of women: a six-year follow-up study. PLoS One 8: €53413.

Feller L, Wood NH, Khammissa RA, Lemmer J (2010) Human papillomavirus-
mediated carcinogenesis and HPV-associated oral and oropharyngeal squamous
cell carcinoma. Part 2: Human papillomavirus associated oral and oropharyn-
geal squamous cell carcinoma. Head Face Med 6: 15.

Veldhuijzen NJ, Snijders PJ, Reiss P, Meijer CJ, van de Wijgert JH (2010)
Factors affecting transmission of mucosal human papillomavirus. Lancet Infect
Dis 10: 862-874.

Gravitt PE (2011) The known unknowns of HPV natural history. J Clin Invest
121: 4593-4599.

Gillison ML, D’Souza G, Westra W, Sugar E, Xiao W, et al. (2008) Distinct risk
factor profiles for human papillomavirus type 16-positive and human
papillomavirus type 16-negative head and neck cancers. J Natl Cancer Inst
100: 407-420.

Goon PK, Stanley MA, Ebmeyer J, Steinstrasser L, Upile T, et al. (2009) HPV &
head and neck cancer: a descriptive update. Head Neck Oncol 1: 36.
Bottalico D, Chen Z, Dunne A, Ostoloza J, McKinney S, et al. (2011) The oral
cavity contains abundant known and novel human papillomaviruses from the
betapapillomavirus and gammapapillomavirus genera. J Infect Dis 204: 787
792.

Lang Kuhs KA, Gonzalez P, Struijk L, Castro F, Hildesheim A, et al. (2013)
Prevalence of and risk factors for oral human papillomavirus among young
women in costa rica. J Infect Dis 208: 1643-1652.

. Forslund O, Johansson H, Madsen KG, Kofoed K (2013) The nasal mucosa

contains a large spectrum of human papillomavirus types from the Betapapillo-
mavirus and Gammapapillomavirus genera. J Infect Dis 208: 1335-1341.
Munday JS, Kiupel M, French AF, Howe L, Squires RA (2007) Detection of
papillomaviral sequences in feline Bowenoid in situ carcinoma using consensus
primers. Vet Dermatol 18: 241-245.

Steinau M, Reddy D, Sumbry A, Reznik D, Gunthel CJ, et al. (2012) Oral
sampling and human papillomavirus genotyping in HIV-infected patients. J Oral
Pathol Med 41: 288-291.

. Fakhry C, Sugar E, D’Souza G, Gillison M (2010) Two-week versus six-month

sampling interval in a short-term natural history study of oral HPV infection in

an HIV-positive cohort. PLoS One 5: ¢11918.

June 2014 | Volume 9 | Issue 6 | €98955



