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Abstract

Objective—To evaluate reproducibility of oral rinse self-collection for HPV detection and
investigate associations between oral HPV, oral lesions, immune and sociodemographic factors,
we performed a cross-sectional study of older adults with HIV infection.

Study Design—We collected oral rinse samples from 52 subjects at two different times of day
followed by an oral examination and interview. We identified HPV using PCR platforms
optimized for detection of mucosal and cutaneous types.

Results—Eighty seven percent of individuals had oral HPV, of which 23% had oncogenic alpha,
40% had non-oncogenic alpha, and 46% had beta or gamma HPV. Paired oral specimens were
concordant in all parameters tested. Significant associations observed for oral HPV with increased
HIV viral load, hepatitis-C seropositivity, history of sexually transmitted diseases and lifetime
number of sexual partners.

Conclusions—Oiral cavity may be a reservoir of subclinical HPV in older adults who have HIV
infection. Understanding natural history, transmission and potential implications of oral HPV
warrants further investigations.
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Introduction

Methods

Human papillomaviruses (HPV) are a group of heterogeneous double-stranded, circular
DNA viruses with a predilection for squamous epithelium of the skin and mucosa.l2 Recent
work suggest that as many as 30% of oral cancers are related to an HPV infection,3 and like
other HPV-associated tumors, rates of oral cancer are elevated (up to 6 fold) in human
immunodeficiency virus (HIV) infected patients compared to the general population.#°
Studies also show HIV-infected individuals are more likely to harbor high-risk (oncogenic)
HPV genotypes in their oral mucosa.b9 In view of the increased life-span of HIV patients on
long-term highly active anti-retroviral therapy (HAART) and the possible etiological role of
oral HPV in carcinogenesis, aging HIVV/HPV co-infected patients may be at significant risk
for HPV-associated oral lesions and malignancies.10.11

HPV detection rates in the oral cavity are reportedly higher among older individuals, men
who have sex with men, and those with a prior history of sexually transmitted diseases
(STDs).6812 The likelihood of oral HPV infection is also influenced by the severity of
immunosuppression among HIV-positive individuals, especially with CD4 T-cell counts
below 200 cells/mm.38 To investigate the associations between HPV detection, oral lesions
and immune-related factors in older adults, we performed a cross-sectional study of oral
HPV infection in an HIV-seropositive population of adults 50 years and over in a large
urban healthcare center.

Reported rates of oral HPV vary by methodologies to collect specimens and the sensitivity
of assays used.5-9 13-16 This variability renders it difficult to compare available studies and
contributes to conflicting data on the prevalence of HPV in normal oral mucosa as well as
association of oral HPV infection with oral cancer.1 HPV infects and replicates within basal
epithelium, which is shed as part of normal mucosal turn over, and exfoliated cells of oral
mucosa provide a representative sample for HPV-DNA detection.1# 17 Daily oral activities
can result in washout and lower recovery of oral exfoliated cells during sampling. The lack
of oral functions (i.e., eating, drinking, brushing, etc.) and reduced salivary flow over night
may lead to a higher yield of exfoliated cells for early morning sampling before resuming
oral functions. We therefore also evaluated whether specimens obtained upon arising in the
morning would provide a better sample for HPV-DNA detection by PCR. The polymerase
chain reaction (PCR) is the most sensitive technique for detection of HPV DNA18 and in the
context of strict measures to prevent contamination, is highly applicable to prevalence
studies of subclinical HPV infections.

Subject recruitment and sample collection

HIV-seropositive adults 50 years and over were recruited prospectively from the outpatient
oral medicine clinic at New Jersey Dental School (Newark, NJ) between August 2007 and
August 2008. A population of older, immunosuppressed patients was targeted due to the
higher risk for HPV infection compared to general population. Pregnant females and
individuals with other immunosuppressive conditions (i.e., concurrent chemotherapy, organ
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transplantation, etc.) or history of treatment for head and neck cancer during the preceding
year were excluded. The study protocol was approved by the Institutional Review Board at
the participating institution. All subjects provided signed informed consent.

All participants received a self-collection kit including detailed written instructions and
asked to provide an oral lavage sample upon waking up and before eating, drinking or
brushing their teeth by swishing their mouth vigorously for 30 seconds with 10 ml of Scope
™ mouthwash and expectorating into an empty collection container. A second sample was
collected in a similar manner in the afternoon of the same day by the study clinician (MF)
prior to oral examination. Samples were stored in the refrigerator at 4°, and shipped by
overnight mail within 24 hours of collection for processing at our lab.

Study interviews and oral exams

Each patient underwent extra- and intra-oral soft tissue assessment by the same clinician
(MF) trained in oral medicine, who examined the oral mucosa for the presence of mucosal
abnormalities. Participants also underwent a structured interview to collect socio-
demographic information (age, gender, ethnicity, etc.), health behavior (tobacco, alcohol and
drug consumption), and HIV-related medical history (mode of HIV acquisition, anti-
retroviral therapy, compliance with HIV therapy, etc.). HAART was defined as a regimen
that contained two nucleoside analogue reverse-transcriptase inhibitors and either a protease
inhibitor or a non-nucleoside reverse-transcriptase inhibitor, or as regimen that combined
three different classes of HIV medications. Smokers were defined as individuals with >1
pack-years of cigarette use, and alcohol users were defined as those who drank =1 alcoholic
beverage per week for =1 years.

Participants also completed a self-administered questionnaire on sexual history, including
questions on sexual orientation, age at first vaginal intercourse, lifetime number of
intercourse partners, practice of oral sex, lifetime number of oral sex partners and in the
preceding year, and history of STDs, anogenital lesions, and oral warts. Plasma CD4" T-cell
count and HIV-RNA level measurements collected within the six months of the oral
specimen were obtained from medical charts.

HPV DNA genotyping

Oral rinse specimens were processed in a room physically separated from where the PCR
was performed. Genomic DNA was isolated by proteinase K digestion and phenol/
chloroform extraction using a previously described protocol.19 Purified DNA was amplified
by MY09/MY11 and FAP59/64 L1 degenerate primer PCR systems optimized for detection
of mucosal (Alpha species) and cutaneous (Beta and Gamma species) HPV, respectively,
using Gold Taq Polymerase (Applied Biosystems, CA). Details of the procedures are
previously described.20-23 For both HPV PCR assays, a DNA fragment from the (B-globin
gene was co-amplified during PCR to control for the presence of amplifiable genomic DNA
in the specimens. For every 48 specimens tested, a negative (a 100-cell copy HUH-7 cell
line DNA), a weakly positive (a 2-cell copy SiHa HPV DNA), and a strongly positive
control (a 100-cell copy HUH-7 cell line DNA) were also included to monitor for
amplification sensitivity. Negative control for processing contamination included water
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blanks devoid of DNA template in each PCR run. All PCR assays were performed in an
Applied Biosystems 9700 thermocycler. The MY09/11 PCR assays used the following
thermocycling parameters: 95°C for 9 minutes, followed by 40 cycles of 95°C for 60
seconds, 55°C for 60 seconds, and 72°C for 60 seconds and then a final extension at 72°C
for 5 minutes.

The PCR products were separated by gel electrophoresis and hybridized with generic HPV
and B-globin probes. HPV positive samples by PCR were genotyped by dot-blot
hybridization using biotinylated type-specific oligonucleotide probes.19 Hybridization
signals are recorded using a 1+ to 5+ scale for signal intensity. Strict measures to prevent
cross-contamination and false positive reactions were followed. The laboratory personnel
were blinded to clinical data and timing of oral samples.

MY09/11 and FAP59/64-PCR products that were positive by the generic radioactive probe
mix but negative by all type-specific probes were considered to represent “uncharacterized”
HPV types. PCR products with a strong HPV signal (i.e., 3+ on gel) that did not type by dot-
blot were isolated using either gel purification (QIAquick Gel Extraction Kit, Qiagen,
Valencia, CA) or column purification (QuickStep 2 PCR Purification Kit, Edge Biosystems)
and directly sequenced. Upon completion, sequence results for all samples were inputted
into a computer BLAST search against GenBank and a local database in order to identify
uncharacterized HPVs or novel types.

Alpha HPV types were grouped by oncogenic potential: non-oncogenic HPVs included
detected types 6/11, 32/42, 34, 43/91, 53, 62, 71, 72, 73, 81, 82, 83, 84, 86/87, 89/102,
90/106, 114, and other uncharacterized alpha types detected by the MY09/11 PCR primer
system; and oncogenic alpha HPV types included: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58
59, 66 and 68, reported in recent reviews on cervical cancer.24 Cutaneous HPVs included
detected beta types: 5, 8, 12, 14D, 20, 24, 38b, 76, 98, 105, 110 and 124; and gamma types:
101/103, 121, 123, 135, 137/140 and FA1.25-27

Statistical analyses

Results

Contingency tables were constructed for cross-sectional analyses. HPV detection rates in
paired AM and PM samples were compared by McNemar test, and the Kappa statistic was
used to assess agreement beyond chance for HPV detection by phylogenetic group and
specific type. Individuals were considered HPV positive if at least one sample (AM or PM)
contained HPV DNA. Subjects were considered HPV negative if both samples were
negative. Associations between oral HPV detection and the various risk factors were
estimated by Exact tests and odds ratios (ORs) with 95% confidence intervals (Cl).
Confounding by age, HIV viral load and immune status was assessed using a change in
point estimate criterion.

Fifty-two HIV-seropositive adults aged 50-69 (mean=56.3 +4.2 years) were enrolled. The
study participants were primarily male (71%) and African American (75%). Twenty four
(46%) had a high school education or lower, and 36 (69%) were unemployed. Thirty-four
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(65%) reported current substance abuse including tobacco, alcohol and illicit drugs (Table
1).

Oral HPV-DNA was detected in 45 (87%) subjects when morning and afternoon samples
were combined. This reflects patients for whom one or both paired specimens were positive
for typed or uncharacterized HPV DNA by either PCR system (MY09/11 or FAP59/64).
Thirty-five individuals had a typable HPV infection (67%), of which 10 (8%) had one and
25 (71%) had multiple HPV types detected. Oncogenic alpha types were detected in 12
individuals (23%), of which HPV58 and 68 were the most frequently detected types, found
in 8 (15%) and 5 (10%) subjects, respectively and in five (10%) subjects concurrently.
Among non-oncogenic alpha types, HPV32/42 (8%) were the most commonly detected
types. Cutaneous beta or gamma types were detected in 24 (46%) individuals, of which the
most common types included beta-1 type HPV8 (8%) and gamma-1 types HPV101/103
(4%).

We first tested whether a specimen obtained upon arising in the morning would provide
more exfoliated cells and a better substrate for HPV-DNA detection. The detection rate for
HPV-DNA in oral rinse samples was 73% (n=38) and 75% (n=39) in samples collected in
the morning and afternoon, respectively (Table 2). This difference was not statistically
different (McNemar test p=0.782) and showed fair agreement overall (75%, kappa=0.35,
95%Cl: 0.1-0.6). With respect to individual HPV types detected in AM and PM samples,
there was good to excellent agreement between the most commonly detected oncogenic
types 58 (94%, kappa=0.74) and 68 (98%, kappa=0.88), as well as moderate to good
agreement for the vaccine types 6/11 (98%, kappa=0.79) and 16 (96%, kappa=0.49). There
was also significant agreement for HPV16 phylogenetically-related (alpha-9, kappa=0.87)
and HPV18-related types (alpha-7, kappa=0.70), as well as for cutaneous beta-1 (81%,
kappa=0.46) and gamma-1 HPV types (92%, kappa=0.56).

Duration of HIV-disease among the study participants ranged from 1-27 years (mean=14.2
+5.4years). While most patients (94%) were on some form of antiretroviral therapy and
reported full compliance, only a third (38%) were on HAART. HIV-RNA levels and CD4 T-
cell count data were available for 50 and 46 patients, respectively. Seven (15%) had CD4
counts of <200 and 29 (74%) had undetectable HIV-RNA levels (i.e., <400 copies/ml). All
cases with detectable HIV viral-load were positive for HPV and showed a non-significant
dose-response relationship with increasing HIV viral-load (Wilcoxon rank-sum test
p=0.131). Detection of non-oncogenic alpha and beta or gamma HPV was significantly
higher among patients with detectable levels of HIV-RNA compared to patients with
undetectable levels, but not for oncogenic alpha HPV (Table 3). Patients on HAART were
also more likely to test positive for beta or gamma HPV types.

Forty-three (83%) subjects reported sexual exposure of any type (33 heterosexual, 5
homosexual and 5 bisexual) as the possible mode of HIV acquisition, and 41 (79%) reported
a positive history of one or more STDs. In addition, 37 subjects (71%) were seropositive for
hepatitis-B or C, of whom 10 (19%) were seropositive for both. Detection of oncogenic and
non-oncogenic alpha HPV was significantly associated with the hepatitis-C seropositivity.
Significant associations were also observed with history of other STDs (like Gonorrhea) for
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all HPV, and non-oncogenic alpha and cutaneous beta or gamma types specifically. In
contrast, we detected a significant positive association between any oral HPV detection and
lifetime number of intercourse partners, but not with lifetime number of oral sex partners or
recent oral sex (Table 3).

We also assessed whether associations persisted among males alone, which represented the
majority of patients in our study (71%). Males had similar sociodemographic characteristics
as females but differed with respect to history of Gonorrhea (males 62% vs. females 33%,
respectively; Fisher's exact p=0.07), same sex oral sex (33% vs. 0%, p=0.02), =10 lifetime
number of intercourse partners (92% vs. 40%, p<0.001), and =3 oral sex partners (65% vs.
7%, p<0.001). No significant associations were observed between these characteristics and
oral HPV detection among males, nor did we observe a significant difference between males
who reported having sex with men and heterosexual only men (90% vs. 92%, respectively,
p=1.0). Significant associations were observed between HIV viral-load and detection of non-
oncogenic alpha HPV (OR=6.0, 95%CI: 1.0-34.3) and beta or gamma HPV (OR=6.0,
95%Cl: 1.0-34.3), as well as between hepatitis-C seropositivity and oncogenic alpha HPV
(OR=15.3, 95%Cl: 1.7-139.3).

On intraoral examination, nine patients (17%) had missing tonsils, and 15 (29%) had oral
lesions including, candida-associated lesions (15%, n=8), intraoral ulcerations (12%, n=6),
leukoplakia (4%, n=2), and oral hairy leukoplakia (OHL; 2%). Other oral abnormalities
included coated tongue (13%), angular cheilitis (10%), intraoral herpes (2%), and linear
gingival erythema (2%). There were no statistically significant associations between oral
HPV detection and presence of leukoplakia, not including OHL (100% in patients with
leukoplakia vs. 89% in patients without lesions, Fisher exact test p=0.803), any form of oral
candidiasis (88% vs. 89%, p=1.000), or ulcerative lesions combined (83% vs. 89%,
p=0.547). No significant HPV type-specific associations were observed with presence of
concurrent oral lesions, although alpha-7, 1/8, 9 and 10 HPV types were detected more often
in patients with oral candidiasis, while patients with leukoplakia were more likely to present
with beta-1 types (Table 4). The detection of oncogenic alpha HPV and non-oncogenic
alpha-10 types (HPV6/11) was also higher among subjects with a history of genital warts
compared to those without (38% vs. 20%, p=0.366 and 13% vs. 5%, p=0.401, respectively),
whereas subjects with a history of cutaneous warts were more likely to harbor beta or
gamma HPV (37% vs. 43%, p=0.397).

Discussion

Reported prevalence rates of oral HPV in non-cancer patients vary widely. We observed a
high prevalence (87%) of oral HPV in this population of older HIV-positive subjects
reflecting a diverse distribution of alpha, beta and gamma HPV types. Furthermore, we
detected varying associations with immune status markers, sexual behaviors and oral
abnormalities for different HPV types grouped by phylogenetic relatedness and oncogenic
potential.

The overall HPV DNA detection rate of 87% in our study is higher than the 14%-52% range
reported in other studies of HIV positive subjects.6-9: 13.14.28.29 our higher rate of detection
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may be attributed in part to differences in sampling methods; whereas oral brushings collect
cells from specific anatomical area, oral rinses sample exfoliated cells from the entire oral
cavity. The latter is a validated, non-invasive method for sampling the oral cavity for
exfoliated mucosal cells for HPV detection.1# 17 Another difference is the use of a single
assay versus a combination of PCR systems optimized for detection of a broad spectrum of
HPV types, including both mucosal and cutaneous, as done in our study. HPV DNA
(including uncharacterized types) was detected in 20 subjects by MY09/11 (detection rate of
38%) and in 44 subjects by FAP56/64 PCR (detection rate of 85%).

Mucosal HPV infection rate of 38% in our study is between 3 and 4 times higher than 13.5%
and 10% rates reported in the two retrospective analyses of published data on subclinical
HPV detection in normal mucosa.1® 18 Our higher detection rate may be explained by the
characteristics of our cohort. The key contrast between our investigation and the studies
included in these reviews is our focus on HIV seropositive subjects who are known to have
higher rate of oral HPV carriage. The detection rate of 38% for mucosal HPV is well within
the range of 14%-52% reported in studies of HIV positive subjects using assays optimized
for detection of alpha species only.6-9: 13.14. 28,29 Gjyen the compelling role for HPV in
dysplastic progression of oral disease suggested by the two reviews, the high prevalence of
oncogenic HPV types detected in our study of older HIVV-positive adults may pose potential
implications for cancer risk in HIVV/HPV co-infected patients as they survive longer on
HAART.

Whereas primers included in the MY09/11-PCR system are designed to detect alpha HPV
types, this may miss subjects harboring beta or gamma HPV type infections targeted by the
FAP59/64-PCR system also used in this study. The combination of two PCR platforms not
only improves sensitivity by allowing an exhaustive search for overlapping HPV types
tested for by both assays, but also expands the range of detection allowing identification of
new types not identified by the other assay alone. This renders our detection data more
representative of overall oral HPV burden by including types with predilection to infect
skin, mucosa or both.

A total of 146 type-specific infections were identified in 52 paired oral rinse samples
collected in the morning and afternoon of the same day and to our knowledge, this is the
first study to systematically assess the effect on HPV-detection of sampling in the morning
versus the afternoon. Whereas discordant results would reflect differential epithelial
shedding, our results indicate that early morning sampling is not significantly better in
providing a substrate for HPV detection. Testing for agreement in HPV infection by type
and species groups, however, did suggest mucosal (alpha) HPV types were more likely to
‘persist’ than cutaneous (beta or gamma) HPV types. This may represent a stronger
propensity for alpha HPV types to infect and replicate within basal epithelium compared to
cutaneous HPV which may more readily shed as part of normal mucosal turn over.

HIV-infected individuals are more likely to harbor high risk, multiple genotypes in their oral
mucosa.’”811 and the increased risk of tonsillar and oropharyngeal carcinomas observed
among HIV-positive patients® > 30 may be attributed to the higher incidence of oral HPV
infections in these anatomical sites with frequent high risk sexual exposures.812 With
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respect to high-risk types included in the recently released prophylactic HPV vaccines
(HPV16 and 18), 3 patients (6%) were positive for HPV 16 and 1 (2%) for HPV 18 by PCR.
The detection rate of HPV 16 in our study compares well with the 6% prevalence reported
for HIV positive cohorts in other studies.13: 29. 31

The biological basis for high prevalence and broad genotype distribution of HPV in the oral
are not fully understood and potential repercussions of these infections are yet to be
determined. The high rate of consular HPV infection in the upper aero-digestive tract is
attributed to the exposure of basal cells to HPV within the tonsillar crypts.32 In a molecular-
based study, high-risk HPV was present in 26% of gingival biopsies from patients with
chronic periodontitis and localized to the superior component of the junctional epithelium in
the gingival pocket.32 Chronic periodontitis was also an independent risk factor for head and
neck squamous cell carcinoma in a retrospective case-control study.3# In addition,
associations between history of periodontal disease and HPV positive head and neck

cancer 35 as well as periodontitis and oral leukoplakia mediated through local inflammatory
processes have recently been suggested.36 We observed no statistically significant
associations between evidence of concurrent periodontitis and oral HPV detection, although
the direction of association differed for mucosal oncogenic (OR=1.4, 95%CI: 0.3-5.9) and
non-oncogenic types (OR=2.0, 95%CI:0.6-6.5) compared to cutaneous types (OR=0.3, 95%
Cl:0.1-1.1). It has been speculated that chronic local inflammation may facilitate HPV entry
and persistence within the basal epithelium of periodontium34 - the only mucosal site where
target cells for HPV infection are exposed to the oral environment.33 Such novel concepts, if
confirmed, could have potentially significant preventive and therapeutic implications.

Although the underlying mechanism is not clear, local and/or systemic immunosuppression
may promote reactivation of latent and/or acquisition of new HPV infections.8: 7+ 11.13 The
failure of immune system to clear an HPV infection may also lead to progression of genetic
alterations conducive to cancer.3” In our study, only six patients had CD4 counts <200
cells/mm3 consistent with AIDS. This may explain the lack of statistically significant
difference between detection of oral HPV and immune status. An association between HIV
viral-load and oral HPV, possibly manifested through attenuation of local immunity, has
also been suggested.13:14. 29 A|| cases with detectable HIV viral-load in our study tested
positive for HPV in the oral cavity. Our group has previously reported significant
associations between incident cervical HPV infection and combined CD4 count/HIV viral-
load in HIV-positive females.38 Such categorizations may be necessary for understanding
the interaction of CD4 count/HIV viral-load on oral HPV infection. However, a larger
number of subjects than those participating in our pilot project would be needed.
Nonetheless, HIV viral-load was the single strongest factor for HPV overall and for
cutaneous types. In contrast, detection of mucosal types was more closely associated with
history of STDs and sexual activity.

Previous studies have postulated that smoking may lead to impaired mucosal immunity and
promote HPV infection in the oral cavity.8 12:39 We did not detect a significant association
with oral HPV detection and smoking or substance abuse in this HIV-infected population.
However, detection of oral HPV was associated with hepatitis-C or B seropositivity, which
may be a marker of drug exposure as intravenous drug use is a well-known risk factor for
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hepatitis-C transmission. An increased, albeit non-significant, increase in overall HPV was
detected among subjects that reported acquiring HIV through intravenous drug use
(OR=1.94, 95%Cl: 0.2-17.9).

Sexual contact has been proposed as the potential route for transmission of HPV to the oral
cavity, with studies reporting an association between oral HPV and earlier age at first
intercourse, increase in lifetime number of sexual partners,12-3% number of recent oral sex
encounters,12 and open-mouth kissing.1240 While we detected higher prevalence of
oncogenic and non-oncogenic alpha oral HPV among sexually active subjects (engaging in
both intercourse and oral sex), this was not observed for cutaneous HPV types.

With the exception of education, our study matches the profile of the surrounding urban
population. While a higher educational background may render reporting error less likely,
faulty recall may still contribute to misclassification of information on sexual activity.
Subject misclassification may also result from confounding by unmeasured sexual behavior
left out from our questionnaire. More specifically, we did not collect information on the use
of barrier contraception during oro-genital sex (cunnilingus and fellatio) as well as open-
mouth kissing, both of which could impact the observed associations between markers of
sexual activity and oral HPV infection.

In our study, only two patients had leukoplakia on clinical examination. Some have
advocated the use of a colposcope during oral examination to detect subclinical HPV
infected mucosa and improve diagnostic accuracy*? Although this device may have a role as
a diagnostic adjunct in detection of HPV-infected oral lesions, no guidelines regarding its
use in the oral cavity has yet been established. No significant associations were found with
current oral lesion status, although we did observe suggestive associations with history of
cutaneous and genital warts that support the etiologic propensities of mucosal and cutaneous
HPV. Whereas mucosal HPV were positively associated with history of genital warts, beta
and gamma HPV types appeared to be specifically associated with cutaneous warts.
However, low-risk alpha types HPV6/11, known to manifest into mucocutaneous warts,
were detected only in three (6%) subjects, none of whom had genital warts.

In spite of the small sample size and limited power, we identified several statistically
significant associations with HIV viral load, Hepatitis-C seropositivity, history of STDs, and
lifetime number of sexual partners (including intercourse and oral sex partners). However,
the cross-sectional study design and lack of specific information on timing of proposed
exposures did not allow us establish a temporal relationship or causality. The relative
associations between oral HPV detection and the various risk characteristics were also
assessed using multivariable logistic regression adjusting for age and for HIV viral load or
CD4 count, but showed little statistical difference using the change in estimate criteria
proposed by Greenland & Robins.#! Due to the small sample size, we were not able to test
for effect modification or combined effects of multiple covariates. This study was designed
to examine the reproducibility of early morning oral rinse self-sampling for oral HPV
detection and to describe putative risk factor associations with oral HPV detection in an HIV
seropositive population warranting further investigations. The selective nature of our study
population impacts generalizability of our findings such that data on oral HPV prevalence as
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well as identified associations between oral HPV status and selected variables are only
applicable to older, urban, HIV positive cohorts. The information gleaned from the analysis
of HPV concordance between paired oral rinse samples is; however, relevant to any PCR-
based investigation using oral lavage to sample exfoliated cells for HPV detection.

In this study, we observed a high prevalence of oral HPV in older HIVV-positive subjects
including HPV types previously associated with skin conditions, as well as mucosal types
with known associations to cancer. The high burden of HPV and the broad spectrum of
types detected suggest that oral cavity, in the context of aging and immunosuppression may
be a reservoir of subclinical HPV infection and pose potential implications for HIV/HPV co-
infected patients whose life expectancy has improved dramatically with HAART. Paired
oral specimens were equivalent in all parameters tested suggesting that self-collected oral
rinse sampling may be a reproducible, convenient method for monitoring oral HPV infection
in high risk patients. We observed significant associations between oral HPV and increased
HIV viral-load, hepatitis-C seropositivity, history of STDs, and lifetime number of sexual
partners. While this study also suggests associations may exist between oral HPV and
different types of oral lesions and warts detected in HIV positive patients, these remain to be
confirmed. Future studies are warranted to clarify mechanism of HPV spread to the oral
cavity, risk factors for its acquisition and persistence as well as the potential role of different
HPV types in oral disease.

Acknowledgments

We thank the participants of this study; Betsy Vibert for her coordinating efforts; Amy Razukiewicz for help with
HPV genotyping analyses; and Drs. Barbara Greenberg and Mel Kantor for assistance with study design.

Funding: This work was supported in part by the National Cancer Institute (CA78527 to RDB), National Institute
for Dental and Craniofacial Research (DE021671 to NFS), the Einstein-Montefiore Center for AIDS funded by the
National Institutes of Health (A1051519), the Einstein Cancer Research Center (P30-CA013330) funded by the
National Cancer Institute, and the New Jersey Dental School Department of Diagnostic Sciences.

Posters/abstracts based on this work: Mahnaz Fatahzadeh, Nicolas F. Schlecht, Janae Ostoloza, Anne Dunne,
Dannielle Botallico, Sharod McKinney and Robert D. Burk. Reproducibility of early morning oral rinse self
sampling for detection of oral HPV. 26t International Papillomavirus Conference. Montreal, Canada.

Mahnaz Fatahzadeh, Nicolas F. Schlecht, Danielle Botallico, and Robert D. Burk.A cross sectional study of oral
HPV infection in older HIV positive subjects. 26! International Papillomavirus Conference. Montreal, Canada.

Published paper with some data from this research (reference 16): Bottalico D, Chen Z, Dunne A, Ostoloza J,
McKinney S, Sun C, et al. The oral cavity contains abundant known and novel human papillomaviruses from the
beta papillomavirus and gamma papillomavirus genera. J Infect Dis. 2011; 204(5):787-92.

References

1. Lazzari CM, Krug LP, Quadros OF, Baldi CB, Bozzetti MC. Human papillomavirus frequency in
oral epithelial lesions. J Oral Pathol Med. 2004; 33:260-3. [PubMed: 15078484]

2. Giovannelli L, Campisi G, Lama A, Giambalvo O, Osborn, Margiotta V, et al. P. Human
Papillomavirus DNA in Oral Mucosal Lesions. J Infec Dis. 2002; 185:833-6. [PubMed: 11920302]

3. Schlecht NF, Burk RD, Adrien L, Dunne A, Kawachi N, Sarta C, et al. Gene expression profiles in
HPV-infected head and neck cancer. J Pathol. 2007; 213:283-93. [PubMed: 17893858]

Oral Surg Oral Med Oral Pathol Oral Radiol. Author manuscript; available in PMC 2014 May 06.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Fatahzadeh et al.

12.

13.

15.

16.

17.

Page 11

. Fordyce EJ, Wang Z, Kahn AR, Gallagher BK, Merlos I, Ly S, et al. Risk of cancer among women

with AIDS in New York City. AIDS Public Policy J. 2000; 15:95-104. [PubMed: 12189715]

. Gillison ML. Oropharyngeal cancer: a potential consequence of concomitant HPV and HIV

infection. Curr Opin Oncol. 2009; 21:439-44. [PubMed: 19587593]

. Coutlee F, Trottier AM, Ghattas G, Leduc R, Toma E, Sanche G, et al. Risk factors for oral human

papillomavirus in adults infected and not infected with human immunodeficiency virus. Sex Transm
Dis. 1997; 24:23-31. [PubMed: 9018780]

. Fakhry C, D'souza G, Sugar E, Weber K, Goshu E, Minkoff H, et al. Relationship between

Prevalent Oral and Cervical Human Papillomavirus Infections in Human mmunodeficiency Virus-
Positive and -Negative Women. J Clin Microbiol. 2006; 44:4479-85. [PubMed: 17021055]

. Kreimer AR, Alberg AJ, Daniel R, Gravitt PE, Viscidi R, Garrett ES, et al. Oral human

papillomavirus infection in adults is associated with sexual behavior and HIV serostatus. J Infect
Dis. 2004; 189:686-98. [PubMed: 14767823]

. Sireraa G, Videla S, Pinol MP, Canadas M, Llatjos M, Ballesters AL, et al. High prevalence of

human papillomavirus infection in the anus, penis and mouth in HIV-positive men. AIDS. 2006;
20:1201-4. [PubMed: 16691074]

10. Hagensee ME, Cameron JE, Leigh JE, Clark RA. Human papillomavirus infection and disease in

HIV-infected individuals. Am J Med Sci. 2004; 328:57-63. [PubMed: 15254442]
. D';Souza G, Fakhry C, Sugar EA, Seaberg EC, Weber K, Minkoff HL, et al. Six-month natural
history of oral versus cervical human papillomavirus infection. Int J Cancer. 2007; 121:143-50.
[PubMed: 17354235]
D'Souza G, Agrawal Y, Halpern J, Bodison S, Gillison M. Oral Sexual Behaviors Associated with
Prevalent Oral Human Papillomavirus Infection. J Infec Dis. 2009; 199(9):1263-9. [PubMed:
19320589]
Cameron JE, Mercante D, O'Brien M, Gaffga AM, Leigh JE, Fidel PL, et al. The impact of highly
active antiretroviral therapy and immunodeficiency on human papillomavirus infection of the oral
cavity of HIV-seropositive adults. Sexually Trans Dis. 2005; 32:703-9.

14. D'Souza G, Sugar E, Ruby W, Gravitt P, Gillison M. Analysis of the effect of DNA purification on

detection of human papillomavirus in oral rinse samples by PCR. J Clin Microbiol. 2005;
43:5526-35. [PubMed: 16272481]

Miller CS, White DK. Human papillomavirus expression in oral mucosa, premalignant conditions,
and squamous cell carcinoma: a retrospective review of the literature. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 1996; 82:57-68. [PubMed: 8843455]

Miller CS, Johnstone BM. Human papillomavirus as a risk factor for oral squamous cell
carcinoma: a met-analysis, 1982-1997. Oral Surg Oral Med Oral Pathol endod. 2001; 91:622-35.
Heath EM, Morken NW, Campbell KA, Tkach D, Boyd EA, Strom DA. Use of buccal cells
collected in mouthwash as a source of DNA for clinical testing. Arch Pathol Lab Med. 2001,
125:127-33. [PubMed: 11151066]

18. Castro TP, Filho B. Prevalence of humanpapillomavirus (HPV) in oral cavity and oropharynx.

Brazil J Otolaryng. 2006; 72(2):272-82.

19. Bottalico D, Chen Z, Dunne A, Ostoloza J, McKinney S, Sun C, et al. The oral cavity contains

abundant known and novel human papillomaviruses from the beta papillomavirus and gamma
papillomavirus genera. J Infect Dis. 2011; 204:787-92. [PubMed: 21844305]

20. Castle P, Schiffman M, Gravitt P, Kendall H, Fishman S, Dong H, et al. Comparisons of HPV

DNA detection by MY09/11 PCR methods. J Med Virol. 2002; 68:417-23. [PubMed: 12226831]

21. Forslund O, Antonsson A, Nordin P, Stenquist B, Hansson BG. A broad range of human

papillomavirus types detected by a general PCR method suitable for analysis of cutaneous tumors
and normal skin. J Gen Virol. 1999; 80:2437-43. [PubMed: 10501499]

22. Burk R, Ho G, Beardsley L, Lempa M, Peters M, Bierman R. Sexual behavior and partner

characteristics are the predominant risk factors for genital human papillomavirus infections in
young women. J Infect Dis. 1996; 174:679-89. [PubMed: 8843203]

23. Qu W, Jiang G, Cruz Y, Chang C, Ho G, Klein RS. PCR detection of human papillomavirus:

comparison between MY09/MY11 and GP5+/GP6+ primer systems. J Clin Microbiol. 1997;
35:1304-10. [PubMed: 9163434]

Oral Surg Oral Med Oral Pathol Oral Radiol. Author manuscript; available in PMC 2014 May 06.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Fatahzadeh et al.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 12

Clifford GM, Gallus S, Herrero R, Munoz N, Snijders PJ, Vaccarella S, et al. Worldwide
distribution of human papillomavirus types in cytologically normal women in the International
Agency for Research on Cancer HPV prevalence surveys: a pooled analysis. Lancet. 2005;
366:991-998. [PubMed: 16168781]

Gottschling M, Kohler A, Stockfleth E, Nindl I. Phylogenetic analysis of beta-papillomaviruses as
inferred from nucleotide and amino acid sequence data. Mol Phylogenet Evol. 2007; 42:213-22.
[PubMed: 16935527]

Narechania A, Chen Z, DeSalle R, Burk RD. Phylogenetic incongruence among oncogenic genital
alpha human papillomaviruses. J Virol. 2005; 79:15503-10. [PubMed: 16306621]

de Villiers EM, Fauquet C, Broker TR, Bernard HU, zur Hausen H. Classification of
papillomaviruses. Virology. 2004; 324:17-27. [PubMed: 15183049]

Richter KR, van Rensburg EJ, van Heerden W, Boy SC. Human papilloma virus types in the oral
and cervical mucosa of HIV-positive South African women prior to antiretroviral therapy. J Oral
Pathol Med. 2008; 37:555-9. [PubMed: 18355174]

Beachler DC, Weber KM, Margolick JB, Strickler HD, Cranston RD, Burk RD, et al. Risk Factors
for Oral HPV Infection among a High Prevalence Population of HIV-Positive and At-Risk HIV-
Negative Adults. Cancer Epidemiol Biomarkers Prev. 2012; 21:122-33. [PubMed: 22045700]
Engels E, Biggar R, Hall H, et al. Cancer risk in people infected with human immunodeficiency
virus in the United States. Int J Cancer. 2008; 123:187-94. [PubMed: 18435450]

Fakhry C, Sugar E, D'Souza G, Gillison M. Two-Week versus Six-Month Sampling Interval in a
Short-Term Natural History Study of Oral HPV Infection in an HIVV-Positive Cohort. PL0S One.
2010; 5:211918. [PubMed: 20689835]

Campisi G, Giovannelli L. Controversies surrounding human papilloma virus infection, head &
neck vs oral cancer, implications for prophylaxis and treatment. Head Neck Oncol. 2009;
1:8.10.1186/1758-3284-1-8 [PubMed: 19331691]

Hormia M, Willberg J, Ruokonen H, Syrjanen S. Marginal periodontium as a potential reservoir of
HPV in oral mucosa. J Periodontol. 2005; 76:358-63. [PubMed: 15857068]

Tezal M, Scannapieco F, Wactawski-Wende J, Hyland A, Marshall J, Rigual N, et al. Local
inflammation and human papillomavirus status of head and neck cancers. Arch Otolaryngol Head
Neck Surg. 2012; 138:669—-75. [PubMed: 22710409]

Tezal M, Sullivan M, Hyland A, Marshall J, Stoler D, Reid M, et al. Chronic periodontitis and the
incidence of head and neck squamous cell carcinoma. Cancer Epidemiol, biomarkers Prev. 2009;
18:2406-12. [PubMed: 19745222]

Meisel P, Holtfreter B, Biffar R, Suemnig W, Hocher T. Association of periodontitis with risk of
oral leukoplakia. Oral Oncology. 2012; 48:859-63. [PubMed: 22436883]

Palefsky J. Biology of HPV in HIV infection. Adv dent Res. 2006; 19:99-105. [PubMed:
16672559]

Strickler HD, Burk RD, Fazzari M, Anastos K, Minkoff H, Massad S, et al. Natural history and
possible reactivation of human papillomavirus in human immunodeficiency virus-positive women.
J Natl Cancer Inst. 2005; 97:577-86. [PubMed: 15840880]

Smith E, Swarnavel S, Ritchie J, Wang D, Haugen T, Turek L. Prevalence of Human
Papillomavirus in the oral cavity/oropharynx in a large population of children and adolescents.
Pediatr Infec Dis J. 2007; 26:836-40. [PubMed: 17721381]

Xavier SD, Filho IB, de Carvalho JM, Castro TM, Framil VM, Syrjanen KJ. Prevalence of human
papillomavirus (HPV) DNA in oral mucosa of men with anogenital HPV infection. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2009; 108:732—7. [PubMed: 19766023]

Greenland S, Robins JM. Identifiability, exchangeability, and epidemiological confounding. Int J
Epidemiol. 1986; 15:413-9. [PubMed: 3771081]

Oral Surg Oral Med Oral Pathol Oral Radiol. Author manuscript; available in PMC 2014 May 06.



Fatahzadeh et al. Page 13

Oral Surg Oral Med Oral Pathol Oral Radiol. Author manuscript; available in PMC 2014 May 06.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

Fatahzadeh et al. Page 14

Table 1
Demographic, immune and sexual behavior characteristics of study sample

Demographic characteristics Age N (%)
Age
<56 years 25 (48%)
56" years 27 (52%)
Gender
Females 15 (29%)
Males 37 (71%)
Race/Ethnicity
African-American 39 (75%)
White/Hispanic 13 (25%)
Education
<Grade 12 24 (46%)
>Grade 12 28 (54%)
Current employment
Unemployed 36 (69%)
Employed/retired 16 (31%)
Substance abuse
No 18 (35%)
Yes 34 (65%)
Current smoker
No 32 (61%)
Yes 20 (39%)

HIV/AIDS markers

CD4 count (cells/mm3)P
>500 20 (44%)
<500 26 (56%)

HIV Viral load (copies/mL)b

Undetectable 37 (74%)

Detectable 13 (26%)
HAART2

No 29 (56%)

Yes 20 (38%)

Other infections

History of Sexually transmitted diseases®

Chlamydia 8 (15%)
Gonorrhea 28 (54%)
Genital herpes 21 (40%)
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Demographic characteristics Age N (%)
Syphilis 15 (29%)
Blood borne infections®
Hepatitis-B 23 (44%)
Hepatitis-C 24 (46%)
Sexual Activity
Age of first intercourse
16+ years 28 (54%)
<16 years 24 (46%)
Lifetime # of intercourse partners
<10 12 (23%)
10+ 40 (77%)
Lifetime # of oral sex partners
<2 27 (52%)
3+ 25 (48%)
Oral sex in last year
No/Never 35 (67%)
Yes 17 (33%)
Same sex oral sex
No 34 (76%)
Yes 11 (24%)

a . . .
Row numbers may not sum to 52 due to missing data or overlapping categories.

b . o
Restricted to test results collected within 6 months of HPV sample.
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Table 2
Detection rate of HPV by phylogenetic relatedness and oral sampling method

HPV by species group and oncogenic potential  ge|f Sample N (%)@ ~ Clinic Sample N (%) Overall N (%)@  Kappa (95%C1)P

Alpha species

@10 (HPV6/11 and related types) 3 (6%) 2 (4%) 3 (6%) 0.79 (0.4-1.0)
HPV6/11 alone 3 (6%) 2 (4%) 3 (6%) 0.79 (0.4-1.0)
a9 (HPV16 and related types) 10 (19%) 8 (15%) 10 (19%) 0.87 (0.7-1.0)
HPV16 alone 1 (2%) 3 (6%) 3 (6%) 0.49 (-0.1-1.0)
all 2 (4%) 1 (2%) 3 (6%) -0.03 (-0.08-0.03)
a7 (HPV18 and related types) 6 (12%) 5 (10%) 7 (14%) 0.70 (0.4-1.0)
HPV18 alone 0 (0%) 1 (2%) 1 (2%) 0.00 (NA)C
ab/ab 3 (6%) 5 (10%) 6 (12%) 0.46 (0.02-0.9)
al5/a3/a?2 11 (21%) 11 (21%) 13 (25%) 0.77 (0.6-1.0)
al/a8 5 (10%) 5 (10%) 7 (14%) 0.56 (0.2-0.9)
HPV32/42 alone 4 (8%) 2 (4%) 4 (8%) 0.65 (0.2-1.0)
Beta species
Bl 13 (25%) 11 (21%) 17 (33%) 0.46 (0.2-0.7)
B2 3 (6%) 2 (4%) 5 (10%) 0.29 (-0.2-0.8)
B6 0 (0%) 1 (2%) 1 (2%) 0.00 (NA)C

Gamma species
vl 5 (10%) 5 (10%) 7 (14%) 0.56 (0.2-0.9)

By tropism and oncogenic status

Oncogenic alpha types 12 (23%) 8 (15%) 12 (23%) 0.76 (0.5-1.0)
Non-oncogenic alpha types 17 (33%) 18 (35%) 21 (40%) 0.70 (0.5-0.9)
Cutaneous (beta & gamma) types 19 (37%) 17 (33%) 24 (46%) 0.49 (0.2-0.7)
All HPV (characterized types)d 31 (60%) 28 (54%) 35 (67%) 0.57 (0.3-0.8)
All HPV (total) 38 (73%) 39 (75%) 45 (87%) 0.35(0.1-0.6)

a . . "
Proportion (%) of subjects found to be HPV-positive.

b - ] .
Kappa statistic and 95% confidence intervals (Cl).

c .
95%C| were not approximated (NA) due to small number.

dIncludes only confirmed types characterized by dot-blot hybridization or sequencing.
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