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Abstract

Background—L.ittle is known about the epidemiology or risk factors for oral human
papillomavirus (HPV) in HIV-infected youth. The objectives of this study were to determine the
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prevalence and correlates of oral HPV infection, and explore the association between HPV
vaccination and oral infection, in HIV-infected youth.

Methods—Youth 12-24 years of age with behaviorally-acquired HIV were recruited for this
cross-sectional study. Procedures involved medical chart review, survey, and collection of an oral
rinse sample. Univariable and multivariable logistic regression models were used to determine
whether demographic, behavioral, immunologic and virologic factors and history of vaccination
were significantly associated with oral HPV infection.

Results—Mean age of the 272 participants was 21.5 years; 64% were non-Hispanic Black and
20.2% Hispanic; and 10.8% of men compared to 20.3% of women were fully vaccinated. HPV
prevalence in men was 19.7% and in women 18.6% (p=1.0). Only men were positive for vaccine-
type HPV: 5.6% were positive for HPV-6, -11, -16, and/or -18, and 4.2% were positive for
HPV-16 and/or -18. Among men who were fully vaccinated, none were positive for HPV-6, -11,
-16, and/or -18, compared to 12 (6.3%) of men who were not fully vaccinated (p=.37). Two
variables were marginally associated with oral HPV (p <.10): marijuana use in the previous 3
months and lower CD4+ T cell count.

Conclusions—Prevalence rates of oral HPV were relatively high in this population of HIV-
infected youth and were similar in male and female youth. No fully vaccinated men were infected
with vaccine-type HPV.

Keywords
Human Immunodeficiency Virus; Papillomavirus Infections; Adolescents; Youth

Background

Human papillomavirus (HPV) is a common sexually transmitted infection (STI) that may
cause significant morbidity and mortality.[1] Infection with low-risk types such as HPV-6
and HPV-11 may cause anogenital or oral condylomata, while infection with high-risk types
such as HPV-16 and HPV-18 may cause anogenital or oropharyngeal cancers.[2] The oral
cavity is an important reservoir for HPV infection, especially in HIV-positive individuals.[3,
4] Oral infection with high-risk HPV types is the principal cause of oropharyngeal cancers, a
subset of head and neck squamous cell carcinomas (HNSCC).[5] Incidence rates of HPV-
related oropharyngeal cancers have more than doubled in the past few decades.[6] HIV-
infected individuals are at a 2- to 6-fold increased risk for oropharyngeal cancers compared
to the general population, and the risk of cancer increases with the severity of AIDS-related
immunosuppression.[7]

Little is known about the epidemiology, natural history, or risk factors for oral HPV in HIV-
infected youth. In addition, it has not yet been established that HPV vaccination is effective
in preventing oral infection with types targeted by the vaccines, though a study completed
four years after HPV vaccination in a clinical trial demonstrated that vaccine-type oral HPV
infection was significantly lower in the vaccine arm compared to the control arm.[8] The
natural history and risk factors for oral HPV infection in youth may differ from adult
populations: incidence and clearance rates may be higher, and behaviors such as cigarette
smoking, marijuana use, and oral sex may be more common. Therefore, we conducted a
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cross-sectional study in a sample of HIV-infected youth with the following aims: 1) to
examine the prevalence of oral HPV infection in this population; 2) to define the behavioral,
immunologic and virologic correlates of oral HPV infection; and 3) to explore the
association between HPV vaccination and oral HPV infection.

Study participants

All participants in an observational study of youth ages 12 to 24 years with behaviorally-
acquired HIV were invited to participate in this cross-sectional sub-study. The primary
inclusion criterion was behaviorally acquired HIV infection. Exclusion criteria included
serious psychiatric symptoms or intoxication with alcohol or drugs. Participants were
recruited from five U.S. sites participating in the Adolescent Medicine Trials Network for
HIV/AIDS Interventions (ATN). This protocol was approved by the Institutional Review
Boards (IRB) of each site and the institution where the central laboratory was located.
Signed informed consent/assent to participate was obtained from the subject or from the
parent/legal guardian for subjects who could not consent for themselves.

Study design and procedures

Audio computer-assisted self-interviewing (paper-and-pencil surveys were available in
Spanish) was used to assess demographic information, substance use, mental health history,
sexual behaviors, and adherence to HIV medications. A medical chart abstraction was
conducted to assess HIV-1 viral load and CD4+ T-cell count and HPV vaccination history.
An oral rinse sample was collected for HPV testing: participants swished and gargled with
10mL of Scope mouthwash (or sterile saline if requested) for 30 seconds and then spit into a
collection cup. This method is described in more detail in D'souza et al., 2005.[9] DNA
purification was accomplished by processing a 1.5 mL aliquot using the Qiagen Virus/
Bacteria Midi Kit (Qiagen Inc.; Hilden, Germany) on the Qiasymphony SP instrument.[10]
The presence of any of 37 HPV DNA types and beta-globin was detected in the purified
DNA by PGMY primer polymerase chain reaction (PCR), followed by reverse line blot
hybridization (Roche Linear Array HPV Genotyping Test, Roche Molecular System, Inc.).
[11] Beta-globin positive samples were considered evaluable and classified as HPV-positive
if any of the 37 HPV DNA types were detected.

Statistical analyses

The primary outcome variable was oral HPV infection, defined as at least one HPV type
identified. Prevalence of single HPV types, high-risk types HPV-16 and -18, any high-risk
type, and multiple (= 2) types was also assessed. The main independent variables were
demographic characteristics (gender, age, race, ethnicity, marital status, education and
sexual orientation), behavioral factors (substance use, sexual behaviors, HIV medication
adherence), immunologic factors (CD4+ T-cell count), and virologic factors (length of time
since HIV diagnosis, route of HIV infection, and HIV viral load). HPV vaccination status
was assessed by a complete review of the medical record and self-report; if either indicated
HPV vaccination the participant was considered to be vaccinated. Univariable and
multivariable logistic regression was used to examine the associations between independent
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variables and oral HPV infection. Independent variables associated with HPV infection at p
< 0.15 in univariable analysis were included in the initial multivariable model, and retained
in the final model only if the p-value was < 0.05.

A total of 272 participants (213 male and 59 female) were enrolled in the study between
August 2011 and June 2012 (Table 1). Mean age was 21.5 years and the majority (64%)
was non-Hispanic Black. Most men (89.7%) reported they were gay or bisexual, while most
women (84.7%) reported they were heterosexual. Approximately half (50.8%) of women
and 33.3% of men had received at least one HPV vaccine dose (all quadrivalent): 20.3% of
women and 10.8% of men had received at least three doses. The correlations between
medical record confirmation and self-report of HPV vaccination (for receipt of one, two,
three, or at least three doses) were moderate: they ranged from 0.44 to 0.64 when measured
using a Kappa statistic, and from 0.47 to 0.68 using a Spearman's correlation coefficient.

Overall HPV prevalence was 19.5% and was slightly higher in men (19.7%) than women
(18.6%) (Table 2). Only men were positive for vaccine-type HPV (HPV-6, -11, -16, or
HPV-18): 5.6% were positive for at least one vaccine type HPV, 3 (1.4%) for HPV-6, 2
(0.9%) for HPV-11, 8 (3.8%) for HPV-16, and 1 (0.5%) for HPV-18. Among men, 4.2%
were positive for HPV-16 and/or -18. Another common type in men was HPV-59, identified
in 8 (3.8%); the most common types identified in women were HPV-84, identified in 3
(5.1%) participants, and HPV-52 and HPV-81, both identified in 2 (3.4%) of participants
(data not shown). Of those participants positive for oral HPV, approximately half had at
least one high-risk type, and more than one-third had multiple types, with a range of 0-4
types for men and 0-3 types for women. All samples were positive for beta-globin,
indicating an adequate sample for detecting HPV DNA.

In univariable analyses, no demographic, behavioral, immunologic or virologic factors were
significantly associated (p < .05) with oral HPV prevalence (Table 3). However, two
variables were associated with oral HPV infection at a marginal level of significance: recent
marijuana use (almost daily/daily vs. weekly or less, p =.069) and CD4+ T cell count (< 350
vs. = 350 cells/mm3, p = .066). Results were similar when sexual behaviors were analyzed
as continuous (vs. categorical) variables and when these analyses were stratified by gender.
When variables associated at p < .15 with oral HPV in univariable models were included in
a multivariable model, no variables contributed significantly to predicting the occurrence of
oral HPV (p > .05). Although receipt of an HPV vaccine was not associated with oral HPV
infection among men and women combined (Table 3), gender-stratified analyses
demonstrated that prevalence of HPV-16 and/or -18 was 0 among men who had received = 3
HPV vaccine doses, compared to 9 (4.7%) among men who had received < 3 doses (p=.60).
Similarly, prevalence of HPV-6, -11, -16, and/or -18 was 0 among men who completed = 3
vaccine doses, compared to 12 (6.3%) among men who had not (p=.37).
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Discussion

In this study, we examined the cross-sectional prevalence of oral HPV in HIV-infected
youth and the behavioral, immunologic, and virologic correlates of oral HPV infection.
Given the greater potency and tolerability of newer antiretroviral regimens, many youth will
live for decades with HIV and will therefore be at-risk for long-term complications. Thus,
understanding co-infections in this population and identifying specific contributions
resulting from HIV infection in the development and pathogenesis of HPV-related cancers is
important, as earlier interventions may be needed to impact diseases that could be decades
away.

In this study sample, the overall prevalence of oral HPV was 19.5% and was similar in men
and women. In previous studies of HIV-uninfected adults, cross-sectional prevalence for
oral HPV ranged widely, from 4.0% to 31.1%, and no consistent association between gender
and oral HPV has been demonstrated though prevalence is higher in men than in women in
some studies.[4, 12-18] In a systematic review of 18 published studies that detected oral
HPV DNA in 4,581 healthy individuals, 3.5% were positive for a high-risk HPV type and
4.5% for any HPV type.[13] Rates are generally higher in HIV-infected individuals, ranging
from 7% to 47% in published studies of adult populations.[12, 15, 19, 20] For example, in
the Women's Interagency HIV Study, HIV-positive women had substantially higher rates of
oral HPV compared to HIV-negative women (point prevalence of 25% vs. 9% and 6-month
cumulative prevalence of 33% vs. 15%, respectively),[4] and in a study of men and women
who were HIV-infected or HIV-uninfected but at risk, the prevalence of any HPV was 35%
vs. 18% in HIV-infected vs. HIV-uninfected women, and 45% vs. 28% in HIV-infected vs.
HIV-uninfected men.[15]

Few studies have examined the prevalence of oral HPV infection in youth, though several
studies have examined rates of oral HPV infection in infants and young children, who are at
risk for recurrent respiratory papillomatosis caused by vertically-transmitted low-risk HPV
types.[21-23] Youth may be at relatively high risk for oral HPV infection given that oral
sexual behaviors and smoking are common in this age group and adolescents/young adults
have the highest age-specific rates of STIs.[24] Tobacco use is a well-established risk factor
for HPV persistence, viral load, and neoplastic progression in the cervix. [25-27] In two
studies of healthy individuals that examined the prevalence of oral HPV among the subset of
study subjects who were adolescents, the authors estimated that the prevalence of oral HPV
in this age group was approximately 5%.[21, 28] In a larger study of healthy children and
adolescents recruited from several community- and hospital-based sites, Smith et al.
reported that the prevalence of oral HPV was 1.5% among 12-15 year-olds (N=200), and
3.3% among 16-20 year-olds (N=336).[23] In a study of adolescents and young adults
recruited from a university setting, HPV prevalence was 2.4%.[17] In contrast, HPV
prevalence was substantially higher — and similar to the rates found in our study — in two
studies of HIV-uninfected adolescents and young adults at relatively high risk for STIs. In a
study of sexually active urban young women in the U.S. who were 14-20 years of age,
19.6% were positive for oral HPV[29] and in a study of youth in Sweden attending a clinic
for contraception and STI treatment, 9.3% were positive for oral HPV.[30]
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In summary, HPV prevalence in our study sample of HIV-infected youth are generally
similar to or lower than the prevalence in HIV-infected adults,[4, 12, 15, 19, 20] higher than
the prevalence in most studies of HIV-uninfected children, adolescents and adults,[4, 12-18,
21-23, 31] and comparable to oral HPV prevalence in adolescents and young adults at high
risk for STIs.[29, 30] The findings suggest that important risk factors for oral HPV in youth
are riskier sexual behaviors and immunosuppression, and the high rates of oral HPV are
concerning in terms of their potential to impact rates of oropharyngeal cancers later in life.
Longitudinal data are needed to determine the natural history and persistence of oral HPV in
HIV-infected individuals, and factors associated with the development of HNSCC.

The most commonly-detected HPV types in men and women differed in this study sample:
HPV-16 and HPV-59 were the most common in men, while HPV-52, -81 and -84 were the
most common in women. In previous studies and across age groups, HPV-16 has usually
been identified as the most commonly detected HPV type;[16, 23, 30, 32] however, most of
the participants in these studies were unvaccinated. In a systematic review of HPV
prevalence in healthy individuals, 1.3% were positive for HPV-16 and this accounted for
28% of all HPV infections.[13] An unexpected finding in our study was that only men were
infected with HPV-6, -11, -16, and -18. One previous study of HIV-infected adults
demonstrated a slightly higher rate of HPV-16 in men compared to women (6.8% vs. 5.4%),
and a national study of oral HPV infection in 14- to 69-year-old individuals demonstrated
that the prevalence of oral HPV was approximately 3-fold higher in men than women and
the prevalence of HPV-16 was more than 5-fold higher in men than women.[16] Higher
rates of HPV-16 in men vs. women are concerning in that they may explain the substantially
higher risk for HPV-positive oropharyngeal cancers in men. The fact that only men were
positive for vaccine-type HPV in our study may reflect the fact that significantly more
women than men had ever received an HPV vaccine, and none of the men who were fully
vaccinated were positive for at least one vaccine-type HPV, vs. 6.3% of men who were not
fully vaccinated. This preliminary finding must be confirmed in studies with larger sample
sizes.

Finally, we examined behavioral, immunologic and virologic correlates of oral HPV
infection in HIV-infected youth. In univariable analyses, no factors were significantly
associated with oral HPV prevalence. However, two variables were associated with oral
HPV infection at a marginal level of significance: marijuana use in the previous 3 months
and lower CD4+ T cell count. Marijuana use and lower CD4+ T cell count among HIV-
infected individuals have been associated with oral HPV positivity in some previous studies,
[15, 16] and are important in that they are potentially modifiable factors to prevent oral HPV
infection. Marijuana use was shown to be associated with HPV-16-positive HNSCC in a
previous study.[33] The authors note that it is biologically plausible that marijuana could
promote the development of HPV-positive HNSCC, as marijuana smoke contains
carcinogens that can cause molecular changes in the airway epithelium and cannabionoids
suppress humoral and cell-mediated immune responses and may suppress anti-tumor
immunity. Alternatively, marijuana use could be an indicator of other behaviors that would
put youth at risk for HPV. The marginal reverse association between CD4+ T-cell count and
oral HPV infection suggests that immunosuppression may be associated with increased

Sex Transm Dis. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kahn et al.

Page 7

susceptibility to oral virus infection or replication, and is consistent with previous work
demonstrating higher HPV prevalence in HIV-infected individuals.[34-37]

There are a number of limitations to this study. The number of participants enrolled was
relatively small, limiting statistical power to detect associations between independent
variables and oral HPV prevalence. HPV prevalence was measured at only one point in
time, and the prevalence may have been underestimated because of issues with oral
sampling or transient fluctuation of the HPV viral load below the lower limit of detection. If
the proportion of those with HPV was underestimated, analyses examining factors
associated with HPV infection may have been biased toward the null. Prevalence of oral
HPV may be underestimated because the Roche assay was designed to detect the HPV types
most strongly associated with cervical cancer, while the types found in the oral cavity may
differ from those found in the anogenital area. Differences in HPV prevalence across studies
may be due to differences in sampling methods, HPV testing methods, and study design.
Finally, oral sexual behaviors were only assessed for the prior three months; oral HPV
prevalence may be associated with lifetime, but not recent, number of oral sexual partners in
this population.

Despite these limitations, this study provides novel data regarding the prevalence of oral
HPV infection in HIV-infected youth and the possible behavioral, immunologic and
virologic correlates of infection. Additional research will be important to determine why
vaccine-type HPV was only identified among men in this study, to further examine whether
HPV vaccination prevents oral HPV infection, to explore mechanisms by which marijuana
might increase the risk of oral HPV, to examine the natural history of oral HPV and
determinants of HNSCC risk in HIV-infected individuals, and to develop interventions to
prevent oral HPV and its sequelae in this population.
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