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Abstract

Human papillomavirus (HPV), Epstein-Barr virus (EBV), and Kaposi sarcoma-associated herpes
virus (KSHV) may promote oral cancers, especially among immunosuppressed individuals. The
aims of this study were to examine whether demographic characteristics, medical history, sexual
behaviors, substance use, CD4+ T-cell count, HIV viral load, and HPV vaccination were
associated with HPV, EBV and KSHYV infection and viral load. Multivariable modeling using
logistic or linear regression examined associations between independent variables and infection or
viral load, respectively. Among 272 HIV-infected 12-24 year-old youth, 19.5% were positive for
oral HPV, 88.2% for EBV, and 11.8% for KSHV. In multivariable models, recent marijuana use
(OR 1.97, 95% CI 1.02-3.82) and lower CD4+ T-cell count (< 350 vs. = 350 cells/mm?3: OR 1.92,
95% CI 1.003-3.69) were associated with HPV infection; lifetime tobacco use (estimated
coefficient [EC] 1.55, standard error [SE] 0.53, p=.0052) with HPV viral load; recent tobacco use
(OR 2.90, 95% CI 1.06-7.97) and higher HIV viral load (= 400 vs. < 400 copies/mL: OR 3.98,
95% CI 1.84-8.74) with EBV infection; Black vs. White race (EC 1.18, SE 0.37, p=.0023) and
lower CD4+ T-cell count (EC 0.70, SE 0.28, p=.017) with EBV viral load, male vs. female gender
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(OR 10, 95% CI 1.32-100) with KSHV infection, and younger age at HIV diagnosis (1-14 vs. 18—
20 years: EC 0.33, SE 0.16, p=.049; 15-17 vs. 18-20 years: EC 0.35, SE 0.13, p=.0099) with
KSHV viral load. In conclusion, substance use and immunosuppression are associated with oral
DNA tumor viruses in HIV-infected youth.

Introduction

Human papillomavirus (HPV), Epstein-Barr virus (EBV), and Kaposi sarcoma-associated
herpesvirus (KSHV) contribute to the pathogenesis of diseases of the upper airway,
including oral cancers. Compared to HIV-uninfected individuals, HIV-infected individuals
have higher prevalence of oral HPV, EBV and KSHYV infection as well as cancers linked to
these viruses.[Gillison et al., 2012; Hille et al., 2002; McLemore et al., 2010; Webster-
Cyriaque et al., 2006] Oral infection with cancer-associated or high-risk HPV types causes a
subset of head and neck squamous cell carcinomas (e.g. oropharyngeal cancers) with
increasing incidence, particularly among young men.[Chaturvedi et al., 2011] Hypothesized
mechanisms for the increased risk of oropharyngeal cancers in HIV-infected individuals
include immunosuppression and higher rates of oral HPV, tobacco use, and marijuana use.
HIV-infected individuals are also at elevated risk for oral Epstein-Barr virus (EBV,
associated with oral hairy leukoplakia and nasopharyngeal carcinoma),[Raab-Traub, 2002;
Sand et al., 2002a] and for Kaposi’s sarcoma-associated herpesvirus (KSHV, also known as
human herpesvirus-8 [HHV-8], associated with Kaposi’s sarcoma which may occur in the
oral cavity).[Proceedings of the IARC Working Group on the Evaluation of Carcinogenic
Risks to Humans, 1997] Furthermore, it has been hypothesized that EBV and HPV may
interact to promote the development of nasopharyngeal carcinomas.[Al Moustafa et al.,
2009]

Despite the role these DNA tumor viruses may play in oral carcinogenesis, little is known
about their epidemiology among at-risk populations of HIV-infected youth, risk factors for
oral infection and viral load in this population, and rates of co-infection. Also unknown are
the effects of viral co-infection on the natural history of virus-associated oral cancers.
Elucidation of the epidemiology of these viruses may lead to interventions that target the
disease process. Our study aimed to: 1) examine the prevalence and viral loads for oral HPV,
EBV and KSHYV infection in HIV-infected youth; 2) define the behavioral, immunologic,
and virologic factors associated with HPV, EBV and KSHYV infection and viral loads; and 3)
examine associations between HPV and EBV and between HPV and KSHV infection and
viral loads.

Materials and Methods

Adolescents and young adults 12—-24 years of age with primarily behaviorally acquired HIV
infection were enrolled in a cross-sectional study of the Adolescent Medicine Trials
Network for HIV/AIDS Interventions (ATN) after approval of the protocol by local
Institutional Review Boards. Participants were recruited from clinics affiliated with the ATN,
which provide medical care for HIV-infected youth. Participants completed a survey through
audio computer-assisted self-interview (ACASI) assessing demographic information,
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substance use, gynecologic history, sexual behaviors, and antiretroviral adherence. HIV-1
viral load, CD4+ T-cell count and HPV vaccination status were obtained by medical chart
review. Participants provided an oral rinse sample by swishing and gargling with 10 mL of
Scope mouthwash (or sterile saline if preferred) for 30 seconds.

DNA purification from oral rinse samples was accomplished in a central laboratory using the
Qiagen Virus/Bacteria Midi Kit (Qiagen Inc.; Hilden, Germany) on the Qiasymphony SP
instrument.[Broutian et al., 2011] The presence of any of 37 HPV DNA types and beta-
globin was detected by PGMY primer polymerase chain reaction (PCR), followed by reverse
line blot hybridization (Roche Linear Array HPV Genotyping Test, Roche Molecular
System, Inc.).[Gravitt et al., 1998] Beta-globin positive samples were considered evaluable
and classified as HPV-positive if any of the 37 HPV DNA types were detected. Positivity
and viral load for EBV was determined using TagMan quantitative (q)PCR.[Jebbink et al.,
2003] Positivity (i.e. detection of viral shedding) and viral load for KSHV was determined
using TagMan quantitative (q)PCR.[Casper et al., 2004] Viral load in samples positive for
HPV was determined by HPV type-specific gPCR, and viral loads were normalized to the
number of diploid human cells in the specimen (i.e. copies/cell) as estimated by TagMan
PCR to ERV3 (ERV = endogenous retrovirus), and analyzed as a transformed continuous
variable.[Koshiol et al., 2011]

We examined whether the following independent variables were associated with HPV, EBV
and KSHV infection and viral load: demographic characteristics, gynecologic history, sexual
behaviors (same-sex and opposite-sex), substance use, CD4+ T-cell count, length of HIV
infection, HIV viral load, adherence to antiretroviral medications, and HPV vaccination
status. Univariable logistic regression was used to examine associations between
independent variables and HPV, EBV, or KSHV infection, and univariable linear regression
was used to examine associations between independent variables and HPV, EBV, or KSHV
viral load. All independent variables associated with outcomes at p < .15 were entered into
multivariable logistic or linear regression models, and variables associated with the
outcomes at p < .05 were retained in the final models. We examined associations between
HPV and EBV or KSHV infection using chi-square and between HPV and EBV or KSHV
viral load using correlation analysis.

The mean age of the 272 participants (213 male and 59 female) was 21.5 years (standard
deviation 2.0 years, median 22 years, range 14-24), 15.8% were non-Hispanic White, 64%
non-Hispanic Black, and 20.2% Hispanic. Self-reported route of HIV infection was as
follows: perinatal (0.4%), sex with a man (88.6%), sex with a woman (4%), and other/don’t
know (7%). Mean length of time since HIV diagnosis was 1.9 years, 74.2% had a CD4+ T
cell count = 350 cells/mm3 (mean 515.5 cells/mm3, median 479 cells/mm3), 23.2% had a
non-detectable HIV viral load, and 132 (48.9%) were taking antiretroviral medications.
Approximately half (50.8%) of women and 33.3% of men had received at least one HPV
vaccine dose. Oral HPV prevalence results, but not viral load results, have been described
previously.[Kahn et al., 2015] Overall, 53 (19.5%) of participants were positive for at least
one HPV type, 8 (2.9%) for HPVV16 and 1 (0.4%) for HPV18. EBV was detected in 240
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(88.2%) and KSHV in 32 (11.8%). HPV and EBYV prevalence did not differ significantly by
gender, but KSHV prevalence differed by gender: 31 (14.6%) of men vs. 1 (1.7%) of women
(p=.005).

HPV, EBV and KSHYV viral load results are shown in Table 1. A total of 84 HPV infections
were detected, and the mean HPV viral load (log-transformed) was calculated for single as
well as multiple HPV types. The mean log,gHPV viral load for multiple types ranged from
0.90-4.77, the mean EBV viral load was 854,694 (SD 4,139,721) copies/mL and the mean
KSHYV viral load was 1,173 (SD 8,253) copies/mL.

In univariable analyses, substance use and HIV-related immunosuppression were the
variables most frequently associated with oral tumor virus infection and viral load.
Independent variables associated at p < .15 with HPV, EBV and KSHYV infection and viral
load are summarized in Table 2. Variables not associated with the outcomes at p < .15,
including same-sex sexual behaviors, are not included in the Table. The results of
multivariable logistic and linear regression analyses are shown in Table 3. Recent marijuana
use (OR 1.97, 95% CI 1.02-3.82) and lower CD4+ T-cell count (< 350 vs. = 350 cells/mm3:
OR 1.92, 95% CI 1.003-3.69) were associated with HPV infection and lifetime tobacco use
(estimated coefficient [EC] 1.55, standard error [SE] 0.53, p=.0052) was associated with
HPV viral load. Recent tobacco use (OR 2.90, 95% CI 1.06-7.97) and higher HIV viral load
(=400 vs. < 400 copies/mL: OR 3.98, 95% CI 1.84-8.74) were associated with EBV
infection, and Black vs. White race (EC 1.18, SE 0.37, p=.0023) and lower CD4+ T-cell
count (EC 0.70, SE 0.28, p=.017) were associated with EBV viral load. Male vs. female
gender (OR 10, 95% CI 1.32-100) was associated with KSHV infection, and younger age at
HIV diagnosis (1-14 vs. 18-20 years: EC 0.33, SE 0.16, p=.049; 15-17 vs. 18-20 years: EC
0.35, SE 0.13, p=.0099) was associated with KSHV viral load.

Correlations were not significant between HPV and EBYV infection (p=.14) and between
HPV and KSHYV infection (p=.56). Similarly, correlations were not significant between HPV
and EBV viral load (p=0.63) and between HPV and KSHV viral load (p=0.35).

Discussion

In this study, we examined factors associated with oral DNA tumor virus infection and viral
load in HIV infected youth. We found that although specific risk factors differed for HPV,
EBV, and KSHYV infection and viral load, substance use and HIV-related factors were the
factors most commonly associated with all three oral tumor viruses. Neither infection with
nor viral load for HPV, KSHYV, and EBV infections were significantly correlated. To our
knowledge, this is the first study to examine the epidemiology of all three of these oral
tumor viruses in HIV-infected youth, including risk factors for oral infection and viral load
and rates of co-infection.

Lifetime tobacco use was associated with HPV viral load and recent tobacco use with EBV
infection. Previous studies, primarily conducted in adults, support these associations.
Tobacco use has been shown to be a risk factor for anogenital HPV viral load, HPV
persistence, and HPV-associated anogenital cancers.[Smith et al., 2010; Trottier and Franco,
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2006; Wang et al., 2004] Furthermore, HPV viral load is a strong predictor of persistent
HPV infection and cervical dysplasia,[Fakhry et al., 2010; Gravitt et al., 2007] and
persistence of high-risk HPV infection is an established surrogate for risk of cervical disease
progression.[Moscicki et al., 2001; Schiffman and Kjaer, 2003] It has been proposed that the
immunologic changes caused by smoking may lead to increased HPV viral replication and
higher viral load.[Chaturvedi et al., 2011; Moscicki et al., 2001; Xi et al., 2009] In addition,
a number of studies have demonstrated that smoking is associated with oral HPV infection
in HIV-uninfected[Beachler et al., 2012; D’Souza et al., 2007; Gillison et al., 2012; Kreimer
etal., 2011; Ragin et al., 2011; Read et al., 2012; Smith et al., 2007] and HIV-
infected[D’Souza et al., 2007; Fakhry et al., 2010][Beachler et al., 2012; Read et al., 2012]
individuals, and tobacco use has been identified as a risk factor for development of HPV-
positive oropharyngeal cancers.[Smith et al., 2010; Stoler et al., 2013] In contrast to this
evidence for an association between tobacco use and HPV infection, there have been no
consistent associations demonstrated between tobacco use and oral EBV infection.[Jalouli et
al., 2012; Sand et al., 2002b]

Recent marijuana use was associated with HPV infection in this population. Some previous
studies have demonstrated an association between marijuana use and oral HPV as well as
oropharyngeal cancer,[Gillison et al., 2008; Marks et al., 2014] though in one study
marijuana use was associated with a reduced risk of tongue cancers.[Marks et al., 2014]
Marijuana contains carcinogens that may cause molecular changes in the airway epithelium
and may also suppress humoral and cell-mediated immune responses, including anti-tumor
immunity. Zhang et al. reported that in low doses, delta-9-tetrahydrocannabinol (D9-THC)
facilitated KSHV infection in endothelial cells in vitro through enhancement of cell-cell
interactions and endocytosis and upregulated the expression of the lytic switch gene ORF50
and the carcinogenic KSHV G protein-coupled receptor, increasing viral titers in culture and
inducing endothelial cell transformation.[Zhang et al., 2007] The association between
marijuana use and HPV infection is concerning given the high rates of use in youth,
including HIV-infected youth: in a larger study of youth in the same research network, 28%
used marijuana weekly or daily.[Fernandez et al., 2015] Further study is needed in order to
examine whether — and by what mechanism — marijuana use may increase the risk of HPV
infection or oral cancers in HIV-infected individuals.

HIV-related factors, including CD4+ T-cell count, HIV viral load, and age at HIV diagnosis,
were also associated with oral tumor virus infection and viral load. A lower CD4+ T-cell
count was associated with HPV infection and EBV viral load; higher HIV viral load was
associated with EBV infection, and younger age at HIV diagnosis was associated with
KSHYV viral load. These associations likely reflect immunosuppression with increased
susceptibility to oral virus infection or replication, and are consistent with the higher
prevalence rates of both HPV and EBV in HIV-infected individuals.[Gillison et al., 2012;
Hille et al., 2002; McLemore et al., 2010; Miller et al., 2006; Santos et al., 2014; Webster-
Cyriaque et al., 2006] Overall CD4+ T-cell counts were relatively high, suggesting that even
subtle perturbations in CD4+ T-cell count may affect HPV and EBV positivity. The findings
imply that improving access and adherence to antiretroviral therapy in youth is essential.
The lack of a consistent association between sexual behaviors and oral tumor viruses was
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unexpected, given that both HPV and KSHYV are usually sexually transmitted.[Martin et al.,
1998]

Rates of HPV, EBV and KSHYV found in this study are consistent with prior studies.
Although the 19.5% prevalence for oral HPV infection was higher than previously reported
for HIV-uninfected youth,[Beachler et al., 2012; D’Souza et al., 2007; Fakhry et al., 2006;
Gillison et al., 2012; Kero et al., 2012; Kreimer et al., 2010; Kreimer et al., 2011; Paolini et
al., 2013; Pickard et al., 2012; Smith et al., 2004; Smith et al., 2007; Summersgill et al.,
2001] it was similar to that among youth at high-risk for sexually transmitted infections.[Du
etal., 2012; Schlecht et al., 2012] The oral EBV prevalence (88.2%) in our study population
was consistent with estimates previously reported in HIV-infected adults (42.1% to 90%),
[Ammatuna et al., 2001; Miller et al., 2006] and healthy adults (90%),[lIkuta et al., 2000] and
KSHYV prevalence (11.8%) was also consistent with prior reports (11.6% to 57%).[de Franca
et al., 2011; Del Mistro et al., 2012; Widmer et al., 2006]

In this sample, we did not find significant associations between HPV and either EBV or
KSHYV infection or viral load. Investigators have suggested that oral tumor viruses may
interact in the development of HPV-related oral cancers. For example, Al Moustafa et al.
hypothesized that human oral epithelial cells, especially nasopharyngeal cells, are
susceptible to high-risk HPV and EBV co-infections, and that E6/E7 oncoproteins of high
risk HPVs and Epstein-Barr virus nuclear antigen 1 (EBNA1), Latent membrane protein 1
(LMP1), Latent membrane protein 2 (LMP2), and BARF1 oncoproteins cooperate to induce
neoplastic transformation of human oral epithelial cells.[JAl Moustafa et al., 2009] Lo et al.
similarly demonstrated that high-risk HPV types were commonly detected in naspharyngeal
carcinomas.[Lo et al., 2010] In a multinational study of oral squamous cell carcinomas, 55%
were positive for EBV and 35% for HPV. In 34% of the samples, co-infection by two (30%)
or three (4%) virus specimens was detected; the most frequent co-infection was HPV with
EBV in 21% of all cancers.[Jalouli et al., 2012] Jiang et al. found that a high proportion of
base-of-tonsil and tonsil cancers were co-infected with HPV and EBYV, that co-infection was
significantly associated with cancer status, and that co-infected cell lines demonstrated a
higher degree of cell proliferation and invasiveness.[Jiang et al., 2015] In contrast,
McLemore et al. demonstrated that while HPV was detected in 24% of head and neck
squamous cell carcinomas in a sample of HIV-infected individuals, EBV and KSHV
detection were uncommon, not supporting a promoting effect of co-infection.[McLemore et
al., 2010] We examined associations between oral tumor viruses detected in saliva samples,
not in carcinomas, so the lack of a significant correlation between tumor viruses does not
preclude interaction between these viruses to promote carcinogenesis. Further research is
needed to explore whether co-infection potentiates carcinogenesis.

Finally, only one-third of young men in this study had received at least one HPV vaccine
dose. Evidence is emerging that HPV vaccination prevents oral HPV infection as well as
anogenital infection.[Herrero et al., 2013] Vaccination was not associated in adjusted
regression models with oral HPV infection, perhaps because most men were not vaccinated
or because they were already infected with oral HPV before vaccination. These findings
suggest that improving HPV vaccination rates in young men, particularly young men who
have sex with men or who are HIV-infected, should be a public health priority.

J Med Virol. Author manuscript; available in PMC 2016 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kahn et al.

Page 7

Limitations of this exploratory study include the small sample size, limiting the power to
detect associations between independent variables and oral tumor viruses as well as
correlations between oral tumor viruses. Furthermore, the associations identified between
independent variables and oral tumor viruses do not imply causation.

In conclusion, common risks for these three oral tumor viruses were identified, including
substance use and HIV-related factors. These associations are concerning given the high
prevalence of substance use as well as oral tumor viruses and the high rates of poor
adherence to antiretroviral therapy in HIV-infected youth. HPV was not correlated with EBV
or KSHYV infection. Longitudinal studies are needed to provide more insight into causal
associations between substance use and oral tumor viruses; mechanisms by which substance
use may influence carcinogenesis; and the role of HIV-related cofactors. Understanding co-
infections in this population and identifying specific contributions resulting from HIV
infection and any interaction with other viruses in the development and pathogenesis of
HPV-related cancers is important, as early interventions may be needed to prevent viral-
associated cancers in HIV-infected individuals.
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