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Abstract

In contrast to high rates of oral HPV found in HIV-infected adults, only 2% of 209 perinatally
HIV-infected youth had oral HPV. This rate was similar in HIV exposed but uninfected youth. No
association was found with sexual activity; however, low CD4 counts were associated with oral
HPV.
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Approximately 25% of all head and neck squamous cell carcinomas and 45-90% of
oropharyngeal cancers are associated with human papillomavirus (HPV), particularly
tonsillar lesions and those at the base of the tongue [1]. HPV 16 is the predominant genotype
found in these cancers. Individuals with HPV-associated head and neck squamous cell
carcinomas have similar risk factors as those with HPV associated anogenital cancers
including a greater lifetime number of sex partners and HIV infection [2, 3]. Despite these
similarities, oral HPV infections are much less common than genital infections.
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Approximately 10% of men and 4% of women in the general population will have oral HPV
compared to 20%-50% with genital HPV [4] ; 14 to 35% of HIV infected persons have oral
HPV [5]. The higher rates of HPV in HIV-infected persons are thought to be due to a
deficient immune response to HPV resulting in higher rates of persistence.

There is considerable debate whether HPV is always sexually transmitted or if it is acquired
by other routes. Although HPV DNA can be detected on the hand, it remains unknown
whether the hand is a mode of transmission during sexual play [6]. Other modes may
include perinatal or hygienic (i.e. through caretaking) transmission [7]. It is plausible that
perinatally HIV-infected children as well as HIV-exposed but uninfected children are at high
risk of acquiring oral HPV at either birth or later since HIV-infected parents have high rates
of vaginal and oral HPV. However, we would expect that HPV is more likely to persist in
HIV-infected children than their immunocompetent HIV-exposed but uninfected
counterparts. In this study, we examined the prevalence of and factors associated with oral
HPV in perinatally HIV-infected youth compared to perinatally HIV-exposed but uninfected
youth.

We conducted a cross-sectional study within the Adolescent Master Protocol of the Pediatric
HIV/AIDS Cohort Study (PHACS). Adolescent Master Protocol is a prospective cohort
study of perinatally HIV-infected and perinatally HIV-exposed but uninfected youth [8].
Regularly scheduled visits included audio-computer assisted structured interviews (ACASI)
to obtain data on sexual and substance use history, and chart reviews for medication,
diagnoses, CD4 counts and viral load (VL) [8]. Participants were enrolled into the Oral
health substudy at 11 participating sites. Institutional Review Boards at clinical sites and the
Harvard T.H. Chan School of Public Health approved the study. Parents/legal guardians and
youth provided written informed consent/assent.

Sites scheduled the Oral Health study visit within 3 months of the regularly scheduled AMP
annual visit. At the visit, subjects were asked to gargle and swish alternatively (5 second
intervals) for 30 seconds with 10 CC of sterile saline and expectorate into a 50 CC conical
tube. The gargle was put on ice and transported to the laboratory within 2 hours where it was
processed and frozen at =70 C. A 1 cc aliquot from the gargle samples was tested for HPV
DNA at a centralized laboratory using Roche linear Array (Roche Molecular Systems,
Pleasanton, CA) which types for 37 different HPV genotypes: 6, 11, 16, 18, 26, 31, 33, 35,
39, 40, 42, 45, 51-59, 61, 62, 64, 66-73, 81-84, 1S39, and 89 as well as high and low beta-
globin concentrations to verify higher and lower limits of sample adequacy [9]. No samples
were found to be inadequate.

For HPV vaccination history, doses given at least 21 days before the oral health visit were
considered. Participants were considered to have ever had sex if oral, vaginal, or anal sexual
activity was reported on any ACASI before a cutoff date of 90 days after the oral health
visit. Recent substance and cigarette use was defined using the ACASI closest to the oral
health visit date and before a cutoff date of 90 days after the oral health visit. The 95% exact
confidence intervals (C.1.) of the prevalence of oral HPV were evaluated using the approach
of Clopper and Pearson.
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If CD4 and VL measurements were not available within 90 days of the oral study visit, sites
were asked to draw blood at the time of the Oral Health substudy visit for these studies. CD4
nadir measurements were restricted to those obtained before or at the oral health visit.

Characteristics of the HIV-infected and HIV-uninfected youth are shown in Table 1. The
median time between the closest ACASI and the oral health visit was 56 days before oral
health visit (IQR 180, 4 days before oral health visit) and in 15% the ACASI used was
within 90 days after the visit. HPV was detected in 4 (2%, 95% exact C.1.: 0.5%, 4.8%) of
the HIV-infected youth and 2 (2%, 95% exact C.1.: 0.2%, 5.7%) of the HIV-uninfected
youth. Only 1 HPV vaccine type (16) was detected in one HIV-uninfected youth. Boys had a
slightly higher prevalence of oral HPV than girls (3% vs 1%, respectively). None of the 104
youth who had 2 or more doses of the HPV vaccine had oral HPV. No differences for HPV
status were found by sexual behavior (data not shown). Among the HIV-infected youth, low
nadir and current CD4 counts had an association with oral HPV with marginal statistical
significance (Table 2).

HPV was uncommon in both HIV-infected and uninfected youth. The rate of detection of
HPV in the oral cavity of neonates ranges from 4% to 87% [10]. However, most studies
show that HPV persistence in healthy immunocompetent children is quite rare over 1-2
years of follow up suggesting that the HPV initially detected does not represent a true
infection [7, 10]. Persistent oral HPV infection in infants has been associated with persistent
oral HPV infection in the mother. It might be suspected that once the mother has a lesser
role in feeding and hygiene, rates of HPV may decrease. As seen in neonates, the rates in
children have varied widely, ranging from 1% to 50% [11, 12]. One of the larger studies [11]
found a bimodal distribution with highest prevalence in those <1 year (2.5%) and again in
those 16-20 years (3.3%) and rates less than 1% in-between. The finding for females is
inconsistent with adult studies that show men to have prevalence 2-3 times that of women
[4]. In part the wide variability seen in children may be due to different sampling techniques.
HPV is rarely seen in buccal swabs whereas gargles, tonsillar swabs or tissue yield much
higher rates [4, 13].

We were surprised by the low rate found in this group of HIV-infected youth, specifically
among those reporting sexual activity. The lack of correlation with sexual activity may in
part have been due to the gap between the day of the oral visit and the day of the ACASI or
underreporting. In addition, oral and vaginal sex may have been practiced infrequently
among those reporting sex in this young population. No data is available for frequency of
intercourse, or cervical or anal HPV in our cohort for comparison.

The rates of oral HPV were by far lower than HIV-infected adults or sexually active high
risk adolescents where rates have ranged from 16% to 38.5% with the highest being found in
HIV-infected men who have sex with men [2, 3, 5]. Despite our low rate of detection, we did
find associations with low CD4 count and high VL similar to that reported in adults [2, 3, 5].
In a recent study of 388 treatment-naive HIV-infected adults, men showed a higher rate of
oral HPV than women (20% vs 11%, respectively, p=0.06) however, no difference was seen
with respect to oral shedding of oncogenic HPV subgenotypes (4% and 5%, respectively)
similar to our findings [14]. Another possible reason we observed low rates of HPV is that
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these sexually active HIV-infected youth entered puberty on ART with relatively well
controlled HIV infection. In contrast, HIV infected adults often go undiagnosed for years
during which there is oral HIV shedding which may enhance susceptibility to HPV
acquisition. Surprisingly those who were fully HPV vaccinated in our study had no cases.
Studies of children, adolescents and adults show that the HPV vaccine types make up a
relatively small percentage of oral HPV types detected, hence we would have expected a
similar higher prevalence of these non-vaccine types. [4, 15] Only 2 small studies have
previously examined HIV-infected children. Pinheiro et al [16] found oral HPV in 12% of 50
HIV-infected children with a mean age of 9.1 years compared to 6% in the 50 uninfected
children (mean age 7.6 years). Samples for this study were obtained from the palate, tongue
and buccal mucosa. In a study with 100 non-sexually active HIV-infected and HIV-exposed
but uninfected children, HPV was found in 17% of tonsil/buccal/tongue specimens of the
HIV-infected girls compared to none in the HIV-uninfected girls [9]. In the 50 non-sexually
active boys, oral HPV was found in only 2 - one HIV-infected and the other uninfected. Of
note, the mean age of the HIV-infected group was 14.3 years compared to 6.2 years in the
uninfected. Neither study found an association with CD4 counts.

In conclusion, the detection of HPV DNA was uncommon from perinatally HIV-infected
and HIV-exposed but infected youth. As these youth age, it will be important to monitor oral
HPV acquisition, as head and neck squamous cell carcinomas are higher in HIV-infected
adults. HPV vaccination of this group remains critical as it may protect against the
development of these cancers as well as other HPV-associated cancers.

Acknowledgments

The following institutions, clinical site investigators, and staff participated in conducting the Pediatric HIV/AIDS*
Cohort Study Adolescent Master Protocol in 2012, in alphabetical order: Baylor College of Medicine: Ester Yang ,
William Sllearer, Mary Pe;ul, Norma Cooper, Lynette Harris; Bronx Lebanon Hospital Center: Karen Kemp-
Posterman ', Selene Wun ", MurLi Purswani, Mahboobullah Baig, Anna Cintron; Children’s Diagnostic and
Treatment Center: Jerlnifer Zeni , Ana Puga, Sandra Navarro, Doyle Patton, Deyana Leon; Children’s Hospital,
Boston: Man Wai Ng , Sandra B’Lcjrchett, Nancy Kgrthas, Betsy Kamrrlerer; Ann and Robert H. Lurie Children’s
Hospital of Chicago: Ray Jurado , Johnny Kuttab , Ashlee Vorachek ', Ram Yogev, Margaret Ann Sanders,
Kathleen Malee, Scott Hunter; Jacobi Medical Center: Victor Badner*, Ronald Garreett*, Andrew Wiznia, Marlene
Burey, Molly Nozyce; St. Christopher’s Hospital for Children: Susan Chialastri*, Janet Chen* Latreca Ivey, Maria
Garcia Bulkley, Mitzie Grant; San Juan Hospital/Department of Pediatrics: Ramon Gonzalez , I\fidnela Acevedo-
Flores, Heida Rios, Vivian Olivera; Tulane University Health Sciences Center: Janice Townsend , Margarita Silio,
Medea Jones, Patricia Sirois; University of Colorado Denver Health Sciences Center: Roopa Gandhi*, Elizabeth
McFarIand,*Emin Barr, Robin McEvoy; University of Medicine and Dentistry of New Jersey: Kenneth

Markowitz , Arry Dieudonne, Linda Bettica, Susan Adubato; the authors thank the children and families for their
participation in PHACS, and the individuals and institutions involved in the conduct of PHACS.

Funding Source

This study was supported by the National Institute of Dental and Craniofacial Research; the Eunice Kennedy
Shriver National Institute of Child Health and Human Development with co-funding from the National Institute on
Drug Abuse; the National Institute of Allergy and Infectious Diseases; the Office of AIDS Research; the National
Institute of Mental Health; the National Institute of Neurological Disorders and Stroke; the National Institute on
Deafness and Other Communication Disorders; the National Heart Lung and Blood Institute; and the National
Institute on Alcohol Abuse and Alcoholism; through cooperative agreements with the Harvard T. H. Chan School of
Public Health [HD052102, 3 U01 HD052102-05S1, and 3 U01 HD052102-06S3 to PIl: George Seage; Project
Director: Julie Alperen]; and the Tulane University School of Medicine [HD052104, 3U01 HD052104-06S1 to PI:

*Participating Dentist

Sex Transm Dis. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moscicki et al.

Ru
by

Page 5

ssell Van Dyke; Co-PI: Kenneth Rich; Project Director: Patrick Davis]. Data management services were provided
Frontier Science and Technology Research Foundation to PI: Suzanne Siminski, and regulatory services and

logistical support were provided by Westat, Inc. to PI: Julie Davidson.

References
1.

10

11.

12.

13.

Stein AP, Saha S, Kraninger JL, et al. Prevalence of Human Papillomavirus in Oropharyngeal
Cancer: A Systematic Review. Cancer journal (Sudbury, Mass). 2015; 21:138-46.

. Chaturvedi AK, Madeleine MM, Biggar RJ, Engels EA. Risk of human papillomavirus-associated

cancers among persons with AIDS. Journal of the National Cancer Institute. 2009; 101:1120-30.
[PubMed: 19648510]

. Beachler DC, Abraham AG, Silverberg MJ, et al. Incidence and risk factors of HPV-related and

HPV-unrelated Head and Neck Squamous Cell Carcinoma in HIV-infected individuals. Oral
oncology. 2014; 50:1169-76. [PubMed: 25301563]

. Gillison ML, Broutian T, Pickard RK, et al. Prevalence of oral HPV infection in the United States,

2009-2010. Jama. 2012; 307:693-703. [PubMed: 22282321]

. Beachler DC, Sugar EA, Margolick JB, et al. Risk factors for acquisition and clearance of oral

human papillomavirus infection among HIV-infected and HIV-uninfected adults. American journal
of epidemiology. 2015; 181:40-53. [PubMed: 25480823]

. Widdice L, Ma Y, Jonte J, et al. Concordance and Transmission of Human Papillomavirus within

Heterosexual Couples Observed over Short Intervals. The Journal of infectious diseases. 2013;
207:1286-94. [PubMed: 23319742]

. Rintala MA, Grenman SE, Jarvenkyla ME, Syrjanen KJ, Syrjanen SM. High-risk types of human

papillomavirus (HPV) DNA in oral and genital mucosa of infants during their first 3 years of life:
experience from the Finnish HPV Family Study. Clinical infectious diseases : an official publication
of the Infectious Diseases Society of America. 2005; 41:1728-33. [PubMed: 16288396]

. Alperen J, Brummel S, Tassiopoulos K, et al. Prevalence of and risk factors for substance use among

perinatally human immunodeficiency virus-infected and perinatally exposed but uninfected youth.
The Journal of adolescent health : official publication of the Society for Adolescent Medicine. 2014;
54:341-9. [PubMed: 24239286]

. Moscicki AB, Puga A, Farhat S, Ma Y. Human Papillomavirus Infections in Nonsexually Active

Perinatally HIV Infected Children. AIDS patient care and STDs. 2014; 28:66—70. [PubMed:

24460009]

. Merckx M, Liesbeth WV, Arbyn M, et al. Transmission of carcinogenic human papillomavirus
types from mother to child: a meta-analysis of published studies. European journal of cancer
prevention : the official journal of the European Cancer Prevention Organisation (ECP). 2013;
22:277-85. [PubMed: 22990004]

Smith EM, Swarnavel S, Ritchie JM, Wang D, Haugen TH, Turek LP. Prevalence of human
papillomavirus in the oral cavity/oropharynx in a large population of children and adolescents. The
Pediatric infectious disease journal. 2007; 26:836-40. [PubMed: 17721381]

Mammas IN, Sourvinos G, Giamarelou P, Michael C, Spandidos DA. Human papillomavirus in the
oral cavity of children and mode of delivery: a retrospective study. International journal of STD &
AIDS. 2012; 23:185-8. [PubMed: 22581872]

Chen R, Sehr P, Waterboer T, et al. Presence of DNA of human papillomavirus 16 but no other

types in tumor-free tonsillar tissue. Journal of clinical microbiology. 2005; 43:1408-10. [PubMed:
15750119]

14. Shiboski CH, Lee A, Chen H, et al. Human papillomavirus infection in the oral cavity of HIV

15.

16.

patients is not reduced by initiating antiretroviral therapy. Aids. 2016

Kahn JA, Rudy BJ, Xu J, et al. Behavioral, immunologic, and virologic correlates of oral human
papillomavirus infection in HIV-infected youth. Sex Transm Dis. 2015; 42:246-52. [PubMed:
25868136]

Pinheiro RS, de Franca TR, Rocha B, et al. Human papillomavirus coinfection in the oralcavity of
HIV-infected children. Journal of clinical pathology. 2011; 64:1083-7. [PubMed: 21965827]

Sex Transm Dis. Author manuscript; available in PMC 2017 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Moscicki et al.

Table 1

Characteristics of HIV-infected and HIV-uninfected youth.

Characteristic

HPV positiveb

Median age (IQR)¢

HIV-infected (N=209)

4 (1.9%)

17.3 (14.9, 18.8)

Male gender 99 (47%)
History of ever having sex®€ 99 (47%)
History of ever having oral sex” 86 (41%)
Number of HPV vaccine doses received
0 39 (19%)
1 87 (42%)
2+ 83 (40%)

HIV Status
HIV-uninfected (N=125)

145 (12.6, 16.4)

2 (1.6%)

61 (49%)
40 (32%)

34 (27%)

47 (38%)
57 (46%)
21 (17%)

P-Value?

<0.01

0.82
<0.01

<0.01

<0.01

a_. . ) .
Fisher’s Exact Test for discrete measures. Wilcoxon test for continuous age.

bHPV genotypes 16, 35, 59, 68, 69, 71, 72 were detected.

c .
Interquartile range.

Sex included vaginal, oral or anal. There were 7 participants without sexual behavior information (5 HIV-infected, 2 HIV-uninfected).

eAmong those reporting vaginal sex, the median [first (Q1) and third (Q3) quartiles] number of lifetime vaginal sexual partners was 2 (0, 5).

Page 6

f . . I . .
Among those reporting oral sex, the median (Q1, Q3) number of lifetime partners with whom the adolescent had oral exposure during sex was 1

©, 3).
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