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Background. Little is known about the epidemiology of oral human papillomavirus (HPV) in Latin America.
Methods. Women (N = 5838) aged 22–29 in the control and vaccine arms of an HPV-16/18 vaccine trial in

Costa Rica had oral, cervical, and anal specimens collected. Samples were tested for alpha mucosal HPV types
(SPF10/LiPA25 version 1); a subset of oral samples (n = 500) was tested for cutaneous HPV types in the genera alpha,
beta, gamma, mu, and nu.

Results. In the control arm (n = 2926), 1.9% of women had an oral alpha mucosal HPV detected, 1.3% had car-
cinogenic HPV, and 0.4% had HPV-16; similar patterns for non-16/18 HPV types were observed in the vaccine
arm. Independent risk factors for any oral alpha mucosal HPV among women in the control arm included marital
status (adjusted odds ratio [AOR], 3.2; 95% confidence interval [CI], 1.8–5.7 for single compared to married/living
as married), number of sexual partners (AOR, 2.4; 95% CI, 1.0–6.1 for ≥4 partners compared to 0–1 partners),
chronic sinusitis (AOR, 3.1; 95% CI, 1.5–6.7), and cervical HPV infection (AOR, 2.6; 95% CI, 1.4–4.6). Detection of
beta HPV was common (18.6%) and not associated with sexual activity.

Conclusions. Unlike cutaneous HPV types, alpha mucosal HPV types were uncommon in the oral region and
were predominately associated with sexual behavior.
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Studies have reported an increased incidence of oropha-
ryngeal cancer predominantly among younger birth
cohorts in developed countries [1–8]. This upsurge has
been attributed to an increase in human papillomavirus

(HPV)–driven oropharyngeal cancers [7], primarily due
to HPV-16 infection, which accounts for approximately
90% of HPV-positive oropharyngeal cancers [9, 10].
Detection of oral HPV-16 DNA in oral rinse/gargle
samples was associated with a substantial increase in the
odds of prevalent oropharyngeal cancer [10]. However,
little is known about the epidemiology of oral HPV
infection.

To our knowledge, only 3 large studies (≥1000 partic-
ipants), based predominantly in the United States, have
examined the epidemiology of oral HPV in healthy indi-
viduals [11–13]. Prevalence of any type of oral HPV
ranged from approximately 2% to 7%; reported risk
factors included increasing age, male sex, higher number
of sexual partners, and tobacco use [11–13].Additionally,
these studies focused on detection of oral mucosal HPV
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types from the genus Alphapapillomavirus. Yet, recent evidence
suggests that the oral region of healthy individuals also contains
a high prevalence of cutaneous HPV types (predominantly
Betapapillomavirus and Gammapapillomavirus), which have
previously been thought to uniquely infect keratinized epitheli-
um and are associated with skin lesions [14–18].

Few studies have reported the prevalence of oral HPV in re-
source-poor regions. In Latin America, only 5 small studies
(<250 participants) [19–23] and 1 large study (males only, ap-
proximately 1000 participants) [13] examined oral HPV epi-
demiology: the reported prevalence estimates varied greatly
between studies and few specifically reported the prevalence of
oral HPV-16 or associated risk factors. As such, the aim of the
present study was to estimate the prevalence of oral HPV for
both mucosal and cutaneous types in a young healthy popula-
tion of women in Costa Rica, a Latin American country with
no reported data on oral HPV prevalence, and to characterize
the risk factors for oral HPV in this population.

METHODS

Subject Participants and Study Design
Women included in the present evaluation are participants
in both arms of a double-blind, controlled, randomized, phase 3
study of the efficacy of an HPV-16/18 virus-like particle vaccine
conducted in Costa Rica (Costa Rica Vaccine Trial). This trial was
initially designed to evaluate vaccine efficacy against persistent
cervical HPV-16/18 infection and precancerous lesions, as previ-
ously described [24]. Inclusion criteria for the trial were age 18–
25 years (inclusive), generally healthy as determined by medical
history and a physical examination, not pregnant/breastfeeding,
using contraception during the vaccination period, and willing to
provide informed consent. The trial was reviewed and approved
by human subjects review committees of INCIENSA (Instituto
Costarricense de Investigacion y Enseñanza en Nutrición y Salud)
in Costa Rica and the National Cancer Institute in the United
States. All subjects provided written informed consent. The study
protocol is available at http://proyectoguanacaste.org.

At enrollment, a pelvic examination was performed on sexu-
ally experienced women, with collection of exfoliated cervical
cells for liquid-based cytology and HPV DNA testing, and blood
for HPV-16/18 serology. Women were blindly randomized to
receive the HPV bivalent vaccine (Cervarix, GSK Biologicals) or
a control vaccine (modified Havrix, GSK Biologicals).

At annual follow-up visits, clinicians collected cervical cells
for cytology and HPV testing from sexually experienced women.
Women with low-grade cytologic abnormalities were evaluated
semiannually and those with high-grade or persistent low-grade
abnormalities were referred for colposcopy and treatment as
needed [24].

At the 4-year annual study visit, a questionnaire regarding
the woman’s education, marital status, sexual (including oral

and anal sex) and reproductive history, use of contraceptives,
and smoking habits was administered. All women were asked
to provide an oral sample, and all sexually experienced women
were asked to provide cervical and anal specimens. A complete
medical history and physical exam were conducted as part of
the process of assessment of adverse events. Information re-
garding medical conditions, including oral and respiratory con-
ditions, was collected by study clinicians at each follow-up visit.
If a condition was reported as present at the time of the study
visit, it was confirmed by physical exam. If hospitalization oc-
curred, a doctor reviewed the hospital chart. All medical condi-
tions that affect the oral cavity and upper respiratory tract
identified or reported at any point were included in this analy-
sis. Examples of oral/respiratory medical conditions that were
reported included hemorrhage of the respiratory passages,
cough, nausea and vomiting, acute tonsillitis, chronic sinusitis,
and chronic diseases of the tonsils, adenoids and peritonsillar
abscess.

Specimen Collection
Oral specimens were collected using a 30-second rinse and
gargle with Scope (Procter & Gamble); this method of speci-
men collection [25] was chosen based on previous reports that
(1) a single mouthwash sample provides large amounts of high
molecular weight DNA [26] and (2) optimal specimen collec-
tion time is around 30 seconds [27]. Specimens were kept
between 2°C and 8°C until same-day processing at the local lab-
oratory. The samples were concentrated by centrifugation
(3000g for 10 minutes) to obtain a pellet that was washed with
10 mL saline solution to remove residual mouthwash, recentri-
fuged, and then resuspended in 1 mL of saline solution and
frozen in liquid nitrogen tanks until testing. Anal specimens
were collected by inserting a dry swab 3–4 cm into the anal
canal, rotating once, and then removing the swab while rotation
continued using gentle pressure against the wall of the anal
canal. The swab was placed in 1 mL of PreservCyt and frozen
immediately in liquid nitrogen. Cervical specimens were col-
lected during the pelvic exam (see above).

HPV DNA Testing
DNAwas extracted via the MagNAPure LC DNA isolation pro-
cedure (Roche Diagnostics); 10 µL of extracted DNA was used
for each polymerase chain reaction (PCR) reaction; optimiza-
tion of the oral HPV extractions and testing methods as well as
data on quality control have been previously described [28]. All
extracted DNA samples were tested for HPV DNA by PCR am-
plification using the HPV SPF10 PCR DNA enzyme immunoas-
say (DEIA) line probe assay (LiPA25) version 1 system (Labo
Biomedical Products). This broad-spectrum PCR-based HPV
DNA testing system uses SPF10 primers to amplify and a DEIA
to detect at least 57 HPV genotypes and the LiPA25 to genotype
HPVs. To increase the sensitivity of type-specific detection of
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HPV-16 and 18 using the SPF10 DEIA system, all oral speci-
mens that were SPF10 PCR/DEIA-positive, as well as a conve-
nience sample of one-third of all samples (as part of quality
control), were tested for the presence of HPV-16 or 18 using
type-specific primers detected by the TS16 and TS18 DEIA
system; for cervix and anal samples, all specimens positive for
HPV DNA using SPF10 DEIA but negative for HPV-16 or
HPV-18 by LiPA25 were additionally tested with type-specific
primers/probes [29].

A convenience sample of 500 women across both arms was
tested for cutaneous HPV. Cutaneous HPV types were detected
with the skin (beta) papillomavirus prototype research assay
(Diassay BV) via PCR detection and a reverse-hybridization
assay for typing [30]. Cutaneous HPV types in the alpha,
gamma, mu, and nu genera were detected by a broad-spectrum
PCR multiplex genotyping assay [31].

Statistical Analysis
A sample was considered positive for any alpha mucosal HPV if
any of the 25 alpha mucosal types were detected (6, 11, 16, 18,
31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66,
68/73, 70, and 74); was considered positive for a carcinogenic
alpha mucosal HPV if any of the 12 carcinogenic types were de-
tected (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59); and was
considered positive for a noncarcinogenic alpha mucosal HPV if
any of the noncarcinogenic HPV types were detected (6, 11, 34,
40, 42, 43, 44, 53, 54, 66, 68/73, 70, and 74). A sample was con-
sidered positive for a beta HPV if any of the 25 beta cutaneous
HPV types were detected (5, 8, 9, 12, 14, 15, 17, 19, 20, 21, 22,
23, 24, 25, 36, 37, 38, 47, 49, 75, 76, 80, 92, 93, and 96) and was
considered positive for other cutaneous HPV if any of the 23
nonmucosal alpha/gamma/mu/nu cutaneous HPV types were
detected (1, 2, 3, 4, 7, 10, 27, 28, 29, 40, 41, 43, 48, 50, 57, 60,
63, 65, 77, 88, 91, 94, and 95). A sample that tested positive by
DEIA PCR, but without positive genotyping for any of the
above-mentioned types, was labeled as uncharacterized HPV.
The prevalence of oral HPV was described by the above HPV
categorizations among all women and then by arm (note that
stratification by vaccine arm was only necessary in the evalua-
tion of alpha mucosal HPV types due to vaccine protection
[28]; for other genera, HPV was evaluated across both arms).
Analyses for grouped HPV infections (any HPV, carcinogenic,
beta HPV, etc) were conducted at the woman level; for analyses
by individual HPV type, a woman could contribute data to
each HPV type.

Determinants for oral HPV were evaluated by logistic regres-
sion analysis. Variables evaluated in univariate modeling in-
cluded age, education, marital status, smoking status, age at
first vaginal intercourse, lifetime number of sexual partners,
total number of years sexually active, lifetime number of oral
sex partners, age at first oral sex, lifetime number of anal sex
partners, and any anal HPV DNA positivity and any cervical

HPV DNA positivity (each at the contemporaneous study visit
as oral specimen collection). For the oral sex variables, women
were asked specifically if they had given oral sex (defined as a
woman’s mouth on her partner’s genitals). The potential asso-
ciations between oral HPV and oral/respiratory medical condi-
tions (detailed above) were also evaluated.

To evaluate the independent determinants of oral HPV, risk
factors that were significantly associated with oral HPV detec-
tion in the univariate analysis or considered important based
on the literature (ie, smoking, oral sexual behavior), were in-
cluded in multivariate models as adjusted odds ratios (AORs).
For all analyses, P < .05 (2-tailed) was considered statistically
significant.

RESULTS

Participant Characteristics
Of the 7466 women who were randomized, 6351 attended the
4-year study visit (3180 vaccine and 3171 control arm) and
were invited to provide an oral specimen. A total of 5838
(91.9%) provided an oral specimen and 511 (268 vaccine and
243 control arm) refused. Women who provided an oral speci-
men were significantly more likely to report a personal history
of vaginal, oral, and anal sex and to be positive for cervical
HPV-16/18 DNA at enrollment than those who refused [28].
Among the women who provided an oral sample, median age
was 26 years, 62.1% were married, 80.7% were never smokers,
and the median number of lifetime sexual partners was 2. Oral
sex was common (62.2% reported ever having given oral sex);
the median age at first oral sex was 20 and the median number
of lifetime oral sex partners was 1. The most commonly report-
ed oral/respiratory medical condition was chronic sinusitis
(5.6%); 3.7% of women had had acute tonsillitis. The subset
whose oral sample was additionally tested for cutaneous HPV
types appeared representative of the full cohort (Table 1).

Oral HPV Prevalence and Type Distribution
In the control arm, overall prevalence of alpha mucosal HPV
types in the oral region was 1.9% (95% confidence interval [CI],
1.4–2.4; 55 HPV infections detected; Table 2). The prevalence of
carcinogenic and noncarcinogenic HPV types was 1.3% (95% CI,
.9–1.7) and 0.8% (95% CI, .5–1.1), respectively, the total of which
exceeds the overall prevalence (1.9%) due to detection of multiple
infections. The most common carcinogenic HPV types in the
control arm were HPV-16 (0.4% [95% CI, .2–.7]), HPV-51 (0.3%
[95% CI, .2–.6]), and HPV-52 (0.2% [95% CI, .1–.5]). The most
common noncarcinogenic types were HPV-66 (0.2% [95% CI,
.1–.4]) and HPV-44 (0.2% [95% CI, .1–.4]). Single oral HPVs
were detected in 1.5% (95% CI, 1.1–2.1) of participants, and 0.4%
(95% CI, .2–.6) were infected with ≥2 HPV types; HPV-51 was
the most common coinfection, followed by HPV-16. In the
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vaccine arm, prevalence of HPV-16 and -18 at the 4-year visit
was lower than in the control group (as previously reported [28]).

Vaccination status did not affect detection of cutaneous
HPV types: the overall prevalence of any cutaneous type in the
control and vaccine arms were 21.5% (95% CI, 16.6–27.2) and
21.7% (95% CI, 16.7–27.2; P = .98), respectively; therefore,
results from both arms were pooled and are presented in
Table 3. Of all the cutaneous types tested, beta HPV types were

Table 1 Participant characteristics of the overall cohort of 5,838
young adult women from Costa Rica who provided an oral speci-
men for HPV DNA testing and the subset of 500 women who were
additionally tested for the presence of cutaneous HPV types

Full Oral Cohort
n = 5838

Subset
n = 500

Characteristics n (%) n (%)

Age (years)

Median (IQR) 26 (24–28) 26 (24–28)
22–23 1325 (22.7) 94 (18.8)

24–25 1557 (26.7) 136 (27.2)

26–27 1377 (23.6) 135 (27.0)
≥28 1579 (27.0) 135 (27.0)

Education level

≤6 y 1563 (26.8) 136 (27.2)
7–9 y 1089 (18.7) 98 (19.6)

≥10 y* 1611 (27.5) 139 (27.8)

University 1575 (27.0) 127 (25.4)
Marital status

Married or living as
married*

3623 (62.1) 319 (63.8)

Single 1856 (31.8) 156 (31.2)

Divorced / Separated /
Widowed

359 (6.1) 25 (5.0)

Smoking status

Never* 4708 (80.7) 417 (83.4)

Former** 742 (12.7) 62 (12.4)
Current 388 (6.6) 21 (4.2)

Age at first vaginal intercourse (years)

Median (IQR) 17 (15–19) 17 (15–19)
Virgin 324 (5.5) 25 (5.0)

≥19 1516 (26.0) 130 (26.0)

17–18 1678 (28.7) 138 (27.6)
≤16* 2320 (39.8) 207 (41.4)

Total number of years sexually active

Median (IQR) 9 (6–11) 9 (6–11)
Virgin 324 (5.5) 25 (5.0)

0–7 y* 2143 (36.8) 169 (33.8)

8–10 y 1716 (29.4) 157 (31.4)
≥11 y 1655 (28.3) 149 (29.8)

Lifetime number of sexual partners

Median (IQR) 2 (1–4) 3 (1–4)
0–1 1812 (31.0) 155 (31.0)

2–3 2006 (34.4) 159 (31.8)

≥4 2020 (34.6) 186 (37.2)
Number of male sexual partners since last visit

Virgin 324 (5.5) 25 (5.0)

0–1* 4497 (77.0) 385 (77.0)
≥2 1017 (17.5) 90 (18.0)

Age at first oral sex (years)

Median (IQR) 20 (18–23) 21 (19–24)
Never had oral sex* 2205 (37.8) 210 (42.0)

≥21 1579 (27.0) 151 (30.2)

≤20** 2054 (35.2) 139 (27.8)

Table 1 continued.

Full Oral Cohort
n = 5838

Subset
n = 500

Characteristics n (%) n (%)

Lifetime number of oral sex partners

Median (IQR) 1 (0–2) 1 (0–1)
0–1* 4323 (74.0) 385 (77.0)

≥2 1515 (26.0) 115 (23.0)

Use of oral contraceptives
Never 771 (13.2) 62 (12.4)

Virgin 324 (5.5) 25 (5.0)

In the past* 2549 (43.7) 203 (40.6)
Current (past month) 2194 (37.6) 210 (42.0)

Lifetime number of anal sex partners

0* 4782 (81.9) 418 (83.6)
1** 879 (15.1) 69 (13.8)

≥2 177 (3.0) 13 (2.6)

Acute tonsillitis
No 5624 (96.3) 476 (95.2)

Yes 214 (3.7) 24 (4.8)

Chronic sinusitis
No 5511 (94.4) 478 (95.6)

Yes 327 (5.6) 22 (4.4)

Chronic diseases of tonsils and adenoids; peritonsillar abscess
No 5794 (99.2) 498 (99.6)

Yes 44 (0.8) 2 (0.4)

Cervical HPV status at 4-yr study visita

Negative*,b 3885 (66.5) 321 (64.2)

Positive 1953 (33.5) 179 (35.8)

Anal HPV status at 4-yr study visita

Refused specimen
collection

1328 (22.7) 113 (22.6)

Negativeb 3225 (55.3) 276 (55.2)
Positive 1285 (22.0) 1174 (22.2)

Missing values accounted for less than 1 percent of the full cohort; yet when a
value was missing: * includes women with a missing value, those who
refused to respond, and those who responded “don’t know” for this variable;
** includes women who did not have missing values for a related variable
above, yet had a missing value, refused to respond or responded “don’t
know” for this variable.

Abbreviations: y, year; IQR, interquartile range.
a Any HPV infection detected (carcinogenic and/or non-carcinogenic).
b Included women that did not have a specimen collected for HPV testing
because they were virgins.
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the most common. Overall prevalence of beta HPV was 18.6%
(95% CI, 15.3–22.3). The most common beta types were HPV-
24 (3.8% [95% CI, 2.3–5.9]), HPV-38 (3.0% [95% CI, 1.7–4.9]),
and HPV-5 (2.2% [95% CI, 1.1–3.9]). Because of their low indi-
vidual prevalence, other cutaneous HPV types from the genera
alpha, gamma, mu, and nu were grouped; their combined prev-
alence was 4.0% (95% CI, 2.5–6.1); of these, the most common
type detected was HPV-1 (1.4% [95% CI, .6–2.9]). Single cutane-
ous HPVs were detected in 15.2% (95% CI, 12.2–18.7) of partici-
pants, whereas 6.4% (95% CI, 4.4–8.9) had multiple cutaneous
HPV types detected.

Risk Factor Analysis
Because the HPV vaccine was shown to protect against oral
HPV-16/18 [28], the evaluation of risk factors for alpha
mucosal HPV was restricted to the control arm. The following
variables were significantly associated with detection of any

oral alpha mucosal HPV: marital status, former and current
smoking, lifetime number of sexual partners, lifetime oral sex
partners, chronic sinusitis, and positive cervical and anal HPV
DNA status at the 4-year study visit (Table 4).

In the multivariate analysis, independent risk factors for de-
tection of any oral alpha mucosal HPV included marital status
(AOR, 3.2 [95% CI, 1.8–5.7] for single compared to those
married/living as married), lifetime number of sexual partners
(AOR, 2.4 [95% CI, 1.0–6.1] for those with ≥4 partners com-
pared to 0–1 partners; P for trend across categories 0.03),
chronic sinusitis (AOR, 3.1 [95% CI, 1.5–6.7]), and positive cer-
vical HPV DNA status at the 4-year study visit (AOR, 2.6 [95%
CI, 1.4–4.6]) (Table 4). Following adjustment, having given oral
sex to >1 partner was no longer significantly associated with
oral alpha mucosal HPV detection; its inclusion in the final
multivariate model did not affect the point estimates of the
other variables. Finally, the suggestive association of smoking

Table 2. Prevalence of Human Papillomavirus (HPV) Alpha Mucosal Types Among the 5838 Young Adult Women From Costa Rica Who
Provided an Oral Specimen for HPV DNA Testing, Stratified by Vaccine Arm

Control Arm (n = 2926) Vaccine Arm (n = 2912) Overall (n = 5838)

Test Result
No. of HPVs
Detected

Prevalence, % of All
Women (95% CI)

No. of HPVs
Detected

Prevalence, % of All
Women (95% CI)

No. of HPVs
Detected

Prevalence, % of All
Women (95% CI)

Any 55 1.9 (1.4–2.4) 46 1.6 (1.2–2.1) 101 1.7 (1.4–2.1)

Carcinogenica 37 1.3 (.9–1.7) 20 0.7 (.4–1.1) 57 1.0 (.7–1.3)
16 12 0.4 (.2–.7) 1 0.03 (.0–.2) 13 0.2 (.1–.4)

18 4 0.1 (.0–.3) 0 0 4 0.1 (.0–.2)

31 5 0.2 (.1–.4) 3 0.1 (.0–.3) 8 0.1 (.1–.3)
35 0 0 1 0.03 (.0–.2) 1 0.02 (.0–.1)

39 1 0.03 (.0–.2) 3 0.1 (.0–.3) 4 0.1 (.0–.2)

51 10 0.3 (.2–.6) 7 0.2 (.1–.5) 17 0.3 (.2–.5)
52 7 0.2 (.1–.5) 3 0.1 (.0–.3) 10 0.2 (.1–.3)

56 4 0.1 (.0–.3) 2 0.1 (.0–.2) 6 0.1 (.0–.2)

58 1 0.03 (.0–.2) 0 0 1 0.02 (.0–.1)
Noncarcinogenicb 22 0.8 (.5–1.1) 28 1.0 (.6–1.4) 50 0.9 (.6–1.1)

6 4 0.1 (.0–.3) 3 0.1 (.0–.3) 7 0.1 (.0–.2)

11 0 0 1 0.03 (.0–.2) 1 0.02 (.0–.1)
34 0 0 1 0.03 (.0–.2) 1 0.02 (.0–.1)

44 5 0.2 (.1–.4) 4 0.1 (.0–.4) 9 0.2 (.1–.3)

53 4 0.1 (.0–.3) 4 0.1 (.0–.4) 8 0.1 (.1–.3)
54 0 0 3 0.1 (.0–.3) 3 0.1 (.0–.2)

66 6 0.2 (.1–.4) 7 0.2 (.1–.5) 13 0.2 (.1–.4)

70 2 0.1 (.0–.2) 2 0.1 (.0–.2) 4 0.1 (.0–.2)
74 4 0.1 (.0–.3) 5 0.2 (.1–.4) 9 0.2 (.1–.3)

Single 45 1.5 (1.1–2.1) 42 1.4 (1.0–1.9) 87 1.5 (1.2–1.8)

Multiple 10 0.4 (.2–.6) 4 0.1 (.0–.4) 14 0.2 (.1–.4)
Uncharacterized 102 3.5 (2.9–4.2) 110 3.8 (3.1–4.5) 212 3.6 (3.2–4.1)

Abbreviations: CI, confidence interval; HPV, human papillomavirus.
a The following carcinogenic types were tested for but not detected: 33, 45, and 59.
b The following noncarcinogenic types were tested for but not detected: 40, 42, 43, and 68/73.
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with oral HPV in the univariate analysis lost significance in the
multivariate analysis. Stratified analysis confirmed that the
effect of smoking was explained by lifetime number of sexual

partners, as there was little evidence for a smoking effect within
strata of lifetime number of partners (data not shown).

Among the 106 women in the control group who reported
acute tonsillitis and the 17 women with chronic disease of the
tonsils, adenoids, or peritonsillar abscess, none had detectable oral
alpha mucosal HPV. Of the women who had a tonsillectomy (as
reported at enrollment and confirmed by physical exam; n = 20),
all were negative for oral alpha mucosal HPV infection. No signif-
icant associations were observed for clinical conditions other than
chronic sinusitis.

A risk factor analysis evaluating exposures that may increase
the odds of cutaneous HPV within the oral region was conduct-
ed; however, no significant behavioral risk factors were identi-
fied (Supplementary Table), suggesting that detection of these
types was not associated with sexual activity. When considering
the subset of women with both oral alpha and beta HPV test
results in the control arm (n = 246), detection of oral alpha
mucosal HPV (n = 8 HPVs) significantly increased the odds of
detection of beta cutaneous HPV within the oral region (n = 4
of the 8; OR, 4.8 [95% CI, 1.2–20.0]); no such association was
observed for the other cutaneous HPV types.

DISCUSSION

Our analysis, nested within the Costa Rica Vaccine Trial, pro-
vides information regarding the epidemiology of oral HPV in a
Latin American population of healthy, young adult women.
Both mucosal and cutaneous HPV types were detected within
the oral region. Detection of oral mucosal HPV types was rela-
tively uncommon; overall prevalence of alpha HPV types
among women who did not receive the HPV vaccine was 1.9%.
Carcinogenic HPV types comprised the majority of detectable
alpha mucosal HPV with HPV-16 being the most common. In-
dependent risk factors for any oral alpha mucosal HPV includ-
ed marital status, lifetime number of sexual partners, chronic
sinusitis, and positive cervical HPV status at the 4-year study
visit. Cutaneous HPV types were 10 times more common within
the oral region than mucosal HPV types (21.6%). Beta HPV
types comprised the vast majority of detectable cutaneous HPV
(18.6%) compared to all other cutaneous HPV types combined
(4.0%). Unlike the mucosal HPV types, detection of cutaneous
HPV types in the oral region appeared independent of sexual ac-
tivity. It is important to note, however, that detection of HPV
using DNA-based methods does not allow us to distinguish
active replicative infection (which is better assessed by markers
of viral activity) from detection of virions deposited from recent
sexual activity or other HPV-infected areas of one’s body.

The observed prevalence of oral HPV-16 in our population of
22- to 29-year-old women in Costa Rica (0.4%) was comparable
to other published reports from the United States, where preva-
lence estimates for oral HPV-16 in studies of men and women
across a broad age range were between 0.2% and 1.0% [11, 12].

Table 3. Prevalence of Cutaneous Human Papillomavirus (HPV)
Types Among a Subset of 500 Young Adult Women From Costa
Rica Who Provided an Oral Specimen for HPV DNA Testing

Test Result

Overall (n = 500)

No. of HPVs
Detected

Prevalence, % of All
Women (95% CI)

Any 108 21.6 (18.1–25.5)

Any Betapapillomavirusa 93 18.6 (15.3–22.3)
5 11 2.2 (1.1–3.9)

8 9 1.8 (.8–3.4)

9 4 0.8 (.2–2.0)
14 4 0.8 (.2–2.0)

15 5 1.0 (.3–2.3)

17 7 1.4 (.6–2.9)
19 4 0.8 (.2–2.0)

20 5 1.0 (.3–2.3)

21 1 0.2 (.0–1.1)
22 4 0.8 (.2–2.0)

23 10 2.0 (1.0–3.6)

24 19 3.8 (2.3–5.9)
25 1 0.2 (.0–1.1)

36 3 0.6 (.1–1.7)

37 1 0.2 (.0–1.1)
38 15 3.0 (1.7–4.9)

49 3 0.6 (.1–1.7)

75 3 0.6 (.1–1.7)
76 1 0.2 (.0–1.1)

80 11 2.2 (1.1–3.9)

92 2 0.4 (.1–1.4)
93 7 1.4 (.6–2.9)

96 6 1.2 (.4–2.6)

Other cutaneous
HPV typesb

20 4.0 (2.5–6.1)

1c 7 1.4 (.6–2.9)

2d 5 1.0 (.3–2.3)
4e 5 1.0 (.3–2.3)

7d 1 0.2 (.0–1.1)

48e 1 0.2 (.0–1.1)
63c 1 0.2 (.0–1.1)

Singlef 76 15.2 (12.2–18.7)

Multiplef 32 6.4 (4.4–8.9)
Uncharacterizedf 74 14.8 (11.8–18.2)

Abbreviations: CI, confidence interval; HPV, human papillomavirus.
a The following beta types were tested for but not detected: 12 and 47.
b The following other cutaneous HPV types were tested for but not detected:
3, 10, 27, 28, 29, 40, 41, 43, 50, 57, 60, 65, 77, 88, 91, 94, 95.
c Mu HPV type.
d Alpha HPV type.
e Gamma HPV type.
f Any cutaneous HPV type.
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Table 4. Univariate and Multivariate Analyses of Risk Factors for Detection of Any Oral Alpha Mucosal Human Papillomavirus Types
Among Young Adult Women From Costa Rica (Control Arm Only)

Characteristic

Control Arm (n = 2926)

No. of Women HPV Positivity, No. (%) of Women OR (95% CI) AOR (95% CI)

Age, y
22–23 671 12 (1.8) Ref

24–25 763 10 (1.3) 0.7 (.3–1.7)

26–27 730 19 (2.6) 1.5 (.7–3.0)
≥28 762 14 (1.8) 1.0 (.5–2.2)

P for trend .52

Education level
≤6 y 797 16 (2.0) Ref

7–9 y 535 7 (1.3) 0.6 (.3–1.6)

≥10 y* 814 15 (1.8) 0.9 (.5–1.9)
University 780 17 (2.2) 1.1 (.5–2.2)

P for trend .69

Marital status
Married or living as married* 1858 20 (1.1) Ref Ref

Single 885 33 (3.7) 3.6 (2.0–6.2) 3.2 (1.8–5.7)

Divorced/separated/widowed 183 2 (1.1) 1.0 (.2–4.4) 0.7 (.2–3.1)
Smoking status

Never* 2363 37 (1.6) Ref Ref

Former** 357 11 (3.1) 2.0 (1.0–4.0) 1.4 (.7–2.9)
Current 206 7 (3.4) 2.2 (1.0–5.0) 1.2 (.5–2.8)

P for trend .02 .54

Age at first vaginal intercourse, y
Sexually naive 156 1 (0.6) 0.3 (.0–2.4)

≥19 788 16 (2.0) Ref

17–18 834 13 (1.6) 0.8 (.4–1.6)
≤16* 1148 25 (2.2) 1.1 (.6–2.0)

P for trend .38

Lifetime No. of sexual partners
0–1 929 8 (0.9) Ref Ref

2–3 999 15 (1.5) 1.8 (.7–4.2) 1.4 (.6–3.4)

≥4 998 32 (3.2) 3.8 (1.7–8.3) 2.4 (1.0–6.1)
P for trend <.001 .03

Total No. of years sexually active

Sexually naive 156 1 (0.6) 0.4 (.0–2.7)
0–7* 1089 19 (1.7) Ref

8–10 900 19 (2.1) 1.2 (.6–2.3)

≥11 781 16 (2.0) 1.2 (.6–2.3)
P for trend .31

Lifetime No. of oral sex partners*

0–1 2155 33 (1.5) Ref Ref
≥2 771 22 (2.9) 1.9 (1.1–3.3) 0.8 (.4–1.6)

P for trend .02 .59

Age at first oral sex, y
Never had oral sex* 1125 20 (1.8) Ref

≥21 782 14 (1.8) 1.0 (.5–2.0)

≤20** 1019 21 (2.1) 1.2 (.6–2.2)
P for trend .63
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Likewise, risk factors for oral HPV observed within our popula-
tion also mirrored those previously reported in US-based
studies. As expected, sexual behavior was an important risk
factor for oral alpha mucosal HPV, consistent with what is
known for HPV epidemiology at other anatomical sites [11, 12].
Detection of oral alpha mucosal HPV within our population was
independently associated with having a relatively high lifetime
number of sexual partners. Being unmarried further increased
the risk of oral alpha mucosal HPV after controlling for number
of sexual partners. Apart from the expected misclassification of
sexual behavior reporting, this could suggest the presence of an
additional factor not captured by our questionnaire (eg, open-
mouth kissing [11]). Cervical HPV positivity, a marker of sexual
behavior, was also a strong risk factor for detection of oral alpha
mucosal HPV. Finally, although oral sex and smoking have been
consistently reported as risk factors for oral HPV detection [12,
13], after adjustment for sexual behavior, the associations ob-
served in our univariate analyses were no longer significant. In
our population, prevalence of these exposures was relatively low
(>2 lifetime oral sexual partners, 26%; and current smoking,
6.6%), thus compromising our ability to fully evaluate these
exposures. Due to the reported influence of age, smoking, and
sexual behaviors on oral HPV prevalence [12], results from our
study of younger women who are mainly nonsmokers with few

sexual partners may not be generalizable to older women with
different behavior/risk profiles.

Chronic sinusitis was a newly identified risk factor for oral
alpha mucosal HPV detection. Chronic sinusitis is more likely
to occur among women with reduced immune responses who
in turn may be more susceptible to viral infections [32]. An al-
ternative explanation may be that sinusitis compromises the in-
tegrity of the oral epithelium, a necessary step in cervical HPV
infection [33]. Additionally, sinusitis may flush HPV virions/
infected cells from the nasal cavity into the back of the throat,
although this would be expected to apply to cutaneous types
as well (assuming detection represented true infection) and no
association with cutaneous types was observed.

Cutaneous HPV types are highly prevalent in human skin and
hair follicles of healthy individuals [34–38]. Although multiple
asymptomatic infections are common, clinical manifestations of
cutaneous HPV infection include common, plantar, planar, and
genital warts as well as epidermodysplasia verruciformis [39].
To date, 3 studies reported detection of cutaneous HPV types
within the oral region of healthy individuals [14, 17, 18]. As in
our study, beta HPV types were the predominant cutaneous
HPV type detected; however, the prevalence of beta types de-
tected within our population was notably lower (18.6% vs 64%
among older HIV-negative males) [14]. Given current

Table 4 continued.

Characteristic

Control Arm (n = 2926)

No. of Women HPV Positivity, No. (%) of Women OR (95% CI) AOR (95% CI)

Lifetime No. of anal sex partners*
0 2416 44 (1.8) Ref

1** 415 10 (2.4) 1.3 (.7–2.7)

≥2 95 1 (1.1) 0.6 (.1–4.2)
P for trend .86

Chronic sinusitis

No 2769 46 (1.7) Ref Ref

Yes 157 9 (5.7) 3.6 (1.7–7.5) 3.1 (1.5–6.7)

Cervical HPV status at 4-year study visita

Negative*,b 1912 20 (1.0) Ref Ref

Positive 1014 35 (3.5) 3.4 (1.9–5.9) 2.6 (1.4–4.6)

Anal HPV status at 4-year study visita,c

Negativeb 1428 18 (1.3) Ref

Positive 664 17 (2.6) 2.1 (1.1–4.0)

ORs were adjusted for categorical age as well as all the variables included in the table. Statistically significant findings are bolded.

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; HPV, human papillomavirus; OR, odds ratio.

Missing values accounted for <1% of the full cohort; *includes women with a missing value, those who refused to respond, and those who responded “don’t
know” for this variable; **Includes women who did not have missing values for a related variable above, yet had a missing value, refused to respond or responded
“don’t know” for this variable.
a Any HPV infection detected (carcinogenic and/or noncarcinogenic).
b Included women who did not have a specimen collected for HPV testing because they were sexually naive.
c Total was <2926 due to 678 women who refused anal specimen collection.
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knowledge of their biology, these cutaneous HPV types are not
believed to be carcinogenic in healthy individuals. Although the
interplay between mucosal and cutaneous HPV is unknown, our
superficial analysis suggested they may not be independent.
Therefore, if detection of cutaneous types within the oral region
represents true infection, the presence of cutaneous HPV infec-
tions may affect the acquisition and/or clearance of mucosal
HPVs.

Using data from our large, community-based study in Costa
Rica, we extend the reports of low prevalence of oral alpha
mucosal HPV in developed countries to a resource-poor country,
and confirm its association with sexual behavior. Future work will
evaluate the proportion of the oral HPVs that are detected over
time and are therefore more likely to represent true persistent oral
infections. As persistent oral HPV-16 infection is the putative pre-
cursor to HPV-associated oropharyngeal cancer, prevention is
needed and will hopefully be accomplished through widespread
implementation of the prophylactic HPV-16/18 vaccine.

Supplementary Data

Supplementary materials are available at The Journal of Infectious Diseases
online (http://jid.oxfordjournals.org/). Supplementary materials consist of
data provided by the author that are published to benefit the reader. The
posted materials are not copyedited. The contents of all supplementary data
are the sole responsibility of the authors. Questions or messages regarding
errors should be addressed to the author.

Notes

The Costa Rica Vaccine Trial Group. Prevention and Implementation
Group, International Agency for Research on Cancer: Rolando Herrero
(Co–Principal Investigator). Proyecto Epidemiológico Guanacaste, Funda-
ción INCIENSA, San José, Costa Rica: Mario Alfaro (Cytopathologist);
M. Concepción Bratti (Co-Investigator); Bernal Cortés (Specimen and Re-
pository Manager); Albert Espinoza (Head, Coding and Data Entry);
Yenory Estrada (Pharmacist); Paula González (Co-Investigator); Diego
Guillén (Pathologist); Silvia E. Jiménez (Co-Investigator, Trial Coordina-
tor); Jorge Morales (Colposcopist); Luis Villegas (Colposcopist); Lidia Ana
Morera (Head Study Nurse); Carolina Porras (Co-Investigator); Ana Cecilia
Rodríguez (Co-Investigator). US National Cancer Institute (NCI), Bethesda,
Maryland: Allan Hildesheim (Co-Principal Investigator and NCI Co-
Project Officer); Aimée R. Kreimer (Investigator); Douglas R. Lowy (HPV
Virologist); Nora Macklin (Trial Coordinator); Mark Schiffman (Medical
Monitor & NCI Co-Project Officer); John T. Schiller (HPV Virologist);
Mark Sherman (QC Pathologist); Diane Solomon (Medical Monitor and
QC Pathologist); SholomWacholder (Statistician). University of Costa Rica,
San José: Enrique Freer (Director, HPV Diagnostics Laboratory); José
Bonilla (Head, HPV Immunology Laboratory); Alfonso García-Piñeres
(Immunologist); Sandra Silva (Head Microbiologist, HPV Diagnostics
Laboratory); Ivannia Atmella (Microbiologist, Immunology Laboratory);
Margarita Ramírez (Microbiologist, Immunology Laboratory). SAIC, NCI-
Frederick, Maryland: Ligia Pinto (Head, HPV Immunology Laboratory);
Troy Kemp (Scientist, HPV Immunology Laboratory). Women’s and
Infants’ Hospital, Providence, Rhode Island: Claire Eklund (QC Cytology);
Martha Hutchinson (QC Cytology). Georgetown University, Washington,
D.C.: Mary Sidawy (Histopathologist). DDL Diagnostic Laboratory, Rijs-
wijk, the Netherlands: Wim Quint (Virologist, HPV DNA Testing); Leen-
Jan van Doorn (HPV DNATesting); Linda Struijk (HPV DNA testing).

Acknowledgments. The Costa Rica HPV Vaccine Trial is a long-
standing collaboration between investigators in Costa Rica and the NCI. We
extend a special thanks to the women of Guanacaste and Puntarenas, Costa
Rica, for participating in this effort. We also acknowledge the tremendous
effort and dedication of the staff in Costa Rica involved in this project,
including Bernardo Blanco and his team (census), Ricardo Cerdas and Ana
Hernández (blood processing), José Miguel González, Osman López,
Johnny Matamoros, Manuel Sánchez, Rafael Thompson, and Jorge Umaña
(field activity coordinators), Su Yen Araya, Hazel Barquero, Hayleen
Campos, Muriel Grijalba, Ana Cristina Monge, Ana Peraza, Diana Robles,
María Fernanda Sáenz, Dorita Vargas, and Jessica Vindas (clinic coordina-
tors), Paola Alvarez, Dinia Angulo, Ana Live Arias, Betzaida Barrantes,
Marianela Bonilla, Mary José Calvo, Loretto Carvajal, Jessenia Chinchilla,
Blanca Cruz, Marianela Herrera, Andrea Interiano, Fabiola Jiménez, Erick
Lagos, Viviana Loría, Andrea Messeguer, Rebeca Ocampo, Silvia Padilla,
Angie Ramírez, Libia Rivas, Daniela Romero, Byron Romero, Jessenia Ruiz,
Daniela Ruiz, Genie Saborío, Sofía Ssoto, Malena Salas, Adriana Torrez,
Natalia Ugalde, Ana Cristina Ugalde, Adriana Vallejos, Yesenia Vázquez,
Maricela Villegas (clinicians), Marta Alvarado, Ana Cristina Arroyo, Glori-
ana Barrientos, Diana Díaz, Marlen Jara, Maureen Matarrita, María Ester
Molina, Elida Ordóñez, Gina Sánchez, and Zihara Villegas (nurses),
Arianne Castrillo and Vivian López (education and outreach effort coordina-
tors), Karla Coronado (appointment coordinator), Ricardo Alfaro (quality
control coordinator), Charles Sánchez and Livia Romero (document center
coordinators), Cristian Montero (quality assurance, regulatory), and Carlos
Avila and Eric Alpízar (IT coordinators). Special recognition is also extended
to Sofía Elizondo, Executive Director of Fundación INCIENSA, and her
staff for their administrative support. In the United States we would like to
extend our appreciation to the team from Information Management Servic-
es (IMS) responsible for the development and maintenance of the data
system used in the trial and who serve as the data management center for
this effort. We specifically acknowledge the invaluable contributions made
by Jean Cyr, Julie Buckland, Laurie Rich, and Brian Befano at IMS and ac-
knowledge the contributions made by individuals at Westat, Inc, who pro-
vided project development and/or monitoring support, including Kerry
Grace Morrisey, Kirk Midkiff, Susan Truitt, Sonia Stoszek, Maribel Gomez,
and Isabel Trejos. We acknowledge the assistance provided by Carla
Chorley, Troy Moore, Kathi Shea, and Heather Siefers in the establishment
of a specimen and vaccine repository for our trial and in their continued as-
sistance with the handling and shipment of specimens. From GSK Biologi-
cals, we would like to acknowledge the contributions of Gary Dubin, Anne
Schuind, Frank Struyf, Kelechi Lawrence, Darrick Fu, and Bruce Innis for
their contribution to discussions regarding trial conduct and Francis Dessy
and Catherine Bougelet for HPV-16/18 antibody testing. We thank
members of the data and safety monitoring board charged with protecting
the safety and interest of participants in our trial (Steve Self, Chair, Adriana
Benavides, Luis Diego Calzada, Ruth Karron, Ritu Nayar, and Nancy
Roach)andmembersof the external ScientificHPVWorkingGroupwhohave
contributed to the success of our efforts over the years ( Joanna Cain, Chair,
Diane Davey, David DeMets, Francisco Fuster, Ann Gershon, Elizabeth
Holly, Silvia Lara, Henriette Raventós, Wasima Rida, Luis Rosero-Bixby,
Kristen Suthers, Sarah Thomas, and Raphael Viscidi). We thank Annet
Westbroek and Yvonne Zomerdijk from DDL for their help in testing the
oral specimens, and Sabrina Chen from IMS for help with the analysis.
Author contributions. The NCI and Costa Rica investigators were re-

sponsible for the study design, data collection, data management, data anal-
ysis, interpretation, and preparation of the report. The corresponding
author had access to all data. The NCI and Costa Rica investigators had
final responsibility for the decision to submit for publication.
Financial support. This work was supported by the NCI (contract

N01-CP-11005), with funding support from the National Institutes of
Health Office of Research on Women’s Health. Vaccine was provided for
our trial by GlaxoSmithKline Biologicals (GSK), under a Clinical Trials
Agreement with the NCI. Cervarix is a registered trademark of the GlaxoS-
mithKline Biologicals group of companies. GSK also provided support for
aspects of the trial associated with regulatory submission needs of the
company under Food and Drug Administration BB-IND 7920.

Oral HPV in Young Women • JID 2013:208 (15 November) • 1651

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article-abstract/208/10/1643/839643 by guest on 20 N

ovem
ber 2019

http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jit369/-/DC1
http://jid.oxfordjournals.org/
http://jid.oxfordjournals.org/
http://jid.oxfordjournals.org/


Potential conflicts of interest. D. R. L. and J. S. report that they are
named inventors on US government–owned HPV vaccine patents that are
licensed to GSK and Merck and for which the NCI receives licensing fees,
and are entitled to limited royalties as specified by federal law. All other
authors report no potential conflicts.
All authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. Hocking JS, Stein A, Conway EL, et al. Head and neck cancer in Austra-
lia between 1982 and 2005 show increasing incidence of potentially
HPV-associated oropharyngeal cancers. Br J Cancer 2011; 104:886–91.

2. Blomberg M, Nielsen A, Munk C, Kjaer SK. Trends in head and neck
cancer incidence in Denmark, 1978–2007: focus on human papilloma-
virus associated sites. Int J Cancer 2011; 129:733–41.

3. Reddy VM, Cundall-Curry D, Bridger MW. Trends in the incidence
rates of tonsil and base of tongue cancer in England, 1985–2006. Ann R
Coll Surg Engl 2010; 92:655–9.

4. Syrjanen S. HPV infections and tonsillar carcinoma. J Clin Pathol
2004; 57:449–55.

5. Ioka A, Tsukuma H, Ajiki W, Oshima A. Trends in head and neck
cancer incidence in Japan during 1965–1999. Jpn J Clin Oncol 2005;
35:45–7.

6. Braakhuis BJ, Visser O, Leemans CR. Oral and oropharyngeal cancer in
the Netherlands between 1989 and 2006: increasing incidence, but not
in young adults. Oral Oncol 2009; 45:e85–9.

7. Chaturvedi AK, Engels EA, Anderson WF, Gillison ML. Incidence
trends for human papillomavirus-related and -unrelated oral squamous
cell carcinomas in the United States. J Clin Oncol 2008; 26:612–9.

8. Gillison ML, Alemany L, Snijders PJ, et al. Human papillomavirus and
diseases of the upper airway: head and neck cancer and respiratory pap-
illomatosis. Vaccine 2012; 30(suppl 5):F34–54.

9. Kreimer AR, Clifford GM, Boyle P, Franceschi S. Human papillomavi-
rus types in head and neck squamous cell carcinomas worldwide: a sys-
tematic review. Cancer Epidemiol Biomarkers Prev 2005; 14:467–75.

10. D’Souza G, Kreimer AR, Viscidi R, et al. Case-control study of human
papillomavirus and oropharyngeal cancer. N Engl J Med 2007;
356:1944–56.

11. Pickard RK, Xiao W, Broutian TR, He X, Gillison ML. The prevalence
and incidence of oral human papillomavirus infection among young
men and women, aged 18–30 years. Sex Transm Dis 2012; 39:559–66.

12. Gillison ML, Broutian T, Pickard RK, et al. Prevalence of oral HPV in-
fection in the United States, 2009–2010. JAMA 2012; 307:693–703.

13. Kreimer AR, Villa A, Nyitray AG, et al. The epidemiology of oral
HPV infection among a multinational sample of healthy men. Cancer
Epidemiol Biomarkers Prev 2011; 20:172–82.

14. Bottalico D, Chen Z, Dunne A, et al. The oral cavity contains
abundant known and novel human papillomaviruses from the Betapa-
pillomavirus and Gammapapillomavirus genera. J Infect Dis 2011;
204:787–92.

15. de Villiers EM, Fauquet C, Broker TR, Bernard HU, zur HH.
Classification of papillomaviruses. Virology 2004; 324:17–27.

16. Bernard HU, Burk RD, Chen Z, van Doorslaer K, zur Hausen H,
de Villiers EM. Classification of papillomaviruses (PVs) based on 189
PV types and proposal of taxonomic amendments. Virology 2010;
401:70–9.

17. Kurose K, Terai M, Soedarsono N, et al. Low prevalence of HPV infec-
tion and its natural history in normal oral mucosa among volunteers
on Miyako Island, Japan. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2004; 98:91–6.

18. Paolini F, Rizzo C, Sperduti I, et al. Both mucosal and cutaneous papil-
lomaviruses are in the oral cavity but only alpha genus seems to be as-
sociated with cancer. J Clin Virol 2013; 56:72–6.

19. Giraldo P, Goncalves AK, Pereira SA, Barros-Mazon S, Gondo ML,
Witkin SS. Human papillomavirus in the oral mucosa of women with

genital human papillomavirus lesions. Eur J Obstet Gynecol Reprod
Biol 2006; 126:104–6.

20. do Sacramento PR, Babeto E, Colombo J, et al. The prevalence of
human papillomavirus in the oropharynx in healthy individuals in a
Brazilian population. J Med Virol 2006; 78:614–8.

21. Tristao W, Ribeiro RM, Oliveira CA, Betiol JC, Bettini JS. Epidemiolog-
ical study of HPV in oral mucosa through PCR. Braz J Otorhinolaryng-
ol 2012; 78:66–70.

22. Ragin CC, Wheeler VW, Wilson JB, et al. Distinct distribution of HPV
types among cancer-free Afro-Caribbean women from Tobago. Bio-
markers 2007; 12:510–22.

23. Esquenazi D, Bussoloti Filho I, Carvalho MG, Barros FS. The frequency
of human papillomavirus findings in normal oral mucosa of healthy
people by PCR. Braz J Otorhinolaryngol 2010; 76:78–84.

24. Herrero R, Hildesheim A, Rodriguez AC, et al. Rationale and design of a
community-based double-blind randomized clinical trial of an HPV 16
and 18 vaccine in Guanacaste, Costa Rica. Vaccine 2008; 26:4795–808.

25. Lum A, Le ML. A simple mouthwash method for obtaining genomic
DNA in molecular epidemiological studies. Cancer Epidemiol Bio-
markers Prev 1998; 7:719–24.

26. Garcia-Closas M, Egan KM, Abruzzo J, et al. Collection of genomic
DNA from adults in epidemiological studies by buccal cytobrush and
mouthwash. Cancer Epidemiol Biomarkers Prev 2001; 10:687–96.

27. Walsh DJ, Corey AC, Cotton RW, et al. Isolation of deoxyribonucleic
acid (DNA) from saliva and forensic science samples containing saliva.
J Forensic Sci 1992; 37:387–95.

28. Herrero R, Quint W, Hildesheim A, et al. Reduced Prevalence of Oral
Human Papillomavirus (HPV) 4 Years after Bivalent HPV Vaccination
in a Randomized Clinical Trial in Costa Rica. PloS one 2013; 8:e68329.

29. van Doorn LJ, Molijn A, Kleter B, Quint W, Colau B. Highly effective
detection of human papillomavirus 16 and 18 DNA by a testing
algorithm combining broad-spectrum and type-specific PCR. J Clin
Microbiol 2006; 44:3292–8.

30. de Koning M, Quint W, Struijk L, et al. Evaluation of a novel highly
sensitive, broad-spectrum PCR-reverse hybridization assay for detec-
tion and identification of beta-papillomavirus DNA. J Clin Microbiol
2006; 44:1792–800.

31. de Koning M, ter Schegget J, Eekhof JA, et al. Evaluation of a novel
broad-spectrum PCR-multiplex genotyping assay for identification of
cutaneous wart-associated human papillomavirus types. J Clin Micro-
biol 2010; 48:1706–11.

32. Carr TF, Koterba AP, Chandra R, et al. Characterization of specific anti-
body deficiency in adults with medically refractory chronic rhinosinusi-
tis. Am J Rhinol Allergy 2011; 25:241–4.

33. Roberts JN, Buck CB, Thompson CD, et al. Genital transmission of
HPV in a mouse model is potentiated by nonoxynol-9 and inhibited by
carrageenan. Nat Med 2007; 13:857–61.

34. Kovanda A, Kocjan BJ, Luzar B, Bravo IG, Poljak M. Characterization
of novel cutaneous human papillomavirus genotypes HPV-150 and
HPV-151. PLoS One 2011; 6:e22529.

35. Antonsson A, Karanfilovska S, Lindqvist PG, Hansson BG. General ac-
quisition of human papillomavirus infections of skin occurs in early
infancy. J Clin Microbiol 2003; 41:2509–14.

36. Antonsson A, Forslund O, Ekberg H, Sterner G, Hansson BG. The
ubiquity and impressive genomic diversity of human skin papillomavi-
ruses suggest a commensalic nature of these viruses. J Virol 2000; 74:
11636–41.

37. Castellsague X, Drudis T, Canadas MP, et al. Human papillomavirus
(HPV) infection in pregnant women and mother-to-child transmission
of genital HPV genotypes: a prospective study in Spain. BMC Infect
Dis 2009; 9:74.

38. de Koning MN, Struijk L, Bavinck JN, et al. Betapapillomaviruses fre-
quently persist in the skin of healthy individuals. J Gen Virol 2007; 88:
1489–95.

39. Cardoso JC, Calonje E. Cutaneous manifestations of human papilloma-
viruses: a review. Acta Dermatovenerol Alp Panonica Adriat 2011; 20:
145–54.

1652 • JID 2013:208 (15 November) • Lang Kuhs et al

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article-abstract/208/10/1643/839643 by guest on 20 N

ovem
ber 2019



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


