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ABSTRACT
The incidence of human papillomavirus (HPV)-associated head and neck cancers is rising, particularly
among men. Whether observed epidemiological differences in sex are explained by differences in sexual
exposure and/or by immune response is unclear. In this cross-sectional, multi-institutional study,
seroprevalence of antibodies to HPV L1 capsid antigen was compared by patient characteristics
among 374 adult patients without cancer. A significantly higher seroprevalence was observed among
women compared with men for HPV16 (OR = 2.96, 95% CI = 1.21–7.21) and HPV18 (OR = 2.84, 95%
CI = 1.06–7.60) L1 antibodies. This difference persisted for HPV16 after controlling for lifetime and recent
sexual behavior. After controlling for sex, HPV16 and HPV18 L1 seroprevalence was also significantly
associated with higher number of lifetime (HPV16 OR = 1.05, 95% CI = 1.01–1.08; HPV18 OR = 1.04, 95%
CI = 1.01–1.08) and recent (HPV16 OR = 1.54, 95% CI = 1.15–2.07; HPV18 OR = 1.40, 95% CI = 1.07–1.82)
oral but not vaginal sexual partners. These findings potentially suggest a more robust immune response
to HPV16/18 among women compared with men that may not be explained by differences in number of
sexual partners, and thereby presumably HPV exposure. The independent association of HPV16/18 L1
seroprevalence with higher number of oral sexual partners suggests a possible role for site of mucosal
exposure in the HPV immune response.
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Introduction

The incidence of human papillomavirus (HPV)-associated
head and neck cancer is rising in North America.1 Among
men, the incidence is more than twice that of women,
although the prevalence of cancers attributable to HPV is
rising among both sexes.2 Though the male predominance
in head and neck cancer incidence is attributed to a higher
prevalence of tobacco and alcohol use,3 the reasons for the sex
differences in HPV-associated cancer remain unclear.
Hypothesized explanations for male predominance of HPV-
related cancers have been attributed to men having a greater
number of vaginal and oral sexual partners. However,
research suggests that higher numbers of lifetime sexual part-
ners only partially explain the sex difference 16–18% of the
sex difference in prevalence of oral HPV,4,5 supporting a role
for other co-factors beyond behavior. The prevalence of oral
HPV infection is greatest among men4-6 who smoke cigarettes
and have at least five lifetime oral sexual partners.7

This higher prevalence of oral HPV among men is
hypothesized to be due to differences in immune response
among men and women which, in turn, may contribute to the
observed differences in HPV-associated head and neck cancer

incidence. Average time to clearance of oral HPV16 infection
is more than twice as long among men compared with
women.8 Furthermore, oral HPV incidence9 and
prevalence4,5 is more strongly associated with a higher num-
ber of sexual partners among men than women, suggesting
per partner risk of oral HPV acquisition may be less for
women than men.

Consistent with the more robust humoral and cell-
mediated immune response to other viral antigens
among women compared with men,10 multiple prior stu-
dies have demonstrated higher seroprevalence to HPV L1
capsid antibody among women. However, many of these
studies are limited as they were performed in young
cohorts with high-risk exposure to sexually transmitted
infections (including Human Immunodeficiency Virus
[HIV]) and were conducted over a decade ago. Only
one of these studies had data on both oral and vaginal
sex partners to consider analytically.11-16 It remains
unknown whether the sex differences in HPV antibody
response previously reported in at-risk populations are
observed among older healthy individuals, and if differ-
ences in seroprevalence are explained by oral and/or
vaginal sexual exposure.
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Methods

Study population

The study population for this cross-sectional analysis was
comprised of individuals with no history of head and neck
cancer or radiation that were enrolled as age and sex matched
clinic controls for a multicenter, case-control study of inci-
dent head and neck cancer. Adult patients seeking care at
outpatient clinics for Otology, Audiology, and Laryngology
between May 2014 to May 2017 for chief complaints that did
not include or result in a diagnosis of cancer were eligible for
this study. Further eligibility criteria included serum availabil-
ity, no history of HPV vaccination (6 vaccinated people were
excluded as potentially not at risk), and less than 100 oral or
vaginal sexual partners (24 people with >100 partners
excluded as non-representative). Study sites included Johns
Hopkins Hospital (Baltimore, MD), Greater Baltimore
Medical Center (Baltimore, MD), University of California –
San Francisco Medical Center (San Francisco, CA), and
Mount Sinai (New York, NY). Written informed consent
was given by all enrollees, and institutional review boards at
each study site approved the protocol.

Sample collection

Behavioral data were collected by computer-assisted self-
interview. Subjects were asked about race/ethnicity,
demographic data, substance use, and sexual behaviors. The
wording of survey questions was adapted from NHANES
2011–2012.17 A 6 milliliter peripheral blood sample was col-
lected in a non-heparinized Vacutainer tube and serum was
separated by centrifugation. Samples were transported on dry
ice and stored at −20 degrees C until processing.

Human papillomavirus serology

Sera were tested for HPV major capsid protein (L1) antibodies
to oncogenic HPV types 16, 18, 31, 33, 35, 45, 52, and 58 and
non-oncogenic HPV types 6 and 11. Testing was performed at
the German Cancer Research Center (DKFZ, Heidelberg,
Germany) using multiplex serology, an antibody detection
method based on glutathione S-transferase (GST) capture
ELISA, in combination with fluorescent bead-based technol-
ogy, in a procedure that has been previously described.18

Median fluorescence intensity (MFI) values were dichoto-
mized as antibody positive or negative, using standardized
cutoff values.19,20

Statistical analyses

Demographics and behavioral exposures of male and female
participants were compared. For some analyses, HPV16 or
HPV18 L1 seropositive participants were compared to sero-
negative. Age of participant and number of sexual or open
mouth kissing partners were considered as continuous vari-
ables and compared by a two-sided t-test. Recent sexual
partners were defined as sexual partners in the last 12 months.
The following variables were treated as binary: serostatus

(seropositive, seronegative), race/ethnicity (white non-
Hispanic, nonwhite), relationship status (widowed/divorced/
separated/never married, married/living with a partner), his-
tory of genital warts, current smoking status, current alcohol
use (≥15 drinks/month, <15 drinks/month), illegal drug use
(ever, never), coitarche at <18 years, type of first sexual act
(yes/no for oral sex, oral sex on a woman, oral sex on a man,
vaginal sex, vaginal sex with a woman, vaginal sex with
a man), sexual orientation (homosexual/bisexual/other, het-
erosexual). Regular marijuana use was categorized as none,
1–2 times/week, >2 times/week. Categorical variables were
compared by Pearson’s χ2 or Fisher’s exact test when samples
were small.

Logistic regression was used to estimate odds ratios (OR)
and 95% confidence intervals (95% CI) for the associations
between exposure variables and HPV L1 seroprevalence.
Variables significant in univariate analysis based on p-value
<0.05 or of interest given existing literature were evaluated in
a multiple logistic regression model.

Results

374 participants met the eligibility criteria. As described in
Table 1, the median age of the study population was 60 years
(IQR 52–68), most participants were men (281, 75%), white
non-Hispanic (287, 77%), college graduates (230, 65%) and
enrolled at Johns Hopkins (251, 67%). Men and women were
similar by age and education, although women were more
likely to be nonwhite (p = 0.001), and to report a lower annual
family income (p = 0.007). The most frequent reason for clinic
visit was hearing loss (125, 33%), followed by other otologic
complaints (117, 31%), and benign lesions of the head and
neck (69, 18%).

Overall, 122 (33%) of participants were seropositive for any
HPV L1 type, 95 (25%) for any oncogenic HPV L1 type, 21
(6%) for HPV16 L1, and 17 (5%) for HPV18 L1.

Seroprevalence by sex

Women were more likely than men to be seropositive for
HPV16 (OR = 2.96, 95% CI = 1.21–7.21) and HPV18
(OR = 2.84, 95% CI = 1.06–7.60) L1 (Figure 1). A similar
magnitude of difference in seroprevalence was observed by
sex for HPV33 (OR = 4.16, 95% CI 0.91–18.96, p = 0.06) and
HPV11 (OR = 2.40, 95% CI 0.98–5.90, p = 0.05), although
these were marginally statistically significant. For the six other
HPV L1 types examined, the seroprevalence was also higher
among females, however the difference was not statistically
significant (p = 0.09–0.90; Supplemental Table 1). When
analysis was restricted to 23 men and 20 women who reported
never having had oral sex, women remained at higher odds of
HPV16 L1 seropositivity than men (15.0% vs. 4.3%;
OR = 3.88, 95% CI = 0.37–40.71), although this was no longer
statistically significant.

Prevalence of behaviors of interest was compared by sex to
explore whether differences in HPV seroprevalence may be
attributed to differences in sexual exposure, relationship status
or substance use (Table 2). Compared with women, men were
more likely to have a higher number of lifetime oral sexual

1936 M. J. WINDON ET AL.



partners (p = 0.005), and recent vaginal sexual partners
(p = 0.03). Men were more likely to have had coitarche at
age <18 (p = 0.008), and were more likely to be married or
living with a partner (75% vs. 61%, p = 0.01). Substance use
was similar in men and women except that men were more
likely to drink ≥15 drinks/month (24% vs. 9%, p = 0.001).

To better understand the association between sex and HPV
seroprevalence, other risk factors for HPV16 and HPV18 L1
seroprevalence were examined by univariate analysis (Table 3).
Interestingly, number of lifetime (OR = 1.04, 95%
CI = 1.01–1.07) and recent (OR = 1.46, 95% CI = 1.10–1.93)
oral sexual partners, but not lifetime or recent vaginal sexual
partners were associated with increased odds of HPV16 L1
seroprevalence. These results were similar for HPV18 L1 sero-
prevalence. Increasing decade of age was negatively associated
with HPV16 L1 seroprevalence (OR = 0.68, 95% CI = 0.49–0.95).

Bivariate models including vaginal and oral sexual expo-
sure were then considered. Adjusting for number of lifetime
(aOR = 3.29, 95% CI = 1.25–8.68) or recent (aOR = 3.59, 95%
CI = 1.21–10.58) oral sexual partners, women remained at
significantly increased odds of HPV16 L1 seroprevalence
compared with men (Table 3). Lifetime oral sexual partners

(aOR = 1.05, 95% CI = 1.01–1.08) and to a greater extent
recent oral sexual partners (aOR = 1.54, 95% CI = 1.15–2.07)
were independently associated with HPV16 L1 seropreva-
lence, after adjustment for sex. Results were similar after
adjustment for decade of age (results not shown).

HPV18 L1 seroprevalence was associated with lifetime
(aOR = 1.04, 95% CI 1.01–1.08) and recent (aOR = 1.40, 95%
CI = 1.07–1.82) number of oral sexual partners, adjusting for
female sex (aOR = 3.07, 95% CI = 1.05–9.01 and aOR = 2.29,
95% CI = 0.71–7.32, Table 3), similar to the associations seen for
HPV16 L1. Homosexual/bisexual/other sexual orientation was
also associated with increased odds of HPV18 L1 in univariate
analysis and when the bivariate analyses of HPV18 seroprevalence
were adjusted for sexual orientation, resulting strengths of asso-
ciation were similar in magnitude to unadjusted, but no longer
significant (results not shown).

Sensitivity analyses including 11 participants with a high
number (100–200) of oral or vaginal sexual partners showed
similar results.

Examining interaction in sexual behavior and sex on HPV
seropositivity

When men and women were considered separately in uni-
variate models, number of lifetime or recent oral sexual part-
ners remained strongly associated with HPV16 L1
seroprevalence, and was statistically significant for the 281
men (lifetime p = 0.017, recent p = 0.007) and marginally
significant among the 93 women (lifetime p = 0.07, recent
p = 0.06). Indeed, when interaction between female sex and
number of oral and vaginal lifetime as well as oral and vaginal
recent sexual partners on HPV16 L1 seroprevalence was
explored, no significant interaction was found (pinteraction
>0.10). Similarly, no interaction between sexual partners and
sex was detected for HPV18 L1 seroprevalence and numbers
of sexual partners (pinteraction>0.10).

Other HPV types

In contrast to what was observed for HPV16 and 18, female
sex was not significantly associated with HPV L1 seropreva-
lence for other HPV types tested (HPV6, 11, 31, 33, 35, 45, 52,
58), or when HPV seroprevalence to any type was considered.
Number of oral sex partners was associated with increased
seropositivity to any HPV L1 type and to HPV11, HPV45, or
HPV52 (as well as HPV16 and 18), but was not associated
with seropositivity to other HPV L1 types (Supplemental
Table 1).

Discussion

We demonstrate for the first time, to our knowledge, that the
number of oral sexual partners but not vaginal sexual partners
is independently associated with HPV16 and HPV18 L1 ser-
oprevalence among men and women. In addition, we use
a population demographically similar to those with incident
HNSCC to show that women have approximately three times
the odds of seropositivity to HPV16 L1 capsid antibody

Table 1. Demographics of study population. Bolding indicates statistical
significance.

Sex

Total
N = 374, No.

(%)

Men
n = 281, No.

(%)

Women
n = 93, No.

(%) p-value

Median age (IQR) 60 (52–68) 60 (52–67) 62 (51–70) p = 0.57
Race p = 0.001

White non-
Hispanic

287 (77) 227 (81) 60 (64)

Nonwhite 87 (23) 54 (19) 33 (35)
Income p = 0.007

Less than
$15,000

14 (4) 6 (2) 8 (10)

$15,000-$29,999 25 (8) 13 (5) 12 (15)
$30,000-$49,999 28 (9) 19 (8) 9 (11)
$50,000-$74,999 46 (14) 37 (15) 9 (11)
$75,000-$99,999 44 (14) 34 (14) 10 (12)
$100,000-
$149,999

63 (20) 47 (20) 16 (20)

$150,000-
$199,999

45 (14) 35 (15) 10 (12)

$200,000-
$399,999

45 (14) 39 (16) 6 (7)

Greater than
$400,000

11 (3) 10 (4) 1 (1)

Education p = 0.81
Less than high
school

10 (3) 8 (3) 2 (2)

High school 41 (12) 29 (11) 12 (13)
GED or
equivalence

14 (4) 12 (5) 2 (2)

Some college 60 (17) 43 (16) 17 (19)
College graduate 110 (31) 79 (30) 31 (34)
Advanced/
professional

120 (34) 92 (35) 28 (30)

degree
Study Site p = 0.09

JHH 251 (67) 198 (70) 53 (57)
GBMC 17 (5) 12 (4) 5 (5)
UCSF 74 (20) 48 (17) 26 (28)
MS 32 (9) 23 (8) 9 (10)

IQR, interquartile range; JHH, Johns Hopkins Hospital; GBMC; Greater Baltimore
Medical Center; UCSF, University of California – San Francisco Medical Center;
MS, Mount Sinai
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compared with men after controlling for number of vaginal or
oral sex partners. Our findings suggest oral sex may be an
important exposure for HPV16 and 18 L1 seroconversion,
and potentially suggest a more robust response to HPV expo-
sure among women compared with men. These findings are
of particular significance given the dramatic rise in

oropharyngeal cancers due to HPV in many geographic
regions worldwide.21

HPV16 is thought to cause at least 70% of oropharyngeal
cancers and ~59% of cervical cancers, and HPV18 is
the second most common HPV type implicated in cervical
cancers.22-24 Compared to other HPV types, HPV16 is

Figure 1. Seroprevalence of HPV L1 antibodies by sex and HPV type, compared by logistic regression.

Table 2. Differences in behavior by sex and HPV16 and HPV18 L1 seroprevalence. Bolding indicates statistical significance. IQR, interquartile range.

Men n(%) Women n(%) p-value HPV16 (+) n(%) HPV16 (-) n(%) p-value HPV18 (+) n(%) HPV18 (-) n(%) p-value
281 (75) 93 (25) 21 (6) 353 (94) 17 (5) 357 (95)

Sexual Exposure
First sexual act as:
Oral sex 39 (15) 8 (9) 0.14 2 (10) 45 (14) 1.0 2 (12) 45 (13) 1.0
Oral sex on a woman 32 (12) 1 (1) 0.001 0 (0) 33 (10) 0.24 0 (0) 33 (10) 0.38
Oral sex on a man 8 (3) 7 (8) 0.06 2 (10) 13 (4) 0.21 2 (12) 13 (4) 0.14
Vaginal sex 189 (74) 67 (80) 0.30 13 (68) 243 (76) 0.46 11 (73) 245 (76) 0.77
Vaginal sex with a woman 189 (74) 0 (0) <0.001 7 (37) 182 (57) 0.09 6 (40) 183 (56) 0.21
Vaginal sex with a man 0 (0) 67 (81) <0.001 6 (32) 61 (19) 0.18 5 (33) 62 (19) 0.18

Lifetime sexual partners,
median (IQR):
Any 8 (3–19) 5 (2–13) 0.31 9 (4–23) 7 (3–15) 0.22 9 (5–20) 6 (3–15) 0.11
Oral 4 (1–8) 2 (1–4) 0.005 4 (2–13) 3 (1–7) 0.004 5 (2–10) 3 (1–7) 0.006
Vaginal 7 (3–15) 5 (2–12) 0.08 8 (4–15) 6 (3–15) 0.98 8 (4–15) 6 (2–15) 0.98
Open mouth kissing 10 (5–23) 8 (3–20) 0.10 15 (5–35) 10 (4–20) 0.48 15 (6–30) 10 (4–20) 0.10

Recent sexual partners,
median (IQR):
Any 1 (0–1) 1 (0–1) 0.41 1 (0–2) 1 (0–1) 0.17 1 (0–1) 1 (0–1) 0.24
Oral 1 (0–1) 0 (0–1) 0.07 1 (0–2) 1 (0–1) <0.001 1 (0–1) 1 (0–1) 0.002
Vaginal 1 (1–1) 1 (0–1) 0.03 1 (1–1) 1 (0–1) 0.76 1 (0–1) 1 (0–1) 0.47

Homosexual/Bisexual/Other 17 (7) 11 (12) 0.09 24 (7) 4 (20) 0.06 4 (25) 24 (7) 0.03
History of genital warts 13 (5) 4 (4) 1.0 1 (5) 16 (5) 1.0 1 (7) 16 (5) 0.53
Coitarche at <18 years 124 (48) 28 (32) 0.008 8 (40) 144 (45) 0.69 5 (31) 147 (45) 0.28

Relationship status
Widowed/divorced/separated 0.01 0.10 0.84
/never married 67 (25) 36 (39) 9 (45) 94 (28) 5 (31) 98 (29)
Married/living with a partner 196 (75) 56 (61) 11 (55) 241 (72) 11 (69) 241 (71)

Substance use
Current smoker 18 (7) 6 (6) 0.92 2 (10) 22 (7) 0.63 21 (6) 3 (19) 0.08
≥ 15 drinks/month 67 (24) 8 (9) 0.001 5 (24) 70 (20) 0.66 5 (29) 70 (20) 0.32
Ever used illegal drugs 163 (62) 51 (56) 0.28 15 (75) 199 (60) 0.18 12 (75) 202 (60) 0.30
Regular marijuana use: 0.09 0.73 0.63
Yes, ≤ 2 times/week 33 (20) 6 (12) 2 (13) 37 (19) 1 (8) 38 (19)
Yes, >2 times/week 33 (20) 6 (12) 4 (27) 35 (18) 3 (25) 36 (18)
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thought to have a more developed immune escape
mechanism.25 Cervical HPV16 and 18 infections are able to
reach a higher copy number26 than other HPV types and
persist longer, and persistence is associated with positive
serology.27 Consistent with prior analyses, we did not observe
a higher seroprevalence of HPV16 compared with other types.
However, our finding that only the sex differences in HPV16
and HPV18 L1 reached statistical significance is intriguing,
and may imply these types have improved immune evasion
compared with other types examined, particularly among
men. Prior analyses similarly show the greatest sex difference
for HPV16 L1 seroprevalence among other HPV L1 types.15,19

Although not significant, qualitatively higher seroprevalence
by female sex among all types, particularly among HPV33
(OR = 4.16) and HPV11 (OR = 2.40), implies either an easier
seroconversion by vaginal exposure, or a stronger response
among women to exposure to all HPV types examined.

The finding that women are three times more likely to be
HPV16 L1 seropositive compared with men is consistent with
existing literature.12,14,15 In the one available previous study
controlling for lifetime sexual behavior, higher HPV16 L1
seroprevalence among women persisted (aOR = 2.1, 95%
CI = 1.6–2.8) after adjustment,14 corroborating our finding
that the sex difference in HPV16 L1 seroprevalence is not
explained by number of sexual partners (Table 3). Though
these prior studies included patients at high risk of STI,
significantly higher HPV seroprevalence among women has
also been reported in population-based studies in the US,5 the
Netherlands,28 England29 and Australia.30 Notably, the major-
ity of patients in these prior analyses were young (<50 years).
In addition, no studies known to the authors with
a comparison of HPV antibodies by sex are available on
cohorts assembled after 2005. As the prevalence of oral HPV
infection appears to be rising,6 our analysis is a valuable
contemporary contribution to understanding evolving HPV
epidemiology.

The contribution of vaginal and oral sexual exposure on
HPV L1 seroprevalence has also been previously examined.
Though some prior seroepidemiological analyses found
higher HPV16 L1 seroprevalence was associated with higher
number of lifetime sexual partners,11,13 others found no
association.14,19 It has been suggested that vaginal HPV expo-
sure may be protective of subsequent oral infection,9 although
it is well-established that oral sexual exposure increases risk
for prevalent and incident oral HPV infection.4,5,9,31

Therefore, it is important to analyze seroprevalence by ana-
tomic site of sexual exposure, even though the collinearity of
these exposures makes drawing conclusions about the inde-
pendent effect of each exposure challenging. Only one prior
study to our knowledge examined vaginal and oral sexual
exposure separately, and found no association with
seroprevalence.15 Our finding that oral sexual partners, rather
than vaginal, is associated with HPV16 and HPV18 L1 ser-
oprevalence is novel, and aligns with prior studies showing
that oral rather than vaginal8 or any type31 of recent sexual
exposure increases risk for incident oral HPV infection.

The association of seroprevalence with oral sexual expo-
sure is consistent with the idea that HPV exposure at
a mucosal (oral, vaginal, anal) rather than keratinized (penile)
anatomic site increases seroconversion. Indeed, prior studies
have found that men who have sex with men have a high
seroprevalence.15,28 Likewise, greater likelihood of seropositiv-
ity in response to HPV exposure among women suggested by
this study and others has been thought to be partly due to the
greater immune surveillance in the cervical mucosal epithe-
lium compared with penile keratinized squamous
epithelium.12,32 Although further investigation is necessary,
our analysis did not support this as vaginal exposure was
not associated with seroprevalence when women were con-
sidered separately. However, almost all (97%) participants in
the present analysis report having had vaginal sex, limiting
our ability to detect the role of a single vaginal exposure in

Table 3. Logistic regression of HPV16 and HPV18 L1 seroprevalence on demographic factors and behavioral exposure. Bolding indicates statistical significance.

HPV L1
type

n(%)
seropositive Univariate Bivariate

HPV16 21 (6) OR (95%CI)
Female sex 2.96 (1.21–7.21) 3.29 (1.25–8.68) 3.59 (1.21–10.58) 2.84 (1.05–7.68) 1.70 (0.49–5.95)
Lifetime oral sexual partners 1.04 (1.01–1.07) 1.05 (1.01–1.08)
Recent oral sexual partners 1.46 (1.10–1.93) 1.54 (1.15–2.07)
Lifetime vaginal sexual partners 1.00 (0.96–1.04) 1.00 (0.96–1.05)
Recent vaginal sexual partners 0.86 (0.34–2.17) 0.91 (0.37–2.24)
Increasing decade of age 0.68 (0.49–0.95)
Nonwhite race 1.71 (0.67–4.37)
Married or living with a partner 0.48 (0.19–1.19)
Younger age at coitarche 0.83 (0.33–2.08)
Regular alcohol use 1.26 (0.45–3.57)
Homosexual/Bisexual/Other 3.19 (0.99–10.29)

HPV18 17 (5) OR (95%CI)
Female sex 2.84 (1.06–7.60) 3.07 (1.05–9.01) 2.29 (0.71–7.32) 2.70 (0.87–8.34) 2.39 (0.71–7.98)
Lifetime oral sexual partners 1.04 (1.00–1.07) 1.04 (1.01–1.08)
Recent oral sexual partners 1.36 (1.05–1.76) 1.40 (1.07–1.82)
Lifetime vaginal sexual partners 1.00 (0.95–1.05) 1.00 (0.96–1.05)
Recent vaginal sexual partners 0.67 (0.23–1.89) 0.76 (0.28–2.07)
Increasing decade of age 0.84 (0.58–1.23)
Nonwhite race 1.01 (0.32–3.20)
Married or living with a partner 0.89 (0.30–2.64)
Younger age at coitarche 0.56 (0.19–1.64)
Regular alcohol use 1.71 (0.58–5.01)
Homosexual/Bisexual/Other 4.31 (1.29–14.37)
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determining seroconversion, in contrast to a possible per-
partner increase in seroprevalence for oral exposure. A prior
study, for example, found that though HPV16 and HPV18 L1
seroprevalence was similar and low among virginal and sexu-
ally active male college students, a significantly higher sero-
prevalence (10%) was found among sexually active female
students.19 Whether receptive vaginal exposure drives the
observed epidemiologic sex differences, differential responses
to viral challenge are likely to play a role. More robust
responses among women compared with men have been well-
described for antigen challenge from a range of infections
including influenza A, hepatitis B, and human immunodefi-
ciency virus, 33 possibly due to genetic and hormonal factors.

The higher seroprevalence by female sex may give insight
into the role of natural immunity in sex differences of HPV-
associated head and neck cancer incidence. There is precedent
that positive HPV L1 serology confers natural immunity as
evidenced by protection from future cervical infections among
women;32 however, similar serotiters do not appear to prevent
anal infections among men.34 An adequately powered study to
examine natural immunity against incident oral infection
among women compared with men has not yet been per-
formed. However, should natural immunity play a more sig-
nificant role for women, this may partly explain the higher
incidence of HPV-related cancers among men. Vaccination
results in greater than 50 times the HPV16 L1 serotiter of
natural immunity, and could theoretically overwhelm sex
differences in immunity.35 Importantly, a recent NHANES
study found a significant decrease in oral prevalence of type-
specific HPV infections among both men and women who
had received at least one dose of the HPV vaccine.36

We acknowledge a limited population size with low overall
HPV L1 seroprevalence in this study compared with pre-
viously published analyses, which is likely a reflection of the
older age of our study population.15 The cross-sectional
design limited the ability to determine the response to sexual
exposure over time. The low seroprevalence barred additional
subgroup examination of the effect of types of sexual beha-
vior. In addition, we acknowledge that seroprevalence is an
imperfect marker for immune response by sex, as routes of
sexual exposure are largely distinct by sex; thus, routes of
sexual exposure could not be controlled for. It is possible
that some of the variation in seroprevalence observed by sex,
is due to differences in viral exposure. For example, there
could be more HPV exposure when performing oral sex on
a woman than on a man. Finally, oral HPV DNA was una-
vailable for this analysis as an adjunct marker of exposure,
and it is possible that the serology assay used may not have
efficiently detected HPV L1 antibodies at low titers.

The authors show for the first time to our knowledge that
oral sexual exposure, but not vaginal, is independently asso-
ciated with HPV16 and HPV18 L1 seroprevalence. The higher
seroprevalence among females compared with males in this
contemporary cohort was not explained by sexual behavior.
Instead, higher female seroprevalence is potentially a reflection
of innate immune differences by sex or by route of exposure.
Further study of HPV seroconversion and natural immunity are

required in order to better characterize if this sex difference in
seroprevalence contributes to the observed male predominance
in HPV-associated head and neck cancer.
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