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A B S T R A C T

HPV is the most common sexually transmitted infection in the U.S., infecting both anogenital and oral sites.
Nationally representative data are collected through the National Health and Nutrition Examination Survey
(NHANES). However, changing designations of HPV genotypes as high or low risk and varying underlying po-
pulations as new results are reported have made direct comparison of results difficult. We reanalyzed HPV data
from NHANES derived from self-collected cervicovaginal swabs (women ages 18–59, 2003–14), penile swabs
(men ages 18–59, 2013–14), and oral rinses (men and women ages 18–69, 2009–14), using consistent popu-
lations and definitions across NHANES cycles. These data strengthen our understanding of age trends in HPV
prevalence: cervicovaginal prevalence decreases with age, penile prevalence increases with age, and oral pre-
valence is bimodal but with an earlier first peak in women. There is strong evidence for reduced prevalence of
vaccine genotypes (6, 11, 16, 18) in vaccinated men and women (ages 18–24) at both genital (RR 0.2 (0.1–0.3)
in women and 0.7 (0.1–5.4) in men) and oral sites (RR 0.1 (0.0–1.3) in women; no infections detected in
vaccinated men). A more complete picture of the burden of HPV in the U.S. is emerging, including evidence for
reduced HPV genital and oral prevalence in vaccinated individuals.

1. Introduction

The human papillomavirus (HPV) is the causal agent for nearly
every cervical cancer, 90% of anal cancers, 60% of cancers at certain
oral sites, and 40% of penile, vaginal, and vulvar cancers (Jemal et al.,
2013). The appreciation of HPV's role in cervical cancer, and the im-
portance of genotypes 16 and 18 in particular, led to the surveillance of
cervicovaginal HPV in women in the United States in the National
Health and Nutrition Examination Survey (NHANES), beginning in the
2003–2004 survey eNCHS, Dunne2007. A growing appreciation for
HPV's role in oral and male cancers (Gillison et al., 2012a; Jemal et al.,
2013; Kreimer, 2014) led to the introduction of oral HPV testing in both
men and women in NHANES starting in 2009–10 (Gillison et al.,
2012b). Testing for penile HPV began in 2013–2014 (Gargano et al.,
2017; Han et al., 2017), which allows for a more complete assessment
of the epidemiology of HPV at the U.S. population level. However,
many previous prevalence estimates are not directly comparable be-
cause they use different subsamples of the data (different age ranges in
particular) or different classifications of HPV genotypes as high-risk.

Although HPV is the most common sexually transmitted infection in
the U.S. (Satterwhite et al., 2013), not all genotypes rate the same level

of concern. Indeed, many strains have very low oncogenic potential, are
asymptomatic, and clear within a few years (Franco et al., 1999;
Giuliano et al., 2011a; Ho and Bierman, 1998; Kreimer et al., 2013;
Molano et al., 2003; Moscicki et al., 2012). Studies have tested for
different sets of genotypes and have different classifications of high- vs.
low-risk genotypes, further confusing the picture, making comparisons
between studies difficult, and undermining our abilities to understand
implications for future cancer burden. In Table 1, we compare HPV
genotype designation and population of interest for previous NHANES
analyses; this table is not an exhaustive list of all studies that have used
HPV data from NHANES but rather those focused on reporting new
prevalence data.

The heterogeneity in age-ranges and variability in high-risk geno-
type classification across these studies make it hard to directly compare
results across the literature. In this study, we use the 2012 International
Agency for Research on Cancer (IARC) classification of risk potential
(Bouvard et al., 2009; International Agency for Research on Cancer,
2012) consistently across years and infection site. Group 1 genotypes
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59) are known to have
oncogenic potential, Group 2A genotypes (68) are probably oncogenic,
and Group 2B genotypes (26, 30, 34, 53, 66, 67, 69, 70, 73, 82, 85, 97)
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are possibly oncogenic.
Although many analyses of HPV data in NHANES have focused on a

single outcome of interest, there has been increasing interest in multi-
site concurrence (infection at both sites, possibly of different genotypes)
and concordance (infection at both sites by at least one of the same
genotype) of HPV infections at genital and oral sites, and previous
analyses have begun to explore the epidemiology of HPV as an ex-
plicitly multisite infection (Brouwer et al., 2015a; Brouwer et al.,
2015b; Kedarisetty et al., 2016; Patel et al., 2017; Sonawane et al.,
2017; Steinau et al., 2014). In this analysis, we update our multiyear,
multisite overview of HPV data in NHANES (Brouwer et al., 2015b). We
contextualize the recently reported penile HPV prevalence and con-
cordance (Gargano et al., 2017; Han et al., 2017; McQuillan et al.,
2017; Patel et al., 2017) and recently-summarized cervicovaginal and
oral prevalence (McQuillan et al., 2017) by placing them alongside data
from the previous surveys. We synthesize and update all oral and
genital HPV infection data in NHANES. In particular, we present genital
and oral HPV prevalence for both men and women, stratified by age
and race, and prevalence of Group 1 HPV genotypes. Concordant in-
fections are identified when both oral and genital data are available.
Prevalence by genotype among men and women with genital, oral, and
concordant infections are also reported. Finally, we consider the re-
lative risk of an HPV infection at both genital and oral sites given
vaccination for both men and women.

2. Methods

2.1. Data

NHANES is a series of cross-sectional surveys conducted by CDC's
National Center for Health Statistics (NCHS) over two-year periods that
include both physical examinations in a mobile examination center
(MEC) and interviews (both in-home and audio-assisted in-MEC) of a
representative sample of the non-institutionalized, civilian U.S. popu-
lation (Centers for Disease Control and Prevention, 2014). The demo-
graphic and vaccination data used in this study are self-reported by
participants. Study design, weighting, and collection of samples have
been previously described (Dunne et al., 2007; Gillison et al., 2012b;
Hariri et al., 2011). The NHANES survey 2003–14 was approved by the
NCHS Research Ethics Review Board (2003–04: protocol #98–12;

2005–10: protocol #2005–06; 2011–14: protocol #2011–17), and
documented consent was obtained from all participants.

Self-collected cervicovaginal swabs were collected and typed for
women ages 14–59 in six NHANES surveys (2003–14) for 37 genotypes,
namely 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51, 52, 53, 54, 55 (a
subtype of 44), 56, 58, 59, 61, 62, 64 (a subtype of 34), 66, 67, 68, 69,
70, 71, 72, 73, 81, 82, 82 subtype IS39, 83, 84, and 89 (formerly
CP6108). Self-collected penile swabs were collected and typed for men
ages 14–59 in 2013–2014 for the same genotypes. Oral rinses were
administered to both men and women ages 14–69 in three surveys
(2009–14) and tested for the same genotypes. All samples were geno-
typed using a polymerase chain reaction (PCR) assay. More detailed
laboratory methods are provided by NHANES (Centers for Disease
Control and Prevention, 2014). The numbers of individuals sampled by
demographic group are reported in Table 2. Data on individuals under
18 is restricted by NCHS and is not included in this analysis.

2.2. Statistical analysis

Statistical analyses were performed in SAS (v. 9.4). Estimates were
made using MEC survey weights (Botman et al., 2000). All analyses are
restricted to individuals who had valid oral and genital HPV results in
survey cycles when both tests were administered. We consider four
analyses: i) prevalence of any HPV and Group 1 genotypes at genital
and oral sites stratified by sex, age, and race/ethnicity, ii) prevalence of
concordant infections, i.e., at least one infection of the same genotype
at both genital sites (cervicovaginal or penile) and oral sites, stratified
by sex, age and race/ethnicity, iii) genotype prevalence among men and
women with genital, oral, and concordant infections, and iv) prevalence
of all, Group 1, and vaccine genotypes at genital and oral sites of 18–24-
year-old men and women stratified by vaccination status. Individuals
reporting at least one dose of an HPV vaccine were considered to be
vaccinated. Survey participants self-identified as Mexican American,
Other Hispanic, Non-Hispanic White, Non-Hispanic Black, or Other
Race - Including Multiracial (and, in 2011–14, Non-Hispanic Asian). We
define All Hispanic participants as those identifying as either Mexican
American or Other Hispanic, and, following NCHS recommendations,
we censor cycles 2003–06 for this category (National Center for Health
Statistics, 2013). Confidence intervals are all at level of significance
α=0.05 (i.e., 95% confidence intervals). Statistical details for relative

Table 2
Numbers of tested participants and prevalence. Numbers of people (ages 18+) conclusively tested (had a positive or negative result) for HPV at genital and oral sites
in the 2003–14 National Health and Nutrition Examination Surveys (NHANES) in the U.S. and weighted prevalence and prevalence age-adjusted to the 2010 U.S.
population. Here, positive for HPV means that an individual is positive for at least one of the 37 genotypes tested.

Genital Oral

Women Men Women Men

03–04 05–06 07–08 09–10 11–12 13–14 13–14 09–10 11–12 13–14 09–10 11–12 13–14

All 1558 1728 1783 1955 1767 1985 1757 2461 2195 2446 2385 2215 2278
Mexican American 328 409 370 408 190 301 255 504 236 360 508 257 348
All Hispanic – – 604 627 378 505 402 799 471 599 762 466 543
Non-Hispanic White 720 726 724 868 573 767 714 1058 694 959 1015 749 906
Non-Hispanic Black 399 439 392 343 505 408 362 451 639 516 480 592 489
18–24 452 479 303 367 351 381 358 392 363 411 400 404 394
25–29 175 228 183 231 193 202 193 255 190 214 209 201 196
30–34 183 206 211 222 206 227 230 227 211 233 209 228 240
35–39 155 158 235 235 204 238 188 236 219 226 225 214 200
40–44 174 196 221 256 206 266 204 266 213 264 229 203 215
45–49 157 178 230 253 202 231 192 256 202 229 226 188 208
50–54 155 162 214 224 236 224 196 227 235 222 247 201 211
55–59 107 121 186 167 169 216 196 173 181 211 208 174 204
60–64 0 0 0 0 0 0 0 262 237 243 236 238 233
65–69 0 0 0 0 0 0 0 167 144 193 186 164 177
Prevalence 18–59 46.8% 41.4% 41.0% 42.8% 39.6% 39.9% 45.2% 3.7% 3.2% 3.2% 10.7% 11.4% 11.2%
Age-adjusted prevalence 46.7% 41.5% 41.3% 43.1% 39.7% 39.9% 45.3% 3.7% 3.2% 3.1% 10.7% 11.4% 11.2%
Prevalence 18–69 – – – – – – – 3.7% 3.1% 3.4% 11.0% 11.9% 11.1%
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risk and comparison of population calculations are given in the sup-
plement.

3. Results

3.1. Population prevalence over time

We present the weighted population-level prevalence for genital and
oral HPV in Table 2. For oral HPV, we present both the prevalence in
the 18–59 year old population (for comparison to the population who
were tested for genital HPV) and in the 18–69 year old population. We
also age-adjusted the 18–59 year old population for each cycle to the
respective female and male populations in the 2010 census; we found
very little difference between adjusted and unadjusted prevalences,
indicating that changes in the age composition of the U.S. population
have not skewed our understanding of prevalence trends.

3.2. Cervicovaginal and penile HPV prevalence

Stacked bar graphs of genital prevalence in women by age and race
are given in Fig. 1 for surveys 2003–2014. There is a decrease in HPV
cervicogenital prevalence by age. Black women have an almost

uniformly higher prevalence than women of other races.
Stacked bar graphs of genital prevalence in men by age and race are

given in Fig. 2. Unlike in women, there appears to be a moderate in-
crease in HPV prevalence with age, and black men are more likely than
men of other races to have a genital HPV infection.

3.3. Oral HPV prevalence

Stacked bar graphs of oral prevalence in women by age and race are
given in Fig. 3. Oral HPV prevalence in women follows a slightly bi-
modal pattern, peaking around ages 25 and 55, and white women are
less likely to have an oral infection than women of other races. The
trend in concordant infections in women by age appears to follow the
oral prevalence trend more closely than the genital prevalence trend
(i.e., is bimodal rather than strictly decreasing).

Stacked bar graphs of oral prevalence in men by age and race are
given in Fig. 4. Oral HPV prevalence is no longer clearly bimodal and
may instead largely increase with age, peaking around age 60. Black
men are more likely to have an oral HPV infection. The concordance
trend may also be bimodal, although the second peak around 55–59
might be a data artifact.

Fig. 1. Cervicovaginal HPV prevalence in women ages 18–59 by genotype group and concordance, stratified by age and race. Stratification of cervicovaginal HPV
prevalence in the U.S. by oncogenic potential (Group 1 genotypes are known to cause cancer) in the upper panels is given by age and race, where each bar represents
survey cycles 2003–04, 2005–06, 2007–08, 2009–10, 2011–12, and 2013–14, respectively. Stratification by concordance (lower panels) is done similarly (concordant
infections are defined as at least one simultaneous oral and genital infection of the same genotype). The points with error bars (95% CIs) give the average of the
indicated outcome for the 2009–2014 data. The constraint to this time period allows comparison to oral outcomes.
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3.4. Genotypes

In Fig. 5, we present genotype prevalence among men and women
who have genital, oral, or concordant infections. E.g., 9.3% of women
who had a genital HPV infection tested positive for HPV 16, while
11.2% of women with concordant infections tested positive for HPV 16
(whether or not HPV 16 was the concordant genotype). Data are ag-
gregated 2009–14 for increased power (with the exception of men with
genital or concordant infections, where we necessarily constrain to
2013–14). Nevertheless, many results, particularly for those with con-
cordant infections, have a standard error that exceeds 30% and should
be treated with additional caution (Parker et al., 2017).

Among women, HPV 16 is the most common oncogenic genotype at
all sites; low-risk types 62 and 84 are also common among all sites.
Oncogenic genotypes 39, 51, and 52 are also common among genital
infections. Genotypes 53, 54, 61 and 89 are more common among
women with genital infections than oral infections; while genotype 44
(subtype 55) is more common among oral infections than genital in-
fections. Genotypes 35, 39, 56, and 66 were rare among concordant
infections despite moderate prevalence among both genital and oral
infections, although this may be an artifact of the small sample size.

Among men, HPV 16 is a common oncogenic strain among penile

infections, but so are 39, 51, and 59, as previously seen (Gargano et al.,
2017; Han et al., 2017). Indeed, although HPV 16 is by far the most
common oncogenic strain among men with oral infections, genotype 59
is the most common concordant oncogenic strain. HPV 62, 84 and 89
are common low-risk genital strains among men in this sample.

3.5. Vaccination

We compare the prevalence of HPV (all, Group 1, and vaccine
genotypes) among vaccinated and unvaccinated men and women ages
18–24 at genital and oral sites (Table 3); vaccination status is self-re-
ported. This analysis pools participants in the 2009–10, 2011–12, and
2013–14 cycles, except for male genital infection, which is only avail-
able in 2013–14.

There is little evidence of protection by vaccination against all
genotypes or all Group 1 genotypes for either sex at either site, with the
possible exception of oral infections by Group 1 in women. However,
there is strong evidence of protection against the vaccine genotypes 6,
11, 16, and 18 for both men and women at both sites, with the possible
exception of penile infections, for which the protective effect was less
pronounced. The vaccination effect against oral and genital infections
in women appears to be of similar strength. There were no oral

Fig. 2. Penile HPV prevalence in men ages 18–59 by genotype group and concordance, stratified by age and race. Stratification of penile HPV prevalence in the U.S.
by oncogenic potential (Group 1 genotypes are known to cause cancer) in the upper panels is given by age and race, where each bar is survey cycle 2013–14.
Stratification by concordance (lower panels) is done similarly (concordant infections are defined as at least one simultaneous oral and genital infection of the same
genotype). Because there is only one survey with penile outcomes, the error bars (95% CIs) are for this year only.
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infections among vaccinated men for any of the vaccine genotypes; as
there was 1% prevalence among unvaccinated men, there is evidence of
a protective effect, although the number of vaccinated men was rela-
tively small.

4. Discussion

This analysis presents a multiyear, multisite population analysis of
genital and oral HPV infection in the U.S., unifying and synthesizing
previous results by using the same underlying population and same
genotype classification. These consistently analyzed data give us an
improved understanding of the demographic patterns of HPV at both
sites for both sexes.

The studies profiled in Table 1 display a surprising amount of var-
iation in the list of HPV genotypes considered to be high-risk, and the
authors often do not indicate the reasoning behind their classifications.
Many studies (Chaturvedi et al., 2015; Gillison et al., 2012a; Han et al.,
2017; Kedarisetty et al., 2016; Sonawane et al., 2017) have used the
classification given by the International Agency for Research on Cancer
(IARC) in 2003 (Muñoz et al., 2003), which classified genotypes 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and 82 as carcinogenic
and types 26, 53, and 66 as probably carcinogenic. A few early studies

(Dunne et al., 2007; Hariri et al., 2011) appear to have extrapolated
high-risk status from the α-species genotype groupings. For example,
HPV 70 is listed as high-risk in these studies because it is an α7 species,
along with 18, 45, 39, and 59. IARC updated its classification in 2012 to
designate Group 1 genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
and 59) as having known oncogenic potential, Group 2A genotypes (68)
as being probably oncogenic, and Group 2B genotypes (26, 30, 34, 53,
66, 67, 69, 70, 73, 82, 85, 97) as being possibly oncogenic
(International Agency for Research on Cancer, 2012). We use this
classification in our studies. More recently, FDA-approved clinical HPV
tests have come on the market, such as Cobas® HPV test (Roche
Molecular Systems, Inc., 2015), which designates genotypes 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68 as high risk (these are
Group 1, Group 2A, and type 66). The confusion over the classification
of 66 is likely due to its downgraded status in the latest IARC mono-
graph (International Agency for Research on Cancer, 2012). More re-
cent studies have adopted this classification (Gargano et al., 2017;
Lewis et al., 2018; Patel et al., 2017). While the IARC classification is
the best-available science, consistency with clinical testing is also im-
portant. Ultimately, researchers need to be aware of these conflicting
classifications and choose one or more ways of presenting their data to
best facilitate the contextualization of their results. Fortunately, despite

Fig. 3. Oral HPV prevalence in women ages 18–69 by genotype group and concordance, stratified by age and race. Stratification of oral HPV prevalence in women in
the U.S. by oncogenic potential (Group 1 genotypes are known to cause cancer) in the upper panels is given by age and race (ages 18–59 only), where each bar
represents survey cycles 2009–10, 2011–12, and 2013–14, respectively. Stratification by concordance (lower panels) is done similarly (concordant infections are
defined as at least one simultaneous oral and genital infection of the same genotype). The points with error bars (95% CIs) give the 2009–14 average of the indicated
outcome.
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the inconsistencies in genotype risk classification across studies, the
fundamental conclusions remain largely the same.

In contrast to cervicovaginal HPV prevalence in women, which
peaks around age 20, penile HPV prevalence appears to continue to
increase with age, which is consistent both with the pattern of oral
prevalence and previously reported age-trends for serum antibodies
(Brouwer et al., 2015a). However, future surveys will be needed to
better understand the variability in the age-specific estimates (i.e., is
the increase monotonic, or is there a second peak around age 50?). The
bimodal oral prevalence in men noted by Gillison et al. (2012b) in the
2009–10 survey is now significantly less pronounced among the all-
genotype data (Fig. 4), although Group 1 genotypes are clearly bi-
modal. All-genotype oral prevalence now appears to increase with age
and peak around age 55 (Fig. 4). The data for women, on the other
hand, are still consistent with a bimodal pattern that mimics that of
cervicovaginal prevalence in the less-than-40 ages but has a second
peak around 55–60 (Fig. 3). A similar bimodal pattern has been ob-
served for cervicovaginal infection in women in Latin America (Herrero
et al., 2000; Herrero et al., 2005; Lazcano-Ponce et al., 2001; Molano
et al., 2002). It remains to be seen whether this oral bimodal pattern for
women is a cohort effect (i.e., the older birth cohorts have a higher oral
HPV prevalence (Brouwer et al., 2018)) or is a true age effect (possibly

a result of a second sexual debut, loss of immunity, or reactivation of
latent infections) (Chaturvedi et al., 2014). To better understand these
patterns, future work will need to better understand how age-specific
sexual behaviors differ by race and by birth cohort. Since the 1940s,
there has been an increase in sexual activity in young people, with
lower ages of sexual debut, more sexual partners, and more lenient
attitudes toward premarital sex (Liu et al., 2015; Wells and Twenge,
2005). Condom use increased in the 1980s, in response to the HIV/AIDS
epidemic and other factors, and reached a plateau in the 2000s
(Anderson et al., 2011; Bankole et al., 1999; Catania et al., 1999; Kahn
et al., 2012; Sonenstein et al., 1989). Analysis from NHANES has sug-
gested that partner acquisition rates increased up through the 1980s,
driving HPV infection (Ryser et al., 2017). There is a complex interplay
of factors here that requires continued analysis.

From previous multisite analyses (Brouwer et al., 2015a;
Kedarisetty et al., 2016; Patel et al., 2017; Sonawane et al., 2017;
Steinau et al., 2014), we know that oral and genital infections are in
general poorly correlated and should be tested for separately. Indeed,
an individual may have an infection at only one site, infections of dif-
ferent genotypes at genital and oral sites (concurrent infection), or in-
fections of the same genotype (concordant infection). Although testing
for anal HPV infection has not been included in NHANES protocols,

Fig. 4. Oral HPV prevalence in men ages 18–69 by genotype group and concordance, stratified by age and race. Stratification of HPV prevalence in men in the U.S. by
oncogenic potential (Group 1 genotypes are known to cause cancer) in the upper panels is given for by age and race (ages 18–59 only), where each bar represents
survey cycles 2009–10, 2011–12, and 2013–14, respectively. Stratification by concordance (lower panels) is done similarly (concordant infections are defined as at
least one simultaneous oral and genital infection of the same genotype). The points with error bars (95% CIs) give the 2009–14 average of the indicated outcome.
Because penile outcomes are only available for 2013–14, the trend and error bars for penile–oral concordance are only for this survey.
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results from smaller studies (e.g., (Goodman et al., 2010; Hernandez
et al., 2005; Nunes et al., 2017; Smelov et al., 2018)) similarly suggest
important interactions between the anal and cervicovaginal/penile
sites. In this synthesis, we see that oral–genital concordance in women
is highest in the youngest age group 18–24, possibly suggesting a si-
multaneous first infection (Fig. 3). It is also higher in the 45–55 age
range, which may be consistent with the second-sexual debut hypoth-
esis of the bimodal oral prevalence (Brouwer et al., 2015a; Gillison

et al., 2012b). These results are consistent with our previous analysis on
the 2009–12 data (Brouwer et al., 2015a). In men, there is no clear age-
related pattern of concordance (Fig. 4); in their multivariate analysis,
Patel et al. (2017) also found no significant associations by age. As new
data becomes available, age-specific patterns of concurrence and con-
cordance should be revisited.

Most genital HPV infections are not concordant with an oral infec-
tion (for both men and women), though a larger fraction of oral

Fig. 5. Genotype prevalence among women and with genital, oral, or concordant HPV infections. Genotype prevalence in U.S. is the 2009–14 average in each case
but (f), where it is 2013–14. Each subcaption gives the number of people with the given type of infection and what (weighted) percentage of the population that
number represents. Genotypes are color coded by oncogenic potential: Group 1 is oncogenic, Group 2 is possibly oncogenic, and all other are low-risk.
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infections are concordant with genital infections. Interestingly, there
are no striking differences in the overall distribution of genotypes
among those who have genital, oral, and concordant infections (Fig. 5).
Deviations from expected patterns based on overall prevalence could
potentially indicate, for instance, differences by genotype in tropism
(tissue specificity) or different transmission/autoinoculation pressure
from one site versus the other. Given the small numbers of individuals,
particularly for concordant infections, it would be premature to inter-
pret the existing slight deviations from expected patterns. Additional
data and sophisticated statistical techniques may provide additional
insight in the future.

There is a subtle difference in populations when considering mul-
tisite vs. single site analyses, namely that, when considering multisite
infection, we include only those people who tested conclusively (that is,
positively or negatively, not inconclusively) for HPV at both sites, ra-
ther than at just one site. Hence, multisite analyses must use slightly
restricted populations. This distinction should have little effect on
prevalence estimates but can explain what at first glance might appear
to be discrepancies between different authors' analyses. E.g. the pre-
valence of penile HPV in men ages 18–59 in 2013–2014 is given as
45.2% in Han et al. (2017) while it is 45.3% in Patel et al. (2017); Han
et al. considered all men who were tested conclusively for penile HPV
(N=1868), while Patel considered those tested for both penile and oral
HPV (N=1683). While the difference in this example is slight, it
should be acknowledged for when comparing study results.

There are currently three prophylactic HPV vaccines with FDA ap-
proval: Gardasil (HPV types 6, 11, 16, and 18; approved in 2006 for
young women, 2009 for young men), Cervarix (types 16 and 18; ap-
proved in 2009 for young women), and Gardasil 9 (types 6, 11,16, 18,
31, 33, 45, 52, 58; approved in 2014 for young women and men) (Food
and Drug Administration, 2018). These vaccines target genotypes as-
sociated with genital warts (HPV 6 and 11) and those associated with
carcinogenesis (HPV 16, 18, 31, 33, 45, 52, and 58). The decision to
include HPV 31, 33, 45, 52, and 58 in Gardasil 9 was based on pre-
valence in cervical cancers (Saraiya et al., 2015) rather than popula-
tion-level infection prevalence. In both men and women and at both
genital and oral sites, Group 1 genotypes 39, 51, and 59, which are not
in the nonavalent vaccine, are all as or more prevalent than the ma-
jority of Group 1 genotypes in the vaccine (Fig. 5). These genotypes
should be closely monitored both in the population and in incident
HPV-related cancers as the new vaccine is adopted in the U.S. Because
genotype-specific prevalence can vary between populations, future
work is needed to continue to address potential health disparities in
high-risk populations, such as HIV-infected individuals or men who
have sex with men (MSM).

The comparison of HPV prevalence between vaccinated and un-
vaccinated people presents evidence of vaccine effectiveness against the
four vaccine genotypes 6, 11, 16, and 18 (future analyses will have to
contend with the impact of added genotypes to the Gardasil 9 vaccine).
We see evidence of reduction in prevalence for all of the sites, with the
possible exception of genital sites for men (relative risks: 0.2 (cervi-
covaginal in women), 0.7 (genital in men), 0.1 (oral in women), 0 (no
oral positives among vaccinated men)). We should be cautious with the
differences in oral prevalence because, although the differences are
statistically significant, the absolute prevalence of HPV 6, 11, 16, and
18 (1% in both unvaccinated men and women) is low and the relative
standard errors are high. Several studies have found evidence of vaccine
impact at the population level (Gargano et al., 2017; Markowitz et al.,
2013; Markowitz et al., 2016), and these results complement the work
of Markowitz et al. (2016) and Chaturvedi et al. (2018), who found
similar results for young people (for cervicovaginal infections and oral
infections, respectively). There are a couple of plausible explanations
for the less dramatic reduction for genital prevalence in vaccinated
men. First, because the male genitals are an external tissue, it is possible
that HPV infections of the male genitals do not lead to a strong immune
response (i.e., are less immunogenic than infections at other sites) and
are less impacted by serum antibodies—whether natural or vaccine
derived. However, this explanation belies the reduction in genital
warts, which are external lesions, in men in vaccine randomized control
trials (Giuliano et al., 2011b). Second, the uptake of the vaccine may be
primarily in men who were already sexually active, especially in this
older-than-optimal age group of 18–24, who could have received the
vaccine no earlier than age 15; these men may have already been in-
fected, reducing the efficacy of the vaccine. The vaccinated population
may also have a higher percentage of high-risk men given that vacci-
nation among men overall is low (Han et al., 2017) and reported high
levels of willingness to vaccinate among high-risk groups when re-
commended by a physician (Colón-López et al., 2012; Gerend et al.,
2016; Reiter and McRee, 2016). This explanation could also be re-
sponsible for the greater than one risk ratios for men at the oral sites for
any and Group 1 genotypes.

The strength of this study is the large, well-designed, nationally
representative sample that allows for analysis at the U.S. population
level. The cross-sectional design with a battery of tests for each in-
dividual allows for analysis of multiple outcomes simultaneously, and,
in particular, allows for assessment of genotype concordance between
oral and genital sites. Because testing for HPV is relatively new and this
is the debut of testing for penile HPV, we are limited somewhat in
describing patterns and trends. Nevertheless, by synthesizing several
cycles of data, we are able to add confidence and context to previous

Table 3
HPV prevalence by site and genotype group and relative risk by vaccination status. Prevalence of HPV in the U.S. is given for men and women ages 18–24 at genital
and oral sites for all, oncogenic (Group 1 genotypes), and vaccine genotypes, stratified by vaccination status. People with at least one dose of vaccine were considered
vaccinated. Here, %+ denotes the weighted HPV prevalence of the listed genotypes among the N people in the population. Prevalence entries with> 30% relative
standard error are marked by * and should be treated with additional caution. p-Values for a comparison of proportions test p p( )vacc un< are also given; bold p-values
are significant at the α=0.05 level of significance.

Group Genotypes Unvaccinated Vaccinated Relative risk p-Value

N %+ S.E. N %+ S.E. RR 95% CI

Genital, women 2009–2014 All 635 55.1 2.6 412 57.2 3.3 1.0 0.9–1.2 0.69
Group 1 635 35.5 2.7 412 30.9 3.3 0.9 0.7–1.1 0.14
6, 11, 16, 18 635 14.7 2.0 412 2.3 0.6 0.2 0.1–0.3 <0.01

Genital, men 2013–2014 All 252 34.9 3.3 52 32.6 5.6 0.9 0.6–1.4 0.36
Group 1 252 20.2 2.8 52 15.4 3.1 0.8 0.5–1.2 0.12
6, 11, 16, 18 252 3.4* 1.3 52 2.3* 2.3 0.7 0.1–5.4 0.34

Oral, women 2009–2014 All 679 4.5 1.1 430 4.0 1.1 1.0 0.4–1.8 0.36
Group 1 679 1.8* 0.7 430 0.7* 0.3 0.4 0.1–1.2 0.06
6, 11, 16, 18 679 1.0* 0.5 430 0.1* 0.2 0.1 0.0–1.3 0.05

Oral, men 2009–2014 All 603 6.3 1.4 90 8.3 2.6 1.3 0.6–2.8 0.75
Group 1 603 3.3 1.0 90 5.1* 2.2 1.5 0.6–4.3 0.78
6, 11, 16, 18 603 1.0* 0.5 90 0.0 0.0 – – 0.02
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studies and ensure we use a consistent definition of high-risk infection
across all cycles and outcomes.
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