Importance of Lifetime Sexual History on the Prevalence of
Genital Human Papillomavirus (HPV) Among Unvaccinated
Adults in the National Health and Nutrition Examination
Surveys: Implications for Adult HPV Vaccination

Anne F. Rositch,"Eshan U. Patel,"** Molly R. Petersen,2 Thomas C. Quinn,** Patti E. Gravitt,® and Aaron A. R. Tobian®

Clinical Infectious Diseases ; :
e

'Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA, “Department of Pathology, Johns Hopkins University School of Medicine, Baltimore,
Maryland, USA, *Department of Medicine, Johns Hopkins University School of Medicine, Baltimore, Maryland, USA, “Laboratory of Immunoregulation, Division of Intramural Research, National
Institute of Allergy and Infectious Diseases, National Institutes of Health, Baltimore, Maryland, USA, and SDepartment of Epidemiology and Public Health, University of Maryland School of
Medicine, Baltimore, Maryland, USA

Background. Although the United States Food and Drug Administration recently approved the human papillomavirus (HPV)
vaccine for individuals aged 27-45 years, the Centers for Disease Control and Prevention did not change its guidelines for routine
HPV vaccination. Since recommendations for adult vaccination emphasize shared clinical decision-making based on risk of new
infections, we examined the relationship between HPV prevalence and sexual behavior.

Methods. 'This study was conducted among 5093 HPV-unvaccinated, sexually experienced adults aged 18-59 years in the
National Health and Nutrition Examination Surveys (2013-2016). For each sex and age group, adjusted prevalences of 9-valent
vaccine-specific, high-risk, and any HPV infection were estimated by number of lifetime sexual partners (LTSPs) using logistic re-
gression. An analysis restricted to persons who did not have a new sexual partner in the past year (ie, removing those at highest risk
of newly acquired HPV) was also conducted.

Results. In each age group, genital HPV prevalence was higher among persons with >5 LTSPs compared with 1-5 LTSPs in both
males and females. There were only slight reductions in HPV prevalence after removing participants who reported a new sexual
partner in the past year. For example, among females aged 27-45 years with >5 LTSPs, the adjusted prevalence of 9-valent vac-
cine-type HPV infection was 13.4% (95% confidence interval [CI], 9.9%-17.0%) in the full population compared to 12.1% (95% CI,
8.8%-15.4%) among those with no new sexual partners.

Conclusions. Prevalent HPV infection was primarily reflective of cumulative exposures over time (higher LTSPs). New expos-
ures had limited impact, emphasizing the need to consider sexual history in the decision-making process for adult HPV vaccination.
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Infection with high-risk (HR) human papillomavirus (HPV)
can lead to the development of anogenital and oropharyngeal
cancers in both males and females. A safe and highly effec-
tive prophylactic vaccine is available that covers 9 HPV types
(7 HR-HPV and 2 low-risk HPV types). The United States
(US) Centers for Disease Control and Prevention’s (CDC)
Advisory Committee on Immunization Practices (ACIP)
currently recommends routine HPV vaccination at age 11 or
12 years or as young as age 9 years as the vaccine provides the
most protection before an individual is exposed to HPV [1].
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The ACIP also recommends catch-up vaccination for males
and females through age 26 years who were not previously
vaccinated.

The US Food and Drug Administration (FDA) approved
the use of Gardasil 9 in 2018 for individuals aged 27-45 years
[2]. However, the ACIP did not change its recommendations
for routine HPV vaccination. Rather, ACIP concluded that the
public health benefit of HPV vaccination among adults aged
27-45 years is minimal, and thus recommended a strategy of
shared clinical decision-making because some persons who are
not adequately vaccinated may benefit from vaccination [3]. The
CDC suggests that clinicians discuss HPV vaccination with in-
dividuals who are most likely to benefit. The American College
of Obstetricians and Gynecologists (ACOG) recommends that
vaccination for women aged 27-45 years should be individually
based with consideration of patient circumstances, preferences,
and concerns, including the possibility of acquiring a new HPV
infections [4].

€272 o« CID 2021:72 (1 May) « Rositch etal


mailto:arositch@jhu.edu?subject=

Newly acquired HPV infections are strongly linked to new
sex partners, whereas persistent or reactivated infections
are more strongly associated with cumulative exposure (ie,
higher lifetime number of sexual partners) [5-7]. Therefore,
we sought to examine the relationship between current and
past sexual behaviors on prevalent burden of genital HPV in-
fection by age and sex in a nationally representative sample of
sexually experienced adults in the US. Since current recom-
mendations for adult HPV vaccination emphasize shared
clinical decision-making and the role of new HPV infections,
the results from this study will provide critical risk informa-
tion to guide patient-provider discussions regarding HPV
vaccination decisions.

METHODS

Study Design and Population

The analysis uses data from the 2013-2016 National Health and
Nutrition Examination Surveys (NHANES) [8]. NHANES is a
stratified, multistage probability sampling design conducted by
the National Center of Health Statistics (NCHS) of the CDC
that is nationally representative of the US noninstitutionalized
population. The survey collect information on demographics,
as well as a variety of health-related information through
in-person computer-assisted personal interviews (CAPIs) in
the participant’s household, and audio computer-assisted self-
interviews (ACASIs), physical examinations, and laboratory
tests at a medical examination center (MEC). The overall un-
conditional medical examination response rate in 2013-2014
and 2015-2016 was 68.5% and 58.7%, respectively [9]. A total
of 8065 persons aged 18-59 years participated in the household
interview and medical examination.

Of the 8065 age-eligible persons examined, 2366 participants
were excluded since they declined or had an unevaluable HPV
test or were missing information on any covariates of interest
(Supplementary Figure 1). Of the remaining 5699 participants
who had information on all variables, 606 participants were ex-
cluded because they either reported not being sexually experi-
enced or had least 1 dose of an HPV vaccine. Thus, this analysis
was performed among 5093 participants aged 18-59 years who
had an evaluable HPV test, reported at least 1 lifetime sexual
partner, and had not received an HPV vaccination. The distri-
butions of characteristics stratified by those who were excluded
due to missing data (ie, item nonresponse) were examined
(Supplementary Table 1). In brief, participants aged 18-26 years
and minority participants were more likely to be excluded from
the analysis than older or white participants.

Data collection and study procedures were approved by the
NCHS Research Ethics Board. Data were de-identified and
made publicly available in 2-year cycles. This secondary anal-
ysis was deemed exempt from review by the Johns Hopkins
University School of Medicine Institutional Review Board.

Questionnaire Data

Demographic information (age, sex, race/ethnicity, and mar-
ital status) was collected in the participant’s household, as was
data on immunization history and cigarette smoking history.
Data on marital status was only collected among participants
aged 20 years or older, and categorized as either “married/living
with partner” or “not married/living with partner;” which in-
cludes participants who are never married, divorced, separated,
or widowed. To avoid excluding participants aged 18-19 years
from the primary analysis, these participants had their marital
status categorized as “not asked” HPV vaccination status was
asked at home via CAPI, and was defined as having received
at least 1 dose of any HPV vaccine [10]. Self-reported cigarette
smoking status was ascertained via CAPI and was categorized
as “current smoker” (>100 cigarettes in lifetime and currently
smoking either some days or every day), “former smoker”
(>100 cigarettes in lifetime but do not currently smoke), or
“never smoker” (<100 cigarettes in lifetime).

Sexual behavior data were collected by ACASI at the MEC, and
this module was offered in several languages [11]. Participants
were asked about their lifetime and past-year sexual history.
The total number of lifetime sexual partners (LTSPs) was cal-
culated as the total self-reported number of both opposite and
same sex vaginal, oral, and anal sex partners. Participants were
considered “sexually experienced” if they reported >1 LTSPs.
Participants who reported >1 opposite or same sex vaginal,
oral, or anal sex partner in the past 12 months were considered
“sexually active” Sexually active participants were also asked if
they had a new sexual partnership in the past 12 months (no vs
yes). For individuals who were not sexually active, we imputed a
“no” response for the new sexual partnership variable.

Laboratory Testing

Participants aged 14-59 years were asked to self-collect a pe-
nile or vaginal swab at the MEC. Specimens were stored at 4°C
and shipped to the CDC for DNA extraction, which took place
within 3-4 weeks, and analysis [12, 13]. Polymerase chain re-
action genotyping for HPV was performed on penile and vag-
inal swabs using the Linear Array HPV Genotype Test (Roche
Molecular Diagnostics, Indianapolis, Indiana) which detects
37 genotypes [13, 14]. Samples were determined to be inadequate
if p-globin was not detected and the participant was negative for
all HPV types as well as low and high positive globin. All inade-
quate samples were recoded as missing for this analysis [15].

The prevalence of a genital vaccine-type HPV infection was
defined as the detection of >1 genotype in the Gardasil 9 vac-
cine (6,11, 16, 18, 31, 33, 45, 52, and/or 58) [16]. The prevalence
of a genital HR-HPV infection was defined as the detection of
1 or more HR-HPV genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66, and/or 68). The prevalence of any genital HPV
infection was defined as the detection of >1 of the 37 possible
genotypes.
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Statistical Analysis

All analyses were weighted unless specified otherwise. MEC
weights were precalculated by NCHS to account for unequal
probability of selection and adjusted for nonresponse both
for the at-home interview and the MEC portion, as well as
being poststratified to match the Census Bureau’s American
Community Survey total population count. The MEC weights
were pooled across the 2 NHANES cycles and applied accord-
ingly [17]. Data were examined using descriptive statistics.
Taylor series linearization was used to calculate standard errors
(SEs), and Korn and Graubard confidence intervals (CIs) were
calculated for crude prevalence estimates.

The primary outcomes included the crude prevalence of gen-
ital vaccine-type HPV, HR-HPV, and any HPV stratified by sex,
age group, and number of LTSPs. Age was categorized based
on vaccination guidelines: ages 18-26, 27-45, and 46-59 years.
LTSPs were dichotomized as those with 1-5 LTSPs and those
with >5 LTSPs. LTSPs was dichotomized at 6—the median
number of LTSPs in the overall sample of males and females
combined—due to ease of interpretation and to maximize the
stability of prevalence estimates. Since the HPV vaccine is pre-
sumed to prevent only newly acquired infections, the crude
prevalence of each outcome was also calculated after excluding
participants at highest risk for newly acquired infection, de-
fined as those who reported a new sexual partner within the
past 12 months.

In both the full analytic sample and in the sample restricted
to participants who reported no new sexual partnership, pre-
dictive margin estimates of each HPV outcome were calculated
using sex-stratified multivariable logistic regression models.
These estimates, commonly referred to as adjusted prevalence
estimates, are the average predicted probability of HPV infec-
tion if all participants in the sample had been in that group (ie,
marginal standardization), while adjusting for all variables in
the model [18]. The multivariable models included terms for
age group, binary LTSP group, an interaction between age group
and binary LTSP group, race/ethnicity, marital status, ciga-
rette smoking status, and report of a new sexual partner in the
past 12 months. To mitigate residual confounding, the models
also included a continuous term for the individual number of
LTSPs. A sensitivity analysis was conducted excluding partici-
pants aged 18-19 years since marital status among this group
was unknown.

Data management and visualization was done in R version
3.6.1 software (R Foundation for Statistical Computing, Vienna,
Austria). Statistical analyses were conducted in Stata MP, ver-
sion 15 (StataCorp LP, College Station, Texas). The svy com-
mand package was used to account for the complex survey
design. The user written command “kg_nchs” was used to cal-
culate Korn and Graubard 95% CI and predictive margins were
estimated using the “margins” command [19, 20].

RESULTS

Study Population

Among both males (n = 2495) and females (n = 2598), the
distribution of race/ethnicity, marital status, and cigarette
smoking status varied substantially by age group (Table 1).
The majority of both males and females aged 27-45 and
46-59 years reported either being married or living with
a partner. Among males, the median number of LTSPs in-
creased with age, ranging from 5 (interquartile range [IQR],
3-12) LTSPs among 18- to 26-year-olds to 8 (IQR, 3-19)
LTSPs among 27- to 45-year-olds and 10 (IQR, 5-20) LTSPs
among 45- to 59-year-olds. Among females, the median
number of LTSPs was 5 across all age groups (IQR, 2-8 LTSPs
for 18- to 26-year-olds, 2-10 LTSPs for 27- to 47-year-olds,
and 3-10 LTSPs for 45- to 59-year-olds). In contrast, the pro-
portion reporting a new sexual partner in the past 12 months
substantially decreased with older age. Among males, the per-
centage reporting a new sexual partner declined from 40.7%
among 18- to 26-year-olds to 16.6% among 27- to 45-year-
olds and 9.3% among 45- to 59-year-olds. Among females,
the percentage reporting a new sexual partner declined from
28.4% among 18- to 26-year-olds to 10.5% among 27- to
45-year-olds and 3.5% among 45- to 59-year-olds.

Prevalence of Penile HPV Infection by Age and Sexual Behavior
For each age group, the detection of 9-valent vaccine type,
high-risk type, and any type penile HPV infection was signif-
icantly higher among males with >5 LTSPs than males with
1-5 LTSPs (Figure 1). These differences remained significant
after multivariable adjustment and when restricting the anal-
ysis to males who did not have a new sexual partner in the
past 12 months, with the exception of 9-valent vaccine-type
HPV infection among 18- to 26 year-olds, for whom data
were sparse (Figure 1; Table 2). Furthermore, when com-
paring the full and restricted samples, there were only slight
reductions in the burden of prevalent HPV infection after
removing participants who reported a new sexual partner in
the past 12 months (ie, those at highest risk of newly acquired
HPV). For example, in the expanded age group for FDA-
approved vaccine (27-45 years), the adjusted prevalence of
9-valent vaccine-type HPV infection among all males with
1-5 LTSPs was 6.2% (95% CI, 3.6%-8.7%) and 5.1% (95% CI,
2.9%-7.3%) when excluding participants who reported a new
sexual partner in the past 12 months (Table 2). Among males
with >5 LTSPs, the adjusted prevalence of 9-valent vaccine
type HPV infection was 20.0% (95% CI, 16.6%-23.3%) and
18.8% (95% CI, 15.0%-22.6%) in the full and restricted sam-
ples, respectively.

Crude and adjusted prevalence estimates of penile HPV in-
fection by other risk factors are presented in Supplementary
Tables 2 and 3.
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Table 1. Characteristics of Sexually Experienced Individuals Aged 18-59 Years Who Were Unvaccinated for Human Papillomavirus Infection, Stratified
by Sex and Age Group—National Health and Nutrition Examination Surveys, 2013-2016

Males Females
Characteristic 1826y (n=440) 27-45y(n=1193) 46-69y(n=862) 18-26y(n=331) 27-45y(n=1265) 46-59y (n=1002)
Race/ethnicity
Non-Hispanic white 58.3 (3.4) 59.4 (3.1) 71.0 (3.0) 55.3 (4.6) 58.7 (3.2) 72.1(2.6)
Non-Hispanic black 13.4 (1.9) 10.5 (1.4) 10.3 (1.4) 15.1 (3.0) 12.2 (1.8) 10.5 (1.5)
Mexican American 13.0 (2.2) 12.0 (1.7) 72 (1.4) 1.7 (2.3) 12.5(1.9) 6.3 (1.1)
Other Hispanic 71 (1.3) 8.2(1.2) 5.1 (1.0) 9.2 (1.4) 73 (1.1) 5.3 (1.1)
Non-Hispanic Asian 3.6 (0.7) 5.5(1.0) 3.5(0.6) 4.0 (0.9) 5.7 (0.9) 3.3 (0.6)
Other/multiracial 4.7 (1.4)° 4.2 (0.8) 3.0(0.9) 4.7 (1.2) 3.6 (0.5) 2.5(0.9°
Married or living with partner
No 56.2 (3.0) 27.3 (1.5) 25.6 (1.9) 45.1 (3.2) 29.6 (1.8) 33.5(2.1)
Yes 32.4(2.9) 72.7 (1.5) 74.4 (1.9) 42.1 (3.5) 70.4 (1.8) 66.5 (2.1)
Not asked” 11.4 (1.6) 12.8 (1.8)
Cigarette smoking status
Never 58.4 (2.8) 52.5 (1.7) 46.9 (2.5) 677 (3.4) 66.2 (1.7) 56.9 (2.3)
Former 12.8 (2.3) 21.3(1.5) 30.2 (2.3) 5.8 (1.5) 15.1(1.2) 219 (1.3)
Current 28.8 (2.8) 26.1 (1.3) 22.9(2.0) 26.5(2.9) 18.7 (1.3) 21.3(2.2)
Age at first sex, median (IQR) 16 (15-18) 17 (16-19) 16 (15-18) 16 (15-18) 17 (16-19) 17 (16-19)
Sexually active last 12 mo
No 7.3 (1.4) 5.2(0.7) 11.9 (1.5) 4.9(1.7)° 6.8 (1.0) 25.8 (1.8)
Yes 92.7 (1.4) 94.8 (0.7) 88.1 (1.5) 95.1 (1.7) 93.2 (1.0) 74.2 (1.8)
New sexual partner last 12 mo
No 59.3 (3.5) 83.4 (1.4) 90.7 (1.6) 71.6 (2.5) 89.5 (1.1) 96.5 (0.7)
Yes 40.7 (3.5) 16.6 (1.4) 9.3 (1.6) 28.4 (2.5) 10.5 (1.1) 3.5(0.7)
No. of LTSPs
1-5 53.0 (3.5) 38.2 (1.8) 29.9(2.6) 575 (3.5) 50.8 (2.5) 575(2.2)
>5 470 (3.5) 61.8 (1.8) 70.1 (2.6) 42.5(3.5) 49.2 (2.5) 42.5(2.2)
No. of LTSPs, median (IQR) 5 (3-12) 8 (3-19) 10 (5-20) 5(2-8) 5 (2-10) 5 (3-10)

Data are presented as weighted column percentages and corresponding standard errors, unless otherwise indicated.
Abbreviations: IQR, interquartile range; LTSF, lifetime sexual partner.
“Residual standard error >30%. Estimate should be interpreted with caution.

®Data on marital status were not collected for participants aged 18-19 years.
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Figure 1. Detection of penile human papillomavirus (HPV) infection among unvaccinated, sexually experienced males, stratified by age and number of lifetime sexual part-
ners (LTSPs), and restricted among those who reported no new sexual partners in the previous 12 months. Data are crude weighted prevalence estimates; corresponding error
bars are Korn and Graubard 95% confidence intervals. Estimates for vaccine-type HPV among males, age 18-26 years, reporting 1-5 LTSPs and no new partner over the past
12 months have a relative confidence interval width >130% and should be interpreted with caution.
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Table 2. Adjusted Prevalence Estimates (Predictive Margins) of Penile Human Papillomavirus Infection Among Unvaccinated, Sexually Experienced
Males, Stratified by Age and Number of Lifetime Sexual Partners

Adjusted HPV Prevalence, % (95% CI)

HPV Type and Age Group Overall Male Population (n = 2495)* Males Without a New Partner in the Past 12 mo (n = 2025)°
9-valent vaccine type®
Age 18-26y
1-5 LTSPs 5.4 (2.1-8.6) 5.7 (1.3-10.2)
>5 LTSPs 15.6 (9.1-22.1) 16.4 (5.8-26.9)
Age 27-45y
1-5 LTSPs 6.2 (3.6-8.7) 5.1 (2.9-73)
>5 LTSPs 20.0 (16.6-23.3) 18.8 (15.0-22.6)
Age 46-59 y
1-5 LTSPs 7.3 (3.0-11.5) 6.2 (2.6-9.8)
>5 LTSPs 176 (13.6-21.7) 14.0 (9.7-18.3)
High-risk type®
Age 18-26 y
1-5 LTSPs 11.9 (6.9-17.0) 10.6 (4.3-16.9)
>5 LTSPs 33.6 (24.9-42.4) 374 (24.5-50.2)
Age 27-45y
1-5 LTSPs 13.7 (8.6-18.7) 11.9 (7.6-16.2)
>5 LTSPs 30.5 (27.3-33.8) 29.0 (25.3-32.8)
Age 46-59 y
1-5 LTSPs 15.9 (10.9-20.9) 14.2 (9.6-18.9)
>5 LTSPs 26.9 (22.4-31.3) 23.3 (19.3-274)
Any type®
Age 18-26y
1-5 LTSPs 24.2 (18.4-30.1) 21.7 (13.7-29.6)
>5 LTSPs 51.7 (43.3-60.1) 55.7 (44.8-66.6)
Age 27-45y
1-5 LTSPs 279 (20.5-35.2) 26.3 (19.4-33.3)
>5 LTSPs 56.1 (51.7-60.5) 55.6 (560.4-60.9)
Age 46-59 y
1-5 LTSPs 30.9 (23.2-38.7) 29.6 (21.9-374)
>5 LTSPs 56.8 (51.3-62.4) 52.2 (46.7-577)

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; LTSF, lifetime sexual partner.

For each HPV outcome, adjusted prevalence estimates (predictive margins) of HPV detection were calculated by weighted multivariable logistic regression models, which included adjust-
ment for race/ethnicity, marital status, cigarette smoking status, lifetime number of sexual partners (continuous), and report of a new sexual partnership in the past 12 months.

®For each HPV outcome, adjusted prevalence estimates (predictive margins) of HPV detection were calculated by weighted multivariable logistic regression models, which included adjust-

ment for race/ethnicity, marital status, cigarette smoking status, and lifetime number of sexual partners (continuous).

°Nine-valent vaccine types: 6, 11, 16, 18, 31, 33, 45, 52, 58.
9High-risk types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68.

°Any type HPV: 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51, 52, 53, b4, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84, 89, 1S39.

Prevalence of Cervicovaginal HPV Infection by Age and Sexual Behavior

For some age groups, the prevalence of 9-valent, high-risk,
and any type of cervicovaginal HPV infection was signif-
icantly higher among females with >5 LTSPs than females
with 1-5 LTSPs (Figure 2). Similar inferences were obtained
after adjusting for race/ethnicity, marital status, cigarette
smoking status, and the report of a new sexual partner in the
past 12 months (Table 3). Restricting the analysis to persons
who did not report a new sexual partner in the past 12 months
also did not appreciably change the crude or adjusted point
estimates or inferences of interest (Figure 2; Table 3). For ex-
ample, in the expanded age group for FDA-approved vaccine
(27-45 years), the adjusted prevalence of 9-valent vaccine type
HPV infection among all females with 1-5 LTSPs was 9.9%

(95% CI, 7.1%-12.8%) and 9.2% (95% CI, 6.1%-12.3%) when
excluding participants who reported a new sexual partner in
the past 12 months (Table 3). Among females with >5 LTSPs,
the adjusted prevalence of 9-valent vaccine type HPV infec-
tion was 13.4% (95% CI, 9.9%-17.0%) and 12.1% (95% CI,
8.8%-15.4%) in the full and restricted samples, respectively.

Crude and adjusted prevalence estimates of cervicovaginal
HPV infection by other risk factors are presented in
Supplementary Tables 4 and 5.

Sensitivity Analyses

Similar findings were observed when excluding 18- to 19-year-
olds from the analyses due to lack of information on marital
status (Supplementary Tables 6 and 7).
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Figure 2. Detection of cervicovaginal human papillomavirus (HPV) infection among unvaccinated, sexually experienced females, stratified by age and number of lifetime
sexual partners (LTSPs), and restricted among those who reported no new sexual partners in the past 12 months. Data are crude weighted prevalence estimates; corre-
sponding error bars are Korn and Graubard 95% confidence intervals. Estimates for 9-valent vaccine-type HPV among females age 18-26, reporting >5 LTSPs, and no new
partner over the past 12 months have a relative confidence interval width >130% and should be interpreted with caution.

DISCUSSION

In the first analysis to evaluate genital HPV burden in a na-
tionally representative sample of unvaccinated US men and
women by age and sexual behavior simultaneously, we report
higher HPV prevalence in individuals with >5 lifetime sexual
partners (vs 1-5 LTSPs) from age 18-59 years. This observation
remained after restricting the analysis to individuals with no
new sexual partners in the past 12 months. Taken together, this
analysis suggests that a significant burden of prevalent genital
HPV in adult men and women does not reflect a recent acquisi-
tion from a new sex partner, particularly in individuals over the
recommended age for catch-up vaccination (>26 years).

Calls for prophylactic HPV vaccination in adults have in-
creased over recent years to address the increasing epidemics
of HPV-associated oral and anal cancers, and to accelerate
the prevention of cervical precancer and cancer in screened
populations [21]. Given our current understanding that HPV
vaccines have limited (if any) therapeutic effect [22-25], the
success of such adult vaccination strategies presumes that
causal infections are occurring later in life, and are thus pre-
ventable viaimmunization. Cervical cancer modeling studies
suggest, however, that up to 75% of causal HPV infections
occur prior to age 30 [26]. This is supported by NHANES
survey data, where new partner acquisition peaks in the 20s
and reaches a nadir by age 30 years [27]. Thus, while nat-
ural history studies show a high relative risk of new HPV de-
tection with a new sexual partner independent of age, most
of the absolute number of newly detected infection is likely
recurrent detection of previously acquired infection [28].

Taken together, these data highlight the importance of con-
sidering all sexual risk exposures, not just new exposures,
when considering the benefits of adult HPV vaccination.

We still lack any quantifiable estimates of the proportion
of HPV infections that are “cleared” (ie, eradicated) vs im-
munologically “controlled” to explain the high prevalence
of HPV throughout the lifespan in the absence of significant
continuous new acquisition [29]. It is likely that prevalent
HPV burden represents a mix of long-term persistent HPV,
most of which reflects transient recurrent detection, which
will be rapidly controlled again by a robust T-cell-mediated
immune response [28, 30-32], except in immunosuppressed
populations [33, 34]. While this has been difficult to empir-
ically demonstrate in epidemiological studies, recent simu-
lation models that include transitions between undetectable
viral latency and detectable reactivation provide a better fit
to observed data in both women and men compared with
models that ignore latency [35, 36].

Despite the strengths afforded by this analysis through the uti-
lization of a large nationally representative sample of men and
women in the US household population, there are some notable
limitations. In addition to unit nonresponse, not all individuals
provided genital samples or questionnaire data, which may have
biased our results. There is a risk of reporting bias, especially
with regard to sexual behavior and vaccination status, which may
have influenced our outcomes. Although NHANES is the largest
population-based survey of HPV prevalence in the US, sample
sizes remained insufficient to permit informative stratification of
only individuals with a new sexual partner in the past 12 months,
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Table 3. Adjusted Prevalence Estimates (Predictive Margins) of Cervicovaginal Human Papillomavirus Infection Among Unvaccinated, Sexually
Experienced Females, Stratified by Age and Number of Lifetime Sexual Partners

Adjusted HPV Prevalence, % (95% CI)

HPV Type and Age Group Overall Female Population (n = 2598)° Females Without a New Partner in the Past 12 Months (n = 2337)°
9-valent vaccine type®
Age 18-26y
1-6 LTSPs 11.3 (6.3-16.2) 10.9 (56.6-16.2)
>5 LTSPs 18.6 (9.3-27.9) 15.4 (3.3-27.4)
Age 27-45y
1-5 LTSPs 9.9 (71-12.8) 9.2 (6.1-12.3)
>5 LTSPs 13.4 (9.9-17.0) 12.1 (8.8-15.4)
Age 46-59 y
1-5 LTSPs 76 (4.4-10.8) 6.9 (4.1-9.8)
>5 LTSPs 10.9 (70-14.7) 8.9 (5.8-12.1)
High-risk type®
Age 18-26 y
1-6 LTSPs 18.1 (12.2-23.9) 20.1 (12.4-277)
>5 LTSPs 29.9 (17.3-42.5) 26.1 (11.0-41.2)
Age 27-45y
1-5 LTSPs 15.7 (12.5-19.0) 14.9 (11.4-18.4)
>5 LTSPs 22.7 (18.6-26.9) 20.5 (16.3-24.6)
Age 46-59 y
1-5 LTSPs 12.3 (8.7-15.9) 11.6 (8.4-14.9)
>5 LTSPs 19.1 (14.9-23.4) 170 (12.5-21.5)
Any type®
Age 18-26y
1-6 LTSPs 32.3 (24.8-39.9) 34.3 (26.1-42.5)
>5 LTSPs 56.4 (44.0-68.7) 54.9 (39.0-70.8)
Age 27-45y
1-5 LTSPs 32.5(27.1-378) 31.0 (24.4-376)
>5 LTSPs 45.8 (39.6-52.0) 41.9 (34.8-49.1)
Age 46-59 y
1-6 LTSPs 32.4 (26.4-38.3) 31.0 (24.2-378)
>5 LTSPs 43.6 (36.4-50.7) 40.9 (33.1-48.7)

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; LTSF, lifetime sexual partner.

For each HPV outcome, adjusted prevalence estimates (predictive margins) of HPV detection were calculated by weighted multivariable logistic regression models, which included adjust-
ment for race/ethnicity, marital status, cigarette smoking status, number of lifetime sexual partners (continuous), and report of a new sexual partnership in the past 12 months.

®For each HPV outcome, adjusted prevalence estimates (predictive margins) of HPV detection were calculated by weighted multivariable logistic regression models, which included adjust-

ment for race/ethnicity, marital status, cigarette smoking status, and number of lifetime sexual partners (continuous).

°Nine-valent vaccine types: 6, 11, 16, 18, 31, 33, 45, 52, 58.
9High-risk types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68.

°Any type HPV: 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51, 52, 53, b4, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84, 89, 1S39.

or more granular stratifications of LTSPs and age. It is also worth
noting that the DNA extraction method used in NHANES results
in a high test sensitivity, especially compared to standard clinical
assays [37]. This may explain why HPV prevalence is relatively
high in older adults, such as postmenopausal women, who may be
more likely to have low viral load infections.

When carefully examining HPV prevalence simultaneously
by age and sexual behavior, recent acquisition appears to have
a lower overall contribution to current detectable infection
burden of HPV in the US population relative to cumulative
exposures over a lifetime. Although there is some evidence
to support HPV vaccination in some adult subpopulations
[38, 39], our observations are generally consistent with

prior cost-effectiveness models, suggesting a relatively low
population-level benefit to vaccination over the age of 26 years
[40, 41]. Thus, when discussing the risks/benefits to vaccina-
tion of adult men and women for clinical decision making,
it will be important to incorporate the likely ongoing risk of
HPV infection due to recurrence of previously acquired and
controlled infections as well as risks of new acquisitions.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases
online. Consisting of data provided by the authors to benefit the
reader, the posted materials are not copyedited and are the sole re-
sponsibility of the authors, so questions or comments should be ad-
dressed to the corresponding author.
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