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There is some concern about the effectiveness of the HPV vaccine among young adult women due to the risk of
prior HPV infection. This study used National Health and Nutrition Examination Survey (NHANES) 2007–2012 data to
evaluate the effectiveness of HPV vaccination among women 20–26 years of age who were vaccinated after 12 years of
age. This cross-sectional study examined 878 young adult women (20–26 years) with complete information on HPV
prevalence and HPV vaccination status from NHANES 2007–2012. Vaginal swab specimens were analyzed for HPV DNA
by L1 consensus polymerase chain reaction followed by type-specific hybridization. Multivariate logistic regression
models controlling for sociodemographic characteristics and sexual behaviors were used to compare type-specific HPV
prevalence between vaccinated and unvaccinated women. A total of 21.4% of young adult women surveyed through
NHANES between 2007 and 2012 received the HPV vaccine. Vaccinated women had a lower prevalence of vaccine
types than unvaccinated women (7.4% vs 17.1%, prevalence ratio 0.43, 95% CI 0.21–0.88). The prevalence of high-risk
nonvaccine types was higher among vaccinated women than unvaccinated women (52.1% vs 40.4%, prevalence ratio
1.29, 95% CI 1.06–1.57), but this difference was attenuated after adjusting for sexual behavior variables (adjusted
prevalence ratio 1.19, 95% CI 0.99–1.43). HPV vaccination was effective against all 4 vaccine types in young women
vaccinated after age 12. However, vaccinated women had a higher prevalence of high-risk nonvaccine types,
suggesting that they may benefit from newer vaccines covering additional types.

Introduction

It is estimated that over 80% of sexually active women in the US
will acquire genital human papillomavirus (HPV) infection during
their lifetime.1 HPV is classified into low-risk types and high-risk
types according to its oncogenic properties.2,3 In 2006, a quadriva-
lent vaccine, which prevents 2 low-risk (6, 11) and 2 high-risk (16,
18) types4-9 was approved for use in the US. Following its approval,
the Advisory Committee on Immunization Practices recom-
mended routine vaccination with 3 doses of this vaccine for all
females aged 11 to 12 years, and catch-up vaccination up to age
26.10 To determine its effectiveness in a real world setting, however,
post-licensure evaluation of theHPV vaccine is needed.11

Although population studies have shown a decrease in vac-
cine-type HPV prevalence among young girls since the vaccine
was introduced,12 its effectiveness among women who received it
after 12 years of age still needs to be determined. This is relevant
because those vaccinated after the recommended age of 11–
12 years may not have as strong of an immune response as

younger girls.13 Furthermore, women who have already engaged
in sexual activity are more likely to have already been exposed to
HPV,14 and the vaccine cannot eradicate prior infections.15 In
fact, data from NHANES showed that 33% of 14–19 year olds
and 60% of US women aged 20 to 24 years had current genital
HPV infections.14,16 Finally, since the vaccine was initially tar-
geted for 11–12 year old girls, the focus of surveillance efforts to
date have been on younger adolescents, making it difficult to
study its effectiveness among those who received the HPV vac-
cine as older adolescents or young adults in the general popula-
tion. The purpose of this study was to compare type-specific
HPV prevalence between vaccinated and unvaccinated young
adult women using data from NHANES 2007–2012.

Results

A total of 177 vaccinated and 701 unvaccinated young women
(20–26 years) were included in these analyses. Mean age was
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22.4 years in vaccinated women and 23.1 years in unvaccinated
women. Overall, 21.4% of the sample received at least one dose
of the HPV vaccine (Table 1). HPV vaccination rate was lower
in married women and those who did not finish high school.
Vaccinated women and unvaccinated women had similar sexual
behaviors, including �2 sexual partners in the past 12 months
and �3 lifetime number of sexual partners, and sexually trans-
mitted diseases.

Prevalence of individual human papillomavirus (HPV) types
among young adult women (20–26 years) by vaccination status
is presented in Figure 1. The prevalence of low-risk vaccine types
(HPV 6 or 11) among vaccinated women was lower than unvac-
cinated women (0.3% vs 4.4%, p < 0.001; Table 2). The preva-
lence of high-risk (16 or 18) vaccine types was also lower among
vaccinated women than unvaccinated women, although it did
not reach statistical significance in the unadjusted model. After
adjusting for sexual behavior variables (sexually transmitted dis-
eases, number of lifetime sexual partners, and number of sexual
partners in the past 12 months), the prevalence of high-risk vac-
cine types was lower in vaccinated women (adjusted prevalence
ratio 0.46, 95% CI 0.22–0.98). Overall, vaccinated women had

a lower prevalence of vaccine types (HPV 6, 11, 16, or 18) than
unvaccinated women (7.4% vs 17.1%, prevalence ratio 0.43,
95% CI 0.21–0.88).

In contrast, no difference was observed in the prevalence of
low-risk nonvaccine types between vaccinated and unvaccinated
women (38.8% vs 37.5%). However, vaccinated women had a
markedly higher prevalence of high-risk nonvaccine types
(52.1% vs 40.4, prevalence ratio 1.29, 95% CI 1.06–1.57).
When further adjusted for sexual behavior variables in Model 2,
the difference in prevalence of high-risk nonvaccine types
between vaccinated and unvaccinated women was attenuated
(adjusted prevalence ratio in Model 2 1.19, 95% CI 0.99–1.43).

When characteristics associated with HPV prevalence were
examined, it was found that being unmarried, with a high school
education, an income under the poverty level, a history of sexu-
ally transmitted infections, �3 lifetime sexual partners and �2
sexual partners in the past 12 months were associated with a
lower prevalence of vaccine types among vaccinated women than
unvaccinated women (Table 3). We also evaluated characteristics
associated with high-risk nonvaccine HPV between vaccinated
and unvaccinated women (Table 4). A difference in the

Table 1. Sociodemographic characteristics of US young adult women by vaccination status (N D 878)

N (%)a Vaccination Rate

Vaccinated Unvaccinated p Valueb % (95% CI)

Total 177 (100) 701 (100) 21.4 (17.3–25.4)
Race/Ethnicity 0.007
Non-Hispanic White 70 (66.0) 235 (55.6) 24.4 (18.4–30.4)
Non-Hispanic Black 48 (13.8) 169 (15.2) 19.7 (13.9–25.5)
Mexican American 12 (3.9) 149 (12.8) 7.7 (3.1–12.3)
Other 47 (16.3) 148 (16.3) 21.3 (14.4–28.2)

Marital Status 0.001
Unmarried 144 (79.0) 432 (59.6) 26.5 (21.1–31.9)
Married 33 (21.0) 269 (40.4) 12.4 (7.5–17.3)

Education Level 0.005
< High School 17 (6.7) 126 (14.2) 11.5 (5.1–17.8)
High School 25 (12.5) 171 (22.7) 13.0 (6.8–19.3)
> High School 135 (80.8) 404 (63.1) 25.8 (20.3–31.3)

Poverty Income Ratio 0.45
�1 109 (69.8) 398 (64.4) 22.7 (17.8–27.7)
<1 56 (26.7) 244 (29.5) 19.7 (12.8–26.7)
Missing 12 59

Smoking Status 0.47
Never 134 (71.9) 495 (69.6) 21.9 (16.1–27.8)
Past 15 (11.3) 46 (8.2) 27.2 (14.3–40.2)
Current 28 (16.8) 160 (22.2) 17.0 (8.5–25.6)

Sexually Transmitted Infection 0.58
No 141 (80.2) 560 (82.4) 20.9 (16.2–25.6)
Yes 36 (19.8) 141 (17.6) 23.5 (15.8–31.1)

Lifetime Sex Partners 0.39
�2 59 (30.9) 271 (35.4) 19.2 (13.3–25.0)
�3 118 (69.1) 430 (64.6) 22.5 (17.3–27.7)

Sex Partners in the Past 12 Months 0.23
�1 118 (67.5) 518 (73.8) 19.9 (15.2–24.6)
�2 59 (32.5) 183 (26.2) 25.2 (17.7–32.7)

CI: confidence interval.
aSample weights were used to calculate weighted percentages.
bp value was derived from Wald x2test.

2338 Volume 11 Issue 10Human Vaccines & Immunotherapeutics



prevalence of high-risk nonvaccine
types was observed in non-
Hispanic Whites, non-Hispanic
Blacks, women with a college edu-
cation, women living above the
poverty level, past smokers, women
with no prior sexually transmitted
infections, and women with �3
lifetime sexual partners.

We found that among vacci-
nated women, 19.2% received one
dose of the HPV vaccine, 25.1%
received 2 doses, and 55.7% com-
pleted all 3 doses. Those who
received �2 doses of the HPV vac-
cine had a lower, although not sta-
tistically significant, prevalence of
vaccine type HPV compared to
women who only received one
dose (6.5% vs 11.3%, adjusted
prevalence ratio 0.59, 95% CI
0.19–1.91).

Discussion

Using data from a nationally-
representative survey conducted
over 6 years, we found that young
adult women who had received the
vaccine after 12 years of age had a
reduced prevalence of all 4 vaccine-type infections compared to
their unvaccinated peers. This is consistent with data from clinical
trials, which showed that the quadrivalent HPV vaccine has over
90% efficacy against vaccine type infections.4-8 These findings
demonstrate that even though young girls may have a better
immunological response to the HPV vaccine, it is still highly

effective when given at older ages. This may be because protection
of the vaccine is provided through the production of serum neu-
tralizing anti-HPV IgG antibodies binding to viral particles,17-19

which only requires small amounts of antibody to be present.20,21

One interesting finding was that vaccinated young adult
women had a higher prevalence than unvaccinated women of

Figure 1. Prevalence of individual human papillomavirus (HPV) types among young adult women (20–
26 years) by vaccination status. Prevalence was weighted using sample weights. * Statistical significance for
the comparison between vaccinated women and unvaccinated women, after adjusted for age, race/ethnic-
ity, education, income, smoking status, sexually transmitted infections, number of lifetime sexual partners,
and number of sexual partners in the past 12 months.

Table 2. Type-specific HPV prevalence among US adult women by HPV vaccination status

Prevalence (95% CI)a
Adjusted Prevalence Ratio (95% CI)

Vaccinated vs. Unvaccinated

Vaccinated (n D 177) Unvaccinated (n D 701) Prevalence Ratio (95% CI) Model 1b Model 2c

Any HPV Type 63.3 (55.2–71.4) 54.9 (50.0–59.8) 1.15 (0.99–1.34) 1.15 (0.98–1.34) 1.11 (0.96–1.29)
Low-Risk Type 39.1 (31.1–47.2) 39.3 (33.7–45.0) 0.99 (0.78–1.27) 0.97 (0.76–1.24) 0.93 (0.74–1.18)
High-Risk Type 53.4 (43.8–63.0) 44.4 (39.6–49.1) 1.20 (0.99–1.46) 1.15 (0.95–1.40) 1.11 (0.93–1.33)
HPV 6, 11, 16 or 18 7.4 (2.1–12.7) 17.1 (13.9–20.3) 0.43 (0.21–0.88) 0.41 (0.21–0.84) 0.41 (0.20–0.82)
HPV 6 or 11 0.3 (0.0–0.8) 4.4 (2.8–6.0) 0.07 (0.01–0.45) 0.07 (0.01–0.55) 0.07 (0.01–0.54)
HPV 16 or 18 7.1 (1.7–12.5) 13.9 (10.9–17.0) 0.51 (0.24–1.10) 0.47 (0.22–1.00) 0.46 (0.22–0.98)
Nonvaccine Type 62.4 (54.3–70.5) 52.8 (47.8–57.8) 1.18 (1.02–1.37) 1.17 (1.00–1.37) 1.14 (0.99–1.31)
Nonvaccine Low-Risk Type 38.8 (30.8–46.9) 37.5 (31.8–43.2) 1.04 (0.80–1.34) 1.00 (0.77–1.30) 0.96 (0.75–1.23)
Nonvaccine High-Risk Type 52.1 (42.5–61.8) 40.4 (35.9–44.9) 1.29 (1.06–1.57) 1.23 (1.02–1.50) 1.19 (0.99–1.43)

CI: confidence interval.
aPrevalence was weighted using sample weights.
bModel 1 was adjusted for age, race/ethnicity, education, income, smoking status, and marital status.
cModel 2 was adjusted for variables in Model 1 plus sexually transmitted diseases and number of lifetime sexual partners, and number of sexual partners in
the past 12 months.
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high-risk types other than HPV 16 and 18, and thus are still at
risk of cervical cancer and other HPV-related cancers. This is
consistent with clinical trials on the quadrivalent vaccine which
showed it provided some protection against HPV 31 and 59, but
not other types.22 Thus, the limitations of the HPV vaccine
should be discussed with all patients, so they understand the
need to obtain regular cervical cancer screening after vaccination
as recommended for their age group. The underlying causes for
the increased prevalence of high-risk nonvaccine types we
observed among vaccinated women cannot be determined from
these data. However, we found that the association between vac-
cination and differences in prevalence of high-risk nonvaccine
type infections was attenuated after adjusting for sexual behavior
variables. Thus, it is possible that women who engaged in risky
sexual behaviors were more likely to seek vaccination in the early
years after its introduction. To reduce the increased prevalence of
high-risk nonvaccine types, the 9-valent HPV vaccine may pro-
vide a practical solution. The 9-valent HPV vaccine which pro-
vides protection against the original 4 vaccine types (6, 11, 16,
and 18) and 5 additional high-risk types (31, 33, 45, 52, and 58)
has recently been approved by the Food and Drug Administra-
tion.23 This new vaccine should help to reduce the increased

prevalence of several of the high-risk types we observed among
women in the future.

Our results showed that young women who received one
dose of the vaccine had a higher prevalence of vaccine type
HPV infection compared to those who had at least 2 doses.
This suggests that 1 dose may not be as protective in this age
group. Our results for this finding were non-significant, but
that may have been due to inadequate power. While it has
been found that age impacts the type and level of the immune
response to the HPV vaccine, it is generally agreed upon that
at least 2 doses are needed to achieve a high level of immunity
across time.13,24 In prior studies, young women who received
3 doses of the HPV vaccine (at 15 years of age or older)
showed clinically significant levels of immunogenicity up to
6 years after administration.25 Further, girls (9–13 years old)
who received 3 doses were more likely to continue to have an
immune response 36 months after vaccination compared to
young women (16–26 years old) who received 3 doses, which
may indicate that 3 doses is necessary among older adolescents
and young adults. However, it is unknown what clinical
threshold of immune response is needed to be effective. There-
fore, the currently evolving guidelines issued by the World

Table 3. Prevalence of HPV vaccine types among US adult women by HPV vaccination status and sociodemographic characteristics (N D 878)

Prevalence (95% CI)a Prevalence Ratio (95% CI)

Vaccinated (n D177) Unvaccinated (n D 701) Vaccinated vs. Unvaccinated

Total 7.4 (2.1–12.7) 17.1 (13.9–20.3) 0.43(0.21–0.88)
Race/Ethnicity
Non-Hispanic White 7.2 (0.0–15.0) 15.7 (11.4–20.0) 0.46(0.16–1.33)
Non-Hispanic Black 8.9 (0.5–17.3) 21.5 (14.0–29.0) 0.41(0.16–1.08)
Mexican American 4.5 (0.0–13.9) 10.8 (3.4–18.2) 0.42(0.05–3.46)
Other 7.5 (0.3–14.7) 22.5 (13.2–31.9) 0.33(0.12–0.95)

Marital Status
Unmarried 8.0 (1.1–15.0) 20.1 (16.1–24.2) 0.40(0.17–0.94)
Married 4.9 (0.0–10.2) 12.6 (7.7–17.4) 0.39(0.13–1.19)

Education Level
< High School 5.1 (0.0–15.4) 19.6 (10.9–28.2) 0.26(0.04–1.58)
High School 6.8 (0.0–14.7) 21.8 (12.6–31.0) 0.31(0.10–0.97)
> High School 7.7 (1.1–14.2) 14.8 (11.1–18.6) 0.52(0.21–1.27)

Poverty Income Ratio
�1 8.0 (0.7–15.2) 15.2 (10.7–19.6) 0.53(0.21–1.34)
<1 3.2 (0.0–7.2) 20.0 (13.7–26.2) 0.16(0.04–0.58)

Smoking Status
Never 7.1 (1.0–13.2) 15.4 (11.5–19.2) 0.46(0.19–1.11)
Past 5.5 (0.0–13.0) 19.9 (5.3–34.4) 0.28(0.05–1.52)
Current 9.8 (0.0–27.3) 21.4 (14.5–28.3) 0.46(0.08–2.59)

Sexually Transmitted Infections
No 8.8 (2.2–15.4) 15.4 (11.7–19.0) 0.57(0.27–1.21)
Yes 1.8 (0.0–5.3) 25.0 (17.4–32.6) 0.07(0.01–0.51)

Lifetime Sex Partners
�2 6.0 (0.0–13.4) 6.5 (3.2–9.7) 0.93(0.25–3.43)
�3 8.0 (1.2–14.8) 22.9 (18.4–27.4) 0.35(0.15–0.82)

Sex Partners in the Past 12 Months
�1 7.3 (1.1–13.5) 11.7 (8.5–14.9) 0.63(0.27–1.47)
�2 7.5 (0.0–17.3) 32.3 (24.8–39.8) 0.23(0.06–0.84)

CI: confidence interval.
aPrevalence was estimated for the prevalence of vaccine types (HPV 6, 11, 16 or 18). Prevalence was weighted using sample weights.
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Health Organization (WHO) still recommend 3 doses of the
HPV vaccine when administered to young adult women.26

The strengths of our study included use of data from a large,
nationally representative sample with high response rates. How-
ever, our study has several limitations. First, our sample size was
not large enough to assess the efficacy of HPV vaccine in racial or
sociodemographic subgroups. Second, the history of HPV vacci-
nation was self-reported and may be subject to response bias.
The possible overreporting or underreporting may bias our analy-
ses and estimate of vaccine effectiveness. In addition, the infor-
mation on the exact age at vaccination was not available in
NHANES. However, we only included young women between
20 and 26 years of age from NHANES 2008–2012. Since the
HPV vaccine was approved by the Food and Drug Administra-
tion (FDA) in the United States in 2006, it is unlikely that any
of these women were vaccinated before 14 years of age. Although
they may not have as high immunological response to the HPV
vaccine as younger girls (11–12 years of age),13 women between
14 and 26 years still seroconvert at a high rate and are protected
against vaccine type infections and related diseases.4-9 Finally,
due to the cross-sectional nature of our study, we were not able
to determine causation. NHANES is a cross sectional survey, so

the temporal relationship between HPV vaccination, HPV infec-
tion, and sexual behavior could not be determined.

In conclusion, HPV vaccination was protective against all 4
vaccine types even when vaccination occurred after the recom-
mended age of 11–12 years. However, vaccinated young women
had a higher prevalence of high-risk nonvaccine types. Thus, it is
important to advise all women to undergo regular cervical cancer
screening, as they may still be at risk of acquiring high-risk HPV
infections.

Materials and Methods

NHANES is a cross-sectional survey conducted by the
National Center for Health Statistics (NCHS), using a complex,
stratified, multistage probability sample to represent the civilian,
non-institutionalized, US population. The study was approved
by the NCHS Institutional Review Board, and all adult partici-
pants provided written informed consent. Details about
NHANES can be found elsewhere.27 Our study included young
adult women (20–26 years) with complete information on HPV
vaccination status from NHANES 2007–2012. Since the vaccine

Table 4. Prevalence of nonvaccine high-risk types among US adult women by characteristics and HPV vaccination status

Prevalence (95% CI)a Prevalence Ratio (95% CI)

Vaccinated (n D 177) Unvaccinated (n D 701) Vaccinated vs. Unvaccinated

All 52.1 (42.5–61.8) 40.4 (35.9–44.9) 1.29(1.06–1.57)
Race/Ethnicity
Non-Hispanic White 55.2 (41.6–68.8) 39.4 (32.9–45.9) 1.40(1.05–1.86)
Non-Hispanic Black 67.6 (54.8–80.4) 50.5 (43.8–57.3) 1.34(1.10–1.63)
Mexican American 39.5 (8.8–70.1) 33.2 (26.0–40.4) 1.19(0.52–2.71)
Other 29.5 (16.2–42.7) 40.0 (30.7–49.4) 0.74(0.46–1.18)

Marital Status
Unmarried 55.1 (46.1–64.2) 45.8 (40.3–51.4) 1.20(0.99–1.46)
Married 40.8 (20.9–60.7) 32.4 (25.4–39.3) 1.26(0.79–2.02)

Education Level
< High School 62.3 (33.0–91.6) 46.0 (36.5–55.4) 1.36(0.85–2.17)
High School 36.2 (12.6–59.9) 43.1 (34.3–52.0) 0.84(0.43–1.66)
> High School 53.7 (42.3–65.2) 38.2 (31.6–44.7) 1.41(1.11–1.78)

Poverty Income Ratio
�1 49.4 (37.3–61.5) 37.2 (30.6–43.7) 1.33(1.00–1.76)
<1 56.4 (43.9–68.9) 46.4 (39.0–53.8) 1.22(0.95–1.56)

Smoking Status
Never 45.4 (32.8–58.1) 36.2 (31.1–41.3) 1.26(0.95–1.67)
Past 83.8 (69.6–98.1) 43.4 (28.5–58.2) 1.93(1.29–2.90)
Current 59.4 (36.3–82.5) 52.6 (42.2–63.0) 1.13(0.73–1.75)

Sexually Transmitted Infections
No 47.3 (37.2–57.4) 35.5 (31.1–39.8) 1.33(1.08–1.65)
Yes 71.6 (52.6–90.7) 63.6 (53.8–73.3) 1.13(0.82–1.54)

Lifetime Sex Partners
�2 25.8 (13.3–38.4) 22.4 (15.7–29.0) 1.15(0.68–1.96)
�3 63.9 (51.9–75.8) 50.3 (44.9–55.7) 1.27(1.04–1.55)

Sex Partners in the Past 12 Months
�1 41.1 (30.2–52.1) 31.7 (26.7–36.7) 1.30(0.98–1.72)
�2 74.9 (62.1–87.7) 64.9 (56.0–73.9) 1.15(0.93–1.43)

CI: confidence interval.
aPrevalence was estimated for high-risk nonvaccine types. Prevalence was weighted using sample weights.

www.tandfonline.com 2341Human Vaccines & Immunotherapeutics



was first approved for use in 2006, all women in this age range
would have received the vaccine after 12 years of age. This age
group was selected because few data are available on those vacci-
nated after the recommended age of 11–12 years. Furthermore,
this age group has a high prevalence of HPV infection.

In 2007–2012, 1061 young adult women were interviewed, of
which 1030 had completed information on HPV vaccination sta-
tus. Of those, 1004 received an examination in a mobile exami-
nation center (MEC) and 886 submitted a self-collected
cervicovaginal swab specimen. A total of 878 specimens were
adequate for HPV DNA typing. In our study, we excluded those
without adequate cervicovaginal samples.

Demographic information was collected during the house-
hold interview. Race/ethnicity was self-reported and categorized
as non-Hispanic White, non-Hispanic Black, Mexican Ameri-
cans, and others. We collapsed marital status into the 2 catego-
ries of married (married, or living with partner) and unmarried
(widowed/divorced/separated, and single), as it is documented
that widowed/divorced/separated women and single women had
a much higher prevalence of HPV infection than married
women.16 Education level was categorized as less than high
school (9–11th grade, includes 12th grade with no diploma),
high school (high school graduate/General Education Develop-
ment (GED) or equivalent), and greater than a high school edu-
cation (college or above). Poverty income ratio was calculated
by the NCHS according to the US. Census definition by divid-
ing total family income by the poverty threshold after adjusting
for family size at the time of the interview. We classified poverty
income ratio into 2 categories: �1 (under poverty) and >1
(above poverty). Smoking status was classified into 3 categories:
never (<100 cigarettes in life), past (smoked at least 100 ciga-
rettes in life, but not currently smoking cigarettes), and current
(smoked at least 100 cigarettes in life and currently smoking
cigarettes).

Sexual history was self-reported using an audio computer-
assisted self-interview in MEC. Respondents who reported ever
having sex (described as vaginal, oral, or anal) were asked addi-
tional questions, including lifetime number of partners and num-
ber of partners in the past 12 months. We classified number of
sexual partners in their lifetime into 2 categories - �3 and �2,
and number of sexual partners in the past 12 months into 2 cate-
gories - �2 and �1, as it has been reported that women with �3
lifetime sexual partners or �2 sexual partners in the past 12
months have a higher HPV prevalence than women with fewer
sexual partners.16

Respondents who reported that a physician had ever told
them they had a sexually transmitted infection were consid-
ered to have a history of a sexually transmitted infection.
Reportsof the following sexually transmitted infections were
included: genital herpes, chlamydia, and gonorrhea. Young
women who were tested positive for serum antibody to her-
pes simplex virus type 2, serum human immunodeficiency
virus (HIV) antibody, or urine chlamydia were also consid-
ered to have a history of sexually transmitted infection. Cases
of genital warts were not included because they are caused by
HPV infection.

History of HPV vaccination was obtained by self-report.
HPV infection was determined by the detection of HPV DNA
in self-collected vaginal swabs. Extractions and testing on vagi-
nal swab specimens were performed at the Centers for Disease
Control and Prevention (CDC), with details described else-
where.14,28 Briefly, vaginal swabs were analyzed for HPV
DNA by L1 consensus polymerase chain reaction followed by
type-specific hybridization. All specimens were hybridized to
the typing strip that included probes for 37 HPV types,
including high-risk types (16, 18, 31,33, 35, 52, 58, 39, 45,
59, 68, 51, 56, 66, 26, 53, 67, 69, 70, 73, 82, and IS39) that
can cause cancer and low-risk types (6, 11, 40, 42, 54, 55, 61,
62, 64, 71, 72, 81, 83, 84, and 89). The sample was consid-
ered inadequate if no b-globin was present in the sample and
no HPV type was detected.

Statistical Analysis

Statistical analyses were carried out with SAS software version
9.3 (SAS Institute, Cary, NC) and STATA 13 (STATA Corpora-
tion, College Station, TX USA). P < 0.05 was considered statis-
tically significant. Prevalence of HPV infections was estimated
for any HPV type, low-risk types, high-risk types, vaccine types
(6, 11, 16 and 18), nonvaccine types, low-risk nonvaccine types,
and high-risk nonvaccine types. All analyses for NHANES data
took into account differential probabilities of selection and the
complex sample design by using sample weights,29 following
NHANES Analytic and Reporting Guidelines. Standard errors
were calculated using Taylor series linearization.30

Multivariate logistic regression models controlling for socio-
demographic characteristics and sexual behaviors were used to
compare differences in HPV prevalence between vaccinated and
unvaccinated young women. We also compared the prevalence
of vaccine type HPV infection among young women who
reported one dose compared to �2 doses of the HPV vaccine.
Adjusted prevalence ratios were obtained from average marginal
predictions in the fitted logistic regression model.31,32 We con-
structed 2 models with additional variables included in the subse-
quent model. Model 1 was adjusted for sociodemographic
variables including age, race/ethnicity, education, income, smok-
ing status, and marital status. Model 2 was further adjusted for
sexually transmitted infections, number of lifetime sexual part-
ners, and number of sexual partners in the past 12 months in
addition to the variables in Model 1. We included sexual behav-
ior variables in the model because this affects the risk of acquiring
HPV infections.
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