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ABSTRACT

Introduction: The consequences of low human papillomavirus (HPV) vaccination in Census regions with
higher incidence of cervical cancer may contribute to continued disparities. Our purpose was to evaluate
regional variations in HPV prevalence across time.
Methods: Repeated cross-sectional data from the National Health and Nutrition Examination Survey
(NHANES), 2003-2014 were examined. Participants included females 14 to 34 years old who provided
adequate vaginal samples for HPV DNA typing (N = 6387). Region of residence and HPV vaccination status
associations with HPV prevalence were examined using chi-square and multivariable logistic regression.
HPV types were grouped according to vaccine-type HPV (types 6, 11, 16, 18) and risk (high or low-risk).
Time and vaccination status were included in subsequent models for post-licensure survey cycles (2007~
2014) to assess their effects on observed associations.
Results: No decreases in vaccine-type HPV prevalence were found between the prevaccine cycles (2003-
2006) and early post-licensure cycles (2007-2010, p > 0.05). Vaccine-type HPV prevalence decreased in
late post-licensure years (2011-2014) compared to prevaccine years (2003-2006, p = 0.001). The highest
prevalence of vaccine-type HPV occurred in the South (8.6%) and Midwest (8.6%), followed by the West
(4.8%), and the Northeast (3.5%) in late post-licensure years. Lower odds of vaccine-type HPV across time
in post-licensure survey cycles were found to be attributable to time, and more strongly to HPV vaccina-
tion.
Conclusions: There were regional variations in vaccine-type HPV prevalence between prevaccine and
post-licensure years. These decreases appeared to be at least partially attributable to HPV vaccination.
Programs are needed to address geographical disparities in HPV vaccination.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

cervical cancer cases and 2 types responsible for 90% of genital
warts (types 6 and 11) [3-6]. In late 2014, the 9-valent HPV vaccine

Human papillomavirus (HPV) is a common infection with sev-
eral types that can cause anogenital cancers as well as oropharyn-
geal cancer [1-3]. The most common HPV types associated with
cancer can be prevented through vaccination of young adolescents,
preferably before exposure. The most widely used HPV vaccine in
the U.S. until 2014, the quadrivalent HPV vaccine (4vHPV), protects
against 2 high risk HPV types (16 and 18) responsible for 70% of
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(9vHPV), which protects against 5 additional types of high risk HPV
(31, 33, 45, 52, 58), was approved by the Food and Drug Adminis-
tration (FDA) and has replaced the 4vHPV in the US [7]. Although
the vaccine is effective in preventing HPV infections and precan-
cerous lesions, vaccination rates among adolescents and young
adults are inadequate in the U.S. due to a combination of factors,
including lack of strong health provider recommendation, lack of
knowledge or awareness about the HPV vaccine, and concerns with
vaccine safety [8-11]. Moreover, regional disparities in HPV vacci-
nation may exist, with Southern states reporting lower initiation
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and completion rates of the 3-dose series among adolescents and
young adults [12-14]. Little is known about how HPV vaccination
has affected variations in HPV prevalence between the 4 major
Census regions of the United States.

Regional variations in HPV vaccination are concerning, particu-
larly in several Southern states, which have high rates of cervical
cancer [15]. As of yet, it may be too early to determine whether
regional disparities in cervical cancer incidence will be affected
by a geographic variation in vaccine uptake, as cervical cancer
develops a decade or more after HPV infection [16]. Thus, potential
consequences of low HPV vaccination by region can be investigated
through the examination of variation in HPV prevalence to deter-
mine whether there is potential for continued or widening geo-
graphic disparities in future HPV-related diseases.

The purpose of this study was to: (1) examine geographic vari-
ation in HPV prevalence across time and (2) examine the effect of
HPV vaccination on associations of region and time with vaccine-
type HPV prevalence. Data from 6 survey cycles of the National
Health and Nutrition Examination Survey (NHANES) were used
to examine regional variation in HPV prevalence in the U.S. across
time.

2. Methods
2.1. Study sample

The NHANES survey is a complex, stratified, multistage proba-
bility sample with ongoing cross-sectional surveys of the civilian
noninstitutionalized U.S. population. Details about sampling and
methodology can be found on the National Center for Health Statis-
tics’ (NCHS) website [17]. Briefly, participants take a household
interview followed by a physical examination in a mobile examina-
tion center (MEC), which includes self-collected cervicovaginal
swab samples among females 14-59 years of age. Cervicovaginal
samples were tested for 37 HPV DNA types at the Centers for Dis-
ease Control and Prevention (CDC) using the Linear Array HPV
genotyping Assay (Roche Diagnostics) [17]. The survey and MEC
methods were approved by the NCHS/ CDC research ethics board,
and this secondary analysis of NHANES data was exempted by
the University of Texas Medical Branch Institutional Review Board.

Data from 2-year cycles between 2003 and 2014 were exam-
ined and analyzed. Pre-vaccine years included 2003-2006 because
the 4vHPV was approved by the FDA late in 2006, and the Advisory
Committee on Immunization Practices (ACIP) recommended it in
early 2007 [18]. Post-licensure years included 2007-2014, with
early post-licensure years including 2007-2010 and late post-
licensure years including 2011-2014. Regions included states in
the Northeast, Midwest, South, and West, as defined by the Census
[19]. The number of HPV vaccine doses was assessed among those
that reported it. Demographics and sexual history were evaluated.
Sexual history was included as a count of the number of lifetime
male sex partners, which was categorized as “0” for those who
had never had sex, “1-2", and “>3" for those that reported 3 or
more lifetime partners.

We developed 4 HPV infection groupings, based on type. “Any
HPV” included positive values for any of the 37 types tested for.
Other categories included: 4 ‘“vaccine-types” (6, 11, 16, 18), 2
“high-risk vaccine-types” (16, 18), and “nonvaccine-types” (33
types, not including 6, 11, 16, 18). Women were included if they:
(1) were between 14 and 34 years of age, (2) participated in both
the interview and the MEC examination (3) had an adequate cervi-
covaginal swab sample (inadequate sample were negative for both
B-globin and HPV), and (4) either participated in the pre-vaccine
cycle, or responded, “yes” or “no” to a question about HPV vaccina-
tion status in the post-licensure cycles. HPV vaccination was

defined as women who reported they received 1 or more doses.
NHANES data included information about HPV vaccination, includ-
ing number of doses, and age at first dose has been collected since
2011. We did not analyze age at first dose because it was not avail-
able for all cycles, and not included in the original data request
from the NCHS. Although participants 20-30 years of age may have
a lower rate of HPV vaccination compared to younger women, we
included those 14-34 years of age because a higher prevalence of
HPV vaccination in post-licensure years was anticipated among
this group compared to those greater than 35 years of age. Partic-
ipant samples with inadequate cervicovaginal swab samples were
still tested for HPV DNA, and consistent with previous NHANES
studies on HPV prevalence, were included if they tested positive
for HPV DNA. Participants from prevaccine cycles were considered
to be unvaccinated.

2.2. Statistical analyses

Demographic characteristics were calculated and compared for
the overall sample, and by region. HPV infection prevalence was
examined between pre-vaccine and post-licensure periods for each
region. HPV type category prevalence was then examined between
prevaccine and post-licensure years, stratified by region. In order
to examine general trends in vaccine-type HPV prevalence across
the NHANES cycles, the prevalence was calculated for each cycle
and graphed by region. HPV vaccination rates were also graphed
for each NHANES cycle across time for each region. Bivariate com-
parisons were made using Rao-Scott Chi-square tests. All analyses
were weighted using MEC weights provided in the dataset, using
methods described in detail elsewhere [17].

Multivariable binary logistic regression models were used to
calculate population adjusted odds ratios (PaOR) to examine the
effects of time and HPV vaccination on vaccine-type HPV and any
HPV types. We developed 3 models for vaccine-type HPV. The first
model included age, race/ethnicity, number of lifetime male sexual
partners, and region. Model 2 added a NHANES cycles (2003-2014)
to model 1 to assess effects of the vaccine licensure period on asso-
ciations observed in model 1. We then excluded time (NHANES
cycles) in Model 3 and included HPV vaccination to observe its
effects on associations from Model 1. We did not include time in
model 3, as HPV vaccination and vaccination status during the pre-
vaccine period were strongly associated because all values would
have been set to zero.

To evaluate how HPV vaccination affected the association
between time and HPV prevalence, multivariable binary logistic
regression models were used to calculate PaORs for vaccine-type
HPV during the post-licensure period (2007-2014) only. We
excluded women who participated in the prevaccine period, as
they were all unvaccinated. Model 1 assessed the effect of region
on HPV prevalence in post-licensure years (2007-2014), control-
ling for age, race/ ethnicity, and number of lifetime male sexual
partners. Model 2 added the 3 post-licensure NHANES cycles.
Model 3 added HPV vaccination to Model 2. Analyses were carried
out using a remote access system to the NHANES dataset at the
CDC. All analyses were done using SAS® statistical software (SAS
Institute, Inc., Cary, NC).

3. Results

A total of 6387 participants were included in this study. Regio-
nal differences were observed in some demographic variables,
including age, and race/ethnicity (Table 1). There were regional
variations in the number of lifetime male sex partners, with the
highest proportion of women reporting 3 or more male partners
residing in Northeast states (63%), and the lowest proportion in
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Table 1

Demographic characteristics of 14-34 year old women with HPV results by region, NHANES data 2003-2014 (N = 6387).

Weighted n  Overall (N=6387) Northeasta (n=931) Midwest®(n=1259) South®(n=2458) West®(n=1739) p-
w% (95% CI) w% (95% CI) w% (95% CI) w% (95% CI) w% (95% CI) value

Age 0.13
14-19 9,588,789 26.9 (25.4-28.4) 25.4 (22.6-28.3) 30.2 (26.4-33.9) 26.4 (23.7-29.1) 25.7 (23.1-28.3)
20-29 17,483,814  49.1 (47.2-50.9) 47.3 (43.3-51.2) 46.9 (42.9-50.9) 49.4 (46.4-52.4) 51.6 (48.3-55.0)
30-34 8,551,157 24.0 (22.5-25.5) 27.3 (23.0-31.6) 22.9 (19.8-26.0) 24.2 (21.5-26.8) 22.7 (20.2-25.2)
Race/ethnicity <0.001
Non-Hispanic white 21,583,883  60.6 (57.4-63.8) 68.3 (60.1-76.6) 75.8 (70.0-81.6) 51.0 (45.2-56.8) 55.6 (48.9-62.3)
Non-Hispanic black 5,050,542 14.2 (12.2-16.2) 10.9 (6.5-15.3) 11.1 (7.4-14.9) 24.1 (19.7-28.5) 5.0 (3.4-6.7)
Mexican American 4,124,698 11.6 (9.8-13.4) 1.9 (0.8-2.9) 5.0 (3.3-6.8) 12.5 (8.6-16.4) 22.1(17.4-26.8)
Other Hispanic 2,298,628 6.4 (5.3-7.6) 12.8 (8.0-17.6) 1.8 (0.7-2.9) 6.8 (5.1-8.6) 6.2 (4.6-7.8)
Other 2,566,009 7.2 (6.2-8.2) 6.1 (4.2-8.0) 6.2 (4.2-8.2) 5.5 (4.0-7.1) 11.1 (8.5-13.7)
Marital Status 0.25
Never married 18,032,758  52.2 (49.8-54.5) 51.5 (46.9-56.0) 53.8 (50.1-57.4) 53.7 (49.0-58.5) 48.9 (45.4-52.5)
Living together 4,175,129 12.1 (10.9-13.3) 13.3 (9.9-16.7) 12.9 (10.7-15.1) 11.4 (9.2-13.6) 11.4 (9.2-13.7)
Married 10,561,770  30.6 (28.4-32.7) 28.9 (24.8-33.1) 29.6 (25.9-33.2) 29.8 (25.8-33.9) 33.4(29.4-374)
Widowed/divorced/separated 1,801,280 5.2 (44-6.0) 6.3 (4.7-7.8) 3.7 (2.4-5.0) 5.0 (3.7-6.3) 6.2 (4.3-8.1)
Age at first sex 0.04
Never 5,843,936 17.8 (16.6-19.0) 16.6 (14.1-19.1) 18.9 (16.5-21.3) 16.6 (14.4-18.6) 19.3 (16.8-21.8)
<14y 2,456,010 7.5 (6.6-8.3) 7.0 (5.3-8.8) 7.9 (5.3-10.4) 8.8 (7.6-10.1) 5.5 (4.3-6.7)
14-18y 19,250,352  58.6 (56.6-60.6) 62.6 (59.0-66.2) 57.0 (53.1-60.9) 59.4 (56.5-62.4) 56.6 (51.6-61.5)
19+y 5,286,360 16.1 (14.6-17.6) 13.8 (10.5-17.0) 16.2 (12.9-19.5) 15.2 (12.9-17.4) 18.6 (14.9-22.4)
Lifetime male sex partners <0.001
0 5,985,675 18.5(17.2-19.8) 17.2 (14.5-20.0) 19.4 (16.9-21.9) 17.5 (15.4-19.6) 19.9 (17.3-22.4)
1-2 8,015,800 24.8 (23.3-26.3) 19.8 (16.7-23.0) 23.8 (21.1-26.5) 24.2 (22.1-26.4) 29.4 (25.8-33.0)
>3 18,315,613  56.7 (54.9-58.4) 62.9 (59.5-66.3) 56.8 (53.9-59.7) 58.2 (55.6-60.9) 50.7 (46.4-55.1)
Time period
Pre-vaccine cycle (2003-2006) 11,763,709  33.0 (30.5-35.5) 32.8 (23.0-42.6) 35.0 (26.0-44.1) 32.6 (27.8-37.4) 32.0 (23.8-40.2) 0.96
Post-vaccine cycle (2007-2014) 23,860,051  67.0 (64.5-69.5) 67.2 (57.4-77.0) 65.0 (55.9-77.0) 67.4 (62.6-72.2) 68.0 (59.8-76.2)
HPV vaccine in post-licensure years (2007-2014, n = 3732) 0.06
0 doses 17,635,474 75.4 (73.7-77.9) 69.8 (64.2-75.3) 74.8 (70.2-79.5) 77.5 (74.0-81.0) 77.9 (74.0-81.7)
>1 dose 5,635,365 24.2 (22.1-26.3) 30.2 (24.7-35.7) 25.2 (20.5-29.8) 22.5(19.0-25.9) 22.1 (18.3-26.0)
HPV vaccine dose number® in post-licensure years (2007-2014, n = 3696) 0.05
1 dose 851,584 3.7 (3.2-4.2) 3.0 (2.3-3.6) 3.4 (2.4-44) 4.0 (3.1-5.0) 3.9 (2.7-5.1)
2 dose 1,098,454 4.8 (3.8-5.7) 6.6 (4.0-9.2) 5.2 (2.3-8.0) 3.5(2.2-4.8) 5.0 (3.5-6.5)
3 dose 3,482,258 15.1 (13.3-16.9) 19.7 (14.7-24.7) 16.4 (12.6-20.2) 14.0 (11.0-17.0) 12.7 (9.2-16.2)

w% = weighted prevalence, 95% CI = 95% confidence interval.

HPV = human papillomavirus; NHANES = National Health and Nutrition Examination Survey.

2 Northeast states = Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, Vermont; Midwest states = Indiana, Illinois,
Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, Wisconsin; South states = Arkansas, Alabama, Delaware, District of Columbia,
Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, West Virginia; West = Alaska, Arizona,
California, Colorado, Hawaii, Idaho, Nevada, New Mexico, Oregon, Washington, Wyoming.

> Some data were missing due to non-response among respondents who had received at least 1 HPV vaccine dose.

the West (51%). No regional variations in HPV vaccine initiation or
number of HPV doses were found. However, HPV vaccination was
low in all regions. Among women in the post-licensure period only
(n=3732), HPV vaccination was 26.3%.

The highest HPV vaccination rate was found in the Northeast
(30.2%) and the lowest in the West (22.1%) and the South
(22.5%), although HPV vaccination did not vary significantly by
region (p = 0.06). Rates of HPV vaccination (>1 dose) increased at
a faster rate in the Northeast, followed by the Midwest, South, then
West regions (supplemental Fig. 1), although there were no signif-
icant differences between regional frequencies during any of the
cycles. HPV vaccination rates appear to be leveling off in all
regions, with the exception of the South, which shows a continued
but possibly slowed increase in HPV vaccine initiation.

Regional differences in vaginal HPV prevalence were found for
any HPV type (p =0.01), vaccine-type (p < 0.05), and non-vaccine
HPV types (p < 0.05) (Supplemental Table 1). Stratification by pre-
vaccine and post-licensure years revealed regional variations of
nonvaccine-type HPVprevalence (p < 0.05) in prevaccine years. In
post-licensure years, only vaccine-type HPV prevalence differed
between regions (p=0.01), with the highest prevalence in the
South.

The prevalence in vaccine-type HPV prevalence for each region
across the 6 survey cycles were calculated (Fig. 1). After the first 2
survey cycles, there was a general downward trend in the North-
east and West. Declines in vaccine-type HPV occurred in the South
after the first 4 cycles. Vaccine-type HPV prevalence declined
between the 3rd and 4th survey cycles in the Midwest, and preva-
lences were similar to those in the South and West regions in the
2013-2014 cycle. Interactions between region and survey cycle
were significant (p=0.03, analysis not shown), indicating
vaccine-type HPV prevalence decreased at different rates between
regions.

Overall, HPV prevalence did not decrease significantly between
prevaccine cycles and early post-licensure cycles (Table 2).
Vaccine-type HPV and high-risk vaccine-type HPV decreased sig-
nificantly between prevaccine and late post-licensure cycles. Sim-
ilar reductions between these 2 time periods were observed in the
Northeast and West regions. However, there were no changes in
the prevalence of high-risk vaccine-type HPV in the Midwest
between prevaccine and late post-licensure years (p > 0.05), and
there were modest reductions in both vaccine-type HPV
(p=0.05) and high-risk vaccine-type HPV (p = 0.03) in the South
between the same 2 time periods.
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Fig. 1. Prevalence of vaccine-type HPV (6, 11, 16, 18) among 14-34 year old women across time, by region, NHANES 2003-2014 (N = 6387).

Table 2

Comparison of prevaccine and post-licensure prevalence of vaginal HPV by region, NHANES 2003-2014 (N = 6387).

Prevaccine cycles

Early post-licensure cycles

Prevaccine & early PL  Late post-licensure cycles Prevaccine and late PL

(2003-2006) (2007-2010) p-value (2011-2014) p-value
w% (95% CI) w% (95% CI) w% (95% CI)
Overall (n=6387)
Any HPV types 444 (41.5-47.2)  43.5 (40.6-46.4) 0.68 41.7 (38.2-45.2) 0.23
Vaccine-type (6, 11, 16, 18) 12.6 (11.2-14.0) 11.6 (10.1-13.0) 0.31 6.7 (5.2-8.2) <0.001
High-risk vaccine-type (16, 18) 9.3 (7.9-10.6) 9.1 (7.6-10.6) 0.90 5.5 (4.2-6.8) <0.001
Nonvaccine-type (non-6, 11, 16, 18)  41.7 (39.0-44.4)  41.7 (38.6-44.8) 0.99 40.6 (37.1-44.0) 0.62
Northeast (n=931)
Any HPV types 447 (39.0-50.4)  45.3 (36.0-54.6) 0.90 38.6 (33.9-434) 0.05
Vaccine-type (6, 11, 16, 18) 12.3 (7.6-16.9) 11.1 (7.2-15.0) 0.66 3.5 (3.0-4.0) <0.001
High-risk vaccine-type (16, 18) 8.1 (5.3-10.9) 9.0 (4.6-13.4) 0.69 3.3 (2.8-3.7) <0.001
Nonvaccine-type (non-6, 11, 16, 18)  40.4 (35.1-45.8)  41.2 (35.6-54.4) 0.40 38.2 (33.4-43.0) 0.46
Midwest (n=1259)
Any HPV types 40.6 (34.4-46.9)  46.0 (40.2-51.8) 0.17 38.9 (35.8-42.1) 0.57
Vaccine-type (6, 11, 16, 18) 14.4 (12.7-16.1) 12.6 (9.9-15.4) 0.24 8.6 (5.2-12.0) 0.002
High-risk vaccine-type (16, 18) 8.2 (6.7-9.7) 10.1 (7.5-12.8) 0.16 7.3 (4.0-10.6) 0.57
Nonvaccine-type (non-6, 11, 16, 18)  38.8 (33.8-43.9)  43.2 (37.7-48.6) 0.20 38.0 (35.0-41.1) 0.78
South (n=2.458)
Any HPV types 48.7 (42.9-54.6)  44.1 (39.5-48.7) 0.20 47.6 (42.2-53.0) 0.77
Vaccine-type (6, 11, 16, 18) 12.2 (9.6-14.8) 12.7 (9.9-15.4) 0.78 8.6 (6.2-11.1) 0.05
High-risk vaccine-type (16, 18) 10.0 (7.3-12.7) 9.4 (6.6-12.1) 0.72 6.8 (5.2-8.5) 0.03
Nonvaccine-type (non-6, 11, 16, 18)  47.0 (40.8-53.2)  42.3 (37.0-47.5) 0.23 45.9 (40.4-51.4) 0.79
West (n=1739)
Any HPV types 41.6 (37.7-45.6)  38.8 (34.0-43.6) 0.37 37.9 (29.9-46.0) 0.39
Vaccine-type (6, 11, 16, 18) 11.8 (9.9-13.7) 9.0 (5.5-12.5) 0.18 4.8 (2.6-7.0) <0.001
High-risk vaccine-type (16, 18) 10.0 (8.5-11.6) 7.9 (4.2-11.6) 0.31 3.9 (2.1-5.6) <0.001
Nonvaccine-type (non-6, 11, 16, 18)  37.7 (33.5-41.8)  37.3 (32.4-42.3) 0.90 37.0 (28.9-45.1) 0.87

Any HPVgenotype includes types 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84, 89, and 1S39.
PL = post-licensure; HPV = human papillomavirus; NHANES = National Health and Nutrition Examination Survey.

In models that examined the association between HPV vaccina-
tion and vaccine-type HPV prevalence after adjusting for demo-
graphics and number of lifetime male sex partners, no
associations between region and vaccine-type HPV infection were
observed (Table 3, Model 1). When vaccine cycle was included in
the model (Model 2), the odds of vaccine-type HPV was lower
post-licensure (PaOR: 0.66, 95% CI: 0.54-0.81) compared to the
prevaccine period. After including HPV vaccination and removing
time from the model, HPV vaccination was associated with lower

odds (PaOR: 0.32, 95% CI: 0.20-0.53) of vaccine-type HPV infection
(Model 3). This model also demonstrated elevated prevalence of
vaccine-type HPV in the Midwest (PaOR: 1.59, 95% CI: 1.00-2.52)
compared to the West, and there was an increase in the PaOR for
the South (PaOR: 1.33, 95% CI: 0.88-2.02) compared to the West,
although it remained non-significant.

In an examination of the effects of both time and HPV vaccina-
tion on regional variations in vaccine-type HPV during post-
licensure cycles, regional differences were non-significant (Table 4,



4044

Table 3
Effect of time period and HPV vaccination on vaccine type HPV (6, 11, 16, 18),
NHANES data 2003-2014 *(N = 6387).

J.M. Hirth et al./Vaccine 37 (2019) 4040-4046

Table 4
Multivariable logistic regression to examine the effect of time and vaccination on
vaccine-specific HPV types (6, 11, 16, 18) detected through vaginal swab during post-

licensure years, NHANES data 2007-2014 (N = 3188).?

Model 1° Model 2 © Model 3 ¢

PaOR (95% CI) PaOR (95% CI) PaOR (95% CI)
Age
14-19 2.07 (1.46-2.95) 1.98(1.40-2.81) 1.90(1.14-3.18)
20-29 1.76 (1.35-2.28) 1.80(1.38-2.32) 1.95(1.41-2.70)
30-34 Reference Reference Reference
Race/ethnicity
Non-Hispanic white Reference Reference Reference

Non-Hispanic black
Mexican American
Hispanic

Other

1.35 (1.07-1.69)
1.02 (0.68-1.51)
0.95 (0.63-1.44)
1.44(0.93-2.24)

Lifetime male sex partners

1.35 (1.07-1.71)
0.99 (0.67-1.46)
1.06 (0.68-1.66)
1.64 (1.04-2.60)

1.69 (1.24-2.29)
1.21 (0.77-1.90)
1.49 (0.93-2.38)
2.15(1.29-3.58)

0 0.06 (0.03-0.11)  0.06 (0.03-0.11) 0.05 (0.02-0.11)
1-2 0.24 (0.17-0.34)  0.24 (0.17-0.34) 0.22 (0.15-0.33)
3+ Reference Reference Reference
NHANES cycle

2003-2004 Reference

2005-2006 1.24(0.93-1.66)

2007-2008 1.13 (0.80-1.59)

2009-2010 0.87 (0.64-1.18)

2011-2012 0.54 (0.38-0.79)

2013-2014 0.48 (0.30-0.76)

Region

Northeast 0.94 (0.60-1.45) 0.93 (0.63-1.39) 1.01 (0.55-1.84)
Midwest 1.30 (0.89-1.90) 1.30(0.92-1.83) 1.59 (1.00-2.52)
South 1.14 (0.82-1.60) 1.15(0.85-1.56) 1.33 (0.88-2.02)
West Reference Reference Reference

HPV vaccination

0 vaccines Reference

1+ doses 0.32 (0.20-0.53)

a0R = adjusted odds ratio; 95% CI=95% confidence interval; HPV = human papil-
lomavirus; NHANES = National Health and Nutrition Examination Survey.

2 Vaccine types include 4 HPV types (6, 11, 16, and 18) that the quadrivalent HPV
vaccine protects against.

> Model 1 included age, race/ethnicity, number of lifetime male sex partners, and
region.

€ Model 2 included variables from Model 1 + vaccine cycle.

9 Model 3 included variables from Model 1 + HPV vaccine initiation.

Model 1). However, we wanted to examine the effect of HPV
vaccination on the association between time and vaccine-type
HPV prevalence. Therefore, in the 2nd Model, after including
time, we observed a small but significant decrease in the odds of
infection across time during the 2011-2012 (PaOR: 0.48, 95% CI:
0.32-0.71) and 2013-2014 survey cycles (PaOR: 0.38,
95% CI: 0.24-0.62). After adding HPV vaccination (PaOR: 0.38,
95% Cl: 0.22-0.64) into the model (Model 3), the association
between time and infection became smaller, but remained signifi-
cant in the last 2 survey cycles. This indicates that part of the asso-
ciation between time and HPV prevalence was attributable to HPV
vaccination. We also noted that the PaORs for region, even though
non-significant, changed slightly between models, indicating that
vaccination, and to lesser extent, time, was partially responsible
for the observed changes.

4. Discussion

Significant reductions in prevalence of vaccine-type HPV were
found between prevaccine and late post-licensure cycles in all
regions but decreases in the South were marginal. Vaccine-type
HPV prevalence has been shown to have decreased significantly
between prevaccine and post-licensure cycles of NHANES [20,21].
However, our results indicate that reductions in vaccine-type
HPV, particularly high-risk types, may be occurring somewhat

Model 1° Model 2 © Model 3 ¢

PaOR (95% CI) PaOR (95% CI) PaOR (95% CI)
Region
Northeast 0.95 (0.53-1.71) 0.92 (0.54-1.59) 0.96 (0.54-1.72)
Midwest 1.60 (0.99-2.56) 1.55 (0.97-2.46) 1.54 (0.97-2.46)
South 1.38 (0.91-2.10) 1.38 (0.92-2.07) 1.32 (0.87-1.99)
West Reference Reference Reference
NHANES cycle
2007-2008 Reference Reference
2009-2010 0.76 (0.54-1.06) 0.80 (0.57-1.12)
2011-2012 0.48 (0.32-0.71) 0.54 (0.36-0.82)
2013-2014 0.38 (0.24-0.62) 0.48 (0.30-0.77)
HPV vaccination
0 doses Reference
1+ doses 0.38 (0.22-0.64)

All models controlled for age, race/ ethnicity, and number of male sexual partners in
the past year.
HPV = human papillomavirus; NHANES = National Health and Nutrition Examina-
tion Survey

2 Vaccine-specific HPV types include 4 HPV types (6, 11, 16, and 18) that the
quadrivalent HPV vaccine protects against.

> Model 1 controlled for age, race/ethnicity, and number of lifetime male sex
partners.

¢ Model 2 controlled for variables from Model 1 + NHANES cycles in post-licen-
sure period.

9 Model 3 controlled for variables from Model 2 + HPV vaccine initiation.

unevenly in the U.S. If changes in high-risk vaccine-type HPV
prevalence continue to occur unevenly between regions, then cer-
vical cancer disparities may persist in areas that do not experience
similar decreases in those HPV types. In particular, Southern states
had higher rates of cervical cancer before the HPV vaccine was
introduced [22]. Even if these differences were originally due to
lower cervical cancer screening rates or increased smoking rates,
these disparities could remain if HPV vaccination rates remain sim-
ilar or lower than the rest of the U.S.

We found the Midwest and South had almost twice the preva-
lence of vaccine-type HPV during the late post-licensure years
compared to Northeastern and Western regions. In particular, we
found that high-risk vaccine-types (types 16 and 18) did not
decrease significantly in the Midwest and was about 2 times more
prevalent in the South and Midwest in late post-licensure years
compared to the Northeastern and Western regions during the
same time period. This is concerning, as these types are associated
with a high proportion of HPV-related cancers, including cervical
cancer, oropharyngeal cancer, anal cancer, and vulvar and vaginal
cancers [23-25]. Southern states are the most populous in the U.
S., and they also include a high proportion of sub-groups consid-
ered at higher risk of HPV infection, persistence, cervical cancer
incidence, and related mortality [26-28]. For example, Hispanic
women have an elevated risk of developing cervical cancer, with
an incidence of 9.9 per 100,000, while black women also have
higher rates of both cervical cancer incidence (9.2 per 100,000)
and cervical cancer mortality (4.0 per 100,000) compared to non-
Hispanic white women (incidence, 7.7 per 100,000; mortality 2.1
per 100,000) [29]. Although we did not find variations in HPV vac-
cination by region, HPV vaccination prevalence has been found in
other studies to be lower in Southern states among both adolescent
and young women compared to other regions in the U.S [12-14].
The variations in age groups that were assessed in previous studies
could account for these differences, as they examined HPV vaccina-
tion among younger age groups (9-17, 13-17, and 18-26 year
olds) and used different methods to collect the data. It is also pos-
sible that erroneous HPV vaccine parental/self-report in this study,
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particularly for vaccine series completion, affected the findings
[30,31]. Although HPV vaccination report has been assessed in a
small sample of 128 participants in NHANES and was found to have
an agreement of 0.70 (95% CI 0.56-0.83) with provider records,
there was no evaluation of differences in regional or ethnic varia-
tions in the results. Therefore, it is unknown what level of bias this
issue may have presented [31]. It is also possible that vaccination
after exposure occurs more frequently in Southern states, as there
were differences in age at sexual initiation in this study, with the
South reporting the highest proportion of women who initiated
sex before or at age 14 (8.8%). Without improving vaccination rates
at the recommended age, geographic disparities in cervical cancer
may persist.

Although odds of HPV infection did not vary by region after
controlling for potential confounders, the odds of vaccine-type
HPV infection in the entire sample were lower in the late post-
licensure cycles compared to prevaccine cycles. Further,
vaccine-type HPV prevalence decreased across time in the 3
post-licensure cycles, which appeared to be at least partially attri-
butable to HPV vaccination. Reductions across time in the post-
licensure period that were not attributable to HPV vaccination
may be related to herd immunity effects. HPV vaccination has been
shown to be efficacious at preventing new vaccine-type HPV infec-
tions in clinical trials [32,33]. Further, observational studies in
Australia, which has vaccinated more than 70% of 12-13 year olds,
have shown that high HPV vaccination rates have resulted in sig-
nificant reductions in vaccine-type HPV infections, cervical lesions,
and genital warts, even among unvaccinated populations in the
vaccinated age cohort [34,35]. The U.S. had not achieved such high
rates of HPV vaccine coverage, with close to 63% of females and
50% males 13-17 years old having initiated the series and 42% of
females and 28% of males in the same age group completing the
series by 2015 [36]. It is possible that decreases over time in
vaccine-type HPV prevalence not attributable to vaccination could
be partially explained by herd immunity, which has previously
been found to exist using NHANES data among unvaccinated
women [37]. Another previous analysis of NHANES data indicated
that HPV prevalence decreased by 34% among sexually active
unvaccinated women 14-24 years of age between prevaccine years
(2003-2006) and late post-licensure years (2011-2014) [38]. It
should be noted that although the vaccine is expected to provide
significant levels of herd protection and even cross-protection
against other cancer-causing types of HPV [39], low vaccination
rates in one region of the US may create a geographic reservoir
for these viruses and contribute to a continuing source of potential
disease.

The primary strength of this study is that it utilized repeated
cross-sectional survey data representative of the U.S. from the
NHANES survey. Pooling data to observe prevaccine and post-
licensure years allowed us to examine variations in HPV preva-
lence changes between regions as well as within each region. There
were also some limitations. First, while the data are representative
of the U.S., they may not be representative of each region. HPV vac-
cine report was limited to self-report, which is subject to recall
bias, as accuracy of adolescent HPV vaccination reports have been
found to vary by race/ ethnicity, and could potentially vary across
region [30]. Recall bias may have contributed to a conservative
estimate of the effect of vaccination on the association between
time and vaccine-type HPV infection, as vaccination may have
been underreported, particularly among racial/ ethnic minorities
who would have been more strongly represented in some regions
compared to others. We also restricted the post-licensure sample
to only those who responded to the question about vaccination,
while the prevaccine years was only restricted to those who had
adequate cervicovaginal swab samples. This may have introduced
some bias, but it is unknown whether those who failed to respond

to the question about vaccination would have been vaccinated or
not. However, the frequency of non-response to the question about
HPV vaccine initiation was low (0.4%). In addition, we did not con-
sider age when the HPV vaccine was administered, which may
affect outcomes due to increased prevalence of teens receiving
the vaccine at younger ages. Previous research found that more
than 40% of females who reported their age when they received
the first dose of HPV vaccine reported having sex before or during
the same year as vaccination [40]. It is possible that regional differ-
ences in age at HPV vaccination could affect the findings.

In conclusion, there were regional variations in vaccine-type
HPV prevalence between the prevaccine and post-licensure years,
with decreases in high-risk vaccine types occurring primarily in
the Northeast and Western states. Further, the observed decreases
are at least partially attributable to HPV vaccination. These results
indicate that observed reductions in HPV may not be occurring
evenly across the U.S. More efforts to improve HPV vaccination,
particularly in the Southern and Midwestern states, could decrease
differences in HPV prevalence observed in post-licensure years.
Increased efforts, including strengthening of vaccine policy and
provider recommendation to all eligible young adults, with an
emphasis on providing the vaccine to adolescents during the rec-
ommended age of 11-12 years, will contribute to reductions in
geographic disparities in cervical cancer incidence and mortality
in the future.
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