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Abstract

Background—Human papillomavirus (HPV) vaccination has been routinely recommended at 

age 11–12 years in the United States for females since 2006 and males since 2011. Coverage can 

be estimated using self/parent-reported HPV vaccination collected in the National Health and 

Nutrition Examination Survey (NHANES) for a wider age range than other national surveys. We 

assessed vaccination coverage in 2015–2016, temporal trends by age, and the validity of self/

parent-reported vaccination status.

Methods—Participants aged 9–59 years completed an interview collecting demographic and 

vaccination information. Weighted coverage was estimated for two-year NHANES cycles by age 

group for 2007–2008 to 2015–2016 for females (N = 14318) and 2011–2012 to 2015–2016 for 

males (N = 7847). Temporal trends in coverage were assessed from 2007–2008 to 2011–2012 for 

females and from 2011–2012 to 2015–2016 for both sexes. Sensitivity and specificity of self/

parent-reported vaccination were assessed using provider-verified vaccination records from a pilot 

study in 14–29 year-olds.

Results—In 2015–2016, ≥1 dose coverage among females was highest in 14–19 (54.7%) and 

20–24 (56.0%) year-olds and lower in successively older age groups. Among males, ≥1 dose 

coverage was highest in 14–19 year-olds (39.5%) and lower at older ages. Coverage was similar in 

9–13 year-old females and males. Between 2007–2008 and 2011–2012, there were increases 

among females younger than 30 years. Between 2011–2012 and 2015–2016, there were increases 

among female age groups including 20–39 year-olds; male coverage increased among ages 9–13, 

14–19, and 20–24 years. Self/parent-reported receipt of ≥1 dose had a sensitivity and specificity of 

87.0% and 83.3%. Performance was lower for 3 doses.

☆The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the 
Centers for Disease Control and Prevention.
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Conclusions—While overall HPV vaccination coverage remains low, it is higher in females than 

males, except in 9–13 year-olds. There have been increases in coverage among many age groups, 

but coverage has stalled in younger females. Adequate validity was demonstrated for self/parent-

reported vaccination of ≥1 dose, but not 3 doses, in a pilot study.
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1. Introduction

In the United States, routine vaccination with human papillomavirus (HPV) vaccine has 

been recommended at age 11–12 years for females since 2006 and for males since 2011. The 

vaccination series may be initiated at age 9 years. Vaccination is also recommended for 

females through age 26 years and for males through age 21 years [1,2].

National coverage of HPV vaccination in 13–17 year-olds is monitored through the National 

Immunization Survey-Teen (NIS-Teen), which is conducted annually and collects provider-

verified vaccination history. Data from NIS-Teen have shown increases in HPV vaccination 

coverage since routine vaccination was recommended, but coverage has lagged behind other 

adolescent vaccines [3]. The National Health Interview Survey (NHIS) collects self-reported 

vaccination history from adults ages 18 years and older; published reports have included 

HPV vaccination coverage among 19–26 year-olds [4].

Parent or self-reported vaccination history is also collected in the National Health and 

Nutrition Examination Survey (NHANES), which can be used to assess national vaccination 

coverage across a wider age range than currently reported for other surveys. NHANES 

began including questions on HPV vaccination among 9–59 year-olds in 2007 for females 

[5] and 2011 for males [6]. This survey is a continuous, nationally representative survey that 

can be used to evaluate coverage estimates in two-year data release cycles. While validity 

assessments have been performed on NIS-Teen’s parent-reported vaccination status [7,8], 

there are no data on the validity of the self/parent-reported vaccination status collected using 

NHANES. The present study aims to (1) estimate HPV vaccination coverage of ≥1 dose, 

coverage of 3 doses, and age at vaccination in 2015–2016; (2) assess temporal trends in 

vaccination coverage by age group from 2007–2008 to 2015–2016 for females and 2011–

2012 to 2015–2016 for males; and (3) assess the validity of self/parent-reported vaccination 

status in NHANES.

2. Materials and methods

2.1. Data source and analytic sample

NHANES is an ongoing cross-sectional survey administered by the National Center for 

Health Statistics (NCHS) at the Centers for Disease Control and Prevention (CDC) and 

designed to be nationally representative of the non-institutionalized, civilian population 

living in the United States. Detailed survey methods are described previously [9]. Briefly, 

participants completed an in-home interview that included the collection of demographic 
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and vaccination information. Informed consent was obtained from all participants or their 

guardians. A proxy completed the interview for participants under the age of 16 years or 

who were unable to complete the interview themselves. Data collection was approved by the 

NCHS Research Ethics Review Board. Data from the following cycles were used: 2007–

2008 (females only), 2009–2010 (females only), 2011–2012, 2013–2014, and 2015–2016.

Average in-home interview response rates for each NHANES cycle ranged from 62.6% in 

2015–2016 to 79.7% in 2009–2010 for females and from 60.1% in 2015–2016 to 72.7% in 

2011–2012 in males. A total of 14,865 females and 8525 males were interviewed. Of these, 

14,318 (96.3%) females and 7847 (92.0%) males had information on HPV vaccination and 

were included in the study.

Receipt of ≥1 dose was defined based on a response of Yes/No to “Have you ever received 

one or more doses of the HPV vaccine?” Receipt of 3 doses was categorized based on self-

reported number of doses. In total, 116 females and 100 males reported having received ≥1 

dose but were missing number of doses. They were excluded from estimations of 3 dose 

coverage. Age was categorized as 9–13, 14–19, 20–24, 25–29, 30–34, 35–39, and 40–59 

years old. Age at vaccination was assessed by self/parent-reported age at receipt of first 

vaccine dose.

In 2016, we conducted a pilot study to determine the feasibility of incorporating provider 

verification of vaccination status into NHANES for 14–29 year-olds. This pilot study was 

conducted at a limited number of NHANES locations in 2016 and is not nationally 

representative. During the interview, participants were asked to sign an authorization for the 

disclosure of vaccination records. If signed, participants were asked to provide contact 

information for all healthcare providers since 2006. Providers were sent information on the 

pilot study and NHANES, authorization to disclose vaccination records, and a vaccination 

questionnaire collecting HPV vaccination administration dates and whether the provider 

administered the vaccination. A dose was considered valid if an administration date was 

available, regardless of location of administration.

2.2. Data analysis

We estimated ≥1 dose and 3 dose HPV vaccination coverage by age group in 2015–2016. 

All estimates were weighted using the interview sample weights to account for unequal 

probability of selection and non-response. Estimates were calculated using complex survey 

design methods [10]. Coverages of ≥1 dose and 3 doses in males were compared to females 

in each age group using a t-test. We estimated the median and interquartile range (IQR) of 

age at vaccination by age group and sex. Due to small sample sizes resulting from low 

coverage and non-response for age at first dose, median age at vaccination is not reported for 

males ≥25 years.

To evaluate trends in coverage over time, we assessed coverage among 9–39 year-olds in 

2007–2008 to 2015–2016 for females and 2011–2012 to 2015–2016 for males; 40–59 year-

olds were excluded due to very low coverage. Trends in weighted vaccination coverage 

across survey cycle were assessed using the stratum-adjusted Cochran-Mantel-Haenszel 

statistic for trend. To account for a nonlinear pattern in coverage among females across all 
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survey cycles, trends in females were assessed separately for 2007–2008 to 2011–2012 and 

2011–2012 to 2015–2016.

Provider-verified data from the pilot study were used to calculate the sensitivity, specificity, 

and Cohen’s kappa statistic (agreement) of self/parent-reported receipt of ≥1 dose and 3 

doses, using provider-verified vaccination as the gold standard. This was performed using 

data from 14–29 year-olds, as well as restricted to 14–19 year-olds. All pilot study data 

estimates were unweighted since the pilot was not designed to be nationally representative. 

Confidence intervals (CI) for sensitivity and specificity were calculated using the Clopper-

Pearson estimation method.

Data management and analysis were performed in SAS 9.3 (SAS Institute, Cary, NC) and 

SAS-callable SUDAAN 11.0 (RTI International, Research Triangle Park, NC). All statistical 

tests with a 2-tailed p-value < 0.05 were considered statistically significant. Estimates with a 

relative standard error (RSE) >30% are noted.

3. Results

3.1. Coverage and age at vaccination in 2015-2016

Coverage with ≥1 dose among females in 2015–2016 was highest in 14–19 (54.7%) and 20–

24 (56.0%) year-olds and lower in each successively older age group (Table 1). Among 

males, ≥1 dose coverage was highest in 14–19 year-olds (39.5%) and lower in older age 

groups. Among 9–13 year-olds, females (22.4%) and males (24.2%) had similar ≥1 dose 

coverage. Coverage was also similar, but very low, in 40–59 year-old females and males; 

neither sex would have been age-eligible for vaccination. Females had significantly higher 

≥1 dose coverage than males in all other age groups.

Coverage of 3 doses among females was highest and similar in 14–19 and 20–24 year-olds 

(32.5%) and, among males, highest in 14–19 year-olds (20.3%). In 9–13 year-olds, females 

(8.7%) and males (8.2%) had similar coverage. Coverage among 35–39 and 40–59 year-olds 

was also similar in females and males; both age groups had very low coverage. Females had 

significantly higher 3 dose coverage than males in all other age groups.

In 2015–2016, among females (n = 554) and males (n = 268) ages 9–59 who reported age at 

first HPV vaccination, 21.5% and 42.9% were vaccinated before age 13 years, 72.1% and 

53.6% were vaccinated at age 13–26 years, and 6.3% and 3.5% were vaccinated at age 27 

years or older. The median (IQR) age at vaccination by age group is presented for 9–59 year-

old females and 9–24 year-old males (n = 243) in Table 2. A majority of 14–19 year-old 

females reported receipt of their first dose near the age of the routine recommendation, 11–

12 years; their median (IQR) age at vaccination was 12.8 (11.8–13.9) years. Age at 

vaccination was higher in each successively older age group. Among 30–34 year-old 

females, the oldest age group entirely covered under the catch-up recommendation based on 

age in 2006, the median age at first dose was 24.9 (22.0–25.9) years. In 9–13 and 14–19 

year-olds, age at vaccination was comparable in females and males.
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3.2. Temporal trends in coverage by age group

Trends in coverage were examined for 9–39 year-olds by age group. For females, ≥1 dose 

coverage increased significantly from 2007–2008 to 2011–2012 in 9–13, 14–19, 20–24, and 

25–29 year-olds and from 2011–2012 to 2015–2016 in 20–24, 25–29, 30–34, and 35–39 

year-olds (Fig. 1 and Supplemental Table 1). For males, ≥1 dose coverage increased 

significantly from 2011–2012 to 2015–2016 in 9–13, 14–19, and 20–24 year-olds.

Coverage of 3 doses of HPV vaccine had similar trends as ≥1 dose coverage across age 

groups for both sexes (Fig. 2 and Supplemental Table 2). Among females, receipt of 3 doses 

showed a significant positive trend from 2007–2008 to 2011–2012 in 9–13, 14–19, 20–24, 

and 25–29 year-olds and from 2011–2012 to 2015–2016 in 25–29, 30–34, and 35–39 year-

olds. Among males, there were significant positive trends in receipt of 3 doses from 2011–

2012 to 2015–2016 in 9–13 and 14–19 year-olds.

3.3. Validity of self/parent-reported vaccination status

The pilot study included 235 14–29 year-olds. Of all participants, 182 (77.4%) provided 

authorization to contact providers, 128 (70.3%) of which had information from provider-

returned vaccination records. Of those with provider-returned records, 106 (82.8%) had 

information on receipt of ≥1 dose and 103 (80.5%) had information on receipt of 3 doses 

from the NHANES immunization questionnaire and were used in validity analyses.

Among participants with provider-returned records and information from the NHANES 

immunization questionnaire, reported receipt of ≥1 dose from the NHANES questionnaire 

had a sensitivity of 87.0% (95% CI: 73.7–95.1) and a specificity of 83.3% (95% CI: 71.5–

91.7). Agreement was 0.70 (95% CI: 0.56–0.83). Reported receipt of 3 doses had a lower 

sensitivity (66.7%; 95% CI: 44.7–84.4) and agreement (0.51; 95% CI: 0.31–0.70), but the 

specificity was comparable (86.1%; 95% CI: 76.5–92.8).

A sensitivity analysis was performed restricted to 14–19 year-olds to determine if the 

validity analysis was sensitive to participant age. Among participants who granted 

permission to contact providers, 14–19 year-olds were more likely to have providers return 

records than 20–29 year-olds (81.5% vs. 58.9%). When restricting to 14–19 year-olds (n = 

62; n = 60 for analysis of validity of receipt of 3 doses), reported receipt of ≥1 dose had a 

sensitivity of 86.1% (95% CI: 70.5–95.3), comparable to 14–29 year-olds, and a specificity 

of 96.2% (95% CI: 80.4–99.9), higher than in 14–29 year-olds. Agreement (0.81; 95% CI: 

0.66–0.95) was also higher in the restricted analysis. Reported receipt of 3 doses showed a 

lower sensitivity (55.6%; 95% CI: 30.8–78.5) and agreement (0.46; 95% CI: 0.21–0.71) but 

similar specificity (88.1%; 95% CI: 74.4–96.0) to the validity analysis among 14–29 year-

olds.

4. Discussion

This is the first report of HPV vaccination coverage from a national US survey across an age 

range spanning from preadolescence through decades of adulthood. In 2015–2016, we found 

similar ≥1 dose coverage in 14–19 and 20–24 year-old females (54.7% and 56.0%). For 

males, the highest ≥1 dose coverage was in 14–19 year-olds (39.5%). Coverage for females 
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was higher than males in nearly every age group. However, coverage was similar for 9–13 

year-olds, suggesting sex differences in coverage may diminish in the future.

In the United States, HPV vaccination coverage at the routine age (i.e., 11–12 years old) has 

been below the Healthy People 2020 coverage goal of 80% [11,12]. Females 13–26 years 

old may be vaccinated as part of catch-up vaccination [2]. Therefore, coverage for each age 

group, especially among 14–19 and 20–24 year-olds currently, is a combination of both 

routine and catchup vaccination. There is evidence from NIS-Teen that vaccination at the 

routine age has been increasing across birth cohorts, but there is still a substantial proportion 

of females initiating the vaccine series after age 11–12 years [11]. Similarly, in NHANES, 

while most 20–24 year-old females in 2015–2016 reported receiving their first vaccine dose 

in their teens (median: 15.2 years), most 14–19 year-olds reported receiving their first dose 

near the routine target age (median: 12.8 years).

Estimated HPV vaccination coverage of ≥1 dose, based on data in NHANES, increased in 

both females and males following routine recommendations. Among females younger than 

20 years old, reported coverage increased significantly during the survey cycles immediately 

following the routine recommendation but has stalled more recently, similar to data from 

NIS-Teen [3]. This suggests the need for additional efforts to increase coverage at the 

recommended age [13]. Coverage among females in their 20s has continued to increase 

since the routine recommendation. Among females in their 30s, increases in coverage began 

in 2011, primarily due to females vaccinated as part of catch-up vaccination aging into these 

age groups. Increases in coverage among males were limited to age groups included in the 

routine and catch-up recommendations (i.e., 9–24 year-olds). With time, increases in 

vaccination coverage should be seen in older females and males as younger vaccinated 

persons age into older groups.

NIS-Teen is the main national survey used to monitor HPV vaccination coverage and 

estimates coverage annually among 13–17 year-olds. In 2015, the estimated coverages for 

≥1 dose and 3 doses were 62.8% and 41.9% for females and 49.8% and 28.1% for males 

[14]. Coverage estimates in 2016 were higher [3]. For comparison, 13–17 year-olds in 

NHANES in 2015–2016 had lower coverage, with coverage estimates for ≥1 dose and 3 

doses of 54.6% and 32.1% for females and 40.6% and 20.7% for males. Variations in 

coverage estimates may be due to methodological differences between the two surveys. NIS-

Teen uses provider-verified vaccination to estimate coverage. It samples from all 50 states 

and uses random digit dialing to identify parents/guardians of eligible adolescents to collect 

information on providers [15]. NHANES uses self/parent-reported vaccination, samples 

from 30 counties per two-year cycle, and interviews the participant themselves or, depending 

on age, their parent/guardian. Additionally, NIS-Teen has a lower overall response rate 

compared to NHANES [15].

Data on HPV vaccination coverage in adults is collected by NHIS. For 19–26 year-olds, ≥1 

dose coverages for 2015 and 2016 were 41.6% and 48.5% in females and 10.1% and 13.5% 

in males [4,16]. These point estimates are lower than point estimates for 19–26 year-olds 

using NHANES, where coverage of ≥1 dose was 53.9% for females and 21.3% for males. 

Compared to NIS-Teen, NHIS is more methodologically similar to NHANES. NHIS uses 
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self-reported vaccination, samples from a limited number of locations each year, and collects 

data using an in-home face-to-face interview [17]. Variations in coverage between NHIS and 

NHANES may be due to other differences. NHIS includes over 85,000 participants to 

provide estimates for each survey year while NHANES includes approximately 10,000 for 

every two-year cycle. Additional research is needed to understand the effect of 

methodological differences between these surveys on national coverage estimates.

A novel aspect of the current study is the validity assessment of self/parent-reported 

vaccination in 14–29 year-olds in NHANES using data from a feasibility pilot study with 

provider-verified vaccination records. A previous validity assessment comparing parent-

reported HPV vaccination of ≥1 dose to provider-reported vaccination in NIS-Teen has 

shown minimal net bias in national coverage estimates [8] and 86% sensitivity, 87% 

specificity, and 73% agreement [7]. These are very comparable to our reported 87% 

sensitivity, 83% specificity, and 70% agreement for receipt of ≥1 dose. A validity assessment 

of receipt of 3 doses was also performed using NIS-Teen data, where findings were more 

optimistic with 72% sensitivity, 91% specificity, and 64% agreement [7] compared to our 

reported 67% sensitivity, 86% specificity, and 51% agreement. Restricting the validity 

analysis to 14–19 year-olds in the NHANES pilot showed similar specificity for receipt of 3 

doses, but sensitivity and agreement were lower. These results suggest NHANES data are 

more valid for assessing receipt of ≥1 dose than receipt of 3 doses. Therefore, analyses, such 

as assessment of vaccine effectiveness, by number of doses may be misleading. Of note, the 

pilot study suggested that incorporating provider verification of vaccination records into 

NHANES would be challenging and likely not feasible using the design of the pilot study.

This study was subject to several limitations. First, with the exception of the data from the 

pilot study, vaccination status was collected using self/parent-report. However, coverage 

estimates in age groups who were not eligible for vaccination were very low, as expected 

based on recommended age for vaccination. Additionally, based on the validity analysis 

from our pilot study and previous assessments of self/parent-reported vaccination, reported 

receipt of ≥1 dose has adequate sensitivity, specificity, and agreement, suggesting minimal 

bias in estimates of coverage of ≥1 dose. There is more concern of recall bias for estimates 

of coverage of 3 doses. Second, the pilot study sample was not nationally representative and 

small; only 54.5% of participants had provider-returned records. Third, many coverage 

estimates were unstable. This was expected as coverage was low immediately following the 

start of the vaccination program and several groups were not age-eligible for vaccination.

In addition to providing vaccination coverage estimates, vaccination data can be combined 

with other data collected using NHANES. HPV DNA testing in self-collected vaginal swabs 

was incorporated into NHANES for females in 2003–2004 and continues to be collected. 

These data have provided some of the strongest data demonstrating impact of the HPV 

vaccination program in the United States in ecologic analyses [18-20]. HPV DNA testing in 

self-collected genital swabs was introduced for males in 2013–2014 [21]. In addition to 

evaluation of ecologic changes over time after introduction of HPV vaccine, vaccine 

effectiveness has been estimated for ≥1 dose of HPV vaccine using data from NHANES. 

Our findings suggest that the validity of the self/parent-reported data is sufficient for ≥1 dose 
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but not for measures based on number of doses; data on individual number of doses should 

be interpreted with caution.

Data on overall HPV vaccination coverage across a wide age range in NHANES will 

provide useful information for assessment of the immunization program and can 

complement other coverage surveys. NHANES coverage estimates can also assist in 

interpreting data from monitoring projects that continue to evaluate the impact of the 

vaccination program in target as well as older age groups, where later endpoints (i.e., 

precancers, cancers) can be studied [22-24].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We would like to acknowledge Brian Kit for his work as NHANES project officer of the provider verification pilot 
and Sarah Reagan-Steiner for her assistance on the design of the pilot. We also thank Shannon Stokley, James 
Singleton, and Walter Williams for their review and feedback on the manuscript.

Funding

This work was funded by the Centers for Disease Control and Prevention.

References

1. Recommendations on the use of quadrivalent human papillomavirus vaccine in males–Advisory 
Committee on Immunization Practices (ACIP), 2011. MMWR Morb Mortal Wkly Rep. 2011; 
60:1705–8. [PubMed: 22189893] 

2. Markowitz LE, Dunne EF, Saraiya M, Lawson HW, Chesson H, Unger ER. Quadrivalent human 
papillomavirus vaccine: recommendations of the Advisory Committee on Immunization Practices 
(ACIP). MMWR Recomm Rep. 2007; 56:1–24.

3. Walker TY, Elam-Evans LD, Singleton JA, et al. National, regional, state, and selected local area 
vaccination coverage among adolescents aged 13–17 years – United States, 2016. MMWR Morb 
Mortal Wkly Rep. 2017; 66:874–82. [PubMed: 28837546] 

4. Williams WW, Lu PJ, O’Halloran A, et al. Surveillance of vaccination coverage among adult 
populations – United States, 2015. MMWR Surveill Summ. 2017; 66:1–28.

5. Centers for Disease Control and Prevention. National Health and Nutrition Examination Survey: 
2007-2008 Data documentation, codebook, and frequencies – Immunization. 2006

6. Centers for Disease Control and Prevention. National Health and Nutrition Examination Survey: 
2011-2012 Data documentation, codebook, and frequencies – Immunization. 2010

7. Adjei Boakye E, Tobo BB, Osazuwa-Peters N, Mohammed KA, Geneus CJ, Schootman M. A 
comparison of parent- and provider-reported human papillomavirus vaccination of adolescents. Am 
J Prev Med. 2017; 52:742–52. [PubMed: 27890518] 

8. Dorell CG, Jain N, Yankey D. Validity of parent-reported vaccination status for adolescents aged 
13–17 years: National Immunization Survey-Teen, 2008. Public Health Rep. 2011; 126(Suppl 2):
60–9.

9. Centers for Disease Control and Prevention. National Health and Nutrition Examination Survey: 
interviewer procedures manual. National Center for Health Statistics, ed. 2013

10. National Center for Health Statistics. National Health and Nutrition Examination Survey: analytic 
guidelines, 1999-2010. Vital and Health Statistics. 2013; 2

11. Jeyarajah J, Elam-Evans LD, Stokley S, Smith PJ, Singleton JA. Human papillomavirus 
vaccination coverage among girls before 13 years: a birth year cohort analysis of the National 

Lewis and Markowitz Page 8

Vaccine. Author manuscript; available in PMC 2019 May 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Immunization Survey-Teen, 2008–2013. Clin Pediatr (Phila). 2016; 55:904–14. [PubMed: 
26603581] 

12. [3/6/18 2018] Office of Disease Prevention and Health Promotion, Healthy People 2020 topics & 
objectives: immunization and infectious diseases. Available at: https://www.healthypeople.gov/
2020/topics-objectives/topic/immunization-and-infectious-diseases/objectives

13. Smulian EA, Mitchell KR, Stokley S. Interventions to increase HPV vaccination coverage: a 
systematic review. Hum Vaccin Immunother. 2016; 12:1566–88. [PubMed: 26838959] 

14. Reagan-Steiner S, Yankey D, Jeyarajah J, et al. National, regional, state, and selected local area 
vaccination coverage among adolescents aged 13–17 years – United States, 2015. MMWR Morb 
Mortal Wkly Rep. 2016; 65:850–8. [PubMed: 27561081] 

15. National Center for Immunization and Respiratory Diseases. National Immunization Survey-Teen: 
A user’s guide for the 2016 public-use data file. Atlanta, GA: Centers for Disease Control and 
Prevention; 2017. 

16. Hung M-C, Williams WW, Lu P-J, et al. Vaccination coverage among adults in the United States, 
National Health Interview Survey, 2016. Centers for Disease Control and Prevention. 2018

17. National Center for Health Statistics. Survey description, National Health Interview Survey, 2016. 
Maryland: Hyattsville: 2017. 

18. Markowitz LE, Hariri S, Lin C, et al. Reduction in human papillomavirus (HPV) prevalence among 
young women following HPV vaccine introduction in the United States, National Health and 
Nutrition Examination Surveys, 2003–2010. J Infect Dis. 2013; 208:385–93. [PubMed: 23785124] 

19. Markowitz LE, Liu G, Hariri S, Steinau M, Dunne EF, Unger ER. Prevalence of HPV after 
introduction of the vaccination program in the United States. Pediatrics. 2016; 137:e20151968. 
[PubMed: 26908697] 

20. Oliver SE, Unger ER, Lewis R, et al. Prevalence of human papillomavirus among females after 
vaccine introduction-National Health and Nutrition Examination Survey, United States, 2003–
2014. J Infect Dis. 2017; 216:594–603. [PubMed: 28931217] 

21. Gargano JW, Unger ER, Liu G, et al. Prevalence of genital human papillomavirus in males, United 
States, 2013–2014. J Infect Dis. 2017; 215:1070–9. [PubMed: 28170037] 

22. Hariri S, Johnson ML, Bennett NM, et al. Population-based trends in high-grade cervical lesions in 
the early human papillomavirus vaccine era in the United States. Cancer. 2015; 121:2775–81. 
[PubMed: 26098295] 

23. Benard VB, Castle PE, Jenison SA, et al. Population-based incidence rates of cervical 
intraepithelial neoplasia in the human papillomavirus vaccine era. JAMA Oncol. 2017; 3:833–7. 
[PubMed: 27685805] 

24. Flagg EW, Torrone EA, Weinstock H. Ecological association of human papillomavirus vaccination 
with cervical dysplasia prevalence in the United States, 2007–2014. Am J Public Health. 2016; 
106:2211–8. [PubMed: 27736208] 

Abbreviations

HPV human papillomavirus

NHANES National Health and Nutrition Examination Survey

NIS-Teen National Immunization Survey-Teen

NHIS National Health Interview Survey

NCHS National Center for Health Statistics
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CI confidence interval
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Fig. 1. 
Human papillomavirus vaccination coverage of ≥1 dose by age group and survey cycle for 

females (A) and males (B). Coverage estimates are weighted and based on self/parent report. 

ˆp for trend < 0.05 for 2007–2008 to 2011–2012; *p for trend < 0.05 for 2011–2012 to 

2015–2016. Estimates with a relative standard error (RSE) between 30% and 50%: females: 

2007–2008: ages 25–29, 35–39 years; 2009–2010: ages 30–34, 35–39 years; 2015–2016: 

ages 35–39 years; males: 2011–2012: ages 20–24, 25–29 years; 2013–2014: ages 25–29, 

35–39 years; 2015–2016: ages 30–34, 35–39 years. Estimates with a RSE over 50%: 
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females: 2011–2012: ages 30–34, 35–39 years; males: 2011–2012: ages 30–34, 35–39 years; 

2013–2014: ages 30–34 years.
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Fig. 2. 
Human papillomavirus vaccination coverage of 3 doses by age group and survey cycle for 

females (A) and males (B). Coverage estimates are weighted and based on self/parent report. 

ˆp for trend < 0.05 for 2007–2008 to 2011–2012; *p for trend < 0.05 for 2011–2012 to 

2015–2016. Estimates with a relative standard error (RSE) between 30% and 50%: females: 

2007–2008: ages 9–13, 14–19, 20–24, 30–34 years; 2009–2010: ages 35–39 years; 2015–

2016: ages 35–39 years; males: 2011–2012: ages 20–24 years; 2013–2014: ages 20–24 

years; 2015–2016: ages 20–24, 25–29 years. Estimates with a RSE over 50%: females: 

2007–2008: ages 25–29, 35–39 years; 2009–2010: ages 30–34 years; 2011–2012: ages 30–

34, 35–39 years; males: 2011–2012: ages 9–13, 25–29, 30–34, 35–39 years; 2013–2014: 

ages 25–29, 30–34, 35–39 years; 2015–2016: ages 30–34 years.
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Table 2

Age at receipt of first human papillomavirus vaccine dose by sex and age group, 2015–2016.

Age at vaccination, years

Weighted median (IQR)

Age group, years Females Males

N = 554 N = 243

9–13 10.8 (10.1–11.8) 11.0 (10.2–11.5)

14–19 12.8 (11.8–13.9) 12.6 (11.6–13.9)

20–24 15.2 (13.5–16.9) 16.6 (12.8–17.9)

25–29 17.7 (16.0–21.5) –

30–34 24.9 (22.0–25.9) –

35–39 27.9 (27.0–33.7) –

40–59 39.4 (35.8–46.3) –

IQR, interquartile range.
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