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Abstract

Before 2016, human papillomavirus (HPV) vaccination was recommended on a 3-dose schedule. 

However, many vaccine-eligible US females received fewer than 3 doses, which provided an 

opportunity to evaluate the real-world vaccine effectiveness (VE) of 1, 2, and 3 doses. We 

analyzed data on cervical intraepithelial neoplasia (CIN) grades 2–3 and adenocarcinoma in 

situ (designated CIN2+) from the HPV Vaccine Impact Monitoring Project (HPV-IMPACT; 

2008–2014). Archived tissue from CIN2+ lesions was tested for 37 types of HPV. Women were 

classified by number of doses received ≥24 months before CIN2+ detection. Using a test-negative 

design, VE was estimated as 1 minus the adjusted odds ratio from a logistic regression model that 

compared vaccination history for women whose lesions tested positive for HPV-16/18 (vaccine-

type cases) with that for women who had all other CIN2+ lesions (controls). Among 3,300 women 

with available data on CIN2+, typing results, and vaccine history, 1,561 (47%) were HPV-16/18–

positive, 136 (4%) received 1 dose of HPV vaccine, 108 (3%) received 2 doses, and 325 (10%) 

received 3 doses. Adjusted odds ratios for vaccination with 1, 2, and 3 doses were 0.53 (95% 

confidence interval (CI): 0.37, 0.76; VE = 47%), 0.45 (95% CI: 0.30, 0.69; VE = 55%), and 

0.26 (95% CI: 0.20, 0.35; VE = 74%), respectively. We found significant VE against vaccine-type 

CIN2+ after 3 doses of HPV vaccine and lower but significant VE with 1 or 2 doses.
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Oncogenic types of human papillomavirus (HPV) cause most cervical cancers, with HPV-16 

and −18 being implicated in approximately 70% (1, 2). Clinical trials have demonstrated that 

vaccines targeting HPV-16 and −18 have high efficacy in preventing precancerous cervical 

lesions associated with HPV-16 or −18 among women with no evidence of infection with 

those types of HPV (3). Three vaccines targeting HPV-16 and −18 have been licensed in 

the United States. Since 2006, HPV vaccination has been recommended for females aged 

11–12 years, and through age 26 years for those not previously vaccinated (4). Through 

2015, nearly all doses of HPV vaccine administered in the United States were quadrivalent 

vaccine (5).

Administration of HPV vaccine was initially recommended on a 3-dose schedule: an initial 

dose followed by additional doses at 1–2 months and 6 months (4). HPV vaccine coverage 

in the United States has gradually increased, but it has lagged behind that of other vaccines 

recommended for the same age groups; in 2017, 69% of adolescent females aged 13–17 

years received at least 1 dose and 49% received all recommended doses (6). Interest 

in reduced dose schedules, which would simplify vaccination programs worldwide and 

would likely increase series completion, prompted additional clinical trials. In 2016, the US 
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Advisory Committee for Immunization Practices recommended a 2-dose schedule, with the 

initial dose followed by a second at 6–12 months for persons who initiate the series before 

their 15th birthday. This recommendation was informed by noninferior immunogenicity data 

from trials comparing a 2-dose schedule in adolescents with a 3-dose schedule in females 

aged 16–26 years in whom clinical efficacy was previously established (7). Accumulating 

data suggest there might be high effectiveness against vaccine-type infection with a single 

dose; post hoc analyses of data from clinical trials suggest that efficacy against infection is 

similar for 1 dose and 3 doses (8–10). Several trials designed to evaluate 1-dose vaccination 

schedules have begun, including trials being carried out in Costa Rica and Tanzania (8, 11).

Evaluating outcomes in women who received fewer than the recommended number of doses 

of HPV vaccine can provide evidence on the real-world effectiveness of 1 and 2 doses. 

Several studies of vaccine effectiveness (VE) have shown effectiveness against prevalent 

HPV infections (i.e., detection of HPV DNA in cervical or vaginal swab specimens), 

anogenital warts, abnormal cervical cytology, and cervical lesions; in a 2018 review, 

Markowitz et al. (9) highlighted methodological challenges, including systematic differences 

between women according to number of doses received, and the inability to control for 

prevalent infections at baseline. Ten studies have evaluated the effectiveness of 1, 2, and 3 

doses of HPV vaccine against cervical disease without consideration of HPV type, but no 

studies have reported on the VE of 1 or 2 doses against vaccine-type high-grade cervical 

lesions (12–21).

Active population-based surveillance for cervical intraepithelial neoplasia (CIN) grades 2 

and 3 and adenocarcinoma in situ, collectively referred to as CIN2+, has been conducted 

in 5 communities in the United States since 2008. As part of this surveillance, archived 

diagnostic blocks of CIN2+ are used for HPV detection and typing. These surveillance data 

have been used to estimate VE against vaccine-type cervical lesions (22). Our aim in this 

analysis was to estimate VE against vaccine-type CIN2+ by number of vaccine doses.

METHODS

The Human Papillomavirus Vaccine Impact Monitoring Project (HPV-IMPACT), a US 

cervical precancer surveillance effort led by the Centers for Disease Control and Prevention, 

has been described previously (22–24). Ongoing population-based surveillance has been 

conducted for histologically confirmed CIN2+ among female residents aged ≥18 years 

of 5 catchment areas in 5 states since 2008, with a combined adult female population 

of approximately 1.5 million. Surveillance sites include Monroe County, New York; 

New Haven County, Connecticut; Davidson County, Tennessee; and portions of Alameda 

County, California, and Multnomah and Washington counties, Oregon. This public health 

surveillance activity was exempted from institutional review board review at the Centers 

for Disease Control and Prevention and most surveillance sites. Institutional review board 

approval was obtained from 1 surveillance site as required (24). Briefly, histopathology 

laboratories reported CIN2+ diagnoses occurring among female residents of the catchment 

areas to project staff at 5 surveillance sites. For each case, the incidence date was defined as 

the date of the earliest CIN2+ diagnosis. The final diagnosis for each case was defined as the 

highest grade of CIN2+ identified within 6 months after the incidence date.
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Archived diagnostic tissue from the subset of women aged 18–39 years was submitted to 

the Centers for Disease Control and Prevention’s HPV laboratory for HPV DNA typing, as 

previously described (22). Briefly, serial sections were obtained from 1 specimen, and after 

confirmation of the fact that tissue representative of a high-grade lesion was present, DNA 

was extracted and tested using the Linear Array HPV Genotyping Test (Roche Diagnostics, 

Indianapolis, Indiana), which detects 37 types of HPV. Specimens with inadequate or 

HPV-negative Linear Array results were retested with the INNO-LiPA HPV Genotyping 

Extra Assay (Innogenetics N.V., Ghent, Belgium) (25). Specimens negative for the genomic 

control probe and HPV in Linear Array and INNO-LiPA were considered inadequate.

Project staff collected additional information on demographic factors, screening, and 

vaccination histories for women aged 18–39 years through reviews of medical records, 

including paper charts and electronic medical records, obtained from the screening provider 

and other health-care providers. Investigators at each surveillance site sought information 

on history of HPV vaccination through at least 2 of the following 3 methods: 1) review 

of medical records from the screening provider and other providers who might have 

documented vaccination, 2) review of the state vaccine registry, and 3) patient interview. 

Women were classified as vaccinated if the medical record or vaccine registry contained 

documentation of HPV vaccination or if a medical record noted a vaccination history; 

self-report alone was not sufficient to document vaccination. Women were classified as 

unvaccinated if they reported that they had not been vaccinated, if their medical record noted 

a lack of HPV vaccination or refusal of vaccination, or if they had maintained continuous 

enrollment in a health insurance plan while vaccine-eligible but did not make a claim for 

HPV vaccine. All other women were classified as having unknown vaccination status.

For this analysis, data on cases reported for the years 2008–2014 as of May 2018 were 

included. We included women with CIN2+ who were age-eligible for vaccination (aged ≤26 

years in 2006 when the first HPV vaccine was approved for use in the United States) and 

had a valid HPV DNA typing result (Figure 1). Women with unknown vaccination status 

were excluded.

Because HPV vaccines work by preventing infection and it may take years after infection 

for CIN2+ lesions to develop, we defined a buffer period between vaccination and CIN2+ 

diagnosis to decrease the likelihood of including lesions caused by HPV types acquired 

before vaccination. In a prior analysis, Hariri et al. (22) demonstrated statistically significant 

VE after a 24-month buffer period and higher VE with longer buffer periods. Based on 

this earlier analysis, our understanding of natural history, and observations from intention-

to-treat analyses from HPV vaccine trials (3), we defined the number of vaccine doses as 

those received ≥24 months prior to the screening test for the primary analysis (Figure 1).

HPV-16/18 positivity was defined as detection of HPV-16 or HPV-18, regardless of whether 

other types of HPV were also detected, using hierarchical categorization. A previous 

analysis of data from this surveillance system found no difference in HPV type attribution 

by hierarchical or proportional categorization (26). We compared demographic and clinical 

characteristics between HPV-16/18–positive CIN2+ women and women with all other 

CIN2+, as well as by number of vaccine doses received ≥24 months prior to diagnosis. 
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We evaluated statistical significance using the χ2 test or Fisher’s exact test. We implemented 

a test-negative design, a type of case-control study which uses the adjusted odds ratio (aOR) 

for vaccination to compare persons who have similar conditions but different results when 

tested for a vaccine-type disease in order to estimate VE (VE = (1 – aOR) × 100) (27). 

Specifically, we used logistic regression to evaluate the association between number of 

vaccine doses among women with HPV-16/18–positive CIN2+ (cases) and women whose 

CIN2+ did not have detectable HPV-16/18 (referred to as HPV-16/18–negative CIN2+ 

(controls)). Controls included women who had lesions in which other HPV types were 

detected and lesions testing negative for HPV. We developed models comparing 1, 2, 

and 3 doses of vaccine with 0 doses; comparing 2 and 3 doses of vaccine with 1 dose; 

and comparing 3 doses of vaccine with 2 doses. Variables considered for adjustment 

included race/ethnicity (non-Hispanic white, non-Hispanic black, or Hispanic/other race), 

surveillance site, type of health insurance (public, private, or other), birth cohort (1979–1986 

or 1987–1994), age group at diagnosis (18–20, 21–24, 25–29, or 30–34 years), diagnosis 

period (2008–2010 or 2011–2014), and age at vaccination (12–18, 19–22, or 23–26 years; 

evaluated in the vaccinated subset only because age at vaccination was not relevant for the 

unvaccinated reference group in the main analysis). Variables were selected using backwards 

elimination and change-in-estimate criteria (≥10% change in the odds ratio estimate for 

vaccine dose). We tested for statistical interactions between number of doses, birth cohort, 

age group at diagnosis, and diagnosis period.

Assumptions made in the main VE analysis were tested using several sensitivity analyses. 

To evaluate use of the 24-month buffer period, we repeated the analysis with 1-month, 

12-month, and 36-month buffers. To evaluate the influence of doses given during the 24 

months before the screening test, we excluded all women who had received any doses during 

this interval. To evaluate the potential influence of excluding the large number of cases 

with unknown vaccination status, we included them as unvaccinated cases. To evaluate the 

potential influence of non-HPV-16/18 types in lesions with multiple types, we excluded all 

women with more than 1 HPV type detected. To evaluate the influence of lesions without 

HPV detected, we excluded HPV-negative women from the control group.

All analyses were conducted in SAS, version 9.3 (SAS Institute Inc., Cary, North Carolina).

RESULTS

From 2008 to 2014, a total of 11,032 women with high-grade cervical lesions (CIN2+) 

reported to HPV-IMPACT were age-eligible for vaccination (Figure 1). Of these, 8,689 

women (78.8%) had specimens submitted for HPV typing, and 7,327 submitted specimens 

(84.3%) had valid HPV results; 1,513 specimens (20.6%) with valid results had more 

than 1 HPV type detected, and 248 (3.4%) had 0 types detected. Among specimens with 

typing results, 3,671 (50.1%) were from women with known vaccination status, including 

1,788 not vaccinated and 1,883 vaccinated. Among vaccinated women, 371 were excluded 

because missing dates of vaccination and/or screening prevented determination of the 

interval between vaccination and the screening test. The primary analysis included 3,300 

vaccine-eligible women, of whom 932 (28.2%) had received doses of vaccine ≥1 month 

before the screening test (554 with 3 doses, 183 with 2 doses, and 195 with 1 dose). 
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Counting only doses received ≥24 months before the screening test, 325 women (9.8%) had 

3 doses, 108 (3.3%) had 2 doses, and 136 (4.1%) had 1 dose. Women who received all 

doses less than 24 months before the screening test and those who were never vaccinated 

comprised the 0-dose group (2,731 women (82.7%)). No woman received 2 doses of vaccine 

with an interval of ≥6 months between doses and the first dose before age 15 years, as 

currently recommended (not shown).

Compared with women with HPV-16/18–negative CIN2+, those with HPV-16/18–positive 

CIN2+ were more frequently diagnosed before 2011, born in the earlier cohort, not 

vaccinated or vaccinated at an older age, diagnosed with CIN grade 3/adenocarcinoma in 

situ, and non-Hispanic white (Table 1). Differences in proportion HPV-16/18–positive were 

also noted by surveillance site and health insurance status. Comparing women who were 

unvaccinated (0 doses) with women who were vaccinated ≥24 months prior to diagnosis 

(any doses), many characteristics differed between the 2 groups (Table 2). Comparing 

women who received 3 doses ≥24 months prior to diagnosis with women who received 1 or 

2 doses, differences were noted in year of diagnosis, age at vaccination, race/ethnicity, site, 

and insurance status.

Comparing HPV-16/18–positive CIN2+ cases and HPV-16/18–negative CIN2+ controls, 

adjusted odds ratios for vaccination with 1, 2, and 3 doses ≥24 months before screening 

were 0.53 (95% confidence interval (CI): 0.37, 0.76), 0.45 (95% CI: 0.30, 0.69), and 0.26 

(95% CI: 0.20, 0.35), respectively (Figure 2; unadjusted odds ratios are shown in Web Table 

1, available at https://academic.oup.com/aje). The corresponding VE estimates for 1, 2, and 

3 doses compared with 0 doses were 47%, 55%, and 74%. An interaction was identified 

between number of vaccine doses and birth cohort, so results are also presented stratified by 

birth cohort (Figure 2). In the later cohort (born in 1987–1994), VE estimates ranged from 

59% for 1 dose to 83% for 3 doses. In the earlier cohort (born in 1979–1986), VE estimates 

were lower, and confidence intervals for 1 and 2 doses included 1. Direct comparisons by 

number of doses among vaccinated women indicated little difference between 1 and 2 doses 

and nearly 40% greater effectiveness for 3 doses than for 1 or 2 doses (Table 3).

Results of sensitivity analyses are shown in Figure 3. The VE estimates for 1 and 3 doses, 

but not 2 doses, generally increased with the length of the buffer period. Excluding women 

given any doses during the 24-month buffer period led to a higher VE estimate for 1 dose 

(65%) but similar results for 2 and 3 doses, compared with the primary analysis with the 

24-month buffer; this may have been due to longer time between vaccination and CIN2+ 

diagnosis for women with exactly 1 dose (median, 47 months) than for those with more than 

1 dose but only 1 eligible dose (median, 32 months). In an analysis categorizing women 

with unknown vaccination status as unvaccinated, VE estimates were similar to those of 

the primary analysis. Exclusion of all women for whom multiple HPV types were detected 

yielded a similar VE estimate for 3 doses and lower VE estimates for 2 doses or 1 dose (Web 

Table 1). Exclusion of the small proportion (3%) of controls with no HPV detected had no 

meaningful impact on results (not shown).
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DISCUSSION

In this analysis, estimates of HPV VE against vaccine-type CIN2+ disease increased with 

the number of documented vaccine doses among women in 5 US communities during 2008–

2014. VE was 47%, 55%, and 74% for 1, 2, and 3 doses of HPV vaccine, respectively. 

Estimated VE was higher for the cohort born in 1987–1994 (59%–83%) than for that born 

in 1979–1986 (31%–59%). While the 3-dose VE estimates are lower than those in per 

protocol analyses from randomized controlled trials, they align well with intention-to-treat 

or total-vaccinated-cohort analyses of vaccine-type high-grade cervical lesions from those 

trials (45%–70%, depending on trial and outcome) (3). To our knowledge, this is the 

first published analysis to have included HPV-16/18 typing data in an analysis of the 

effectiveness of fewer than 3 HPV vaccine doses for prevention of cervical lesions, and 

it extends previous findings from this project on VE for ≥1 dose administered at least 24 

months prior to diagnosis (22, 28).

Previously, at least 10 studies have reported on VE against cervical cytological or 

histological outcomes by number of doses (9, 12–21). None of those studies evaluated 

VE against vaccine-type disease; rather, they used all-cause CIN2+ histology or cytological 

abnormalities, which would include many cases associated with HPV types not targeted 

by vaccine. A major limitation of most studies published to date is that they have been 

conducted in settings of catch-up vaccination programs; among these, most have found 

higher VE estimates for 3 doses than for 1 or 2, and little to no evidence for VE with 

fewer than 3 doses (e.g., adjusted effect estimates near or exceeding 1) (12–17). In our 

analysis, like other studies that included adult catch-up vaccinees, we found the highest 

VE with 3 doses; however, in contrast to those studies, we found evidence of some (albeit 

lower) protection with fewer than 3 doses. A few studies have evaluated VE in women who 

were mainly vaccinated at younger ages; these studies were conducted in settings without 

catch-up vaccination extending into adulthood, by restricting the analysis to women who 

had been vaccinated as adolescents, or by only including cohorts who were vaccine-eligible 

as adolescents (18–21). In all 4 of these studies, similar VEs were estimated for 1 and 3 

doses of HPV vaccine. This may suggest that women who are vaccinated at younger ages 

need fewer doses for equal protection or that there is confounding in analyses that include 

women who received catch-up vaccination. Women who received fewer than 3 doses might 

have been more likely to initiate vaccination after exposure to HPV infection than those who 

received 3 doses.

We observed higher VE in later birth cohorts. Women in the earlier birth cohort (1979–

1986), diagnosed with CIN2+ at ages 22–35 years, were ≥20 years of age when the vaccine 

was first recommended; their median age at vaccination was 23 years. In contrast, women 

born in the later cohort (1987–1995) were diagnosed with CIN2+ at ages 18–27 years and 

were as young as 11 years of age when the vaccine was first recommended; their median 

age at vaccination was 19 years. In both cohorts, most women were vaccinated as part of 

catch-up programs, and many women were likely vaccinated after they became sexually 

active (29). The higher VE observed in the later cohort is probably due to the higher 

likelihood that they were vaccinated before exposure to HPV-16/18. Because of the small 
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numbers of women vaccinated as adolescents in our data, it was not feasible to stratify all 

vaccine dose groups by age at vaccination.

During the surveillance period, a 3-dose HPV vaccination schedule was recommended in the 

United States (4). No women in this analysis received 2 doses according to the currently 

recommended 2-dose schedule; therefore, this analysis was not a direct evaluation of the 

current recommendation (7). In our main analysis, we found that the estimate for 2 doses 

was intermediate between the estimates for 1 and 3 doses, suggestive of a dose response. 

In some sensitivity analyses, the VE estimate for 2 doses was lower than the estimate for 1 

dose, suggesting that estimates were sensitive to the buffer period or simply imprecise.

Notably, previous CIN2+ VE studies have included outcomes associated with nonvaccine 

HPV types; we incorporated HPV typing data and implemented analytical methods that 

assume a specific impact of individual vaccination on vaccine-type cases. Half of the CIN2+ 

outcomes in this analysis were not HPV-16/18–positive and could not have been prevented 

by the quadrivalent HPV vaccine, the pre-dominant vaccine available during the surveillance 

period—assuming that the vaccine confers no cross-protection for other HPV types. In the 

United States, national monitoring of HPV DNA prevalence through self-collected vaginal 

swabs has not identified a significant decrease in any individual nonvaccine HPV type (30); 

however, cross-protection against nonvaccine types has been reported in other countries, 

particularly for bivalent vaccine (31, 32). If the US quadrivalent vaccination program 

reduced the prevalence of non–vaccine-type CIN2+, it would reduce the observed VE in 

this analysis. On the other hand, our VE estimates could have been biased if there is type 

replacement from HPV vaccination. Pneumococcal vaccine, another multivalent vaccine, 

has been shown to lead to considerable type replacement (33). However, little consistent 

evidence for type replacement exists for HPV vaccine (30, 34); therefore, we did not 

implement analytical approaches that have been developed to counter associated bias (33).

Our analysis had some of the same inherent methodological challenges and potential for bias 

as other observational VE studies, mainly because persons who receive fewer than 3 doses 

in the setting of a 3-dose recommendation differ from those who follow recommendations. 

We observed that women who received 1 or 2 doses differed from women who received 

3 doses with regard to several demographic characteristics, including race, insurance 

coverage, and site of residence. While we adjusted for measured confounders, the presence 

of unmeasured confounders, including behaviors, is likely. Demographic characteristics 

differed between women who were HPV-16/18–positive and women who were HPV-16/18–

negative, and many of these differences were related to age and likelihood of vaccination; 

however, compared with a traditional case-control study, the cases and controls used in 

this test-negative analysis were probably more comparable. For example, cases and controls 

all had risk factors for CIN2+ and participated in cervical cancer screening; nearly all 

had HPV detected in their diagnostic specimens, and exclusion of women with no HPV 

detected yielded very similar results (27). Although data were collected through population 

surveillance, selection bias created by excluding women with incomplete data is possible 

(35). For example, we did not know the vaccination status of 50% of women. A previous 

analysis showed that women with unknown vaccination status had similar HPV-16/18 

prevalence as women known to be unvaccinated (22). In the sensitivity analysis including 
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these women as unvaccinated, results were similar to those of the primary analysis. 

Specimens for typing were not available for all women; however, specimen availability 

was unlikely to be affected by vaccination status and should not have biased VE results.

In conclusion, this analysis of CIN2+ cases identified through population-based surveillance 

supports significant VE with 1, 2, and 3 doses of HPV vaccine, although 3-dose 

effectiveness was higher than 1-dose effectiveness. Our findings should be interpreted with 

the understanding of biases that might affect VE estimates by number of doses. The higher 

VE in the younger cohort underscores the importance of vaccination at younger ages, before 

exposure to HPV through sexual activity. At the same time, these data provide encouraging 

evidence that some women who were vaccinated at ages older than the recommended age 

of 11–12 years can still receive protection against HPV-16/18–associated CIN2+. Continued 

surveillance will provide data for further evaluation of the effectiveness of 1 dose of HPV 

vaccine, for which there is increasing international interest. Additionally, as adolescents 

who were vaccinated following the 2016 recommendation reach the age for cervical cancer 

screening, future analyses can better evaluate the VE of 2 doses administered consistent with 

current recommendations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

This work was supported by a cooperative agreement with the Centers for Disease Control and Prevention’s 
Emerging Infections Program (grants U50CK000482 (California), U50CK000488 (Connecticut), U50CK000486 
(New York), U50CK000484 (Oregon), and U50CK000491 (Tennessee)).

We thank Rayleen Lewis for development of graphical presentations.

Additional members of the HPV-IMPACT Working Group include Manideepthi Pemmaraju, Sheelah Blankenship, 
Stephanie Allen, and Dr. Tiffanie Markus (Department of Health Policy, Vanderbilt University Medical Center); Dr. 
Martin Whiteside (Director, Tennessee Comprehensive Cancer Control Program, Tennessee Department of Health); 
Monica Brackney, James Meek, Kyle Higgins, and Dr. James Hadler (Connecticut Emerging Infections Program, 
Yale School of Public Health); Dr. Lynn Sosa (Connecticut Department of Public Health); Erin Whitney, Kayla 
Saadeh, and Deanna Fink (California Emerging Infections Program); Dr. Michael Silverberg (Division of Research, 
Kaiser Permanente Northern California); Dr. Nasreen Abdullah, Shannon Allain, and Sara Ehlers (Oregon Health 
Authority); Mary Scahill, Marina Oktapodas, and Christina Felsen (University of Rochester Medical Center); 
Angela Cleveland (Centers for Disease Control and Prevention); and Rebecca Dahl (Maximus Federal, contractor to 
the Centers for Disease Control and Prevention).

This work was presented at the 32nd International Papillomavirus Conference, Sydney, New South Wales, 
Australia, October 2–6, 2018.

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.

Abbreviations:

CI confidence interval

CIN cervical intraepithelial neoplasia

Johnson Jones et al. Page 9

Am J Epidemiol. Author manuscript; available in PMC 2022 March 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CIN2+ cervical intraepithelial neoplasia grades 2–3 and adenocarcinoma in 

situ

HPV human papillomavirus

VE vaccine effectiveness
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Figure 1. 
Inclusion of women with cervical intraepithelial neoplasia grades 2–3 and adenocarcinoma 

in situ in an analysis of human papillomavirus (HPV) vaccine effectiveness, HPV-IMPACT, 

United States, 2008–2014. The numbers adjacent to solid or broken lines show the number 

of women reassigned from dose groups ≥1 month before screening. For example, of the 

183 women who received 2 doses of HPV vaccine ≥1 month before screening, 58 received 

2 doses ≥24 months before screening and were assigned to the 2-dose group, 22 received 

1 dose ≥24 months before screening and were reassigned to the 1-dose group, and 103 

received both doses less than 24 months before screening and were reassigned to the 0-dose 

group. HPV-IMPACT, Human Papillomavirus Vaccine Impact Monitoring Project.
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Figure 2. 
Vaccination history of women with cervical intraepithelial neoplasia grades 2–3 and 

adenocarcinoma in situ (CIN2+) with and without human papillomavirus (HPV) type 16 

or 18 (HPV-16/18), adjusted odds ratios (aORs), and vaccine effectiveness (VE), overall 

and by birth cohort, HPV-IMPACT, United States, 2008–2014. Odds ratios were adjusted 

for surveillance site, race/ethnicity, and health insurance status. P for interaction (cohort 

× number of doses) < 0.01. Bars, 95% confidence intervals (CIs). HPV-IMPACT, Human 

Papillomavirus Vaccine Impact Monitoring Project.
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Figure 3. 
Vaccination history of women with cervical intraepithelial neoplasia grades 2–3 and 

adenocarcinoma in situ (CIN2+) with and without human papillomavirus (HPV) type 16 or 

18 (HPV-16/18), adjusted odds ratios (aORs), and vaccine effectiveness (VE) in sensitivity 

analyses with varying classification of vaccine doses, HPV-IMPACT, United States, 2008–

2014. Odds ratios were adjusted for surveillance site, race/ethnicity, and health insurance 

status. The buffer was defined as the time between the date of the first vaccine dose and the 

date of the screening test that led to CIN2+ diagnosis. Bars, 95% confidence intervals (CIs). 

HPV-IMPACT, Human Papillomavirus Vaccine Impact Monitoring Project.
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