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How Important is the Structure of School Vaccine Requirement Opt-Out Provisions?
Evidence from Washington, DC’s HPV Vaccine Requirement
Abstract

Recent increases in vaccine-preventable diseases have led policymakers to
reconsider the scope of vaccine requirement exemptions. Yet eliminating these
provisions is politically difficult. Beginning in 2009, sixth grade girls in
Washington, DC were required to receive the HPV vaccine or submit a one-time
opt-out form. In 2014, the requirement was expanded to all students grades 6-12,
and those not vaccinating were required to opt-out annually. | show that the
movement from a one-time opt-out provision to an annual requirement increased
the probability that teen girls in Washington, DC initiated HPV vaccination by 12
percentage points. Teen boys were 20 percentage points more likely to be
vaccinated. Back-of-the-envelope calculations suggest 317 fewer cases of cancer
for students enrolled during the 2017/2018 year. In generalizing these results to
other states, effect sizes even one-tenth the size of my most conservative estimate
would imply meaningful reductions in the nationwide incidence of HPV-related
cancers.
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“Research is needed to investigate the extent to which different forms of opt-out provisions may
contribute to or detract from vaccination.”—Calo et al. (2016)

1. INTRODUCTION

Seventy nine million Americans are infected with human papillomavirus (HPV) making it the
most common sexually transmitted infection in the United States (CDC 2017). Approximately 80
percent of sexually active people will contract HPV during their lives (Cleveland Clinic 2018).
HPV is a group of more than 200 related viruses (National Cancer Institute 2020), and HPV
types 16 and 18 are responsible for 66 percent of all cervical cancers in the US (CDC 2018).
Over 40,000 people annually are diagnosed with an HPV-related cancer (Van Dyne et al. 2018).
Approximately 11 million men are currently thought to have oral HPV (Deshmukh et al. 2017),
and the incidence of male oral cancer exceeds the incidence of cervical cancer in women

(Mourad et al. 2017).

Unlike most cancers, there is a highly effective vaccine that provides near complete
protection against some of the most dangerous strains of HPV (Villa et al. 2005; Villa et al.
2006). Yet in 2018, only 68 percent of teens had initiated HPV vaccination and only 55 percent
had received the full 3-shot series to be fully vaccinated.! Over the last decade, more than 40
states have introduced legislation on HPV vaccination, many of which sought to leverage the
success of other school-entry vaccine requirements by mandating HPV vaccination (Barraza et
al. 2016). However, these mandates have proven politically difficult. For example, the New York
state Parent Teachers Association announced opposition to a recent bill which would require
middle school students to receive the HPV vaccine, despite re-expressing its support for other

mandated vaccinations (Times Herald-Record 2020). Only 3 states and the District of Columbia

Y In November of 2016, the Advisory Committee on Immunization Practice (ACIP) began recommending a 2-dose
series for full protection (Meites, Kempe and Markowitz 2016).
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have successfully adopted HPV vaccine school requirements, and vaccination proponents argue

that their broad opt-out provisions limit their efficacy (Reynolds 2012).?

In this paper, I provide the first causal evaluation of how Washington, DC’s 2014 HPV
vaccine school requirement affected vaccine coverage. | find that the requirement increased the
probability that a teen was fully vaccinated against HPV by nearly 20 percentage points—a 71
percent increase over the 2013 vaccination rate. | use an event study specification to show that
this increase was not driven by pre-existing trends in vaccination. The use of placebo
permutation tests confirms that the increase is larger than would be expected by chance. I also
show that the estimate is robust to employing a synthetic control design. Back-of-the-envelope
calculations imply that this requirement will result in 12 fewer cases of cervical cancer, 60 fewer
cases of oropharyngeal cancer, and 245 fewer cases of anal cancer for students enrolled in
Washington, DC schools during the 2017/2018 academic year. While one should be cautious
generalizing these estimates to other states or the US as a whole, it is worth noting that an effect
size even one-tenth of my most conservative estimate would imply a meaningful reduction in the

nationwide incidence of HPV-related cancers.

While important for policymakers, generalizing these estimates to the US as a whole
requires caution. For one, the HPV vaccine initiation rate in the US in 2018 was higher than
Washington, DC’s initiation rate immediately prior to the policy change (68 percent vs. 62
percent). Moreover, vaccine initiation rates between girls and boys have converged. In 2018, 70

percent of girls and 67 percent of boys had received at least one shot of the HPV vaccine. As a

2 These states are Hawaii, Rhode Island, and Virginia, though Hawaii’s requirement will not take effect until the
2020/2021 school year. In 2007, then-governor Rick Perry issued an executive order requiring that 6" grade girls in
Texas be vaccinated against HPV. The order was vacated by the legislature, and the issue was used against Perry
during a debate when he ran for the Republican presidential nomination (NPR 2011).
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result, school requirements may no longer induce larger increases in take-up for teen boys than
teen girls. Yet even subject to these caveats, considering how these estimates could generalize is
a useful exercise. There are 30 million 6-12" grade students in the US (National Center for
Education Statistics 2018). Applying my most conservative estimated increase in vaccine
initiation (12.4 percentage points) still yields 3.72 million more vaccinated students and almost
11,000 fewer cases of cervical cancer. Every year, there are 13,800 new diagnosed cases of
cervical cancer (American Cancer Society 2020b). As such, even an increase in HPV vaccine
take-up one-tenth the size experienced by Washington, DC would provide dramatic public health
benefits.

In addition to learning about ways to improve HPV vaccination, the Washington, DC
policy change offers broader insights into the importance of how vaccine mandates are
implemented. While respondents view vaccine school requirements more favorably if they
contain opt-out provisions, these provisions likely reduce the mandates’ efficacy (Calo et al.
2016). Indeed, there is a positive association between the ease of opting-out of vaccination and
the number of exemptions granted in a state (Blank et al. 2013), and repealing non-medical
vaccine exemptions is associated with greater vaccine coverage (Nyathi et al. 2019; Richmine,
Dor, and Moghtaderi 2019). Beginning in 2009, sixth grade girls in DC were required to (i)
receive the HPV vaccine or (ii) submit a one-time opt-out form. In 2014, the requirement was
expanded to 6" grade boys and all students up through 12%" grade. Additionally, all those not
vaccinating were required to opt-out annually. As such, the treatment for teen girls was not a
movement from “no requirement” to an “HPV vaccine requirement,” but rather a change from a

one-time opt-out in 6™ grade to an annual opt-out requirement all the way through 12" grade.



For teen girls, | find a 12 percentage point increase in HPV vaccine initiation and a 20
percentage point increase in vaccine completion. This pattern suggests that the annual reminder
induced girls who had previously opted-out of HPV vaccination to receive their first shot, while
also encouraging girls who had initiated vaccination to complete the vaccine series. In support of
this pathway, I show that DC’s 2014 HPV vaccine requirement reduced the probability that a
teen girl had initiated but not completed the HPV vaccine. Additionally, I find that the 2014
requirement increased the probability that teen girls completed the HPV vaccination within the
recommended timeframe after initiation. In contrast to these results for teen girls, I find that the
increase in vaccine completion for teen boys is fully explained by an increase in vaccine
initiation.

In Section 2, | discuss the history of the HPV vaccine, state HPV vaccine school
requirements, and the existing literature on policies promoting HPV vaccination. In Section 3, |
provide an overview of the NIS-Teen data and show descriptively that DC experienced a
dramatic increase in HPV vaccination in the post-school requirement period. I then discuss my
identification strategies, as well as the difficulties of conducting statistical inference with a single
treated unit. In Section 4, I show that DC’s 2014 HPV vaccine school requirement led to a large
statistically significant increase in HPV vaccination, and | explore how the relationship varied by
sex, grade level, race/ethnicity, and mother’s educational attainment. Finally, I conclude in

Section 5 by discussing the policy implications of my estimates and areas for future research.

2. POLICY BACKGROUND & EXISTING LITERATURE
In this section, | provide a history of the HPV vaccine within the United States. | discuss the
timing of when various age and sex groups were eligible to receive the vaccine, as well as state

HPV vaccine school requirements. Next, | summarize the literature on vaccine mandates with a

5



focus on the structure of these requirements. Finally, I discuss existing work on ways to improve

HPV vaccination.

2.1 Policy Background

Gardasil—the trade name of the HPV vaccine—was approved for girls ages 9-26 in June 2006.°
Initially, the Advisory Committee on Immunization Practices (ACIP) recommended a 3-dose
vaccination series for 11- and 12-year-old girls (FDA 2006), and that unvaccinated 13-26 year
old females catch-up on vaccination (Meites et al. 2019). In 2007, while several states enacted
legislation to educate the public about the HPV vaccine (NCSL 2020), two states and DC looked

to require HPV vaccination for school attendance.

In Texas, then-governor Rick Perry signed an executive order requiring that 6th grade
girls receive the vaccine (Tanne 2007). After it became well-known that Perry’s former chief of
staff was a lobbyist for Merk—the company which produces Gardasil—the legislature passed a
bill overruling the executive order. The order was never implemented (NPR 2011). In Virginia,
HB 2035 was passed and signed by the governor in April of 2007.4 It required that girls initiate
HPV vaccination prior to entering sixth grade. Similarly, DC Law 17-10, known as the “Human
Papillomavirus Vaccination and Reporting Act of 2007,” included an HPV vaccine school
requirement for teen 6™ grade girls starting in the 2009/2010 school year. Notably, this order
applied to all girls, including those in private and parochial schools. However, after viewing an

information sheet about HPV, parents could opt-out of vaccinating their daughters due to

3 Between 2009 and 2016, a variant of the HPV vaccine was sold in the US under the trade name Cervarix. It left the
US market due to low demand (FDA 2009; GSK 2016).

4 The Virginia requirement took effect during the 2008/2009 school year. Because the National Immunization
Survey-Teen begins in 2008, | am unable to leverage identifying variation from this requirement.
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religious beliefs, medical necessity, or personal discretion.® This last component, contained in

Section 5 of the law, was especially broad:

“The parent or legal guardian, in his or her discretion, has elected to opt out of the
HPV vaccination program, for any reason, by signing a form prepared by the
Department of Health that states the parent or legal guardian has been informed of

the HPV vaccination requirement and has elected not to participate.”

Descriptively, I show in Figure 1 that the share of teenage girls in DC initiating the HPV
vaccine rose by approximately 20 percentage points between 2008 and 2009. It hovered
around 60 percent until 2014 (the year of interest) when there was another 20 percentage
point increase in vaccination. Between 2008 and 2013, the share of teen girls completing
the HPV vaccine remained approximately 20 percentage points lower than those receiving

only one dose of the vaccine.

During the same month that DC’s 2009 school requirement officially went into effect,
Gardasil was approved for teen boys and young men (FDA 2009). However, DC’s vaccine
requirement was not extended to include teen boys until the 2014 school year. In 2014, DC made
two additional modifications. First, they expanded the requirement to all students 6-12" grade, so
as to also promote vaccination among older teen boys. Additionally, parents choosing not to
vaccinate their children were required to opt-out annually (American Academy of Pediatrics DC
Chapter 2015; Ko et al. 2020). | summarize these policy changes and the students bound by the

requirements in Table 1.

5 Figure A1 depicts a picture of the information sheet and the opt-out form.
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In order to notify parents about changes to the school requirement, develop the
infrastructure necessary to track HPV vaccination status, and educate providers about the
importance of HPV vaccination, the DC Immunization Program received Prevention and Public
Health Funding Awards through the CDC in 2013, 2016, and 2017 (American Academy of
Pediatrics DC Chapter 2015). In sum, these grants amounted to $2,251,008 in additional funding
to help implement the expanded school vaccine requirement. In Appendix B, | provide a month-
by-month granular breakdown of how this funding was spent obtained from the Department of

Health and Human Services.

The grant provided funding for a general HPV Coordinator who worked with providers to
assess capacity for the anticipated increase in vaccination appointments. Providers were also
educated in how to work the digital Immunization Information System (11S), which enabled them
to generate vaccine reminder letters for adolescents ages 11-18 years old. These letters were then
mailed using postage provided by the CDC grant. By December of 2015, the DC Immunization
Program had sent out 20,297 reminder letters. Of the $776,644 received from the 2013 and 2016
grants, $195,000 was used to hire the HPV Program Coordinator. An additional $99,980 was
used to hire clerks to facilitate the reminder notification using the 11S and $188,223 went to the
advertising campaign intended to educate the public about the school requirement and benefits of
vaccination. The grant also provided $72,684 for nurses to support the DC Immunization Clinic.
Notably, these expenditures occurred over several years and were not uniformly coincident with

the expansion of the school requirement.

Despite a number of failed attempts (Barraza et al. 2016), between 2007 and 2019 only
two other states adopted HPV vaccine school requirements. In 2015, Rhode Island began

requiring all middle school students, regardless of sex, to receive the HPV vaccine (NCSL 2020).



Though Rhode Island’s mandate was viewed as more stringent than Virginia’s or DC’s, the state
already had the highest HPV vaccination rate in the country. In 2014, 76 percent of Rhode Island
teen girls and 70 percent of Rhode Island teen boys had initiated the HPV vaccine. Beginning
with the 2020/2021 academic year, Hawaii will require HPV vaccination for school attendance

(NCSL 2020).

2.2 Vaccine Mandates

Vaccination has been heralded as one of the most significant public health achievements (CDC
2014). In addition to the protection provided to the vaccinated person, immunizations offer social
benefits by lowering the probability that other individuals come into contact with an infected
person. Because these additional benefits are not directly internalized by the person receiving the
vaccine, coverage rates remain below the social optimum. In response, a number of states have

adopted policies mandating vaccination for school entry (Orenstein and Hinman 1999).

While a number of papers have looked at whether school entry vaccine requirements
increase immunization (Abrevaya and Mulligan 2011; Ward 2014; Carpenter and Lawler 2019;
Luca 2020), less attention has been paid to the structure of these mandates. However, recent
outbreaks of vaccine-preventable diseases have increased interest in how these requirements are
implemented, especially regarding their opt-out provisions (Olive et al. 2018; Nyathi et al. 2019;
Richmine, Dor, and Moghtaderi 2019). Blank et al. (2013) found a positive association between
the ease of obtaining a non-medical exemption and the number of exemptions in a state, while
Nyathi et al. (2019) showed that California’s decision to repeal non-medical exemptions was

associated with increased take-up of the MMR (measles, mumps, and rubella) vaccine.

While allowing for broad exemptions may undermine the efficacy of vaccine mandates,

it is worth noting that these policies may still improve coverage by signaling the importance of
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vaccination. For example, Lawler (2017) used the 2003-2013 NIS-Child to show that while state
hepatitis A mandates increased vaccine take-up by 8 percentage points, ACIP recommendations
increased vaccination by 20 percentage points. Similarly, Lawler (2020) found that
meningococcal vaccine recommendations increased vaccine take-up among the targeted

population by 133 percent relative to the baseline mean.

2.3 HPV Vaccination

| am unaware of any study within economics which has attempted to determine the causal effect
of state HPV vaccine school requirements. Instead, the existing work on these policies in the
public health literature is largely based on correlational comparisons. Perhaps most related to this
project, Ko et al. (2020) used the 2017 NIS-Teen to compare HPV vaccine initiation rates in
areas with HPV vaccine school requirements (DC, Virginia, and Rhode Island) to non-treated
areas. The authors then used the 2008-2017 NIS-Teen to perform a difference-in-differences

style analysis.

While the Ko et al. (2020) documented a positive association between DC’s HPV vaccine
school requirement and vaccination, the authors simply compared the change in DC’s
vaccination rate after the 2014 school vaccine requirement to the change experienced by a
composite region generated from Delaware, Maryland, Pennsylvania, and West Virginia. While
geographically proximate, these states differ considerably from DC in terms of demographic
composition and economic characteristics. While the authors compared the pre-policy averages
to the post-policy averages, they did not probe whether their result could be attributable to a pre-
existing trend in vaccination. Nor did they control for time-varying state level policies—such as

DC’s grant to promote HPV vaccination— which could bias their estimate upwards. Finally, the
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authors did not adjust their standard errors to account for the fact that there was only one treated

unit in each analysis.

Thompson et al. (2018) examined the relationship between Rhode Island’s 2015 HPV
vaccine school requirement and parental-reported vaccination using the 2010-2016 NIS-Teen
data. Though the school requirement applied to both males and females, the authors utilized a
triple-difference style specification and found that parents of teen boys were 11 percentage
points more likely to report that their sons were vaccinated against HPV. The use of parental-
reported immunization data may be problematic if the school requirement changed the
probability that a parent reported that the child has been vaccinated without actually changing
vaccination. For one, parents may be more inclined to lie about an unvaccinated teen’s
immunization status if they know that the child should have been vaccinated. Alternatively,
parents may forget which vaccines their child has received. In order to guard against these
possibilities, the NIS-Teen also contains provider-verified immunization data. However,

Thompson et al. (2018) did not utilize these data.

With so few states requiring HPV vaccination, researchers have explored the efficacy of a
variety of other policies which may improve coverage. Lipton and Decker (2015) used the 2008-
2012 National Health Interview Survey to show that the Affordable Care Act’s dependent
coverage provision increased the probability that a 19- to 25-year-old woman was vaccinated for
HPV by 8 percentage points compared to a control group of 18- and 26-year-olds. Churchill
(2020) found that ACA Medicaid expansions were associated with increased Medicaid coverage
and HPV vaccination for both teen boys and teen girls, with effects being most pronounced for

poorer teens, non-white teens, and teens whose mothers lacked college degrees. Because these
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teens’ Medicaid eligibility would not have directly been affected by the ACA, he argued that

these effects were attributable to positive spillovers from expanded parental coverage.

Other research has shown the important role of physician contact in vaccination.
Carpenter and Lawler (2019) found that middle school Tdap booster requirements increased
HPV vaccination by 4-5 percentage points. Because the Tdap booster and HPV vaccine are both
recommended for 11- to 12-year-olds (CDC 2020a), the authors argued that the effect was due to
Tdap booster requirements increasing age-appropriate teens’ contact with vaccine providers.
This pattern is consistent with Moghtaderi and Adams (2016), who found that respondents in the
NIS-Teen who were more likely to encounter physicians for reasons aside from vaccination—
such as for mandatory wellness checks or previous asthma diagnoses—were also more likely to

receive the HPV vaccine.

3. DATA & METHODOLOGY

In this section, | describe the specifics of the NIS-Teen data. | show descriptively that the share
of DC teens vaccinated against HPV increased dramatically concurrent with the 2014 HPV
vaccine school requirement. The average vaccination rate in all other states was unchanged. |
then describe my two empirical strategies intended to test whether this is a causal effect—
difference-in-differences and synthetic control. Because | have a single treated state, | cannot
appeal to traditional methods of statistical inference. Instead, I discuss how I conduct inference

using a series of placebo tests.

3.1 Data: National Immunization Survey-Teen
| obtain information on HPV vaccination from the 2008-2018 National Immunization Survey

(NIS)-Teen which contains individual-level provider-verified state-representative vaccination
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data on teenagers ages 13-17. The NIS-Teen is administered by the Centers for Disease Control
and Prevention (CDC) in two parts. First, the CDC uses telephone surveys to collect
demographic information about eligible teens and their parents and guardians. Survey
interviewers ask parents which vaccines their teen has received, and whether they may contact
the vaccine provider(s). As a follow-up, paper questionnaires are mailed to each provider to
obtain provider-verified information on each vaccination, including the number of doses and
dates of administration. In order to guard against the possibility that DC’s HPV vaccine school
requirement changed the probability that parents reported vaccination without actually affecting

vaccine take-up, I utilize the provider-verified immunization data.

I show in Figure 2 that DC and the rest of the United States had similar rates of HPV
vaccination prior to 2014. In 2013, 26 percent of DC teens had completed the HPV vaccine,
which was identical to the average vaccination rate throughout the rest of the US. Indeed, DC
had the 22" highest vaccine completion rate during this year. By 2018, the share of teens
vaccinated against HPV was nearly 20 percentage points higher in DC than the rest of the
country (74 percent vs. 55 percent), and DC had the second highest vaccination rate in the entire
US.8 This is also reflected in the averages over these respective periods. | show in Table 2 that
the average HPV vaccine completion rate was 17 percent for both DC and the rest of the country
during the 2008-2013 period (columns 2 and 5 row 1), and only around 30 percent of teens had
received at least one dose of the vaccine (columns 2 and 5 row 2). Throughout the post-period,

the average vaccination rate was considerably higher in DC (columns 3 and 6 row 1).

® Rhode Island, Delaware, Connecticut, Maine, New York, New Mexico, Vermont, Pennsylvania, California, North
Carolina, New Hampshire, Nebraska, Arizona, Louisiana, Massachusetts, Washington, lowa, Texas, West Virginia,
Oklahoma, and Oregon all had higher vaccination rates in 2013. By 2018, only Rhode Island had a higher rate of
vaccine completion. As mentioned previously, Rhode Island adopted a HPV vaccine school requirement in 2015.
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It is worth noting that DC experienced a demographic change throughout this period.
From 2008-2013, over 70 percent of teens identified as black (column 2 row 11). In the post-
period, 66 percent of DC teens identified as black (column 3 row 11). At the same time, the share
of teens whose mothers lacked a high school degree fell (18 percent vs. 13 percent) and the share
living in households earning less than $20,000 a year fell (31 percent vs. 25 percent). To the
extent that white teens, teens with more educated mothers, and wealthier teens were more likely
to receive the HPV vaccine, it is possible that these composition changes could bias my

estimates.

I show in Figure A2 that the changes in DC’s demographic composition did not occur
concurrent with the school HPV requirement, and were instead part of a smooth trend over the
sample period. Additionally, while white teens in DC were more likely to have completed the
HPV vaccine than non-white teens during the pre-period (26 percent vs. 15 percent), throughout
the rest of the country white teens had a lower vaccination rate (27 percent vs. 34 percent). As
such, it is unclear how DC’s changing demographics would bias the overall effect of the policy.
However, | repeatedly stratify the sample by observable characteristics to test whether the

relationship between the school requirement and vaccination was present for all groups.

3.2 Methodology: Difference-in-Differences with Randomization Inference
While the descriptive statistics in Figure 2 indicate an increase in DC’s HPV vaccination rate
after the school requirement was implemented in 2014, | formally test this relationship using the

following linear probability model:

VACCis= o+ B-1{s=DC}-1{t > 2014} + X’isty + B’std + 0s + 11 + &ist )
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where VACC is an indicator for whether the teen, i, in state, s, was fully vaccinated against HPV
in year t. The coefficient of interest, B, measures how much more likely a teen in DC was to be

vaccinated against HPV after the implementation of the 2014 school HPV vaccine requirement.

To account for the fact that DC’s demographic composition was changing throughout the
sample period in a way that may have been correlated with vaccination, | include a vector of
individual-level characteristics, X. These includes indicators for the teen’s sex (male, with
female omitted), the teen’s age (13, 14, 15, 16, with 17 omitted), the teen’s grade level (6-8"M 9-
12™ high school graduate, with “unenrolled” omitted), and the teen’s race/ethnicity (white,
black, Hispanic, with “other” omitted). The vector also includes indicators for mother’s age (<
34, 35-44, with 45+ omitted), mother’s educational attainment (less than high school, high
school graduate, some college, with college omitted), and household income (less than $20K,

$20-30K, $30-40K, $40-50K, with $50K+ omitted).

| account for state-level time-varying characteristics related to HPV vaccination. The
vector B includes indicators for policies linked to HPV vaccination, including Tdap and
meningococcal vaccine school requirements (Carpenter and Lawler 2019) and the ACA
Medicaid expansion (Churchill 2020). In order to account for DC’s vaccine promotion campaign
(American Academy of Pediatrics DC Chapter 2015), I include the real value of CDC grants
issued per person that year for HPV vaccination.” Finally, I include time-invariant state fixed

effects, 0, and location-invariant year fixed effects, t.

" Twenty three states received a grant from the CDC related to HPV vaccination during the sample period.
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In order to conduct inference, I employ the variant of Fisher’s (1935) permutation test
used by Buchmueller, DiNardo, and Valleta (2011) and Cunningham and Shah (2018).8 First, |
estimate equation (1) an additional 50 times iteratively assuming that each of the control states
was treated in 2014. | then compare the P for the actual 2014 DC treatment to the placebo
distribution. In order to achieve 10 percent statistical significance using a two-tailed test, DC’s
coefficient must be larger (or smaller) than all but two states. Similarly, 5 percent statistical
significance requires the coefficient to be at the top of the placebo distribution. As such, this is a

demanding statistical test.

If I am to interpret B as the causal effect of DC’s school HPV vaccine requirement on
vaccination, I must assume that vaccine coverage would have evolved similarly to the rest of the
United States had it not been for the mandate. While this assumption is fundamentally untestable,
| am able to explore whether vaccination was trending differently from the rest of the country

prior to the implementation of the requirement using the following event study framework:

VACCis= .+ 5798, o013 B-1{s=DC}1{t =j} + X’isey + B’std + 05 + 10 + s )

where Bl is allowed to vary with each year. For ease of comparison | use 2013—the year prior to
the mandate—as the reference year. Equation (2) allows me to test or parallel trends in the pre-
period and capture whether the relationship between DC’s school requirement and immunization

varied over time.

As with equation (1), traditional methods of inference are invalid. Instead of testing

whether the pre- and post-implementation coefficients are different from zero (and each other), |

8 With the traditional “clustering” framework, the underlying assumption necessary for the asymptotic
approximations is that the number of individuals within a state grows larger. This assumption is not satisfied with
one treated state.
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again follow Cunningham and Shah (2018) and estimate equation (2) an additional 50 times
assuming that each state is treated. | then use these placebo estimates to generate 95 percent
confidence intervals for each B!. This procedure allows me to compare whether the estimated
coefficients are significantly different from those obtained randomly through treatment
permutations. As | will show in the results section, the interpretation of this event study
specification differs from that typically seen in empirical work. To interpret the school
requirement as having a causal effect on immunization, the estimated coefficients should be near
zero and bounded within the 95 percent confidence intervals during the pre-period. In the post-

period, the estimated coefficients should exceed the placebo-generated confidence intervals.

3.3 Methodology: Synthetic Control Analysis

| also explore the robustness of the estimates to examining the relationship in a synthetic control
framework (Abadie and Gardeazabal 2003; Abadie et al. 2010), which is intended to alleviate
concerns that the rest of the US is not necessarily an appropriate control for DC. First, |
aggregate the variables of interest to the state-year-level. I then construct a “Synthetic DC” from
the subset of the control states that best approximates DC’s HPV vaccination rates in the pre-
school requirement period. This Synthetic DC serves as the counterfactual for how the

vaccination rate would have evolved in absence of the school requirement.

The synthetic counterfactual is constructed by assigning non-negative weights to the 50
potential donor states to minimize equation (3):
(VACCpc — VACCscW)’V (VACCpc — VACCscW) 3)
where VACCpcis a (K x 1) vector of outcome variables from the pre-period, VACCscis a (K x
J) matrix of the same variables for every other state, W is a (J x 1) vector of weights that sum to

1, and the diagonal matrix V contains the “importance weights” assigned to each variable in
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VACC. I construct synthetic DC by matching on three lagged values of the dependent variable
(2009, 2011, and 2013), though I show in the appendix that the results are robust to choosing

alternative years or simply matching on the average vaccination rate from 2008-2013.

| again conduct inference using a placebo-technique. Following Abadie et al. (2010), |
apply the treatment year to all 51 sample units (DC + 50 donor states) and use equation (3) to
estimate an effect for each unit (the true effect + 50 placebo effects). | then calculate the ratio of
the pre-period root mean squared prediction error (RMSPE) to the post-period RMSPE. If this
value is large for DC, it indicates that the estimation strategy produced a good fit in the pre-
period but was unable to fit the model in the post-period. To construct a p-value, I consider DC’s

rank in the distribution of these calculations.

4. RESULTS

In this section, I show that DC’s 2014 HPV vaccine school requirement led to a large increase in
the probability that a teen was vaccinated against HPV. Using an event study specification, |
show that this relationship was not driven by a pre-existing trend in immunization. Instead, the
pre-period coefficients are small and within the placebo distributions, while the post-period
coefficients are larger than would be expected by chance. | also document an increase in HPV
vaccine initiation and a reduction in the probability that parents of teens not vaccinated within
the subsequent 12 months attribute this choice to safety concerns. Instead, they appeared more
likely to cite an opposition to vaccination, suggesting that these mandates are binding for those
who were previously not vaccinating out of safety concerns. Finally, | show that this pattern is

robust to utilizing a synthetic control framework.
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4.1 Vaccine Completion

| first show in Figure 3 that DC teens were approximately 20 percentage points more likely to be
fully vaccinated against HPV after the school vaccine requirement was enacted. The estimated
effect size is well outside of the 95 percent confidence interval constructed from the placebo
distribution. Indeed, it is over twice the size of the largest placebo coefficient (0.21 vs. 0.10) and
is large both in terms of absolute magnitude and as a change from the pre-period mean. In the
years prior to DC’s school HPV vaccine requirement, only 17 percent of students were fully

vaccinated against HPV, and only 26 percent were vaccinated as of 2013.°

Next, | use the event study specification from equation (2) to test whether HPV
vaccination was trending differentially in DC prior to the school requirement. | show in Figure 4
that DC teens were no more likely to be vaccinated against HPV than their counterparts
throughout the rest of the US. Indeed, the pre-period coefficients are all small and within the 95
percent confidence interval obtained from each year’s placebo distribution. However, after the
requirement was implemented in 2014, the probability that a DC teen was vaccinated against
HPV increased by approximately 20 percentage points. Each of the coefficients from the post-
period is outside of the placebo distribution, indicating that these increases are unlikely to be

attributable to chance.

® As mentioned previously, the number of doses required for full coverage changed from 3 shots to 2 shots in late
2016. In Table A1, I show that my estimate is robust to restricting the sample to years 2008-2016 (column 1), and to
recoding the complete coverage indicator as requiring 3 shots for the full sample period (column 2). Additionally,
the NIS-Teen moved from being a landline phone survey to including cellphone respondents in 2011, and the survey
underwent a redesign in 2014. In order to be driving my estimate, it would have to be that the sample changes were
correlated with the probability that a DC teen’s provider reported that s/he had been vaccinated against HPV. In
order to alleviate concerns about this possibility, | show that my estimate is robust to whether I utilize the sample
weights (column 3). | also show that the estimate is robust to dropping 2013 (column 4) when some teens may have
begun vaccinating in anticipation of the 2014 requirement, and the estimate is robust to only controlling for state and
year fixed effects (column 5).
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The prior two figures indicate that DC’s HPV coverage increased in response to the
school vaccine requirement. Because of the 2009 policy, it is possible that the 2014 policy
change was less salient for teen girls. Accordingly, | test whether the relationship between the
2014 HPV vaccine requirement and vaccine completion varied by sex. While | estimate a smaller
point estimate for teen girls than for teen boys, I find large increases in HPV vaccination for both
groups. In Figure 5, I show that the 2014 HPV vaccine school requirement was associated with a
20 percentage point increase in vaccination for teen girls (Panel A) and a 25 percentage point
increase for teen boys (Panel B). The event study estimates, presented in Figure A3, show that
the increase in HPV vaccination was limited to the post-period for both teen girls and boys.
Moreover, using a triple-difference specification in Table A2, | cannot reject the null hypothesis

that the increase is identical for both teen girls and teen boys.*°

| also test for potential heterogeneity by grade level, race/ethnicity, and mother’s
educational attainment. In Table 3, | show that 6-8" grade teens (column 1) and 9-12'" grade
teens (column 2) both experienced similar increases in the probability of completing the HPV
vaccine. Because DC’s racial composition changed throughout my sample period, it is possible
that my estimates are attributable to an influx of white teens who were already more likely to be
vaccinated against HPV than their non-white counterparts. | do not find evidence to support this
possibility. While it is true that white teens in DC were more likely to be vaccinated against HPV
than non-white teens in the pre-period (26 percent vs. 15 percent), | document an 18 percentage

point increase in vaccination for both groups (columns 3 and 4).

10 Again, I conduct inference by estimating the specification using 50 placebo tests. | then compare the triple-
difference coefficient of interest from the true specification to the distribution of these coefficients obtained from the
placebo estimates.

20



I do not find evidence that the estimated increase in HPV vaccination is due to a rise in
the share of teens with college educated mothers. It is true that teens whose mothers lacked
college degrees were less likely than those with more educated mothers to have been vaccinated
against HPV in the pre-period (14 percent vs. 22 percent). However, | find a larger increase in
both absolute magnitude and as a percentage change for teens with less educated mothers
(column 5) compared to those whose mothers had college degrees (column 6). Using a triple-

difference specification, I show in Table A2 that this is a statistically significant difference.

4.2 Vaccine Initiation

In the prior section, I showed that DC’s 2014 HPV vaccine school requirement led to a large
increase in the probability that a teen was fully vaccinated against HPV. | next explore whether
the requirement increased the probability that a teen received any shots of the vaccine. This
measure is important because medical research indicates that even a single shot offers
considerable protection from HPV (Kreimer et al. 2020). Consistent with the prior estimates, |
show in Figure 6 that the school requirement was associated with a nearly 20 percentage point
increase in the probability that a DC teen initiated the HPV vaccine. The point estimate is well
outside of the placebo distribution and over 2.5 times larger than the largest placebo estimate
(0.18 vs 0.07). In Figure 7, | show that the probability of vaccine initiation was near zero and
within the placebo distribution during the pre-period and that it jumped by approximately 20

percentage points in the post-period.

| next test whether the relationship between the school requirement and vaccine initiation
varied by sex. In Table 4, I find that the school requirement was associated with a 12 percentage

point increase in HPV vaccine initiation for teen girls (column 1) and a 25 percentage point
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increase for teen boys (column 2).1! In Figure A4, | use the event study specification from
equation (2) to show that the probabilities of vaccine initiation were within the placebo
distributions during the pre-period for both girls and boys. These probabilities then rose and

became statistically significant in the post-period.*?

It is perhaps surprising that the relationship between the school requirement and vaccine
initiation varied by sex, while the HPV vaccine school requirement’s relationship with vaccine
completion statistically equivalent for teen girls and teen boys. This difference suggests that the
school requirement induced teen boys to both initiate and complete the vaccine. Meanwhile, it
induced a smaller number of teen girls to initiate the vaccine, while also encouraging girls who
had previously initiated vaccination to complete the vaccine series. In support of this
explanation, I find that the school requirement reduced the probability that a teen girl had
initiated but not yet completed vaccination (column 3); the comparable point estimate for teen

boys is small and statistically insignificant (column 4).

To further explore the sex-specific differences in how the 2014 requirement affected
vaccine initiation and completion, | test whether the policy changed the amount of time it took a

teen initiating the vaccine to receive the full vaccine series.!® Because teen girls were bound by

11 show in Table A3 that this is a statistically significant difference using the triple-difference estimation and
inference strategy discussed in footnote 11.

12| test the robustness of the estimates obtained by Thompson et al. (2018) to using (i) provider-verified
immunization data, (ii) a traditional difference-in-differences specification, and (iii) proper methods of statistical
inference. Identical to the authors, | show in Table A4 that the coefficient on the interaction term between the school
requirement indicator and the male indicator is 0.11 (column 1) when using parental-reported vaccination. However,
this same specification with provider-verified data produces an estimate that is 80 percent smaller and statistically
insignificant (column 4). | also show that the estimate is smaller and statistically insignificant in a traditional
difference-in-differences setting—regardless of whether | use the parental-reported or provider-verified vaccination
data. Therefore, the estimate appears an artifact of both the data choice and estimation strategy. This sensitivity is
perhaps unsurprising—76 percent of Rhode Island teen girls and 70 percent of Rhode Island teen boys had initiated
the HPV vaccine prior to the school requirement.

13 In order to gauge the amount of time it took to complete the vaccine, | compare the age at which teens received
the first shot to the age at which they received the final shot (the third shot prior to 2016 and the second shot
thereafter). Because the shots are intended to be given within 6-12 months of each other, | consider a teen as having
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the initial requirement and teen boys were not, the characteristics of girls and boys receiving the
vaccine prior to 2014 likely differed. While teen girls had to vaccinate or opt-out, parents who
vaccinated teen boys may have more highly prioritized HPV immunization. During the pre-
period, only 63 percent of teen girls in DC completed the vaccine within one year of initiation
compared to 98 percent of teen boys. Accordingly, | find that teen girls were 18 percentage
points more likely to complete vaccination within two years of initiation after the 2014 school
requirement (column 5). In contrast, | find a marginally significant reduction in the probability
that teen boys were fully vaccinated within the recommended timeframe (column 6). This latter
result is consistent with the requirement inducing teen boys whose parents attached a smaller

importance to immunization.

In Table 5, I further explore potential heterogeneity in vaccine initiation by grade level,
race/ethnicity, and mother’s educational attainment. These estimates are consistent with those
regarding HPV vaccine completion. I find an approximate 20 percentage point increase in
vaccine initiation for 6-8™ graders (column 1) and 9-12" graders (column 2). 1 also find similar
increases for both white (column 3) and non-white teens (column 4). Finally, I find a larger
increase in vaccine initiation for teens whose mothers lacked a college degree (column 5)
compared to those whose mothers had a college degree (column 6). In Table A3, | show that this

difference is statistically significant.

received the full dose in the appropriate time frame if the final shot was administered at the same age or within one
year. Unfortunately, | do not have information on the exact date of administration.

As an example, a teen receiving the first shot at 14 would need to have completed the vaccine by 15 to be classified
as receiving it within the necessary time frame. Because the number of shots needed for complete vaccination was
adjusted from 3 shots to 2 shots in November of 2016 (Meites, Kempe, and Markowitz 2016), | restrict the sample
period to 2008-2016 and replicate all of the results from Table 4 in Table A5. The results are robust to this
restriction, indicating that they are not being driven by a change in the number of doses needed to be considered
fully vaccinated.
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4.3 Physician Recommendations & Vaccination Intentions

I next explore whether the HPV vaccine school requirement increased vaccination by improving
awareness about the HPV. It is possible that those opting to vaccinate were previously unaware
of the HPV vaccine. Alternatively, these teens (and their parents) may have known about the
vaccine but thought it unimportant. In Table 6, | find that parents in the post-period were 8
percentage points more likely to say that a health care provider had recommended the HPV
vaccine to their teen (column 1). This suggests that some physicians would not recommend
vaccination in absence of the school requirement. In a survey of physicians, Gilkey et al. (2015)
found that 26 (39) percent of respondents reported that they did not deliver timely
recommendations about the HPV vaccine, 27 percent did not strongly endorse HPV vaccination,
and 32 percent reported that discussing sexually transmitted infections made conversations about
the vaccine uncomfortable. However, the estimated 8 percentage point increase in HPV vaccine
recommendations is smaller than the 12-25 percentage point increase in HPV vaccine initiation,
which indicates that some of the teens induced to vaccinate by the school requirement had

previously been recommended the vaccine.

Since 2010, the NIS-Teen has asked parents whether their child would receive the HPV
vaccine with 12 months of the interview date. In Figure 8, I show that the share answering “yes”
was trending similarly in DC and the rest of the country in the pre-school requirement period and
then jumped by 23 percentage points in DC concurrent with the school requirement.
Interestingly, I also find that the share answering “yes” fell in DC in 2015, suggesting that part of
the 2014 increase was due to teens needing vaccinated to comply with the requirement.

Consistent with these descriptive statistics, | show in Table 6 that parents were 17 percentage
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points more likely to report an intention to have their child vaccinated during the subsequent 12

months (column 2).14

Finally, I examine whether parents were more likely to report that their child had been
vaccinated for HPV. Notably, | have both parental reported vaccination and provider-verified
immunization for these teens. Prior to the school requirement, the share of parents who report
that their child has received the HPV vaccine is similar to provider-verified information on
vaccine initiation (34 percent vs. 35 percent). These numbers diverge in the post-period. After
2014, 74 percent of parents reported that their child had been received the HPV vaccine, while
the provider-verified information shows that 81 percent had received the shot. Accordingly, in
Table 6 | show that parents were 13 percentage points more likely to report that their child had
initiated the HPV vaccine (column 3). While still a sizable increase, this effect is nearly one-third
smaller than the estimated increase using the provider-verified data. One explanation is that some
parents have their child immunized for school without fully knowing what specific vaccines the

child is receiving.

4.4 Robustness to Synthetic Control Strategy
In this section, | test the robustness of my estimates to the synthetic control identification

strategy proposed by Abadie and Gardeazabal (2003) and Abadie et al. (2010). Rather than use

14 In Table AG, | examine the top 5 reasons given for why parents will not have the child vaccinated against HPV in
the subsequent 12 months. The point estimate suggests that parents opting not to vaccinate were 5.5 percentage
points more likely to state that they did not believe that the HPV vaccine was needed (column 1), though the
estimate is statistically insignificant. At the same time, these parents were almost 10 percentage points less likely to
cite safety concerns about the vaccine as their reason for not vaccinating (column 3). Similarly, the point estimates
indicate reductions in the probabilities of attributing the decision to a lack of knowledge about the vaccine (column
4), as well as a lack of recommendation (column 5). Overall, Table A6 suggests that the HPV vaccine school
requirement changed the composition of parents opting to leave the child unvaccinated. These parents were more
likely to believe that the vaccine was not needed. This suggests that the parents bound by the school requirement
were those who had previously had safety concerns or been unaware of the vaccine. As | show in Figure A1, parents
opting out of vaccination had to acknowledge reading information about the safety and efficacy of the HPV vaccine.
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the rest of the US as a control group, I instead select a weighted combination of states which best
matches DC’s vaccination rate in the pre-period. In this case, every state contributes a positive
weight to constructing “Synthetic DC,” and I report the exact breakdown in Table A7. As shown
in Figure 9, Synthetic DC matches DC’s HPV vaccination rate in the pre-period.*® However, the
two series diverge considerably in the post-requirement period. On average, there is a 20

percentage point difference between DC and Synthetic DC in the post-period.®

In order to test whether the 20 percentage point difference is statistically significant, I run
the placebo tests proposed by Abadie et al. (2010). I plot the true effect, as well as the 50 placebo
effects, in Figure 10. Consistent with the difference-in-differences estimates from the prior
sections, | find that the estimated increase in HPV vaccination experienced by DC is larger than
all of the placebo treatment effects. The corresponding p-values for each post-period are shown
in Figure A5, and I reject the null hypothesis that the post-requirement estimates are jointly equal
to zero (p<0.01). As such, both estimation strategies indicate that DC’s HPV vaccine school

requirement was associated with a large and statistically significant increase in vaccination.

5. DISCUSSION

Throughout this paper, I have shown that Washington, DC’s 2014 HPV vaccine school
requirement increased the probability that a teen was vaccinated against HPV by nearly 20
percentage points. Only 28 percent of DC teens had completed the HPV vaccine in 2013, so the
estimated effect is large in both absolute magnitude and as a percentage change from the pre-

period level. Using an event study specification, | show that this increase was not due to pre-

15 The pre-period root mean squared prediction error—the metric used to judge the quality of the match—is 0.72

16 | report the exact post-period coefficients in Table A8. In Table A9, | show that the estimates are robust to
constructing the synthetic control by matching on the average vaccination rate from 2008-2013. | show in Table A10
that the results are robust to constructing the synthetic control by matching on lagged values from years 2008, 2010,
and 2012.
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existing trends in the probability of vaccination, and a series of permutation placebo tests show
that these increases were far larger than one would expect to obtain by chance. A synthetic
control framework also supports these conclusions.

During my 2008-2018 sample period, DC’s demographic composition changed
considerably. The share of non-white teens fell by 10 percentage points, while the share of teens
with college educated mothers rose by 12 percentage points. Critically, though, | show that my
estimates are in fact larger for non-white teens and those whose mothers lacked college degrees,
indicating that the estimated increase was not due to an influx of teens who were more likely to
be vaccinated. | also show that while teen girls and boys experienced similar increases in the
probability of completing the HPV vaccine, the point estimate for HPV vaccine initiation was
larger for boys than girls. This pattern suggests that the school requirement induced some teen
girls who had previously initiated vaccination to finish the vaccine series. Indeed, | find that the
2014 HPV vaccine school requirement was associated with a reduction in the probability that a
teen girl initiated and had not finished the vaccine series, as well as an increase in the probability
that teen girls completed the vaccine series within the recommended timeframe.

Overall, my results indicate that how school vaccine requirements are implemented is as
important as the mandate itself. With the exception of those girls entering sixth grade in 2014, all
of the girls in my sample had already been bound by the 2009 HPV vaccine requirement. As
such, the 2014 requirement’s saliency should have been limited; these girls were already
supposed to be vaccinated. However, expanding the requirement to older teen girls and requiring
an annual opt-out offered public health officials another chance to encourage vaccination.
Because | find that the annual requirement resulted in a 12 percentage point increase in HPV

vaccine initiation, it is possible that parents who were uncomfortable vaccinating their middle
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school daughters against an STI were more comfortable once the girls had entered high school.
However, | also found an increase in HPV vaccine completion for teen girls which could not be
fully explained by increased vaccine initiation. This suggests that giving policymakers a “second
bite at the apple” may be especially important for vaccines requiring multiple doses over longer
periods of time, such as the meningococcal vaccine.

In order to conceptualize the economic and public health benefits of the HPV vaccine
school requirement, it is worthwhile to consider how many cases of cancer this policy change
may have prevented. The American Cancer Society (2020a) indicates that the lifetime risk of
developing cervical cancer is 0.63 percent, and the CDC (2020b) estimates that HPV may be
responsible for more than 90 percent of these cancers. Similarly, the lifetime risk of
oropharyngeal cancer is 1.66 percent for men and 0.71 percent for women, and approximately 70
percent of oropharyngeal cancers may be linked to HPV.

In 2018, there were 33,614 students enrolled in public or public charter schools in
Washington, DC (DC Office of the State Superintendent of Education 2018). My estimates
indicate that the 2014 HPV vaccine school requirement induced 4,235 boys (33,614x0.5x0.252)
and 2,084 girls (33,614x0.5x0.124) to vaccinate. This amounts to 12 fewer cases of cervical
cancer (2,084x0.0063%0.9) and 60 fewer cases of oropharyngeal cancer
(2,084x0.0071%0.7+4,235%0.0166%0.7) for students enrolled in Washington, DC public schools
during the 2017/2018 academic year. Similar calculations imply 245 fewer cases of anal cancer.
Because the mandate also applied to students in private and parochial schools, these reductions
may be viewed as a lower bound.

While important for policymakers, generalizing these estimates to the US as a whole

requires caution. For one, the HPV vaccine initiation rate in the US in 2018 was higher than
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Washington, DC’s initiation rate immediately prior to the policy change (68 percent vs. 62
percent). Moreover, vaccine initiation rates between girls and boys have converged. In 2018, 70
percent of girls and 67 percent of boys had received at least one shot of the HPV vaccine. As a
result, school requirements may no longer induce larger increases in take-up for teen boys than
teen girls. Yet even subject to these caveats, considering how these estimates could generalize is
a useful exercise. There are 30 million 6-12" grade students in the US (National Center for
Education Statistics 2018). Applying my most conservative estimated increase in vaccine
initiation (12.4 percentage points) still yields 3.72 million more vaccinated students and almost
11,000 fewer cases of cervical cancer. Every year, there are 13,800 new diagnosed cases of
cervical cancer (American Cancer Society 2020b). As such, even an increase in HPV vaccine
take-up one-tenth the size experienced by Washington, DC would provide dramatic public health
benefits.

Of course, this study is not without limitations. For one, conclusions drawn from DC may
not easily generalize to the rest of the country. Nearly 80 percent of DC teens are non-white, the
entire city spans less than 70 square miles, and DC has a centralized Department of Public
Health and State Board of Education. However, it is worth noting that all 50 states require at
least some vaccinations for school entry (Schwartz and Easterling 2015), indicating that the
logistical hurdles of an HPV vaccine school requirement in these places are hardly
insurmountable. An additional concern common to all single-state policy evaluations is the
possibility that my estimates are driven by an unaccounted-for variable which changed
concurrently with the school requirement, though I have controlled for several known policies
known to affect vaccine take-up. Nor have | considered the potential moral hazard associated

with receiving the HPV vaccine, such as changes in preventative cancer screenings later in life.
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Finally, because the gains from HPV vaccination may not be realized for several decades, | am
unable to directly study the relationship between the school vaccine requirement and morbidity.
Developing strategies to identify this latter relationship remains an important area for future

research.
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Figure 1:

The share of teen girls in Washington, DC vaccinated against HPV increased

concurrent with both the 2009 HPV vaccine middle school requirement, as well as the 2014
policy which required those not vaccinating to opt-out annually
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Source: National Immunization Survey—Teen 2008-2018
Note: The figure plots the share of DC teen girls receiving at least one dose of the HPV vaccine (solid

black line)

and the share fully vaccinated against HPV (dashed yellow line). A full dose of the HPV

vaccine was 3 shots between 2008 and 2016, while it was changed to only 2 shots beginning in 2017.

Beginning

with the 2009/2010 academic year, sixth grade girls were required to be vaccinated or

submit a one-time opt-out form. Beginning in 2014, the requirement was extended to include all
students 6-12" grade and those not vaccinating had to opt-out annually. The statistics were obtained
by utilizing the sample weights.
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Figure 2: HPV vaccination rates were trending similarly in Washington, DC, and the rest of
the country prior to the school vaccine requirement and diverged in the post-requirement
period
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Source: National Immunization Survey—Teen 2008-2018

Note: The figure plots the share of teens fully vaccinated against HPV in Washington, DC (solid
black line) and the rest of the country (dashed yellow line). A full dose of the HPV vaccine was 3
shots between 2008 and 2016, while it was changed to only 2 shots beginning in 2017. The statistics
were obtained by utilizing the sample weights.
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Figure 3: The difference-in-differences point estimate relating Washington, DC’s 2014 HPV
vaccine school requirement to the HPV vaccine coverage is larger than all of the placebo
coefficients
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Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable is an indicator for having been fully vaccinated against HPV (3 doses
prior to 2017 and 2 doses thereafter). The independent variable of interest is an indicator for
Washington, DC’s HPV vaccine school requirement. The regression equation also controls for the
teen’s sex (male, with female omitted), age (14, 15, 16, 17, with 13 omitted), grade level (6-8" grade,
9-12" grade, high school graduate, with “not enrolled” omitted), and race/ethnicity (white, black,
Hispanic, with “other” omitted). The specification also controls for mother’s education (less than
high school, high school diploma, some college, with college degree omitted), mother’s age (at most
34, 35-44, with 45+ omitted), household income (less than $20K, $20-30K, $30-40K, $40-50K, with
$50K+ omitted), the presence of a school Tdap vaccination requirement, the presence of a school
meningococcal vaccine requirement, and the real value of the CDC grants awarded per person for
HPV vaccination during that year. Finally, it includes time-invariant state fixed effects and location-
invariant year fixed effects. In order to perform inference, the specification is re-estimated 50 times
to obtain placebo coefficients. The solid black line is the estimated effect for Washington, DC, while
the yellow bars indicate the distribution of the placebo coefficients. The dashed lines denote the 95
percent confidence intervals of the distribution. When the black line is within the confidence interval,
the estimate was likely to have been obtained by chance. When the black line is outside the confidence
interval, it is unlikely that the estimate was obtained by chance. The estimates utilize the sample
weights.
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Figure 4: The coefficients in the pre-school requirement period are within the placebo
distribution, while the coefficients in the post-period are larger than those obtained through
chance
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Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable is an indicator for having received at least one dose of the HPV vaccine.
The independent variables of interest are indicators for each year—with 2013 omitted) in order to
measure the effect of Washington, DC’s HPV vaccine school requirement. The regression also
includes the full set of controls from Figure 2. In order to perform inference, the specification is re-
estimated 50 times to obtain placebo distributions for each year-indicator. The solid black line is the
estimated effect for Washington, DC, while the yellow dashed lines are the 95 percent confidence
intervals for each year indicator. When the black line is within the confidence intervals, the estimate
was likely to have been obtained by chance. When the black line is outside the confidence interval,
it is unlikely that the estimate was obtained by chance. The estimates utilize the sample weights.
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Figure 5: Washington, DC’s school HPV vaccine requirement was associated with large
increases in HPV vaccination for both teen girls and teen boys
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Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable is an indicator for having been fully vaccinated against HPV (3 doses prior to
2017 and 2 doses thereafter). The independent variable of interest is an indicator for Washington, DC’s HPV
vaccine school requirement. The regression includes the full set of controls from Figure 2. Panel (A) examines
teen girls and panel (B) examines teen boys. In order to perform inference, the specification is re-estimated 50
times to obtain placebo coefficients. The solid black line is the estimated effect for Washington, DC, while the
yellow bars indicate the distribution of the placebo coefficients. The dashed lines denote the 95 percent
confidence intervals of the distribution. When the black line is within the confidence interval, the estimate was
likely to have been obtained by chance. When the black line is outside the confidence interval, it is unlikely
that the estimate was obtained by chance. The estimates utilize the sample weights.
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Figure 6: Washington, DC’s school HPV vaccine requirement was associated with a larger

increase in vaccine initiation than any placebo estimate
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Note: The dependent variable is an indicator for having received at least one dose of the HPV vaccine.
The independent variable of interest is an indicator for Washington, DC’s HPV vaccine school
requirement. The specification includes the full set of controls from Figure 1. In order to perform
inference, the specification is re-estimated 50 times to obtain placebo coefficients. The solid black
line is the estimated effect for Washington, DC, while the yellow bars indicate the distribution of the
placebo coefficients. The dashed lines denote the 95 percent confidence intervals of the distribution.
When the black line is within the confidence interval, the estimate was likely to have been obtained
by chance. When the black line is outside the confidence interval, it is unlikely that the estimate was

obtained by chance. The estimates utilize the sample weights.
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Figure 7: The event study coefficients for HPV vaccine initiation are only larger than one
would expect to obtain from chance in the post-school requirement period

Event Study for HPV Vaccine Initiation
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Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable is an indicator for having received at least one dose of the HPV vaccine.
The independent variables of interest are indicators for each year—with 2013 omitted) in order to
measure the effect of Washington, DC’s HPV vaccine school requirement. The specification includes
the full set of controls from Figure 1. In order to perform inference, the specification is re-estimated
50 times to obtain placebo distributions for each year-indicator. The solid black line is the estimated
effect for Washington, DC, while the yellow dashed lines are the 95 percent confidence intervals for
each year indicator. When the black line is within the confidence interval, the estimate was likely to
have been obtained by chance. When the black line is outside the confidence interval, it is unlikely
that the estimate was obtained by chance. The estimates utilize the sample weights.
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Figure 8: Washington, DC saw a large increase in the share of teens whose parents reported
that they would receive the vaccine within 12 months during the year the school requirement
was implemented
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Note: The figure plots the share of teens whose parents report that they will receive the HPV vaccine
during the subsequent 12 months after the interview date in DC (solid black line) and the rest of the
country (dashed yellow line). The statistics were obtained by utilizing the sample weights.

43



Figure 9: Washington, DC experienced a larger increase in HPV vaccination than the
increase of its synthetic counterpart
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Note: The dependent variable is an indicator for having received the full dose of the HPV vaccine (3
shots until 2016 and only 2 shots thereafter). The thicker dark line indicates the growth in HPV
coverage for Washington, DC over the period, while the dashed yellow line indicates the
counterfactual growth for “synthetic Washington, DC” in absence of the 2014 HPV vaccine school
requirement. Synthetic DC is obtained by matching on three lagged values of the dependent variable
in the pre-requirement period (2009, 2011, and 2013). The states which contribute to “Synthetic
Washington, DC are reported in Table A6, and the exact coefficients for the pre- and post-periods
are reported in Table A7. The shares were obtained utilizing the sample weights.
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Figure 10: The estimated increase in HPV vaccination obtained using the synthetic control
method was larger than the placebo increases
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Note: The dependent variable is an indicator for having received the full dose of the HPV vaccine (3
shots until 2016 and only 2 shots thereafter). The thicker dark line is the effect estimated for
Washington, DC using the synthetic control framework which matches only on three lagged values
of the dependent variable (2009, 2011, and 2013). The lighter gray lines are the placebo effects
obtained from repeating this process for the 50 donor states. The states which contribute to “synthetic
Washington, DC” are reported in Table A6 and the inference statistics are reported in Table A7.
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Table 1: Washington, DC’s HPV vaccine school requirement over time

(1) ) (©)
2006-2008 2009-2013 >2014
Females
Vaccine Vaccine
6" Graders No Requirement Required Required or
or Opt-Out Annual Opt-Out

7h-12" Graders

Males

6™ Graders

7h-12" Graders

No Requirement

No Requirement

No Requirement

No Requirement

No Requirement

No Requirement

Vaccine
Required or
Annual Opt-Out

Vaccine
Required or
Annual Opt-Out

Vaccine
Required or
Annual Opt-Out

Note: Beginning with the 2009/2010 school year, sixth grade girls were required to receive the HPV
vaccine or submit a one-time opt-out form. In 2014, the HPV vaccine school requirement was expanded
to include teen boys and older students. Additionally, non-vaccinating students became required to opt-

out annually.
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Table 2: Summary statistics

1) 2) 3) 4) ®) (6)
Washington, DC Remaining US
Overall 2008-2013  2014-2018 Overall 2008-2013 2014-2018
Vaccination
Complete Vaccination 0.360 0.165 0.617 0.282 0.168 0.420
(0.480) (0.371) (0.486) (0.450) (0.374) (0.494)
Vaccine Initiation 0.551 0.353 0.813 0.434 0.297 0.600
(0.497) (0.478) (0.390) (0.496) (0.457) (0.490)
Teen Demographics
Age 14 0.199 0.194 0.207 0.198 0.197 0.199
(0.400) (0.395) (0.405) (0.398) (0.398) (0.399)
Age 15 0.208 0.208 0.207 0.209 0.212 0.205
(0.406) (0.406) (0.406) (0.406) (0.409) (0.404)
Age 16 0.223 0.221 0.225 0.206 0.207 0.204
(0.416) (0.415) (0.418) (0.404) (0.405) (0.403)
Age 17 0.175 0.182 0.167 0.189 0.187 0.191
(0.381) (0.386) (0.373) (0.391) (0.390) (0.393)
6-8" Grade 0.245 0.243 0.249 0.272 0.273 0.272
(0.430) (0.429) (0.432) (0.445) (0.445) (0.445)
9-12" Grade 0.729 0.729 0.729 0.714 0.713 0.715
(0.445) (0.445) (0.445) (0.452) (0.452) (0.451)
HS Graduate 0.016 0.013 0.020 0.010 0.011 0.010
(0.126) (0.114) (0.139) (0.099) (0.102) (0.094)
White 0.157 0.146 0.170 0.561 0.579 0.538
(0.363) (0.353) (0.376) (0.496) (0.494) (0.499)
Black 0.696 0.726 0.656 0.141 0.144 0.138
(0.460) (0.446) (0.475) (0.348) (0.351) (0.345)
Hispanic 0.111 0.096 0.131 0.210 0.198 0.224
(0.314) (0.295) (0.337) (0.407) (0.398) (0.417)
Household Controls
Mother < 34 0.120 0.118 0.123 0.092 0.096 0.087
(0.325) (0.323) (0.329) (0.289) (0.294) (0.282)
Mother 35-44 0.386 0.389 0.383 0.448 0.458 0.437
(0.487) (0.488) (0.486) (0.497) (0.498) (0.496)
Moher < HS 0.155 0.177 0.126 0.128 0.133 0.122
(0.362) (0.382) (0.332) (0.334) (0.340) (0.327)
Mother HS Graduate 0.294 0.306 0.278 0.243 0.259 0.223
(0.456) (0.461) (0.448) (0.429) (0.438) (0.416)
Mother Some College 0.210 0.199 0.225 0.258 0.263 0.252
(0.408) (0.4000 (0.417) (0.437) (0.440) (0.434)
Income < $20K 0.283 0.310 0.247 0.184 0.185 0.182
(0.450) (0.463) (0.431) (0.387) (0.388) (0.386)
Income $20-30K 0.135 0.114 0.163 0.106 0.106 0.106
(0.342) (0.318) (0.369) (0.308) (0.308) (0.307)
Income $30-40K 0.099 0.099 0.099 0.086 0.091 0.080
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Income $40-50K

State-Level Controls

Tdap Requirement
Meningococcal Requirement
ACA Medicaid Expansion

CDC Grant per Person

(0.299)
0.057
(0.231)

1.000
(0.000)
0.892
(0.311)
0.789
(0.408)
2.119
(6.686)

(0.299)
0.058
(0.233)

1.000
(0.000)
0.809
(0.393)
0.629
(0.483)
3.730
(8.527

(0.298)
0.055
(0.229)

1.000
(0.000)
1.000
(0.000)
1.000
(0.000)
4.051
(8.812)

(0.281)
0.076
(0.264)

0.798
(0.401)
0.371
(0.483)
0.317
(0.465)
0.114
(0.465)

(0.288)
0.080
(0.271)

0.639
(0.480)
0.232
(0.422)
0.098
(0.297)
0.058
(0.302)

(0.272)
0.070
(0.255)

0.991
(0.094)
0.538
(0.499)
0.582
(0.493)
0.181
(0.599)

Source: National Immunization Survey-Teen 2008-2018
Note: Summary statistics utilize the sample weights.
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Table 3: Washington, DC’s HPV vaccine school requirement was associated with large increases in HPV vaccine
completion across demographic groups

(1) 2 (3) (4) (5) (6)
Mother Mother
_qgth _1oth -
G?agers C?raldzers White Vltllﬁ?te Lacked had
aBA a BA
DC’s 2014 Mandate 0.205***  0.217*** (0.183*** 0.187*** 0.231*** (0.166***
Placebo 95% CI Lower Bound -0.088 -0.103 -0.079 -0.101 -0.090 -0.088
Placebo 95% CI Upper Bound 0.083 0.078 0.109 0.096 0.069 0.103
DC Mean Pre-Period 0.139 0.172 0.264 0.148 0.141 0.218
Observations 58,252 147 524 136,680 71,660 115,569 92,771

Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable is an indicator for whether the teen has received the full HPV vaccination (3 doses until 2016
and 2 doses in all subsequent years). The independent variable of interest is an indicator for Washington DC’s 2014 HPV
vaccine school mandate. Each estimate is obtained after controlling for time-invariant state fixed effects and location-
invariant year fixed effects, and each column includes the full set of controls from Figure 2. Columns (1) and (2) stratify
the sample by grade level (6-8" and 9-12™, respectively). Columns (3) and (4) stratify the sample by race/ethnicity (white
and non-white, respectively). Columns (5) and (6) stratify the sample by mother’s education (no college degree and college
degree, respectively). The sample period for teen girls is 2008-2018 and for teen boys 2010-2018. In order to perform
inference, the 95 percent confidence intervals are obtained by estimating placebo treatments for each of the other 50 states.
The estimates utilize the sample weights.

***n<0.01, **p<0.05 *p<0.10
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Table 4: Washington, DC’s HPV vaccine school requirement was associated with large increases in HPV vaccine
initiation, as well as a reduction in the probability that a teen girl initiated but did not complete vaccination

1) ) (3) (4) (5) (6)

Complete Vaccination

Vaccine Vaccine Initiation o
- ) ) within 1 Year of
Initiation without Completion N
Initiation
Girls Boys Girls Boys Girls Boys
DC’s 2014 Mandate 0.124***  (0.252*** -0.076***  0.007 0.174***  -0.122*
Placebo 95% CI Lower Bound -0.119 -0.097 -0.049 -0.061 -0.113 -0.124
Placebo 95% CI Upper Bound 0.076 0.110 0.053 0.086 0.090 0.193
DC Mean Pre-Period 0.534 0.265 0.248 0.196 0.633 0.984
Observations 99,555 90,431 99,555 90,431 30,827 17,871

Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable in columns (1) and (2) is an indicator for whether the teen has initiated HPV vaccination (at
least 1 dose). The dependent variable in columns (3) and (4) is an indicator for whether the teen has initiated vaccination but
was not completely vaccinated (1 or 2 doses from 2008-2016 and 1 dose from 2017-2018). The dependent variable in columns
(5) and (6) is an indicator for whether the teen was fully vaccinated within 1 year of vaccine initiation, where the sample is
restricted to those initiating vaccination. The odd numbered columns examine teen girls and the even numbered columns teen
boys. The independent variable of interest is an indicator for Washington DC’s 2014 HPV vaccine school mandate. Each
estimate is obtained after controlling for time-invariant state fixed effects and location-invariant year fixed effects, and each
column includes the full set of controls from Figure 2. The sample period for teen girls is 2008-2018 and for teen boys 2010-
2018. In order to perform inference, the 95 percent confidence intervals are obtained by estimating placebo treatments for
each of the other 50 states. The estimates utilize the sample weights.

***p<0.01, ** p<0.05 *p<0.10
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Table 5: Washington, DC’s HPV vaccine school requirement was associated with large increases in HPV vaccine
initiation across demographic groups

(1) 2) (3) (4) (5) (6)
Mother Mother
_qth _1oth _
G?agers G9 raldzers White VI:l/ﬁ?te Lacked had
a BA aBA
DC’s 2014 Mandate 0.199***  (0.193***  0.170*** 0.166*** 0.194***  (0.170***
Placebo 95% CI Lower Bound -0.086 -0.067 -0.095 -0.087 -0.095 -0.093
Placebo 95% CI Upper Bound 0.117 0.063 0.094 0.077 0.075 0.087
DC Mean Pre-Period 0.354 0.351 0.390 0.346 0.360 0.336
Observations 58,252 147 524 136,680 71,660 115,569 92,771

Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable is an indicator for whether the teen had initiated HPV vaccination (at least 1 dose). The
independent variable of interest is an indicator for Washington DC’s 2014 HPV vaccine school mandate. Each estimate is
obtained after controlling for time-invariant state fixed effects and location-invariant year fixed effects, and each column
includes the full set of controls from Figure 2. Columns (1) and (2) stratify the sample by grade level (6-8" and 9-12",
respectively). Columns (3) and (4) stratify the sample by race/ethnicity (white and non-white, respectively). Columns (5)
and (6) stratify the sample by mother’s education (no college degree and college degree, respectively). The sample period
for teen girls is 2008-2018 and for teen boys 2010-2018. In order to perform inference, the 95 percent confidence intervals
are obtained by estimating placebo treatments for each of the other 50 states. The estimates utilize the sample weights.
***n<0.01,*p<0.05 *p<0.10
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Table 6: Teens in Washington, DC were more likely to have been recommended the HPV
vaccine after the HPV vaccine school requirement was implemented

(1) (2) 3)
. Likely to Parental-
Relz_(lzz\rr/lr\n/:r?g;rt]ieon Vaccinate within ~ Reported HPV
12 Months Vaccination

DC’s 2014 Mandate 0.084** 0.1677*** 0.132***
Placebo 95% CI Lower Bound -0.088 -0.055 -0.107
Placebo 95% CI Upper Bound 0.060 0.104 0.062
DC Mean Pre-Period 0.500 0.445 0.440
Observations 178,028 108,212 176,462

Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable in column (1) is an indicator for whether the teen has been recommended
the HPV vaccine and the dependent variable in column (2) is an indicator for whether the teen’s parent
reports that the teen is likely to be vaccinated within the next 12 months. In column (3), the dependent
variable is an indicator for whether the teen’s parent reports that s/he has been vaccinated against HPV.
The sample period for column (2) is 2010-2018 because the question was not asked in prior years. The
independent variable of interest is an indicator for Washington DC’s 2014 HPV vaccine school
mandate. Each estimate is obtained after controlling for time-invariant state fixed effects and location-
invariant year fixed effects, and each column includes the full set of controls from Figure 2. In order to
perform inference, the 95 percent confidence intervals are obtained by estimating placebo treatments
for each of the other 50 states. The estimates utilize the sample weights.

***p<0.01, **p<0.05 *p<0.10
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APPENDIX A: ADDITIONAL FIGURES & TABLES

Figure Al: The information sheet and opt-out form presented to parents as part
Washington, DC’s HPV vaccine school requirement

HUMAN PAPILLOMAVIRUS INFORMATION

Genital human papillomavirus (HPV) is the most common sexually transmitted virus in the
United States. There are about 100 types of HPV. Most infections don’t cause any symptoms and
go away on their own. HPV is important mainly because it can cause cervical cancer in women
and several less common types of cancer in both men and women. It can also cause genital warts
and warts of the upper respiratory tract. There is no cure for HPV, but the problems it causes can
be treated.

About 20 million people in the U.S. are infected, and about 6 million more get infected each year.
HPV is usually spread through sexual contact. More than 50% of sexually active men and women
are infected with HPV at some time in their lives. Every year in the U.S., about 12,000 women
get cervical cancer and 4,000 die from it with rates of cervical cancer in DC being higher than
national averages.

HPV vaccine is an inactivated vaccine (not live) which protects against four major types of HPV.
These include two types that cause about 70% of cervical cancer and 2 types that cause about
90% of genital warts. HPV vaccine can prevent most genital warts and most cases of cervical
cancer.

Protection is expected to be long-lasting. But vaccinated women still need cervical cancer
screening because the vaccine does not protect against all HPV types that cause cervical cancer.

HPV vaccine is routinely recommended for girls and boys 11-12 years of age, but may be given
as early as age 9 years. It is important for girls and boys to get HPV vaccine before their first
sexual contact-because they have not been exposed to HPV. The vaccine protects against some —
but not all — types of HPV. However, if female or male is already infected with a type of HPV,
the vaccine will not prevent disease from that type. It is still recommended that females and males
with HPV get vaccinated. In addition, the HPV vaccine can prevent vaginal and vulvar cancer in
females, and genital warts and anal cancer in both males and females.

The vaccine is also recommended for females 13-26 years of age and males 13-21 years of age
(or to age 26 in some cases) who did not receive it when they were younger. It may be given with
any other vaccines needed.

HPV vaccine is given as a three-dose series:
= 1" Dose: Now
= 2" Dose: two months after Dose 1
= 3" Dose: six months after Dose 1

People who have had a life-threatening allergic reaction to yeast, are pregnant, moderate to severe

illness should not receive the vaccine. Side effects are mostly mild, including itching, pain,
redness at the injection site and a mild to moderate fever.

(A)



Annual Opt-Out for Human Papillomavirus (HPV) Vaccine
I have received and reviewed the information provided on HPV and the benefits of the HPV vaccine in
preventing cervical cancer and genital warts if it is given to preteen girls and boys. After being informed of
the risk of contracting HPV and the link between HPV and cervical cancer, other cancers and genital warts,
I have decided to opt-out of the HPV requirement for the above named student. I know that I may readdress
this issue at any time and complete the required vaccinations.

Signature of Parent/Guardian or Student if =18 years Date

Print Name of Parent/Guardian or Student if =18 years

(B)

Source: DC Health (2020)

Note: Panel (A) depicts the information sheet presented to parents explaining the risks of HPV and
the benefits of HPV vaccination. Panel (B) is the signature form that parents must sign each year if
they opt-out of vaccinating their child.



Figure A2: Washington, DC’s demographic composition changed smoothly over the 2008-
2018 sample period
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Source: National Immunization Survey—Teen 2008-2018
Note: Panel (A) plots the share of non-white teens in Washington, DC from 2008-2018. Panel (B)
plots the share of teens whose mothers had college degrees over this time period. Panel (C) plots the
average position relative to the federal poverty level. This variable is bottom-coded at 50 percent and
top-coded at 300 percent. The shares are constructed using the sample weights.




Figure A3: Washington, DC’s HPV vaccine school requirement was not associated with
changes in the probability that teen girls or boys completed the HPV vaccine in the pre-
period, while there was a strong positive association during the post-period
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Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable is an indicator for being full vaccinated against HPV. The independent variables
of interest are indicators for each year—with 2013 omitted) in order to measure the effect of Washington, DC’s
HPV vaccine school requirement. The specification includes the full set of controls from Figure 3. Panel (A)
restricts the sample to girls, while Panel (B) looks at boys. In order to perform inference, the specification is
re-estimated 50 times to obtain placebo distributions for each year-indicator. The solid black line is the
estimated effect for Washington, DC, while the yellow dashed lines are the 95 percent confidence intervals for
each year indicator. When the black line is within the confidence interval, the estimate was likely to have been
obtained by chance. When the black line is outside the confidence interval, it is unlikely that the estimate was
obtained by chance. The estimates utilize the sample weights.



Figure A4: Washington, DC’s HPV vaccine school requirement was not associated with
changes in the probability that teen girls or boys initiated the HPV vaccine in the pre-period,
while there was a positive association during the post-period

Event Study for HPV Vaccine Initiation--Females
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Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable is an indicator for having received at least one dose of the HPV vaccine. The
independent variables of interest are indicators for each year—with 2013 omitted) in order to measure the effect
of Washington, DC’s HPV vaccine school requirement. The specification includes the full set of controls from
Figure 3. Panel (A) restricts the sample to girls, while Panel (B) looks at boys. In order to perform inference,
the specification is re-estimated 50 times to obtain placebo distributions for each year-indicator. The solid black
line is the estimated effect for Washington, DC, while the yellow dashed lines are the 95 percent confidence
intervals for each year indicator. When the black line is within the confidence interval, the estimate was likely
to have been obtained by chance. When the black line is outside the confidence interval, it is unlikely that the
estimate was obtained by chance. The estimates utilize the sample weights.



Figure A5: The p-values obtained from the synthetic control method whereby the
counterfactual is constructed by matching on pre-period vaccination rate in 2009, 2011, and
2013
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Table Al: The relationship between Washington, DC’s 2014 HPV vaccine school requirement and HPV vaccination is robust
to alternative specifications

1) ) @) (4) ()
Limiting the (I:Doer]:n:gtge Not Utilizing Dropping Including Only
Sample Period Vaccir?ation the Sample Observations State and Year
to 2008-2016 Weights from 2013 Fixed Effects
as 3 Shots
DC’s 2014 Mandate 0.174*** 0.214*** 0.174*** 0.204*** 0.194***
Placebo 95% CI Lower Bound -0.085 -0.079 -0.086 -0.091 -0.095
Placebo 95% CI Upper Bound 0.088 0.075 0.076 0.079 0.087
DC Mean Pre-Period 0.165 0.165 0.193 0.146 0.165
Observations 170,837 208,340 208,340 190,792 208,340

Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable is an indicator for whether the teen has received the full HPV vaccination (3 doses until 2016 and 2 doses
in all subsequent years). The independent variable of interest is an indicator for Washington DC’s 2014 HPV vaccine school mandate.
Each estimate is obtained after controlling for time-invariant state fixed effects and location-invariant year fixed effects, and each column
includes the full set of controls from Figure 2. Column (1) restricts the sample to the 2008-2016 period prior to the change in the
definition of full HPV vaccination. Column (2) uses the full 2008-2018 period, but instead defines full vaccination as 3 shots throughout
the sample period. Column (3) does not utilize the sample weights, column (4) drops observations from 2013, and column (5) only
includes controls for state and year fixed effects. In order to perform inference, the 95 percent confidence intervals are obtained by
estimating placebo treatments for each of the other 50 states. The estimates utilize the sample weights.
***n<0.01,**p<0.05*p<0.10
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Table A2: Washington, DC’s HPV vaccine school requirement was associated with large increases in HPV vaccine completion

1) ) @) (4)
Group=Male Group=6-8" Grade Group=White Group=Mother had a BA

DC’s 2014 Mandate 0.201*** 0.204*** 0.191*** 0.243***
Placebo 95% CI Lower Bound -0.137 -0.104 -0.101 -0.090

Placebo 95% CI Upper Bound 0.090 0.079 0.096 0.069

DC’s 2014 Mandate * Group 0.021 0.013 -0.021 -0.102***
Placebo 95% CI Lower Bound -0.097 -0.079 -0.071 -0.058

Placebo 95% CI Upper Bound 0.172 0.085 0.123 0.083

DC Mean Pre-Period 0.165 0.165 0.165 0.165
Observations 208,430 208,430 208,430 208,430

Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable is an indicator for whether the teen had received the full HPV vaccination (3 doses until 2016 and 2 doses in all
subsequent years). The independent variables of interest are an indicator for Washington DC’s 2014 HPV vaccine school mandate as well as
an interaction between that indicator and different groups of interest. Each estimate is obtained after controlling for time-invariant state fixed
effects and location-invariant year fixed effects, the full set of controls from Figure 2, and the interaction of all of these covariates with an
indicator for the group under consideration. Column (1) tests whether the relationship between Washington, DC’s 2014 HPV vaccine school
requirement and HPV vaccination differed by sex, column (2) tests whether it differed by grade level, column (3) tests whether it differed by
race/ethnicity, and column (4) tests whether it differed by mother’s educational attainment. The sample period is 2008-2018. In order to perform
inference, the 95 percent confidence intervals are obtained by estimating placebo treatments for each of the other 50 states. The estimates utilize
the sample weighs.

***n<0.01, **p<0.05 *p<0.10
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Table A3: Washington, DC’s HPV vaccine school requirement was associated with large increases in HPV vaccine initiation

(1) () ©) (4)
Group=Male Group=6-8" Grade Group=White Group=Mother had a BA
DC’s 2014 Mandate 0.124*** 0.177*** 0.167*** 0.205***
Placebo 95% CI Lower Bound -0.119 -0.065 -0.087 -0.095
Placebo 95% CI Upper Bound 0.076 0.062 0.077 0.075
DC’s 2014 Mandate * Group 0.125** 0.026 -0.021 -0.067**
Placebo 95% CI Lower Bound -0.126 -0.062 -0.121 -0.063
Placebo 95% CI Upper Bound 0.116 0.110 0.163 0.079
DC Mean Pre-Period 0.353 0.353 0.353 0.353
Observations 208,430 208,430 208,430 208,430

Source: National Immunization Survey—Teen 2008-2018

Note: The dependent variable is an indicator for whether the teen had initiated HPV vaccination (at least 1 dose). The independent variables
of interest are an indicator for Washington DC’s 2014 HPV vaccine school mandate as well as an interaction between that indicator and different
groups of interest. Each estimate is obtained after controlling for time-invariant state fixed effects and location-invariant year fixed effects, the
full set of controls from Figure 2, and the interaction of all of these covariates with an indicator for the group under consideration. Column (1)
tests whether the relationship between Washington, DC’s 2014 HPV vaccine school requirement and HPV vaccination differed by sex, column
(2) tests whether it differed by grade level, column (3) tests whether it differed by race/ethnicity, and column (4) tests whether it differed by
mother’s educational attainment. The sample period is 2008-2018. In order to perform inference, the 95 percent confidence intervals are
obtained by estimating placebo treatments for each of the other 50 states. The estimates utilize the sample weights.

***n<0.01, **p<0.05 *p<0.10



Table A4: Rhode Island’s HPV vaccine school requirement was only associated with a statistically significant increase for
teen boys if you treat Rhode Island teen girls as a control group and use parental reported vaccination status

1) ) 3) (5) (6) (7
Parent Reported Provider-Verified
HPV Vaccine Initiation HPV Vaccine Initiation

Overall Girls Boys Overall Girls Boys
RI’s 2015 Mandate -0.041 -0.041 0.075 0.016 0.016 0.051
Placebo 95% CI Lower Bound -0.081 -0.081 -0.075 -0.083 -0.083 -0.091
Placebo 95% CI Upper Bound 0.075 0.075 0.104 0.125 0.073 0.092
R1 Mandate * Male 0.116*** 0.035
Placebo 95% CI Lower Bound -0.078 -0.081
Placebo 95% CI Upper Bound 0.060 0.125
R1 Mean Pre-Period 0.528 0.665 0.395 0.633 0.770 0.500
Observations 282,379 135,795 146,584 172,891 82,460 90,431

Source: National Immunization Survey—Teen 2010-2018

Note: The dependent variable in columns (1)-(3) is an indicator for whether a teen’s parent reports that the teen has received at least
one dose of the HPV vaccine. The dependent variable in columns (4)-(6) is an indicator for whether the teen has received at least
one dose of the HPV vaccine according to provider-verified immunization records. The independent variable of interest is an
indicator for Rhode Island’s 2015 HPV vaccine school mandate. Following Thompson et al. (2018) this indicator takes on the value
of 1 in years 2016-2018 and O otherwise. Each estimate is obtained after controlling for time-invariant state fixed effects and
location-invariant year fixed effects, and each column includes the full set of controls from Figure 2. In order to match the
specification of Thompson et al. (2018), columns (1) and (4) treat Rhode Island females as a control group in a triple-difference
specification, whereby the indicator for being male is interacted with the independent variable of interest and full set of covariates.
In order to perform inference, the 95 percent confidence intervals are obtained by estimating placebo treatments for each of the other
50 states. The estimates utilize the sample weights.

***n<0.01, **p<0.05 *p<0.10



Table A5: The relationships between Washington, DC’s 2014 HPV vaccine school requirement, vaccine initiation,
and the time it took to obtain full vaccination are not sensitive to restricting the sample to the 2008-2016 period
prior to the change in the number of shots recommended for full vaccination

1) ) 3) (4) (5) (6)

Complete Vaccination

Vaccine Vaccine Initiation within 1 Year of
Initiation without Completion N
Initiation
Girls Boys Girls Boys Girls Boys
DC’s 2014 Mandate 0.106***  0.256*** -0.069***  0.052 0.120** -0.113*
Placebo 95% CI Lower Bound -0.113 -0.117 -0.057 -0.061 -0.100 -0.117
Placebo 95% CI Upper Bound 0.089 0.138 0.071 0.083 0.107 0.200
DC Mean Pre-Period 0.534 0.265 0.248 0.196 0.633 0.984
Observations 81,775 70,708 81,775 70,708 23,282 11,004

Source: National Immunization Survey—Teen 2008-2016

Note: The dependent variable in columns (1) and (2) is an indicator for whether the teen has initiated HPV vaccination (at
least 1 dose). The dependent variable in columns (3) and (4) is an indicator for whether the teen has initiated vaccination but
was not completely vaccinated (1 or 2 doses from 2008-2016). The dependent variable in columns (5) and (6) is an indicator
for whether the teen was fully vaccinated within 1 year of vaccine initiation, where the sample is restricted to those initiating
vaccination. The odd numbered columns examine teen girls and the even numbered columns teen boys. The independent
variable of interest is an indicator for Washington DC’s 2014 HPV vaccine school mandate. Each estimate is obtained after
controlling for time-invariant state fixed effects and location-invariant year fixed effects, and each column includes the full
set of controls from Figure 2. The sample period for teen girls is 2008-2016 and for teen boys 2010-2016. In order to perform
inference, the 95 percent confidence intervals are obtained by estimating placebo treatments for each of the other 50 states.
The estimates utilize the sample weights.

***n<0.01,** p<0.05*p<0.10
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Table A6: Parents of teens not likely to be vaccinated over the subsequent 12 months were less likely to cite
safety concerns and more likely to indicate that they believed the vaccine was not needed.

1) ) @) (4) ()
Reason for Not Vaccinating within 12 Months
Not Tgir:(l:z:l\mt Safety Lack of Not
Needed atly Concerns  Knowledge Recommended
Active

DC’s 2014 Mandate 0.055 0.026 -0.099*** -0.032 -0.051
Placebo 95% CI Lower Bound -0.064 -0.026 -0.057 -0.059 -0.069
Placebo 95% CI Upper Bound 0.060 0.043 0.061 0.039 0.075
DC Mean Pre-Period 0.223 0.195 0.180 0.136 0.122
Observations 55,066 55,066 55,066 55,066 55,066

Source: National Immunization Survey—Teen 2008-2018

Note: In column (1) the dependent variable is an indicator for stating that the vaccine is not needed, in column (2) it is
an indicator for not vaccinating because the teen is not sexually active, in column (3) it is an indicator for opting not to
vaccinate out of safety concerns, in column (4) it is an indicator for not vaccinating due to a lack of knowledge about the
vaccine, and in column (5) it is an indicator for attributing the decision to a lack of recommendation for the vaccine. The
sample period for is 2010-2018 and the sample is restricted to teens whose parents say they are unlikely to be vaccinated
within the subsequent 12 months. The independent variable of interest is an indicator for Washington DC’s 2014 HPV
vaccine school mandate. Each estimate is obtained after controlling for time-invariant state fixed effects and location-
invariant year fixed effects, and each column includes the full set of controls from Figure 2. In order to perform inference,
the 95 percent confidence intervals are obtained by estimating placebo treatments for each of the each of the other 50
states. The estimates utilize the sample weights.

***p<0.01,** p<0.05 *p<0.10

xii



Table A7: The states comprising “Synthetic DC”

(1) ) @) (4)
State Percentage State Percentage
AL 0.014 MT 0.012
AK 0.013 NC 0.009
AR 0.010 ND 0.013
AZ 0.017 NE 0.012
CA 0.092 NH 0.010
CO 0.009 NJ 0.011
CT 0.009 NM 0.012
DE 0.040 NV 0.011
FL 0.014 NY 0.014
GA 0.016 OH 0.016
HI 0.007 OK 0.284
1A 0.011 OR 0.010
ID 0.017 PA 0.010
IL 0.017 RI 0.019
IN 0.011 SC 0.021
KS 0.007 SD 0.006
KY 0.011 TN 0.010
LA 0.013 X 0.019
MA 0.007 uT 0.008
MD 0.008 VA 0.011
ME 0.026 VT 0.011
MI 0.011 WA 0.010
MN 0.010 Wi 0.012
MO 0.012 WV 0.017
MS 0.019 wy 0.010

Source: National Immunization Survey-Teen 2008-2018
Note: Column (1) indicates the state and column (2) the
share of the state comprising “Synthetic DC.” Similarly,
column (3) indicates the state and column (4) that state’s
share of “Synthetic DC.” Synthetic DC is obtained by
matching on three lagged values of the dependent variable
in the pre-requirement period (2009, 2011, and 2013).
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Table A8: Synthetic control estimates obtained from matching the synthetic
counterfactual on DC’s HPV vaccination rates in 2009, 2011, and 2013

(1) ) ©) (4)

Year DC Synthetic DC (2)-(3)
2008 0.067 0.090 -0.023
2009 0.118 0.118 0.000
2010 0.160 0.157 0.003
2011 0.176 0.176 0.000
2012 0.235 0.218 0.017
2013 0.264 0.264 0.000
2014 0.452 0.304 0.148
2015 0.502 0.358 0.145
2016 0.554 0.372 0.182
2017 0.833 0.517 0.317
2018 0.741 0.516 0.225

Pre-Period RMSPE 0.72

Post-Period Joint p-value <0.01

Source: National Immunization Survey-Teen 2008-2018

Note: Column (1) denotes the year. Column (2) is the HPV vaccination rate in DC
during the corresponding year. Column (3) is the vaccination rate in “Synthetic DC,”
which is generated by matching on lagged values of the dependent variable from
2009, 2011, and 2013. Column (4) denotes the difference between columns (2) and
(3) and can be interpreted as the effect of Washington, DC’s HPV vaccine school
requirement in the post-2014 period. | also report a metric of match quality in the
pre-period, as well as the joint p-value for the post-period. Vaccination rates were
constructed using the sample weights. The top three donor states are Oklahoma (28
percent), California (9 percent), and Delaware (4 percent).

Xiv



Table A9: Synthetic control estimates obtained from matching the synthetic
counterfactual on DC’s average HPV vaccination rate from 2008-2013

(1) ) ©) (4)

Year DC Synthetic DC (2)-(3)
2008 0.067 0.088 -0.021
2009 0.118 0.139 -0.020
2010 0.160 0.161 -0.001
2011 0.176 0.179 -0.003
2012 0.235 0.203 0.032
2013 0.264 0.250 0.014
2014 0.452 0.297 0.155
2015 0.502 0.353 0.149
2016 0.554 0.380 0.174
2017 0.833 0.535 0.298
2018 0.741 0.552 0.189

Pre-Period RMSPE 0.70

Post-Period Joint p-value <0.01

Source: National Immunization Survey-Teen 2008-2018

Note: Column (1) denotes the year. Column (2) is the HPV vaccination rate in DC
during the corresponding year. Column (3) is the vaccination rate in “Synthetic DC,”
which is generated by matching on the average value of the dependent variable from
2008-2013. Column (4) denotes the difference between columns (2) and (3) and can
be interpreted as the effect of Washington, DC’s HPV vaccine school requirement in
the post-2014 period. | also report a metric of match quality in the pre-period, as well
as the joint p-value for the post-period. Vaccination rates were constructed using the
sample weights. All states equally contribute 2 percent to synthetic DC.
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Table A10: Synthetic control estimates obtained from matching the synthetic
counterfactual on DC’s average HPV vaccination rate from 2008-2013

(1) ) ©) (4)

Year DC Synthetic DC (2)-(3)
2008 0.067 0.067 -0.001
2009 0.118 0.139 -0.021
2010 0.160 0.160 -0.002
2011 0.176 0.189 -0.013
2012 0.235 0.235 -0.000
2013 0.264 0.220 0.044
2014 0.452 0.294 0.158
2015 0.502 0.338 0.165
2016 0.554 0.380 0.174
2017 0.833 0.535 0.298
2018 0.741 0.555 0.186

Pre-Period RMSPE 0.52

Post-Period Joint p-value 0.04

Source: National Immunization Survey-Teen 2008-2018

Note: Column (1) denotes the year. Column (2) is the HPV vaccination rate in DC
during the corresponding year. Column (3) is the vaccination rate in “Synthetic DC,”
which is generated by matching on the average value of the dependent variable from
2008-2013. Column (4) denotes the difference between columns (2) and (3) and can
be interpreted as the effect of Washington, DC’s HPV vaccine school requirement in
the post-2014 period. | also report a metric of match quality in the pre-period, as well
as the joint p-value for the post-period. Vaccination rates were constructed using the
sample weights. The top three donor states are Montana (36 percent), Hawaii (31
percent), and Indiana (17 percent).

XVi



APPENDIX B: DC GRANT EXPENDITURES

July 2013-December 2013

Preparatory work conducted to enable the budget to be loaded in the DC Financial Management
System Statements of work were prepared in order to hire consultants for this project. Started
preliminary work with the Registry to ensure that the reminder recall function will be functional
and operational once the final documents are ready for transmission.

January 2014-June 2014

Since the hiring of contractual staff we have secured VFC providers to be a part of the HPV Pilot
Program. All contracts for the for the communication campaign have been awarded. Purchase
orders were issued for media purchases from Radio One Inc. CBS Outdoor Advertising Comcast
Pandora Seaberry Graphic Design and Communications and Radio One. Established the
reminder/recall notification system. Participated in the planning of the AAP chapter meeting on
HPV Barriers and Outreach in the District of Columbia on May 16 2014. Conducted stakeholder
meetings in June and scheduled some for July. Prepared stakeholder tool kits that will be
distributed during the stakeholder trainings. Hosted a conference call with Mary’s Center
Medical Director and staff on June 13 2014 to confirm the on-site stakeholder training that will
be held on July 16 2014. Other Stakeholders meetings are scheduled for July 30th and August
2014 this includes The District-wide HPV Training.

Sub-Recipient Award Award Award
Name Date Number Amount Award Purpose
Seaberry 2013-09-24 H231P000745 $42,000 Regional Advertisement

Creation

July 2014-December 2014

In addition to previously met objectives, we accomplished the following within the past six
months of the grant period:

1. Develop a jurisdiction-wide joint initiative with immunization stakeholders

July
1 DOH Project Team presented our DC HPV grantee activities during the July 22
grantee presentation call.
1 The HPV Coordinator conducted two onsite stakeholder trainings with local
providers—Mary’s Center on July 16 and Children’s National Medical Center on
July 30.
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1 Another stakeholder training, open to various provider types throughout the
District, was arranged and scheduled to be held on August 28 at Gallaudet
University from 6:00-8:00 pm.

91 The team developed and distributed 115 stakeholder training tool kits. Another
125 tool kits were planned for distribution at the August 28 stakeholder meeting.

1 DOH Immunization staff completed and submitted the CDC PPHF Semi-Annual
Recipient Reporting requirement report.

August

91 DOH attorney Rudy Schreiber and CDC staff participated in the Immunization
Office’s staff meeting on August 7 to discuss DC’s HPV mandate and the
amendment for boys. Robin Curtis and other CDC personnel joined by phone, and
this also served as our monthly reporting call.

1 Submitted the CDC PPHF monthly report in August to Robin Curtis and other
CDC staff.

1 Through rulemaking authority, DOH attorneys submitted an emergency request to
have the current DC HPV legislation amended to include boys. A period of public
comments will still have to be held.

1 DOH sponsored and hosted the Immunization Conference on August 25, 2014.

1 The HPV Coordinator attended the 29th International Papillomavirus Conference
& Clinical Workshop, August 20-25, 2014, and shared highlights at the August 28
stakeholder training.

1 On August 28 from 6:30-8:30 pm, team conducted a community-wide
stakeholder training held at Gallaudet University; 135 providers attended.

91 DOH attorney submitted an emergency order to include a male requirement in the
legislation. This was discussed at the August 7 meeting with DOH Attorney Rudy
Schrieber. Next steps involve having an open forum regarding the amended
legislation and receiving public comments.

September

1 Participated in monthly reporting call with CDC DOH Project Team on
September 4.

1 HPV Coordinator has been communicating with several local providers to set up
site visits for the clerks to come and assist with reminder/recall and notification
letter generation and mailing.

9 We received the postage for mailing the reminder/recall letters for the providers.

1 We are in current discussion with the DC American Academy of Pediatricians

(AAP) chapter to adapt our DOH stakeholder training curriculum for a webinar,
which providers can access online via the DC AAP website. Upon completion of
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the training and evaluation, providers will receive continuing education units (1
credit).

DOH staff and clerks participated in the October 2 monthly reporting call and the
October 8 Combined 2013/14 All-Awardee PPHF HPV IZ Call.

HPV Coordinator has spoken with Unity, Children’s National Medical Center,
and Mary’s Center providers and is trying to schedule dates for the DOH clerks to
go assist them with generating and mailing out the reminder/recall notification
letters. Mark Weissman, Division Chief at Children’s, will confirm their dates by
Monday, November 3.

Completed the No Cost Extension and submitted it to CDC’s Robin Curtis.

HPV Coordinator spoke with Unity and Children’s National Medical Center. We
are still trying to secure dates for the onsite trainings and reminder/recall letter
generation.

The HPV Coordinator and the DOH Clerks conducted the DOH HPV Provider
training with 40 school nurses at People’s Congressional Church in Northwest
DC.

On Saturday, November 22nd from 11 am until 3 pm, HPV Clerks and DOH Staff
participated in the “ED Fest,” a community outreach effort to promote
immunizations and dental screening in DC. The event was held at the DC Stadium
Armory and information was disseminated about the HPV Vaccine and other
immunizations

Making revisions to the No Cost Extension request.

Rosie McLaren and Nancy Ejuma attended the Reverse Site Visit in Atlanta.

Participated in monthly reporting call with CDC DOH Project Team on December
4,

HPV Coordinator has been communicating with several local providers to set up
site visits for the clerks to come and assist with reminder/recall and notification
letter generation and mailing.

We received the postage for mailing the reminder/recall letters for the providers.
We are in current discussion with the DC American Academy of Pediatricians
(AAP) chapter to adapt our DOH stakeholder training curriculum for a webinar,
which providers can access online via the DC AAP website. Upon completion of
the training and evaluation, providers will receive continuing education units (1
credit).
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2. Implement comprehensive communication campaign targeted to the public

July

=

August

October
1

November

T

1

Finalized all media contract awards.

Developed HPV web page content.

Developed communication grid showing media vendors, key HPV messages, and
frequency of ad runs.

Reviewed and solicited feedback regarding “Free HPV DC” tagline and message
materials (i.e., advertisement, brochure, etc.) from CDC and DOH staff.

Angela Simmons, DOH Events Coordinator of Community Outreach, presented
the Communication Campaign during the July 22 grantee call.

One radio ad is airing through a media buy with Radiol, one print advertisement
is running through media buys with CHBS Outdoor (WMATA) and the Express
Newspaper, one transit ad will be placed on WMATA Metro buses. One digital ad
is being transmitted through a media buy through Pandora and one video ad is
being shown on major cable networks via Comcast. One video ad will be shown
in DC cinemas through a media buy with NCM.

On August 7 at the Immunization Office staff meeting versions for the media ads
were presented for review. DOH staff provided feedback and Robin Curtis and
other CDC staff provided feedback by phone. September

DOH is considering expanded frequency of the current media buys with
remaining CDC grant funds and also some limited funds the DC AAP chapter can
provide. Discussion ongoing to finalize plans for this.

Advertisements ran via various media vendors.

Advertisements continued running with various media vendors and are set to end
in December.

Project team members presented communication examples at the Reverse Site
Visit.

During the site visit, other program personnel commented on the tools and
requested copies. These copies have been sent to these programs.

The DC Chapter of AAP is going to use their remaining funds (approximately
$2,500) to co brand and distribute printed materials (i.e., HPV poster, postcards)
to providers around the city.
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9 Staff continued to monitor the penetration of HPV via selected media outlets.

December

9 Current HPV advertisements and promotional pieces will air though December
31st.

Implement Immunization Information System (11S)-based reminder/recall for adolescents
who are 11-18 years old, either through a centralized approach (preferred) or by providing
support to immunization providers

July

1 HPV Coordinator continued to communicate with providers to assess their
capacity (e.g., staff, hours of operation) for handling the anticipated increase in
vaccination appointments (i.e., physician visits, walk-ins, nurse-only).

1 Many providers added additional staff and have opened up additional evening and
weekend appointments particularly to handle back-to-school appointments.

1 The DOH Immunization Team put together a work flow process for providers to
continue to educate them on how to operate the reminder/recall system and
generate notification letters from the registry.

1 The HPV Coordinator and clerks sent emails and made phone calls with providers
(i.e., Mary’s Center and Children’s National Medical Center) to discuss and
schedule dates when the clerks can come onsite to assist with reminder/recall and
notification letter generation and mailing.

August

1 Requested postage that will be used to assist providers in mailing adolescent
reminder/notification letters.

1 HPV Coordinator re-sent emails to invite providers to participate in the HPV Pilot
Program which assists providers with reminder/recall and notification letter
generation and mailing.

1 HPV Coordinator contacted personnel by email and phone set up additional
stakeholder trainings.

1 We continue to partner with the DC AAP chapter. The director of AAP sent out
email notices about the DOH stakeholder training and HPV Pilot Program
opportunities.
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September

1 Completing a work agreement with Children’s Medical Center, one of the largest
providers that serves minority and underserved children in the DC area, that
allows the clerks to come onsite to assist reminder/recall and notification letter
generation. This is required for all non-children’s employees.

9 HPV Coordinator is in discussion with Unity Health Centers to schedule clerk site
visit within the next week.

1 In preparation for the provider site visits, all the clerks participated in Registry
refresher training.

October

1 Went onsite to assist with reminder/recall and notification letter generation and
mailing.

1 Continued following-up with schools to aid in our effort to increase rates for HPV
and other ACIP vaccinations.

November

91 DOH staff consistently followed up with providers to schedule onsite visits for the
reminder/recall visits.

9 Clerks continued to work with schools to follow up and increase HPV and other
ACIP compliance rates.

December

1 On December 12th DOH staff and HPV Coordinator met with the medical
director, Dr. Lekeisha Terell, and other representatives from Ballou school-based
health center to discuss reminder/recall and to map out logistics how DOH staff
can best assist them with this effort.

1 HPV Coordinator has followed up with Dr. Terrell and we are currently awaiting
approval of their leadership to move forward.

1 The HPV Coordinator met with health center representatives from Mary’s Center
on December 16 to discuss the reminder/recall notification program and support
from DOH in terms of staff (DOH HPV clerks) and funds for postage to cover
mailing the letters. Mary’s Center is still very interested. The HPV Coordinator
followed up with them and we anticipate an early January date to do onsite
generation and mailing of the letters.
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4. Use assessment and feedback to evaluate and improve the performance of immunization
providers in administering the 3-dose HPV vaccine series consistent with current ACIP
recommendations

DOH General Clerks conducted follow-up calls with school administrators for
charter, private, and parochial schools to request that they submit rosters for those
schools with zero (0) enrollment. They also asked schools with low compliance
rates to submit immunization updates. The purpose of this activity is to assist the
program with establishing baseline data for HPV and other ACIP-recommended
vaccines for all public, private, charter, and parochial schools.

Confirmed with VFC Coordinator that ample vaccines are available for providers.

Dr. Kirsten Feemster, MD, MPH, of the University of Pennsylvania Children’s
Hospital of Philadelphia made a presentation at the August 22 meeting. She gave
a compelling presentation entitled “What’s controversial about cancer?” to over
125 medical personnel who attended our 9th Local Immunization Conference held
on Friday, August 22, 2014. She gave convincing reasons to initiate and complete
the three-dose HPV vaccination series for males and females.

Dr. Wallington dedicated an entire module at the HPV stakeholder meeting on
Thursday, August 28, 2014, to improving and refining knowledge about the
importance and practice of HPV reminder/recall notifications. She extended an
invitation to providers to participate in our HPV Pilot Program, explaining the
benefits of the program, which include postage and manpower to generate and
mail the notification letters up to December of this year and the
institutionalization of the reminder/recall infrastructure which is now a part of the
DC Immunization Registry.

9 Clerks are assisting with making reminder calls to day care centers to submit

July
1
1
August
1
1
September
October

rosters in order to assess immunization compliance. They will be assisting with
reminder calls to the schools to obtain rosters to determine immunization
compliance as this will have an impact on HPV rates.

91 DOH solicited verbal feedback from providers to determine strategies and barriers

in administering the 3 dose HPV vaccine series consistent with current ACIP
recommendations. November
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1 We initiated conversations with AAP aimed at securing a contract for specifically

December

T

identified clinicians who will act as HPV vaccine ambassadors at provider events
and individual practices in the upcoming year. These activities are outlined in our
No Cost Extension letter.

The Immunization Program explored ways to engage providers in a centralized
reminder/recall and notification approach utilizing’s Chicago approach as a
benchmark.

DOH Clerks, the public health advisor, the HPV Coordinator, and the VFC
Coordinator met on December 8th to discuss a potential AFIX protocol utilizing
the registry, CoCASA, and assistance from DOH clerk Regina Freeman. Ms.
Freeman has already begun training with the VFC Coordinator on AFIX
strategies. This AFIX plan will be discussed with the Immunization Manager,
Nancy Ejuma, for review and approval.

5. Implement strategies targeted to immunization providers to:

July
1
1
August
1
1
October
1

Disseminated Stakeholder Training Tool Kits with additional CDC HPV
vaccination materials on jump drives so providers can have electronic copies of
materials for themselves and to share with colleagues (ongoing activity).

CEUs were given at each July stakeholder training and were processed.

In August, the HPV Coordinator was invited by the AAP DC chapter to submit a
newsletter article “Providers Are the Key: Making a Strong HPV
Recommendation,” and this article was published in the September edition of the
newsletter. September

DOH Immunization Office staff and clerks attended The Southeast (Ward 8)
Health Expo on Saturday, September 13, 2014. The health fair served as
opportunity to promote the work that Immunization Office is doing including
highlighting DOH’s HPV initiatives.

HPV Coordinator created training modules to be used for the DC AAP’s planned
HPV Vaccination Webinar targeting providers.
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1 The DC AAP and the national AAP organization approved the contents and
submitted the modules for continuing educational units.

November

1 HPV Coordinator conducted DC AAP webinar on December 4th.

1 27 participants registered for the webinar.

1 1-credit CEU was given to each webinar participant.

1 HPV Coordinator and clerk conducted a provider training with 40 DC Public
School Nurses on November 19th. The nurses felt the training was sorely needed
and helped to fill in a lot of HPV and HPV vaccine knowledge gaps.

December

9 The Immunization Program wants to institutionalize provider training by creating
its own recording of the provider training with the HPV Coordinator facilitating.
The recorded training will be available for DOH staff and providers in the District
to access the training. Nancy Ejuma will work with the HPV Coordinator to
complete these recordings.

January 2015-June 2015
1. Develop a jurisdiction-wide joint initiative with immunization stakeholders

9 Attended the Immunization Task Force meeting with 42 representatives from multiple
organizations around Washington, DC (including public, private, non-profit and
pharmaceutical companies).

1 Worked with Children’s Hospital’s Mobile Clinic on a middle school initiative and will

be having them add HPV to the list of vaccines they will be providing to the middle

schools they are engaging.

Dociis export fixed

1 Continue our collaboration with the Health Promoters to train providers to make a strong
HPV recommendation.

1 We are collaborating with the Deputy Mayors of Education and Health and Human
Services to identify and provide outreach to both non-compliant students and students
with religious and/or HPV Exemptions.

1 Plans are underway for the 10th Annual Immunization Conference. DOH is partnering
again with the DC Immunization Coalition. The conference is scheduled for July 22nd at
Gallaudet University.

=
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2. Implement comprehensive communication campaign targeted to the public

T

=

Based on the funds remaining for the no-cost extension period, we will not be
participating in a large scale communication campaign. Instead, our efforts will be
focused on peer to peer exchange and community meetings.

AARP distributed CDC HPV flyers to multiple provider sites throughout the city.

We have prepared HPV rates and vaccine dose order rates for city-wide Alliance
meetings and will be discussing HPV as a primary initiative for this year throughout the
various wards in the city.

We will be participating in eight evening Ward Health Alliance meetings this year
beginning with Ward 7 on April 7th. We have prepared PPT slides for the Chief Medical
Officer to discuss HPV as a primary initiative for the agency.

Providers will continue to distribute the AAP co-branded materials.

3. Implement Immunization Information System (11S)-based reminder/recall for adolescents who
are 11-18 years old, either through a centralized approach (preferred) or by providing support to
immunization providers

T

T

l

Public Health Analysts continued to work with schools to follow up and increase HPV
and other ACIP compliance rates.

Immunization Points of Contacts have begun to receive immunization compliance rates
specific to their schools.

Mary’s Center is still very interested in moving forward and will likely be our first site to
receive centralized reminder/recall effort. We expect this effort to be closed for all sites
by June of this year.

4. Use assessment and feedback to evaluate and improve the performance of immunization
providers in administering the 3-dose HPV vaccine series consistent with current ACIP
recommendations

T

T

We developed a one page infographic template to make it clear to the providers what
their current rates are related to HPV.

DOH Clerks, the public health advisor, the HPV Coordinator, and the VFC Coordinator
met to discuss a potential AFIX protocol utilizing the registry and CoCASA. We
identified a strategy (shown in the graphic under objective 1) that we believe will work
well for this project.

Began collecting data from VTrckS, the cancer bureau and DOCIIS to begin
development of all infographics. We also researched and included the CPT codes for
inclusion in the packet.
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5. Implement strategies targeted to immunization providers to: a) Increase knowledge regarding
HPV-related diseases (including cancers), b) Increase knowledge regarding HPV vaccination
safety and effectiveness, c) Improve skills needed to deliver strong, effective HPV vaccination
recommendations, d) Decrease missed opportunities for timely HPV vaccination and series
completion, and e) Increase administration of HPV vaccine doses consistent with current ACIP
recommendations.

1 HPV Coordinator trained the four (4) health promoters.

1 HPV Coordinator and clerk conducted a provider training with DC Public School Nurses.
The nurses felt the training was sorely needed and helped to fill in a lot of HPV and HPV
vaccine knowledge gaps.

1 Health Promoter meetings with community providers began to be scheduled by the CDC
Public Health Advisor and the Adult Immunization Coordinator. The Adult
Immunization Coordinator has stepped in to support the initiative and we re-staff the
HPV clerk position. We have identified an individual to fill that role (resume attached).

July 2015-December 2015
The following activities were completed for the time period July to December 2015

1 HPV Ad Campaign: Comcast advertisements were used to promote HPV vaccinations.
The timing of this campaign was excellent as schools were conducting mid-year reviews
to determine the status immunization rates, especially since the annual exemption
requirement was expanded to include HPV vaccinations.

1 Reminder/Recall: The Immunization Program with the assistance of students from
McKinley High School was able to send out 20,297 reminder/recall letters, to date 204
are undeliverable. 358 do not have complete addresses so they could not be mailed. The
Program made calls to all private and parochial schools to notify them know that the
reminder/recall letters were forthcoming.

1 HPV Peer to Peer Education: HPV Peer to Peer Education was conducted at 61 VFC
Providers site by Dec 29, 2015. Five sites opted not to participate, 1 did not meet the
criteria and 2 already had HPV training offered by the Cancer American Society, 1 is the
Hospital for Sick Children that provides services to severely sick children.

Sub-Recipient Award Award Award

Name Date Number Amount Award Purpose

Comcast Spotlight 2013-09-24 | H231P000745 $65,025 HPV Advertising Campaign
Walton & Green 2013-09-24 | H23IP000745 $97,500 Education for Parents for

HPV
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Sub-Recipient Award Award Award

Name Date Number Amount Award Purpose
Walton & Green 2013-09-24 | H231P000745 $97,500 Education for Parents for
HPV

January 2016-June 2016
The following allocations were made with the 2016 PPHF Grant funds:

1 $176,815 have been allocated to contracts

$6,458 have been allocated to printing

$8,200 has been allocated to office supplies

The contract funds, printing and office supply funds are expected to be expended in the
final quarter of the year (October - December 2016) in support of efforts to expand data
entry into the District of Columbia Immunization Information System (DOCIIS) to
schools and doctor's offices. Training manuals and supplies in support of this effort will
be procured. In the District of Columbia, all immunization records are centrally entered
by the Immunization Program's Data Management team. 60% of the data in DOCIIS is
added through HL?7 interfaces with doctor's offices while 40% is manually entered within
the Department of Health. This year, the DC DOH Immunization Program will be
training identified school nurses and doctor's offices to enter data into DOCIIS directly.
This will ease the burden of data entry for the team and will also expand utilization of the
system. The contract dollars will be used to secure human capital support for this effort.

= =4 =4

July 2016-December 2016

These funds including funding that were allocated for the HPV grant. The Program has expended
$586,171 that was allocated for the HPV grant. The Program has also expended $188,800 of the
$190,473 received for the 2016 Grant.

Sub-Recipient Award = Award Award
Name Date Number Amount = Award Purpose

Program Managers = 2014- H23IP000745  $1,110 Reverse Site Visit - Atlanta
Travel to Reverse 11-15

Site Visit in

Atlanta
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Sub-Recipient
Name

Walton & Green

Gallaudet
University

Pandora Media Inc.

Radio One
Post Graduate of

Medicine (PIM)

Every Child By

Two

Seaberry

NCM

Comocast Spotlight

Pandora

CBS Outdoors

Award
Date

2014-
11-15

2014-
11-15

2014-
11-15

2014-
11-15

2014-
11-15

2014-
11-15

2014-
11-15

2014-
11-15

2014-
11-15

2014-
11-15

2014-
11-15

Award

Number

H231P000745

H231P000745

H231P000745

H231P000745

H231P000745

H231P000745

H231P000745

H231P000745

H231P000745

H231P000745

H231P000745

XXIX

Award

Amount

$97,500

$8,280

$10,000

$20,000

$4,150

$500

$42,000

$5,899

$68,324

$30,000

$12,000

Award Purpose

Hire Program Coordinator for the HPV
Program and Media Campaign

HPV Stakeholders Training

Contract for Advertisement

Contract to provide Media Services for
the HPV Campaign.

Processing of CEU's

Coordinate and prepare paperwork for
CEU's stakeholder and provider training

Contract for Regional Advertisement
Creation

Contract for Cinema Ads

Contract for Television ads

Provide Internet Radio Ad Space

Printing and Production services to
support the Metro bus Ad for the Back-to-
School Immunization Campaign. Period



Sub-Recipient
Name

Walton and Green
Consultants

Dupont Computers
Magnificus
Corporation

New Beginnings

LLC

Motir Services,
Inc.,

Midtown Personnel

Walton & Green

Award
Date

2014-
11-15

2014-
11-15

2014-
11-15

2014-
11-15

2014-
11-15

2014-
11-15

2014-
11-15

Award
Number

H231P000745

H231P000745

H231P000745

H231P000745

H231P000745

H231P000745

H231P000745

XXX

Award
Amount

$99,980

$13,400

$72,684

$11,130

$53,280

$15,900

$97,500

Award Purpose

of Performance: Date of Award through
September 30, 2014.

4 General clerks to work with the
immunization campaign to facilitate
reminder/recall notification using the
Immunization Information System @
$24, 995 each

To purchase computers for the DC
Immunization Program staff

Secure nurses to support the DC
Immunization Clinic

Contractor to support cleanup of
duplicated data in the DC Immunization
Registry

To hire health technicians to support the
VFC Program to provide quality
assurance activities to ensure that
providers are in compliance with the VFC
Policies and practices

Hire personnel to support the Assessment
Team who enter and monitor
immunization data for Licensed Child
Development Centers.

Hire Program Coordinator for the HPV
Program and Media Campaign



January 2017-June 2017

For the budget period January through June 2017 PPHF funds supported the following personnel
and activities:

Personnel —

Perinatal Hepatitis B Coordinator engages providers to report Perinatal Hepatitis B case
reporting, prenatal screening for hepatitis B surface antigen (HBsAg), immunization of infants
born to HBsAg-positive mothers, immunization of household/sexual contacts of HBsAg-positive
pregnant women, and routine immunization of infants at birth.

45% of the Nurse Specialist/\VFC Education and Compliance Specialist salary whose
responsibilities are as follows: provides training for nurses and other health professionals in
immunization education and vaccine administration; works directly with community
organizations and social service providers in immunization awareness; systematically reviews
public and private health care provider immunization programs for quality assurance; and
coordinates all aspects of the Vaccine Adverse Event Reporting System (VAERS);

VPD Surveillance Investigator who enrolls the sentinel reporting sites and coordinates reporting
for all sites. The Investigator contacts all late or non-reporting sentinel sites to ensure up-to-date
and complete reporting, contacts providers or parents as needed to complete case reports -
includes site visits in the field if required, assesses immunization status of students in second
through sixth grade in sentinel schools in order to estimate vaccine efficacy.

Public Health Analyst, assigned to the VFC Program who prepares the vaccine spend plans,
budgets, VFC policies, monitors vaccine uptake, oversees the administrative side of the Vaccines
for Children (VFC) Program.

In addition, the PPHF funds supported contract staff who assisted with assessments for Licensed
Child Development Centers, Head Start Centers and Schools and quality assurance assessments
for the 11S.

Funds were also used for maintenance of machines needed to keep the Program operational,
membership fees, and software and tools for the immunization Registry.

July 2017-December 2017

The Program did not issue a single contract that exceeded $25,000 during this reporting period
(July 2017 — December 2017). Of the $1,355,513 PPHF funding received by the District of
Columbia $956,742 of this amount was earmarked for Personnel, Fringe and Indirect Cost rate.

The remaining PPHF funds - $398,771 were allocated for non-personnel services and are listed
as follows:
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$372,094 was allocated for contracts and contractual support
$9,361 was allocated for travel

$5,970 was allocated for supplies

$11,346 was allocated "Other" budget line item

Approximately $160,000 of the funds currently exist in the contracts and contractual category. It
has been earmarked for use in January 2018. Anticipated funding will be used to support a sub-
award for the Immunization Coalition, and flu and pneumonia prevention activities for adults.
The contract for the Immunization Coalition will exceed $25,000, but we do not anticipate a
single source contract for the remaining funds.
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