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Implications
Practice: Health departments must compare im-
plementation strengths and challenges, such as 
cost, adoption, and reach, when determining 
which evidence-based quality improvement inter-
vention is appropriate for improving HPV vaccin-
ation coverage in primary care clinics they serve.

Policy: Balancing intervention benefits against 
costs underscores a need to ensure adequate 
funding to health departments so that they may 
provide necessary tools and training to primary 
care clinics in their jurisdictions.

Research: Future research should examine the 
cost effectiveness of physician communication 
training and quality improvement coaching 
interventions.

Lay summary

Our cluster randomized trial compared two inter-
ventions that health departments commonly use 
to increase HPV vaccination coverage: quality 
improvement (QI) coaching and physician com-
munication training. We found that QI coaching 
cost less and was more often adopted by primary 
care clinics, but communication training reached 
more staff members per clinic, including vaccine 
prescribers. Findings provide health departments 
with data needed to weigh the implementation 
strengths and challenges of QI coaching and 
physician communication training for increasing 
HPV vaccination coverage.

1Lineberger Comprehensive Cancer 
Center, University of North Carolina 
at Chapel Hill, Chapel Hill, NC, USA
2Gillings School of Global Public 
Health, University of North Carolina 
at Chapel Hill, Chapel Hill, NC, USA
3School of Nursing, University 
of North Carolina at Chapel Hill, 
Chapel Hill, NC, USA
4Immunization Services Division, 
Centers for Disease Control and 
Prevention, Atlanta, GA, USA
5United States Public Health 
Service, Commissioned Corps, 
Rockville, MD, USA
6Delaware Valley Community 
Health, Philadelphia, PA, USA
7Department of Pediatrics, UNC 
School of Medicine, Chapel Hill, 
NC, USA
8WakeMed Health and Hospitals, 
WakeMed Physician Practices, 
Raleigh, NC, USA
9Immunization Action & Lead 
Poisoning Prevention Programs, 
Westchester County Department of 
Health, Mt Kisco, NY, USA

Abstract
Many US health departments (HDs) conduct in-person quality 
improvement (QI) coaching to help primary care clinics improve 
their HPV vaccine delivery systems and communication. Some 
HDs additionally conduct remote communication training 
to help vaccine prescribers recommend HPV vaccination 
more effectively. Our aim was to compare QI coaching and 
communication training on key implementation outcomes. In a 
cluster randomized trial, we offered 855 primary care clinics: 1) 
QI coaching; 2) communication training; or 3) both interventions 
combined. In each trial arm, we assessed adoption (proportion 
of clinics receiving the intervention), contacts per clinic (mean 
number of contacts needed for one clinic to adopt intervention), 
reach (median number of participants per clinic), and delivery 
cost (mean cost per clinic) from the HD perspective. More 
clinics adopted QI coaching than communication training or the 
combined intervention (63% vs 16% and 12%, both  
p < .05). QI coaching required fewer contacts per clinic than 
communication training or the combined intervention (mean = 
4.7 vs 29.0 and 40.4, both p < .05). Communication training 
and the combined intervention reached more total staff per 
clinic than QI coaching (median= 5 and 5 vs 2, both p < .05), 
including more prescribers (2 and 2 vs 0, both p < .05). QI 
coaching cost $439 per adopting clinic on average, including 
follow up ($129/clinic), preparation ($73/clinic), and travel 
($69/clinic). Communication training cost $1,287 per adopting 
clinic, with most cost incurred from recruitment ($653/clinic). 
QI coaching was lower cost and had higher adoption, but 
communication training achieved higher reach, including to 
influential vaccine prescribers.

Keywords  

Human papillomavirus vaccine, Cancer prevention, 
Implementation science, Quality improvement, 
IQIP, Physician communication

BACKGROUND
State and regional health departments play an im-
portant, but understudied role in efforts to im-
prove vaccination services in the US. Such efforts 
are especially important for human papillomavirus 
(HPV) vaccination. Despite national recommenda-
tions for routine administration to adolescents at 
ages 11–12  years[1], only 54% of adolescents aged 

13–17 were up to date on the multi-dose vaccine 
series by 2019 [2]. Key barriers to HPV vaccination 
include infrequent and ineffective prescriber recom-
mendations, as well as health system factors such as 
underuse of patient reminder/recall and standing or-
ders, limited provider time, and competing priorities 
[3–10]. Health departments are important partners 
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for scaling up interventions to address these barriers 
because they offer an existing, national workforce 
and a population health perspective that emphasizes 
broad implementation with primary care clinics 
across their jurisdictions [11]. Given the breadth of 
their work, along with budget cuts in recent years 
[12, 13], health departments are best served by fo-
cusing on interventions that are highly scalable and 
that will be adopted by clinics, reach large numbers 
of vaccine prescribers, and incur relatively low costs.

One intervention that meets these criteria is the na-
tional AFIX (Assessment, Feedback, Incentives, and 
eXchange) program, which was recently updated 
to be the Immunization Quality Improvement for 
Providers program (IQIP, https://www.cdc.gov/vac-
cines/programs/iqip/at-a-glance.html) [14]. AFIX in-
volves in-person quality improvement (QI) coaching 
consultations in which health department staff visit 
clinics that receive federally funded vaccines to 
provide vaccine-related education, assessment and 
feedback on clinics’ own vaccination rates, and 
guidance on strategies to improve vaccine delivery. 
Prior research suggests that AFIX increases HPV 
vaccination coverage in the short-term, but requires 
enhancements to sustain those improvements [15–
17]. Thus, in partnership with Centers for Disease 
Control and Prevention (CDC), our research team 
developed an HPV vaccine-specific version of AFIX 
that seeks to leverage the evidence-based implemen-
tation strategies[18] of assessment and feedback and 
QI coaching to achieve more lasting improvements 
in HPV vaccination coverage [19–21]. Importantly, 
most states are required as a condition of funding 
to deliver AFIX annually to at least 25% of primary 
care clinics who receive federally funded vaccines 
through the Vaccines for Children program, and 
some states deliver AFIX even more broadly. Since 
all states implement AFIX on a broad scale, the pro-
gram represents an important existing network of 
implementation support for improving HPV vaccin-
ation in primary care.

In addition to AFIX, some health departments 
also contract with outside experts to provide phys-
ician communication training, which typically 
occurs remotely. Delivered by physicians, this edu-
cational outreach focuses on helping the clinic’s 
physicians and other vaccine prescribers improve 
their HPV vaccine recommendations [22–24]. Such 
training is appealing because physician experts 
may have more influence over vaccine prescribers 
than health department staff; however, because 
physician experts are highly trained, they are also 
more expensive. The value for health departments 
to bring physician communication training to scale 
nationally depends on the intervention’s ability to 
reach physicians and other prescribers efficiently, 
but the reach and cost of this approach have not, 
to our knowledge, been studied. Furthermore, the 
ideal relationship between AFIX QI coaching and 

physician communication training is also unknown; 
it is unclear whether physician communication 
training is best delivered on its own or if it should 
be packaged with an in-person AFIX session, to im-
prove vaccination at both the prescriber and clinic 
level simultaneously.

To address this gap, we conducted a randomized 
implementation trial comparing AFIX QI coaching 
and physician communication training, alone and in 
combination, on implementation outcomes. We de-
livered physician communication training using an 
adapted version of the Announcement Approach 
Training (AAT) intervention. AAT is a brief (<1 hr) 
communication workshop that trains physicians 
and other vaccine prescribers to use presumptive 
recommendations that introduce HPV vaccination 
as the default choice in routine care. Our prior re-
search has established that AAT increases HPV 
vaccination coverage among adolescent patients 
in primary care, and based on this evidence, the 
National Cancer Institute recognizes the interven-
tion as an Evidence-Based Cancer Control Program 
[22, 23]. We compared AFIX and AAT interven-
tions on implementation outcomes, including adop-
tion, reach, contacts per clinic, and delivery cost [25, 
26]. By providing novel implementation data on two 
evidence-based interventions, this study seeks to 
help health departments understand the strengths 
and challenges of AFIX and physician communi-
cation training so that they can make the most of 
limited funds in their efforts to improve HPV vac-
cination coverage. Additionally, this trial is designed 
to inform implementation science more broadly by 
comparing QI coaching, which seeks to change clin-
ical systems, with communication training, which 
seeks to improve physicians’ interpersonal inter-
actions with parents.

METHODS

Participants
In December 2017, we partnered with HDs in three 
US states to conduct our trial. We selected HDs 
with robust vaccine registries (or “immunization in-
formation systems”), sufficient numbers of eligible 
clinics to meet recruitment requirements, and staff 
(“AFIX coaches”) interested in focusing on HPV 
vaccination. States were in the Southwest (SW), the 
Northeast (NE), and the Midwest (MW).

With each partnering state, eligible clinics: (1) had a 
pediatric or family medicine focus; (2) participated in 
Vaccines for Children (VFC) [27], a federally funded 
program that provides vaccines at no cost to certain 
populations ages 18  years and younger, including 
Medicaid-eligible and uninsured children; and (3) 
had between 200 and 7,000 adolescent patients 
(ages 11–17) according to their state’s immunization 
information system. We excluded pharmacies and 
school health clinics because these settings may differ 
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substantially from primary care clinics in their HPV 
vaccine delivery systems. We excluded clinics that: (1) 
were part of very large healthcare systems (i.e., those 
with 30 or more clinics) to maximize the compar-
ability of our study arms; or (2) had baseline coverage 
for HPV vaccine initiation (≥1 dose) of greater than 
or equal to 85% to focus interventions on clinics with 
higher need for improvement.

Procedures
In April 2018, we randomly assigned 855 eligible 
clinics to one of four trial arms: QI coaching via the 
HPV vaccine-specific AFIX intervention, physician 
communication training via AAT, both interventions 
(AFIX+AAT), or control. We used a parallel-group 
trial design and randomized clinics in a 1:1:1:1 ratio. 
We randomized clinics that were part of the same 
healthcare system or network in blocks to prevent 
contamination among trial arms. We offered clinics 
interventions from April through September 2018 
with a recruitment target of 90 clinics for each trial 
arm. The purpose of this paper is to compare the 
AFIX and AAT interventions on implementation 
outcomes; thus, this paper focuses solely on clinics 
in the three intervention arms and excludes clinics 
in the control arm. Vaccination outcomes are forth-
coming and will be reported separately.

Recruitment and scheduling procedures differed 
by trial arm. For the AFIX arm, AFIX coaches re-
cruited clinics for sessions by phone and email, using 
established contacts when available. For the AAT 
arm, the study team’s physician educators and study 
staff recruited clinics by phone and email, using con-
tact information provided by state immunization 
programs or found online. For AFIX+AAT, recruit-
ment occurred sequentially, with AFIX coaches first 
scheduling AFIX sessions and physician educators 
and study staff next scheduling AAT sessions. AFIX 
coaches, physician educators, or study staff made 
at least six attempts to contact clinics to schedule 
sessions.

AFIX QI Coaching
We offered clinics in the AFIX arm a single in-person, 
HPV vaccine-specific QI coaching session led by 
an AFIX coach from their state’s HD [14]. AFIX 
coaches scheduled the session with one or more 
members of the clinic’s healthcare team; the in-
tended audience for each session was any member of 
the healthcare team, with a goal of including vaccine 
prescribers when possible. We designed the session 
to include four implementation strategies: educa-
tional outreach, assessment and feedback, action 
planning, and follow up [18]. First, AFIX coaches 
used PowerPoint slides and talking points to deliver 
a brief didactic presentation on HPV infection and 
HPV vaccination, including strategies to improve 
coverage. Second, AFIX coaches shared assessment 

and feedback results of the clinic’s adolescent vac-
cination coverage via an immunization report card; 
the report card presented coverage for HPV vaccine 
initiation, using coverage for two other vaccines rou-
tinely administered to adolescents (Tdap and sero-
groups A, C, W, and Y meningococcal vaccine) as 
the comparison. Third, AFIX coaches worked with 
clinics to create an action plan, which involved set-
ting a measurable QI goal and selecting strategies 
(e.g., recommending same-day HPV vaccination for 
all patients by age 11, or establishing standing or-
ders for adolescent HPV vaccination) to meet the 
QI goal. Each AFIX session was approximately 1 hr 
long. Lastly, clinics received follow-up report cards 
with updated coverage on their QI goals at three and 
six months after the initial session. We offered 1 hr 
of CME credit to physician participants as an incen-
tive. More information about the AFIX QI coaching 
intervention is described in our previous work [28].

AAT Physician Communication Training
For clinics in the AAT arm, physician educators 
from the study team delivered a single one-hour 
session via a virtual conferencing platform (Zoom). 
Healthcare teams, with an emphasis on vaccine pre-
scribers who recommend adolescent vaccines, were 
the intended audience of the session. The AAT 
intervention is designed to use the implementation 
strategy of educational outreach [18]. The study’s 
trained physician educators delivered an adapted 
version of AAT with the goal of improving HPV 
vaccine communication with parents. The training 
teaches healthcare teams to use “presumptive an-
nouncements,” to introduce adolescent vaccines. 
Presumptive announcements present vaccination 
as the default choice. For example, a vaccine pre-
scriber might say, “Now that Michael is 11, he is 
due for three vaccines to protect against meningitis, 
HPV cancers, and pertussis, and we’ll give those 
at the end of the visit today.” The training begins 
with a didactic session with information about HPV-
associated cancers and HPV vaccination, followed 
by an interactive session in which participants have 
the opportunity to practice responding to common 
parental concerns. At the end of the session, the 
physician educator answers participants’ questions 
and guides discussions about how the team can in-
tegrate this model in their own practice. Physician 
participants were offered one hour of CME credit as 
an incentive. Current AAT materials are available 
at hpvIQ.org.

AFIX+AAT
The AFIX+AAT arm included both interventions. 
We assigned clinics to receive an in-person AFIX 
session delivered by health department staff, fol-
lowed by a remote AAT session delivered by a phys-
ician educator.
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Measures
Adoption, Contacts per Clinic, and Reach
Adoption is “the intention, initial decision, or action 
to try or employ an innovation or evidence-based 
practice” [25]. We operationalized adoption as the 
proportion of clinics that received the session(s) to 
which they were allocated (i.e., AFIX session, AAT 
session, or both). Clinics that scheduled but did 
not receive the allocated intervention for their trial 
arm were not categorized as adopters. For example, 
some clinics in the AFIX+AAT arm received an 
AFIX session, but later declined an AAT session; we 
did not count these as adopters. To understand the 
effort required to achieve adoption, we also assessed 
contacts per clinic, or the number of contact attempts 
required for a clinic to adopt the intervention during 
the study period.

Reach is defined as “an individual-level measure 
of participation” [25, 26]. We operationalized reach 
as the number and type (total clinic staff or vaccine 
prescriber) of participants within clinics who at-
tended the intervention session. Using participation 
logs, we noted the number of total staff participants 
for the session, including how many of the partici-
pants were vaccine prescribers, based on self-report.

Delivery Cost
Cost is defined as “the cost impact of an implemen-
tation effort” [25]. We operationalized cost as delivery 
cost and assessed it from the perspective of interven-
tionists (i.e., health departments). We determined 
staff time spent on intervention delivery (excluding 
data collection activities conducted for research 
purposes), using individual staff salaries to deter-
mine an hourly rate. We also included the cost of 
any materials used for each intervention arm. We 
calculated costs for AFIX and AAT sessions separ-
ately, rather than by trial arm, dividing the cost of 
the AFIX+AAT arm into its component parts. AFIX 
coaches, AAT physician educators, and study staff 
involved in recruitment and intervention delivery 
completed weekly online time logs, recording time 
spent on recruitment, preparation, intervention de-
livery, follow up, travel (AFIX only), and training 
and technical assistance, rounded to the nearest 
half hour. We did not include costs incurred by 
participating clinics or their physicians and staff.

For the AFIX sessions, costs were related to: (1) 
recruitment to enroll clinics and schedule sessions; (2) 
session preparation, including completion of clinic im-
munization report cards; (3) intervention delivery, or 
time spent conducting AFIX sessions; (4) follow up, 
including sending clinics their report cards with pro-
gress reports, and calls and emails with clinics after 
the session; (5) travel time to clinics; and (6) training 
and technical assistance to aid AFIX coaches in other 
training or technical needs. We also included the 
cost of mailings into the total cost for the AFIX arm 
as other expenses.

For the AAT sessions, we assessed costs related to 
physician educator and study staff tasks, which in-
cluded: (1) recruitment to enroll clinics and schedule 
sessions; (2) session preparation, including updating 
training scripts with state- and clinic-specific vaccine 
coverage rates, sending webinar links to meeting par-
ticipants, and sending training materials to clinics); 
(3) intervention delivery, or time spent conducting 
sessions, including setting up and troubleshooting of 
technology; (4) follow-up to answer questions or pro-
vide additional resources to healthcare teams after 
sessions; and (5) training and technical assistance to aid 
physician educators in any virtual training or tech-
nical needs. We also included the cost of postage, 
faxing via an online service, a Zoom subscription, 
paper, envelopes, and post cards into the total cost 
for the AAT arm as other costs.

Data Analysis
To assess adoption within each intervention arm, 
we divided the number of clinics that received an 
intervention by the total number of clinics con-
tacted in each arm. To calculate the effort used to 
recruit the clinics that received an intervention, 
we determined the average number of contacts 
per clinic, or the total number of contacts for all 
contacted clinics divided by the number of clinics 
that received an intervention. In other words, inter-
ventionists could expect to make a certain average 
number of contacts (calls or emails) to achieve 
adoption by one clinic. We calculated reach as the 
median number of total staff at each session, and 
the median number of prescribers at each session; 
medians were used for reach calculations because 
data were non-normal and a median is a better 
measure of central tendency.

To compare adoption rates and effort to recruit 
clinics to adopt (number of total contacts per re-
cruited clinic) across trial arms and states, we used 
logistic regression models followed by Wald tests. 
To determine if reach to prescribers and staff varied 
across trial arms and states, we compared rank 
means using Kruskal–Wallis and Dunn tests due to 
the non-normality of data.

We evaluated the total cost for AFIX and AAT 
sessions, and determined the average cost for each 
component (recruitment, session preparation, 
intervention delivery, follow up, travel [AFIX 
only], and training and technical assistance). We 
also determined the cost per clinic, per hour, per 
total staff participant, and per prescriber partici-
pant for AFIX and AAT sessions. For example, 
to determine cost per clinic, we divided the total 
intervention cost by the number of completed 
AAT sessions (in both the AAT and AFIX+AAT 
arms) or the number of completed AFIX sessions 
(in both the AFIX and AFIX+AAT arms). 
Deidentified datasets used to support conclusions 
are publicly available [29].
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RESULTS

Adoption, Contacts per Clinic, and Reach

Adoption
In our overall sample, 63% (89/141) of clinics allo-
cated to the AFIX arm adopted AFIX, 16% (31/199) 
of clinics in the AAT arm adopted AAT, and 12% 
(17/144) of clinics in the AFIX+AAT arm adopted 
AFIX+AAT (Table 1). Adoption was higher for AFIX 
than either AAT or AFIX+AAT (both p < 0.01), but 
did not differ between AAT and AFIX+AAT (p > 
0.05). In analysis within trial arm, AFIX adoption 
was lower in the MW state (19/65) than in the SW 
(30/32) or the NE (40/44) states (29% vs. 94% and 
91%, both p < 0.01). Adoption did not vary by state 
for AAT or AFIX+AAT (both p > .05).

Contacts per clinic
On average, it took 4.7 contacts to recruit a clinic 
in the AFIX arm, 29.0 contacts to recruit a clinic in 
the AAT arm, and 40.4 contacts to recruit a clinic in 
the AFIX+AAT arm (Table 1). AFIX required fewer 
contacts per clinic than AAT or AFIX+AAT (both 
p < 0.01). Contacts per recruited clinic for AAT and 
AFIX+AAT did not differ (p > 0.05).

Within each trial arm, contacts per clinic varied 
by state only for the AFIX intervention. In the AFIX 
arm, recruitment required fewer contacts per clinic in 
the SW state (1.4 contacts per clinic) and NE state (3.5 
contacts per clinic) than in the MW state (12.6 con-
tacts per clinic) (both p < 0.01). Within the AAT and 
AFIX+AAT arms, we detected no difference among 
states in contacts needed to recruit (all p > 0.05).

Reach per session
Median reach per sessions was 2.0 total staff mem-
bers for AFIX (range: 1–24), 5.0 for AAT (range: 
1–15), and 5.0 for AFIX+AAT (range: 2–11) (Table 
2). Total staff reach per session was higher for AAT 
and AFIX+AAT compared to AFIX (both p < 0.01), 
but did not differ between AAT and AFIX+AAT. 
For prescribers, median reach per session was 0 
for AFIX (range: 1–10), 2.0 for AAT (range: 0–10), 
and 2.0 for AFIX+AAT (range: 0–6) (Figure 1). 

Prescriber reach per session was higher for AAT 
and AFIX+AAT compared to AFIX (both p < 0.01), 
but did not differ between AAT and AFIX+AAT  
(p > 0.05).

Within each trial arm, reach varied by state for 
AFIX and AFIX+AAT, but not AAT. In the AFIX 
arm, median reach to total staff per session varied 
from 1.0 in the SW state to 2.0 in the NE state to 4.0 
in the MW state. Total staff reach varied significantly 
between all three states (all p  <  0.05). Prescriber 
reach was lower in the SW state than in the NE and 
MW states (both p < 0.01). In the AFIX+AAT arm, 
median reach to total staff per session was 2.5 in 
the SW state, 5.5. in the NE state, and 4.0 in the 
MW state. Reach to total staff was lower in the SW 
state than in the NE and MW states (both p < 0.05). 
Prescriber reach was lower in the SW and MW states 
than in the NE state (both, p < 0.05).

Delivery Cost
AFIX
AFIX cost $439 per clinic, which included 10.4 hr 
of delivery time per clinic (Tables 3 and 4). About 
one-third of hours were spent on follow-up (31%), 
while fewer than one-fifth each were spent on re-
cruitment (15%), preparation (17%), intervention 
delivery (13%), and travel (16%) (Table 4). The 
cost of reaching one clinic staff member was $150, 
and the cost of reaching one prescriber was $500 
(Table 3).

AAT
AAT cost $1,287 per clinic, which included 
20.2 hr of delivery time per clinic (Table 3 and 4). 
Recruitment made up just over 50% of total time 
spent (10.3 hr). Fewer than one-sixth of hours each 
were spent on session preparation (15%), interven-
tion delivery (15%), follow up (3%), and training and 
technical assistance (16%). Physician educators and 
study staff spent no time on travel for the webinar 
sessions, and other materials cost about $6 per clinic 
(Table 4). The AAT cost of reaching one clinic staff 
member was $298, and the cost of reaching one pre-
scriber was $561 (Table 3).

Table 1 | Adoption and contacts per intervention clinic by trial arm

AFIX AAT AFIX+AAT

Adoption overalla 63% (89/141) 16% (31/199) 12% (17/144)
 SW state 94% (30/32) 14% (10/72) 6% (2/31)
 NE state 91% (40/44) 20% (11/56) 22% (8/36)
 MW state 29% (19/65) 14% (10/71) 9% (7/77)
Contacts per clinic overallb 4.7 (420/89) 29.0 (899/31) 40.4 (686/17)
 SW state 1.4 (42/30) 30.1 (301/10) 74.5 (149/2)
 NE state 3.5 (138/40) 27.3 (300/11) 26.3 (210/8)
 MW state 12.6 (240/19) 29.8 (298/10) 46.7 (327/7)
a Proportion of clinics that received intervention (Number that received intervention/Number contacted).
b Mean contacts needed to recruit one clinic (Number of contacts for all contacted clinics/Number of clinics that received the intervention).
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DISCUSSION
Findings of our randomized implementation trial 
suggest that in-person AFIX QI coaching and re-
mote AAT physician communication training 
interventions offer different advantages and dis-
advantages with respect to implementation out-
comes for supporting HPV vaccination in primary 
care settings. Our QI coaching intervention was 
relatively widely adopted and cost less to de-
liver than communication training; however, QI 
coaching reached fewer total staff per clinic and 
almost no prescribers. By comparison, physician 
communication training had lower adoption 
and was expensive due to high recruitment cost. 
Nevertheless, this intervention had the advantage 
of reaching more total staff per clinic, including 
highly influential vaccine prescribers. The com-
bined intervention arm of AFIX+AAT involved 
similar strengths and challenges as the physician 
communication training arm, albeit at higher cost.

Our QI coaching intervention performed well 
on measures of adoption, contacts per clinic, and 
cost. Nearly two-thirds of the contacted clinics 

adopted the intervention, and QI coaching adop-
tion required fewer than five contacts per clinic on 
average. In turn, the time and cost needed to de-
liver QI coaching were relatively modest, which is 
consistent with prior studies [30, 31]. This analysis 
did not directly assess reasons for high adoption, 
but our prior qualitative work suggests that AFIX 
coaches’ local networks are important for facilitating 
adoption, given that some AFIX coaches have built 
connections to primary care teams over many years 
through provision of “regular” AFIX immunization 
programs not specifically tailored to HPV vaccin-
ation [28]. Clinics may have been familiar with the 
broader AFIX program, even if they had not had 
an HPV-specific AFIX visit. At the same time, the 
relative ease of adoption likely also reflects that QI 
coaching can be scheduled with a nurse, medical as-
sistant, or office manager, who may be more readily 
available than the prescribers who are the targets 
of physician communication training. Indeed, QI 
coaching performed poorly on reach to prescribers. 
This low reach is problematic in the context of 
HPV vaccination, as vaccine prescribers are key to 
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Fig 1 | Intervention reach: Median number of total staff and prescribers by trial arm

Table 2 | Reach: Median number of total staff and prescribers by trial arm

AFIX  
Median [min-max]

AAT  
Median [min-max]

AFIX+AAT  
Median [min-max]

Total Staff Prescribers Total Staff Prescribers Total Staff Prescribers

Reach overall 2.0 0.0 5.0 2.0 5.0 2.0
[1–24] [0–10] [1–15] [0–10] [2–11] [0–6]

 SW state 1.0 0.0 5.0 3.0 2.5 1.0
[1–2] [0-0] [1–13] [0–6] [2–3] [1-1]

 NE state 2.0 2.0 2.0 2.0 5.5 3.0
[1–12] [0–10] [1–7] [0–5] [3–11] [2–6]

 MW state 4.0 1.0 6.0 1.0 4.0 2.0
[1–24] [0–4] [1–15] [1–10] [3–10] [0–4]
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increasing vaccine coverage [3, 32–36], and suggests 
a tension between adoption and reach. If an AFIX 
coach has a relationship with a nurse or medical 
assistant in the clinic, “getting in the door” is rela-
tively easy, but is unlikely to engage the overarching 
power structure of the clinic or larger healthcare 
system or reach prescribers [28].

In contrast to QI coaching, AAT physician com-
munication training achieved relatively high reach to 
prescribers, who were the intervention’s target audi-
ence. However, this higher reach came at a cost, re-
quiring many more contacts per clinic for scheduling 
trainings and a low proportion of clinics adopting 
physician communication training compared to QI 
coaching. Largely due to the recruiting burden, the 
average time and cost per clinic needed to imple-
ment physician communication training were high. 
The difficulty of recruiting clinics for physician 
communication training likely reflects the challenge 
of scheduling time with the busy prescribers who 
are the target of this intervention, and was com-
pounded by physician experts’ lack of professional 
networks in local communities. Nevertheless, once 
physician experts identified interested clinics, they 
were successful at bringing prescribers to the table, 
perhaps because of their status and the appeal of a 
peer-to-peer approach. We also note that this study 
was conducted prior to the COVID-19 pandemic, 
when healthcare teams were likely less familiar with 

virtual trainings. The increasing use of virtual meet-
ings and the rise of telehealth may make future im-
plementation of remote communication training 
less challenging.

The combined AFIX+AAT intervention had 
similar implementation challenges and successes 
as physician communication training alone, but at 
higher cost. The combined intervention achieved 
high reach to prescribers, but required numerous 
contacts per clinic, with few clinics ultimately 
deciding to adopt both QI coaching and physician 
communication training. Our findings suggest that 
the process of separately recruiting for systems-level 
and prescriber-level interventions is challenging 
and costly. Our analysis of delivery cost was not 
able to isolate the cost of the combined intervention 
specifically, but given the sequential nature of our 
design, this cost can be estimated to be the additive 
cost of each intervention, or $1,726 per clinic on 
average. Thus, the combined intervention is likely 
advantageous only to the extent that its multi-level 
approach achieves improvements in HPV vaccin-
ation coverage that are larger than QI coaching or 
communication training alone. Indeed, given that 
other studies have found success by using bundled 
or multilevel interventions [37–41], we hypothesize 
that the combined intervention will yield improved 
outcomes, but forthcoming studies will make clear 
whether this is the case. In the meantime, our 

Table 3 | Costs for AFIX and AAT interventionsa

AFIXb AATc

Total $76,366.68 $61,756.35
Per hour $42 ($76,367/1809 hr) $64 ($61,756/972 hr)
Per clinicd $439 ($76,367/174 clinics) $1,287 (61,756/48 clinics)
Per total staff $151 ($76,367/505 total staff) $298 ($61,756/207 total staff)
Per prescriber $498 ($76,367/154 prescribers) $561 ($61,756/110 prescribers)
a Costs for AFIX+AAT arm divided into component parts.
b Includes 174 AFIX visits occurring in AFIX only and AFIX+AAT trial arms.
c Includes 48 AAT visits occurring in AAT only and AFIX+AAT trial arms.
d Cost per clinic that adopted intervention.

Table 4 | Average time and cost for AFIX and AAT interventions

Time spent per recruited clinic Delivery cost per recruited clinic

AFIX hra (%) AAT hrb (%) AFIX $ (%) AAT $ (%)

Recruitment 1.6 (15) 10.3 (51) $65 (15) $653 (51)
Session preparation 1.8 (17) 3.0 (15) $73 (17) $192 (15)
Intervention delivery 1.4 (13) 3.0 (15) $56 (13) $192 (15)
Follow up 3.2 (31) 0.5 (3) $129 (30) $38 (3)
Travel 1.7 (16) n/a  $69 (16) n/a  
Training and technical assistance 0.8 (8) 3.3 (16) $34 (8) $205 (16)
Otherc n/a  n/a  $8 (2) $6 (0)
Total 10.4  20.2  $439  $1,287  
Note: n/a not applicable; numbers and percentages may not add due to rounding.
a Includes 174 AFIX visits occurring in AFIX only and AFIX+AAT trial arms.
b Includes 48 AAT visits occurring in AAT only and AFIX+AAT trial arms.
c Includes mailings, paper supplies, Zoom subscriptions.
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research underscores the aggregate cost of a multi-
level intervention; HDs may elect to implement a 
less expensive, though potentially less impactful, 
intervention based on relative prioritization of HPV 
vaccination and their community needs.

Interestingly, we observed variation by state in 
the implementation of each intervention. For ex-
ample, QI coaching adoption in the SW and NE 
states was very high, but lower in the MW state. 
Our prior qualitative work suggests that the MW 
state had difficulty with adoption due the high pro-
portion of clinics in that state that were part of in-
tegrated delivery systems [28]. In these systems, 
clinic managers often lacked the authority to adopt 
QI coaching without permission from leaders in the 
corporate office, adding a layer of gatekeeping [28]. 
AFIX coaches may have similar difficulty achieving 
high adoption in states that have large healthcare 
systems that limit access to clinics, regardless of the 
intervention. However, despite low adoption, the 
MW state had higher total staff reach than the other 
states, which underscores the tension between adop-
tion and reach that we observed between arms. By 
engaging the power structure of the systems, AFIX 
coaches may be able to attain greater reach, though 
at a cost. Given that primary care is rapidly consoli-
dating in the US [42–44], understanding how to 
coordinate health departments’ QI efforts with in-
tegrated delivery systems should be a high-priority 
topic for future research. It is noteworthy, however, 
that we did not observe the same variation in adop-
tion in the AAT arm; adoption of AAT was uni-
formly low across states.

Our findings have implications for state and re-
gional health departments working to improve 
HPV vaccination coverage via IQIP, CDC’s cur-
rent QI coaching program, which retains many of 
the same elements as AFIX, including a review of 
current coverage and provision of feedback and 
follow-up data. While QI coaching visits are a lower 
cost intervention, in the case of HPV vaccination, 
a greater effort dedicated to engage prescribers is 
needed, even if prescribers are unable to attend 
the whole session due to time constraints. Health 
departments could potentially increase prescriber-
specific reach by incorporating incentives, such as 
offering Maintenance of Certification (MOC) Part 
4 credit, working within existing QI infrastructure 
in healthcare systems, working with provider pro-
fessional societies, or offering state-wide awards or 
public praise for meeting vaccination goals [10, 40, 
45]. Physician communication training is a prom-
ising intervention for reaching prescribers [23, 30, 
46, 47], but health departments must be ready to 
overcome recruitment challenges to adoption to 
make this a feasible option. For example, health 
departments would likely benefit from longer-term 
efforts to build relationships with large healthcare 
systems in their states to facilitate access to clinics; a 
recent study found that vaccine-related QI decision 

making occurs at multiple levels, including at the 
larger system level [48]. In addition, health depart-
ments could partner with organizations like the 
American Academy of Pediatrics and the American 
Cancer Society to facilitate relationships. Health 
systems could be important allies for improving im-
munization quality, but working with systems likely 
would require building different types of relation-
ships over a longer timeline than the clinic-by-clinic 
approach most QI coaching programs have used in 
the past. Incorporating other implementation strat-
egies, such as working with systems’ executive boards 
to integrate HPV vaccine-related QI coaching and 
physician communication training into existing QI 
efforts, may facilitate both reach and adoption. One 
recent study used learning collaboratives and other 
strategies including reminder-recall to improve vac-
cination outcomes [41].

Our study offers several strengths, including a 
strong study design and diverse study population. 
We employed a large, randomized implementation 
trial to test differences between arms and worked 
in geographically diverse states to understand vari-
ation in the implementation of our interventions. 
Our study also focused on medium- to high-volume 
pediatric and family medicine clinics, where most 
HPV vaccination takes place.

We also note several limitations. While the pedi-
atric and family medicine clinics included in the 
study provide most HPV vaccine doses, the gen-
eralizability of our findings to alternative delivery 
settings, such as pharmacies or school health 
centers, is unknown. Additionally, our study fo-
cused on important implementation measures of 
adoption, reach, and cost, but we do not report 
on intervention fidelity or more down-stream 
implementation outcomes, such as the extent to 
which our interventions prompted changes in clin-
ical teams’ communication or vaccine delivery 
systems. We note that particularly in the context 
of a QI coaching intervention, it is important to 
reach those with the authority to effect change 
in a clinic. We emphasized reach to prescribers 
to approximate that level of influence, but we 
acknowledge there are other staff who may also 
have the ability to effect change. The AFIX+AAT 
combination arm required more recruitment ef-
fort than the other arms, largely attributable to the 
two separate recruitment efforts to schedule each 
component done by AFIX coaches and study staff. 
Scheduling burdens may be eased if an attempt is 
made to schedule both sessions with one contact, 
though we anticipate that scheduling a combin-
ation session will still require more effort than a 
single session of AFIX or AAT. We calculated de-
livery cost from the perspective of health depart-
ments, who are charged with implementing these 
interventions, and did not account for the costs to 
clinics and prescribers for each intervention, such 
as prescribers’ time. Future research can extend 
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the present study by evaluating the cost effective-
ness of each intervention or the cost of each inter-
vention from the clinic perspective, which was 
beyond the scope of the present study. It would 
also be helpful to have a more thorough under-
standing of the clinics that are being reached by 
QI interventions; future research into organiza-
tional readiness to change could provide greater 
insight into characteristics of adopting clinics.

CONCLUSIONS
In selecting clinic-based interventions to improve 
HPV vaccination coverage, health departments 
must balance a need for wider audience with pre-
scribers and budgetary constraints. Our find-
ings underscore the need to increase the reach of 
in-person QI coaching, while also exploring ways 
to make recruitment easier for the adoption of re-
mote physician communication training. This goal 
is especially notable now, as the ongoing COVID-19 
pandemic has highlighted the importance of remote 
interventions to improve healthcare quality. Health 
departments have an important mandate to sup-
port all clinics participating in their VFC programs, 
which is an admirable challenge with respect to both 
cost and logistics. We note that HDs will likely con-
sider implementation outcomes in combination with 
vaccination outcome measures: each arm may have 
an differing impact with respect to outcomes such 
as vaccination coverage, and implementation out-
comes must be weighed in context, based on HD 
priorities. Highly scalable interventions are critical 
for achieving this goal so that health departments 
can support primary care clinics in protecting their 
patients from future HPV cancers.
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