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Objective:  To  evaluate  a brief  intervention  to increase  provision  of  adolescent  vaccines  at health  centers
that  reach  the  medically  underserved.
Method:  In April  2010,  clinical  coordinators  from  17  federally  qualified  health  centers  (serving  7827
patients  ages  12–17)  participated  in a  competition  to  increase  uptake  of  recommended  adolescent  vac-
cines: tetanus,  diphtheria,  and  pertussis  booster;  meningococcal  conjugate;  and  human  papillomavirus.
Vaccination  coordinators  attended  a  webinar  that  reviewed  provider-based  changes  recommended  by  the
CDC’s  Assessment,  Feedback,  Incentives,  and  eXchanges  (AFIX)  program  and  received  weekly  follow-up
emails.  Data  on  vaccine  uptake  came  from  the  North  Carolina  Immunization  Registry.
Results:  Uptake  of  targeted  adolescent  vaccines  increased  during  the  one-month  intervention  period  by
ederally qualified health centers
uman papillomavirus (HPV)
eningitis

etanus, diphtheria, and pertussis (Tdap)

about 1–2%  (all  p < .05).  These  small  but  reliable  increases  were  greater  than  those  observed  for  non-
targeted  vaccines  (measles,  mumps,  and  rubella;  hepatitis  B;  and  varicella).
Conclusion:  This  AFIX  webinar  led to small  increases  in  provision  of  targeted  adolescent  vaccines  over
a  one-month  period.  Similar,  sustainable  programs  at healthcare  facilities,  including  federally  qualified
health centers  that  function  as  safety  net  providers  for  medically  underserved  populations  could  help
reach  populations  with  great  need.
Childhood vaccination is one of the success stories of the twen-
ieth century [1]. In the past decade, three vaccines have received
pproval for children ages 11–12 years, with catch-up vaccina-
ion appropriate through adolescence: tetanus, diphtheria, and
ertussis booster (Tdap); meningococcal conjugate; and human
apillomavirus (HPV) [2].  Among adolescents ages 13–17 years,
dap vaccine uptake is the highest of the three (69%), in part
ecause some jurisdictions require it for school attendance [3].
ptake of meningococcal conjugate is lower (63%), possibly due

o fewer states having school mandates [3].  Uptake of HPV vac-
ine among adolescent girls is the lowest (49% for dose 1 and

2% for dose 3) [3],  partly because of its recent introduction and
artly because it requires three doses. The number of adolescents
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who  have received all three recommended vaccines is lower still:
between 17% [4] and 26% [5].

To increase provision of childhood vaccines, the CDC encour-
ages the use of the Assessment, Feedback, Incentives, & eXchanges
(AFIX) program [6].  AFIX centers on provider-based approaches
that are effective in increasing vaccination rates (e.g. [7,8]). AFIX
visits usually involve a public health worker collaborating with
staff at the practices and offering an evaluation of medical records
to ascertain immunization levels (Assessment); sharing the results
of the assessment with the practice and suggesting methods
for improvement (Feedback); negotiating formal and informal
incentives for increasing immunization levels (Incentives); and
facilitating communication among practices so that they can
discuss success strategies (eXchanges) [9].  The AFIX program was
developed in Georgia, where immunization rates for children
ages 21–23 months increased from less than 40% to greater
than 90% between 1987 and 2001 [6,10].  Based on this success,

many other states and localities adopted the AFIX model, and
the federal government requires jurisdictions receiving immu-
nization funds to assess vaccination levels in 25% of local health
departments [11]. In 2010, there were 2135 AFIX visits, and 14,847
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Table 1
Typical AFIX intervention components.

Typical AFIX activity Included in
this study

Assessment
Evaluation of medical records to get immunization level x
Use CoCASA to analyze immunization trends x
Evaluate record-keeping x
Classify patients as active or inactive x
Record observed, qualitative data about the practitioner’s office
Feedback
Report results of assessment to providers x
Focus on a couple of areas for improvement
Help providers create goals for improvement x
Follow-up with providers after feedback session x
Incentives
Provide informal incentives (e.g. information, education, etc.) x
Discuss possible formal incentives (e.g. plaques, luncheons) x
Providers design incentives for all staff for improving coverage
eXchange
Identify immunization champion x
Share information on immunization practices x
Compare provider rates to national/state/local levels
Compare provider rates to other practices (ranked list)
J.L. Moss et al. / Vacc

isits combining AFIX and the Vaccines for Children program
http://www.cdc.gov/vaccines/programs/vfc/default.htm), con-
ucted at provider sites around the country [12]. Of these visits,
62 and 2400, respectively, focused on adolescent immunization.
ractices implementing parts of the AFIX program increase their
accination rates by a median of 5% per year [7],  compared to 1.5%
ttributable to annual secular trends [11].

These provider-based AFIX interventions have focused on in-
erson interventions with public clinics, including the more than
000 federally qualified health centers that function as safety net
roviders for underserved communities at 6000 sites around the
ountry [13–15].  While vaccination rates for adolescents attend-
ng federally qualified health centers are not available, vaccination
ates for underinsured children are lower than those with adequate
ealthcare coverage [16]. To our knowledge, no published stud-

es have examined AFIX interventions focusing on adolescents or
pecifically at federally qualified health centers. Our study eval-
ated a brief intervention to increase adolescent immunization
rovision at federally qualified health centers in North Carolina.
e focused on a webinar platform as a way to potentially increase

he reach of the intervention.

. Methods

.1. Participants and recruitment

The North Carolina Community Health Center Association and
he North Carolina Immunization Branch partnered to develop and
mplement an AFIX intervention to increase adolescent immuniza-
ion. We  conceived of a one-month immunization competition
mong federally qualified health centers, with a free dinner for the
taff of the center with the highest increase in overall adolescent
accination during April 2010. Participation was open to all of the
31 federally qualified health centers in the state, and 18 clinics
pted to participate. We  excluded data from a small clinic because
heir baseline data were incomplete.

.2. Procedures

As federally qualified health center staff members typically
ave many demands on their time and few additional resources,
e designed an intervention that would be brief and simple to

mplement. The clinic coordinator from each participating center
ttended a one-hour one-on-one webinar AFIX visit by a staff mem-
er from the Immunization Branch (AD), who discussed adolescent
accines, reviewed and explained each clinic’s vaccination rates,
nd provided examples of strategies the clinics could implement
hat could improve immunization rates, such as reviewing and
agging charts, decreasing missed opportunities to vaccinate, and
stablishing center guidelines for immunizations, including using
tanding orders. Coordinators also learned how to use the North
arolina Immunization Registry to generate reminder letters for
atients who were not up-to-date with one or more recommended
accine and to use automated reminder phone calls. We  intended
or the clinic staff to view the AFIX practices in this intervention
s easy to implement; therefore, clinics were free to choose one or
ore methods they wanted to use to increase adolescent immu-

ization rates, allowing staff to select strategies best suited to their
linic’s needs. Further, we did not ask staff to provide reports of
heir activities, to minimize participant burden.
As illustrated in Table 1, this intervention contained most of
he major components of a typical AFIX intervention. The one-hour
ebinar was able to incorporate many of the activities recom-
ended by the AFIX implementation guide [17].
Providers share success stories or strategies that did not work x

The competition occurred from April 1 to May  1, 2010, with
a staff member from the North Carolina Community Health Cen-
ter Association sending weekly encouraging emails to clinic staff.
Immunization coordinators at each clinic received standardized
emails that included links to online vaccination resources, informa-
tion on immunization levels for different counties, and reminders to
focus on adolescent immunization. The Institutional Review Board
at the University of North Carolina at Chapel Hill determined that
this study did not require approval.

1.3. Measures

Immunization Branch staff generated site-specific vaccination
reports at baseline (April 1, 2010) and following completion of
the intervention (May 1, 2010) using data from the statewide
immunization registry imported into the CDC’s Comprehensive
Clinic Assessment Software Application. More than 90% of public
clinics in North Carolina use the registry, which contains infor-
mation on an estimated 54% of adolescents [18]. Each clinic’s
population was  based on patients with an active status in the
registry for that particular practice. Reports included the num-
ber and percentage of patients ages 12–17 who were up-to-date
on targeted adolescent vaccines: Tdap, meningococcal conjugate,
and HPV (doses 1–3; females only). For comparison purposes, the
reports also included non-targeted vaccines: hepatitis B; measles,
mumps, rubella (MMR); and varicella (doses 1 and 2). As the AFIX
visit was  provided to one staff person at each clinic, we measured
these outcomes at the clinic level.

1.4. Data analysis

We  compared pre- and post-intervention vaccination rates for
targeted adolescent immunizations (Tdap, meningococcal conju-
gate, and HPV) relative to non-targeted immunizations (hepatitis
B, MMR,  and varicella) using a generalized estimating equation to
account for clustering of patients within clinics. We  conducted a
sensitivity analysis by rerunning these models excluding data from

the clinic with the largest increase in vaccination rates. Data analy-
ses used SAS Version 9.2 (Cary, NC). Statistical tests were two-tailed
with a critical alpha of .05.

http://www.cdc.gov/vaccines/programs/vfc/default.htm
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Table 2
Vaccine uptake among patients ages 12–17.

Pre-
intervention, n
(%)

Post-
intervention, n
(%)

p

Total patients population 7827 7833 .911
Total female patients 3664 3673 .719

All  vaccines 2435 (31.1%) 2524 (32.2%) .001

Targeted vaccines
Tdap 5021 (64.2%) 5086 (64.9%) .001
Meningococcal conjugate 3633 (46.4%) 3710 (47.4%) .001
HPV, initated 3-dose seriesa 1919 (52.4%) 1983 (54.0%) .029
HPV, second dosea 1281 (35.0%) 1326 (36.1%) .001
HPV, completed 3-dose seriesa 768 (21.0%) 809 (22.0%) .001

Non-targeted vaccines
MMR,  completed 2-dose series 5570 (71.2%) 5605 (71.6%) .087
Hepatitis B, completed 3-dose series 6128 (78.3%) 6160 (78.6%) .123
Varicella, initiated 2-dose series 5001 (63.9%) 5026 (64.2%) .232
Varicella, completed 2-dose series 3036 (38.8%) 3087 (39.4%) .016

Note: Patients included adolescents aged 12–17 clustered in 17 federally qualified
health centers. Tdap, tetanus, diphtheria, and pertussis; HPV, human papillo-
m
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avirus; MMR,  measles, mumps, and rubella.
a HPV vaccination rates are only for female patients.

. Results

The 17 clinics served about 7800 patients ages 12–17 years
baseline population: 7827; follow-up population: 7833). The mean
umber of adolescent patients seen at each clinic at baseline was
60 (interquartile range [IQR], 94–470), with an average of 216
IQR, 53–218) females (at follow-up, each clinic had an aver-
ge of 461 patients (IQR, 94–473), with 216 females (IQR, 55–
19)).

Vaccine uptake increased over the one-month follow-up period
p < .001, Table 2). Prior to the intervention, 31.1% (IQR, 13–33%)
f each clinic’s adolescent population was up-to-date on targeted
nd non-targeted vaccines, while after the intervention, 32.2% (IQR,
4–34%) was up-to-date (Chi-square = 27.34, p < .001).

The increase vaccine uptake was larger for targeted adoles-
ent vaccines (an average of 17.2 more vaccines administered,
er clinic) than for non-targeted vaccines (8.4 more vaccines
dministered, per clinic) (interaction of vaccine type with time,
hi-square = 34.82, p < .001). Among the targeted vaccines, average

mmunization level across practices at baseline was 64.2% (IQR,
5–75%) for Tdap; 46.4% (IQR, 28–57%) for meningococcal con-

ugate; 52.4% (IQR, 50–68%) for HPV initiation and 21.0% (IQR,
6–28%) for HPV completion among females. At follow-up, aver-
ge immunization rate across practices increased significantly to
4.9% (IQR, 58–75%) for Tdap; 47.4% (IQR, 29–58%) for meningo-
occal conjugate; 54.0% (IQR, 50–68%) for HPV initiation and 22.0%
IQR, 16–28%) for HPV completion.

Among vaccines not targeted by the intervention, uptake
ncreased significantly only for the second dose of varicella vaccine
Chi-square = 5.81, p = .02). A sensitivity analysis found the same
attern of findings after dropping data for the clinic with the great-
st increase, except the change in the first dose of HPV vaccine lost
tatistical significance (p = .07).

. Discussion

A brief intervention by webinar with providers at federally qual-
fied health centers in North Carolina resulted in a small increase in

dolescents receiving targeted vaccines. This intervention demon-
trated an effective effort to increase immunization coverage in
n age group that is often underserved [3].  A strength of this
tudy is the use of web-based technology to administer the AFIX
Fig. 1. Changes in vaccination rates for a one-month follow-up period.

intervention components. While studies have shown that the AFIX
program has relatively low costs [11], employing webinars and
emails reduces the costs associated with in-person visits.

The intervention effect of our webinar was  quite small; however,
even such small increases could be meaningful to public health, if
they come as the result of brief and widely disseminated interven-
tions. The 1–2% increases in rates of uptake for targeted vaccines
that we saw over one month are potentially important when com-
pared to the 1.5% annual secular increase in vaccination, and 5%
annual increase in vaccination attributable to AFIX interventions
(Fig. 1) [7,11].  Furthermore, one month is a short period in which
to ask clinics to implement changes in their vaccination strategies
and nonetheless see increases in their vaccination rates. However,
one month of follow-up may  be appropriate to capture the great-
est changes in vaccination rates associated with exposure to the
webinar, and effects of the webinar may  diminish after that time.
In addition, intervening at federally qualified health centers, which
may  be especially burdened providers, could have led to a smaller
impact than may have been seen in more well-resourced settings.
Efforts to encourage providers, both at federally qualified health
centers and at other clinics, to increase vaccination using the AFIX
techniques by webinar could help reduce disparities in teenage vac-
cination rates, given that these centers reach diverse populations
[19].

A limitation to our study is that it did not have a control arm, as
this would not have been acceptable to the community partners;
however, our use of an instrumental comparison (non-targeted
vaccines) allowed us to treat clinics as their own controls. If clin-
ics applied the strategies they learned in the AFIX webinar to also
increase uptake of non-targeted vaccines, this would have led to
an underestimation of the impact of the visit on immunization
levels for targeted compared to non-targeted vaccines. The non-
targeted vaccines were imperfect controls, because they had higher
levels of baseline coverage, indicating that they had less room for
improvement.

Examination of the effect of the intervention on the instru-
mental control showed a statistically significant interaction effect,
such that targeted vaccines had greater increases in uptake than
did non-targeted vaccines. Self-selection of clinics into the inter-
vention makes the generalizability of the intervention to other
medical practices unknown. It is possible that clinics opting not
to participate were burdened by competing priorities or not moti-
vated by the incentive offered (i.e. free dinner). We  saw minor

changes in the size of some clinic populations over the month of
the intervention, either through new patients visiting the clinics or
because data cleaning eliminated non-active records from the pop-
ulation (16 of the 17 clinic populations changed by less than 5%).
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ecause new patients entering the practice could have a variety of
accine histories, it is unclear how they might have affected the
esults.

As participating clinics did not report the strategies they used
o increase vaccination rates, we cannot determine which of the
uggested approaches was most effective. In addition, because
he program had multiple components (i.e. webinar, competition,
nd reminder emails), it is unclear which components drove the
hanges in immunization rate. It is possible that some clinics were
ot able to implement any of the strategies suggested by the AFIX
ebinar. However, it appears that participating clinics did change

heir practices, since there was a significant increase in uptake rates
or the targeted vaccines.

Future research should investigate which strategies to increase
dolescent immunization are the most successful in the shortest
eriod of time. In addition, future studies should evaluate how
ustainable these changes are over longer periods, or whether
epeating this intervention in the same clinics leads to comparable
ncreases.

. Conclusion

AFIX is a national program that can improve adolescent
accination. While previous research on AFIX has focused on
ncreasing childhood vaccination, state immunization programs
ow use the program to boost adolescent vaccination, as well.
he short-term AFIX intervention by webinar described here
emonstrated small but significant changes in vaccination rates
nd offers a novel way to improve adolescent immunization
ates.
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