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FOCUS: VACCINES

Improving Influenza Vaccination Coverage in
the Pediatric Asthma Population: The Case for
Combined Methodologies
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The Advisory Committee on Immunization Practices recommends annual influenza vaccine
for pediatric asthma patients. Despite considerable risk for influenza complications in pedi-
atric asthma patients, including hospitalization and death, influenza vaccination among chil-
dren with asthma remains low, especially among low-income pediatric asthma patients.
Multiple interventions have been attempted to increase immunization in the pediatric asthma
population, including recall and reminders, parent/patient education, and physician educa-
tion. More recently, information technology methods have been employed, including elec-
tronic alerts and computerized physician order entry/clinical decision support interventions.
Each of these interventions, as well as a recent legislative intervention, has evidence of ef-
fectiveness, but none achieved the Healthy People 2020 vaccination goals of 80 percent for
this population. This goal may be achievable with a combination of these methodologies
and strategies that increase access to care for underserved patients. 

To whom all correspondence should be addressed: Elizabeth V. Murphy, Oregon Health
Sciences University, Department of Medical Informatics and Clinical Epidemiology, Mail
Code BICC 526, 3181 SW Sam Jackson Park Rd., Portland, OR 97239-3098; Email: 
murphel@OHSU.edu.

†Abbreviations: ACIP, Advisory Committee on Immunization Practices; CPOE, computer-
ized physician order entry; EHR, electronic health record; CDSS, Clinical Decision Sup-
port System; NHIS, National Health Interview Survey; CDC, Centers for Disease Control
and Prevention.

Keywords: pediatric asthma patients, influenza vaccination, underserved patients, low-in-
come pediatric patients, immunization rates, randomized controlled trials, computerized
physician order entry, clinical decision support, legislation, recall and reminders, pediatric
asthma hospitalizations for influenza, influenza prevention



INTRODUCTION

Asthma is a leading cause of hospitaliza-
tion, morbidity, and mortality in the pediatric
population [1]. Although the prevalence of
asthma in U.S. children is close to 8 percent,
asthmatics represent over one-third of pedi-
atric patients who are hospitalized for in-
fluenza complications and are at increased risk
for influenza-associated pneumonia and death
[1]. The Advisory Committee on Immuniza-
tion Practices (ACIP†) has recommended an-
nual influenza vaccination in asthmatics over
6 months of age since 1964 [2]. In 2010, the
ACIP expanded influenza vaccine recom-
mendations to include all children over 6
months of age, with an increased focus on
vaccinating children with asthma [2]. 

Prior to the 2009 H1N1 influenza pan-
demic, vaccination rates for children with
asthma were reported to be as low as 9 per-
cent to 25 percent [3]. Following the 2010-
11 influenza season, the Centers for Disease
Control and Prevention (CDC) evaluated
National Health Interview Survey (NHIS)
data [2]. Despite the broadened recommen-
dations for influenza vaccine in all children
in 2010 and the seriousness of the 2009
H1N1 pandemic, only 50 percent of NHIS
respondents reported that their asthmatic
child had received an influenza vaccine in
the past year [2], with self-reporting often
overestimating vaccination rates. Of greater
concern is that the rate of flu vaccination
among asthmatic children without health in-
surance was only 26 percent and the vacci-
nation rate for asthmatic children who did
not have a usual place for receiving health
care was only 19 percent [2]. There was also
evidence of ethnic disparities, with only 44
percent of African-American asthmatic chil-
dren receiving the vaccine [2].

Multiple strategies have been employed
in order to increase the influenza vaccina-
tion rates in children with asthma, and sev-
eral of these strategies have demonstrated
moderate success. Common strategies have
included recall and reminders, which often
combine computer-generated reminders
with phone calls, patient and provider edu-
cation, and standing orders for vaccines

[4,5,6,7]. Some of these methods combine
electronic alerts to physicians during office
visits and parent and provider education on
the risks and benefits of flu vaccine [3].
More recently, influenza vaccination
provider alerts have become integrated into
computerized physician order entry (CPOE)
systems using a clinical decision support
alert that reminds the provider about the
need for vaccination at the point of care and
facilitates immediate order entry [8,9,10]. At
least one study of asthmatic high-risk adult
patients has found increased influenza vac-
cination rates in clinics using patient-cen-
tered medical home and care management
models [11], and there is evidence in stud-
ies with pediatric asthmatics that having a
single source for medical care may con-
tribute to increased vaccination rates [2,3].
Two states have instituted legislative inter-
ventions to increase vaccination rates in
younger children, requiring influenza vacci-
nation as a condition for enrollment in li-
censed child care or preschool in the 6
month to 59 month age group [12]. It ap-
pears unlikely, however, that any single
strategy can achieve the near universal in-
fluenza vaccination in asthmatic children
that is required in order to significantly de-
crease hospitalizations and influenza-related
complications in the pediatric asthma popu-
lation.

RECALL AND REMINDERS
Although the number of scientific stud-

ies of influenza vaccine interventions in asth-
matic children is small, recall and reminder
methods have demonstrated effectiveness in
increasing vaccination rates (Table 1). Re-
minders are used to share knowledge about
the importance of the vaccine with parents
and providers. Recalls ask patients to come
to a clinic for vaccination. In a 1992 ran-
domized controlled trial, Szilagyi et al. com-
bined computer-generated vaccination
reminder letters sent to parents of asthma pa-
tients, with provider education, achieving an
odds ratio of receiving the influenza vaccine
of 6.15 in the intervention group compared
with controls [6]. Szilagyi’s study subjects
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were mostly Medicaid patients in a low-in-
come community and were selected as hav-
ing moderate to severe asthma with chronic
medication use and prescription of a bron-
chodilator within the past year. All providers
and nurses in the clinic were educated and
re-informed about a clinic policy to vaccinate
all moderate to severe pediatric asthma pa-
tients. Patients were randomized to control
and intervention groups with intervention
group patients receiving a personalized let-
ter written at a sixth-grade level and controls
receiving no letter [6]. The letter included the
patient’s name in the salutation and ex-
plained the risks of non-vaccination and ef-
fectiveness of the influenza vaccine in
preventing these risks and the more minimal
side effects of the vaccine. Parents were

asked to make a clinic appointment for vac-
cination [6]. In another randomized con-
trolled trial, Kemper et al. combined
computer-generated reminders with standing
orders for influenza vaccine and no-appoint-
ment-needed drop-in clinics in an interven-
tion directed toward inner-city pediatric
asthma patients [7]. Patients were eligible if
they had more than two visits in clinic or ER
for asthma in the past year. Eligibility was
determined, and the patients were random-
ized by computer. Intervention patients were
sent a personalized letter and asked to bring
the letter to clinic at any time for free vacci-
nation without an appointment [7]. Control
group patients were not sent a letter. The
odds ratio for vaccination in the intervention
group was 3.32 vs. the control group [7]. In
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Table 1. Recall/Reminder Intervention Studies.
Study Author/Year

Szilagyi 1992 [6]

Kemper 1993 [7]

Daly 2004 [13]

Gagliani 2001 [14]

Intervention 

Computer-gener-
ated reminder let-
ters sent to
parents and
providers/provider
education.

Providers in con-
trol and interven-
tion educated.
Intervention par-
ents sent letter
offering vaccine
at drop-in clinic
for free. Stand-
ing order for
vaccine.

Parents sent two
computer-gener-
ated reminder
letters and then
follow-up post-
card.

Parents sent let-
ter and then
auto-dial phone
messages; com-
parison groups =
two consecutive
flu seasons.

Study Design

Randomized
Controlled Trial

Randomized
Controlled Trial

Randomized
Controlled Trial

Quasi-
Experimental

Population

N = 124; 1-18
years old;
Mod/severe
asthma

N = 98;
6 months to
18 years old;
mod/severe
asthma;
inner-city
clinic

N = 2007; 6
months to 6
years old; all
high risk; 87%
asthmatics

N = 995; 
6 months to
18 years;
asthmatics

Study Results

OR for vaccine
=6.15; 95% CI
(1.95,19.39);
30% in study
group v. 7% in
controls

OR for vaccine =
3.32; 95% CI
(1.36,8.12); 47%
in intervention v.
21% in controls

42% treatment
group v. 25%
control immu-
nized, p < .001

Vaccination 
increased from
5.4% to 32.1%,
p < .001



another well-designed, randomized con-
trolled trial conducted by Daly et al., inter-
vention parents were sent two reminder
letters and a postcard resulting in an increase

to 42 percent of patients vaccinated in the in-
tervention group compared with 25 percent
of patients in the control group [13]. Gagliani
and colleagues conducted a quasi-experi-
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Table 2. CPOE/Clinical Decision Support/Combined Methodology Studies.
Study 
Author/Year

Martin 
2006 [8]

Zimmerman 
2006 [3]

Fiks 
2009 [9]

Venkat 
2010 [10]

Hadler 
2014 [12]

Intervention 

Roster function of the
EHR to identify asth-
matics. Clinical deci-
sion support to
educate providers, let-
ters and postcards to
parents, in-person par-
ent education.

Tailored approach at
each clinic, patient re-
minders, provider deci-
sion support, CPOE,
provider/patient educa-
tion.

Provider alert at begin-
ning of visit; no reason
required for ignoring
recommendation; no
ascertainment of de-
nominator data; pa-
tients already
immunized elsewhere,
allergic, refused.

Ineligible patients de-
termined by decision
support tool. CPOE
CDS, standing order,
required “opt out,” di-
rectly integrated into
nursing order.

Legislative mandate for
children to receive in-
fluenza vaccine prior to
licensed child care or
pre-school. Use of
public health informat-
ics tools to compare
hospitalization rates in
same age group
across states.

Study Design

Quasi-Experi-
mental. Before
and after 2001-
2003 flu 
seasons.

Quasi-
Experimental.
Before and
after. 

Cluster-
Randomized;
Decision-
Support Trial.

Quasi-Experi-
mental; before
and after 2007-
2009.

Quasi-Experi-
mental; before
and after 2009-
10, 2012-13.

Population

N = 1072;
ages 0-18
years old;
moderate to
severe asth-
matics

N = 2438;
ages 2-17
years; high-
risk medical,
including
asthma;
inner-city
clinics

N = 10,667;
ages 5-18
years old; all
asthmatics,
private insur-
ance

N = 3091;
age >6
months;
emergency
department
visit, not vac-
cinated

N = 55,640;
age 6-59
months;
community-
based

Study Results

Vaccination in-
creased from
8.7% to 42.7%;
95% CI, OR
(2.8,4.8); hospi-
talizations de-
creased 50% in
intervention group

OR vaccination =
2.8; 95% CI (2.3,
3.4); vaccination
increased from
10.4% to 18.7%-
31% at faith-
based clinics

Control sites: vac-
cination from
44.2% to 48.2%;
study sites from
45.0% to 53.0%;
not statistically
significant

Vaccination in-
creased from
2.3% to 19.8%, 
p <.001

Vaccination in-
creased from
67.8% to 84.1%
(95% CI, 78.2%-
90%). Hospital-
izations
decreased 12%,
while hospitaliza-
tions increased in
9 of 11 EIP (con-
trol) states



mental design experiment to evaluate flu
vaccination rates in the years prior to and
after their intervention [14]. This study used
the computer to identify pediatric asthma pa-
tients, send a reminder letter, and then an au-
tomated phone call 6 weeks later. The
computer recorded patients’ receipt of the
vaccine from multiple sources so that phone
calls were made only to patients who had not
received the vaccine following the letter. The
intervention increased influenza vaccination
rates from 5.4 percent in prior years to 34.1
percent in the study year [14].

The main limitation of recall/reminder
methods is that even the most successful in-
terventions led to less than a 50 percent in-
fluenza vaccination rate in pediatric asthma
patients. Moreover, vaccination rates in asth-
matic children from economically under-
privileged backgrounds were much lower,
often averaging around 30 percent. Although
several of these interventions generated
computerized reminders, more recent inter-
ventions have captured more comprehensive
capabilities of electronic health record sys-
tems.

CPOE WITH CLINICAL DECISION
SUPPORT SYSTEMS

Clinical Decision Support System
(CDSS) strategies include integrating
provider reminders for vaccination into the
computerized physician order entry system
to educate providers and facilitate ordering;
providing standing orders; retrieving data on
vaccination status and the presence of con-
traindications to vaccine from the medical
record; and generating decision support rec-
ommendations for patients (Table 2). In a
quasi-experimental study design, evaluating
vaccination rates in the year prior to and
after an intervention, Martin et al. used the
electronic health record system (EHR) to
create a roster of asthmatic patients within
several pediatric office practices, and clini-
cal decision support was used to educate in-
tervention providers on influenza practice
guidelines [8]. Patients received computer-
generated reminder letters and in-person ed-
ucation from providers. This study also used

an asthma care management team and pa-
tient educational tools developed by the au-
thor [8]. The intervention improved
influenza vaccine rates by 80 percent, but
the more significant outcome was a decrease
in hospitalizations of pediatric asthma pa-
tients by 50 percent [8]. Zimmerman et al.
used a “tailored” approach, letting several
inner-city pediatric clinics choose from a
menu of reminder and clinical decision sup-
port options in a quasi-experimental study
that evaluated the year prior to intervention
versus the year following intervention [3].
Interventions included telephone reminders,
computer-generated reminders, parent and
provider education, standing orders, clinical
decision support alerts, and integration of
alerts into a CPOE system for direct order-
ing. Although the odds ratio for receiving
vaccination was 2.8 in the intervention year
compared with the prior year, the highest
rate of vaccination in any of the clinics was
31 percent, again highlighting the challenges
in increasing influenza vaccination rates in
high-risk children from underserved com-
munities [3]. In another quasi-experimental
study design, Venkat used standing orders
with a clinical decision support tool to de-
termine eligibility for influenza vaccine in
an emergency department setting [10]. Pa-
tients were screened for prior vaccination
and contraindications for vaccine, and the
system automatically transmitted orders for
all eligible patients to the nurse’s task list for
the patient. The study was limited by a vac-
cine shortage and other factors, but was still
able to demonstrate effectiveness in deliver-
ing vaccine to patients presenting to the ER
during flu season [10].

In contrast to successful studies, Fiks et
al. [9] conducted a cluster-randomized deci-
sion support trial with increases in vaccina-
tion rates in the intervention clinics that
were not statistically significant, although
vaccination rates were higher in all inter-
vention clinics compared with control clin-
ics. Groups were randomized by clinic,
rather than patient, and vaccination rates
were compared for the previous year in each
clinic and the intervention year. An educa-
tional intervention was given to providers in
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the control and intervention clinics with the
only difference being a one-time alert at the
top of the electronic health record patient
visit screen for the intervention group re-
minding providers that influenza vaccine
was due [9]. 

The study was not well designed, since
there was no requirement to respond to the
alert or to list a reason for non-vaccination,
so many non-eligible patients were likely in-
cluded in the analysis. The authors conceded
that there were known problems with par-
ents refusing vaccination in their private
clinics, yet they did not ascertain whether a
parent had refused the vaccine [9]. The au-
thors also acknowledged that they could not
determine if a patient had already been vac-
cinated outside of their clinic unless, by
chance, there was a text entry regarding out-
side vaccination that was detectable by a
search program [9]. Patients who refused
vaccination and patients who were already
vaccinated at another clinic, urgent care, or
at school or a local pharmacy were not ex-
cluded from analysis as ineligible. This in-
correctly assigns ineligible patients to the
denominator, thereby underestimating the
effect of the intervention [9]. There were
also several other flaws with this study, in-
cluding unfavorable demographics for vac-
cination in the current year of the
intervention clinics compared with the pre-
vious year since the study compared clinics
rather than patients.

Clinical Decision Support (CDS) often
includes computer-generated printouts or
alerts that provide knowledge and technical
support to patients and/or to providers in
order to facilitate an action or decision (such
as physician ordering of mammography or
patient scheduling of a mammogram).
Lobach et al. have recently published a com-
prehensive review of factors that aid in mak-
ing clinical decision support more effective.
Effectiveness factors include requiring
providers to give reasons for failing to com-
ply with CDS recommendations and giving
decision support recommendations directly to
patients [15]. These factors may be integrated
into CDS interventions in order to increase
effectiveness. Indeed, computer-generated re-

minders providing decision support to par-
ents/patients were successful in targeting low-
income families in both the Szilagyi and
Kemper studies [6,7].

LEGISLATIVE STRATEGIES
In 2010, Connecticut enacted legisla-

tion mandating influenza vaccination for
children between 6 and 59 months old in
order to enroll in licensed child care or pre-
school [12]. The intervention resulted in an
84 percent influenza vaccination rate among
children in this age group and, more impor-
tantly, a 12 percent decrease in influenza-re-
lated hospitalizations. One of 11 control
states had a much smaller decrease in hos-
pitalizations (5 percent) and nine out of 11
control states had increased influenza-re-
lated hospitalization rates in this age group
during the study period. There is also lower
strength evidence from ecological studies
following legislative interventions in Japan
and Ontario, Canada, that legislative strate-
gies are effective in decreasing influenza-re-
lated morbidity and mortality in the pediatric
and adult population [16,17].

CONCLUSION
Asthma is the most common chronic dis-

ease in children and disproportionally affects
poor children [3]. Although asthma patients
are at higher risk for influenza-related hospi-
talizations and death, influenza vaccination
rates in asthmatic children are disappointingly
low, especially for children in underserved
communities. Consistent with evidence from
prior reviews [18], providing clinical decision
support directly to patients/parents in the form
of clinical reminders and education increased
effectiveness of vaccine interventions, and at
least two programs were able to increase vac-
cination in low-income communities to al-
most 50 percent through this approach [7,8].
Offering parents drop-in flu vaccine clinics at
no charge [7] is another strategy that proved
particularly effective, and recent studies have
demonstrated effectiveness in using local
pharmacies or schools for vaccination [19,20],
particularly in rural or underserved areas. Fur-
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thermore, many underserved patients will not
have a regular source for care, so interventions
should integrate screening and vaccination
into all health care settings, including emer-
gency departments [4] or urgent care.

Educational and decision support inter-
ventions can help address barriers in both
the provider and parent communities that
may have contributed to lower vaccination
rates [21,22]. Recent influenza vaccines, in-
cluding a live attenuated virus vaccine
(LAIV) and a quadrivalent inactivated in-
fluenza vaccine (IIV4), have improved in-
fluenza vaccine effectiveness, and specific
recommendations for the use of these vac-
cines may be included in provider education
and as decision support in the order entry
screens of the patient’s medical record [23].
Provider recommendation of influenza vac-
cine and brief education of parents is an ef-
fective approach in overcoming parental
barriers to vaccination and in allaying par-
ents’ fears about the safety of influenza vac-
cine for their asthmatic child [22]. 

A “model program” for increasing in-
fluenza vaccination in asthmatics would in-
clude several components. A state or local
vaccine registry could be formed so that
schools, clinics, hospitals, and pharmacies
would report vaccinations to the registry,
and vaccination status could be retrieved
during office visits. Reminders would be
sent to parents in the months before flu sea-
son with information on the effectiveness of
influenza vaccine in preventing influenza-
related complications and assurances re-
garding vaccine safety. Parents would be
informed of drop-in, expanded hours, no
cost clinics, or advised that their health plan
will cover pharmacy, school-based, or ur-
gent care vaccination costs. Physicians
would be educated on the safety and efficacy
of vaccines and coached on discussing these
issues with patients. Clinical decision sup-
port alerts can inform providers that a pa-
tient is not vaccinated and present a check
box for instant ordering based on the most
recent vaccine recommendations. Health
care centers can design CDS alerts so that
providers must provide a reason for not or-
dering vaccine. Parents of high-risk children

could be offered influenza vaccine in the pe-
diatric clinic [24]. Standing orders would be
available in emergency departments and ur-
gent care centers with automated entry of
vaccine orders onto the nurse’s task list. 

Effective interventions will likely re-
quire a comprehensive program that in-
cludes multiple evidence-based methods
delivered in a variety of health care and non-
health care settings while addressing barriers
to vaccination. Using a state-wide influenza
vaccine registry may be useful in determin-
ing vaccination status [25], and patient-cen-
tered medical home care management
models that have been successful in increas-
ing influenza vaccination in adults with
chronic disease [11] may also be useful in
this effort. Incentives for providers, includ-
ing Meaningful Use or pay for performance,
and incentives for patients that may include
legislative mandates for vaccination of pre-
school children will also be helpful. If a
comprehensive approach is taken, it is likely
that we will be able to achieve the Healthy
People 2020 goals of vaccine coverage in 80
percent of the pediatric asthma population.
Since low-income children are dispropor-
tionately burdened by asthma [26], effective
interventions will also help alleviate health
care disparities and may serve as a model for
improving care for other diseases in under-
served communities. 
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