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ABSTRACT. Objectives. Despite long-standing recommendations to provide annual influenza vaccination
to children with chronic medical conditions, immunization rates are <10% in most primary care settings. Many
obstacles impede implementation of these recommendations, including the challenge of identifying targeted
children and the need to immunize yearly in a short time
interval. The objective of this study was to assess the
accuracy of billing data for identifying children who
have high-risk conditions (HRCs) and need influenza
vaccination and 2) to evaluate the efficacy of reminder/
recall for children with HRCs.
Methods. The study was conducted in 4 private pediatric practices in metropolitan Denver, Colorado, that
share a computerized billing system and also participate
in an immunization registry. For all children aged 6 to 72
months, registry records were linked with the billing
database. Patients with >1 encounters for an HRC in the
previous 24 months were selected, with HRCs identified
from International Classification of Diseases, Ninth Revision, Clinical Modification diagnostic codes. Using
medical records as the “gold standard,” we reviewed 327
randomly selected records to determine the sensitivity,
specificity, and accuracy of billing data for identifying
HRCs. For children with an HRC, we then conducted a
randomized, controlled trial of reminder/recall for influenza vaccination. The primary outcome of the recall trial
was receipt of influenza vaccine.
Results. Billing data had a sensitivity of 72% (95%
confidence interval [CI]: 48%–95%), specificity of 95%
(95% CI: 90%–100%), and overall accuracy of 90% (95%
CI: 84%–96%) in determining which children had an
HRC. Of the 17 273 patients aged 6 to 72 months, 2007 had
>1 HRCs (12% overall; range: 9%–14% per practice).
Asthma/reactive airways disease accounted for 87% of all
HRCs. Reminder/recall significantly increased influenza
immunization in children with HRCs, with a vaccination
rate of 42% in those recalled, compared with 25% in
control subjects. Recalled subjects were more likely to
have an office visit (68% vs 60%) and less likely to have
a missed opportunity to immunize (28% vs 37%) compared with control subjects.
Conclusions. Diagnosis-based billing data accurately
identified children who had HRCs and needed annual
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T

he influenza viruses place a significant health
burden on the US population, causing an average of 34 000 deaths and 114 000 influenzarelated hospitalizations nationally each winter.1,2
Young children, older adults, and individuals of any
age with certain chronic medical conditions are particularly at risk for complications, hospitalizations,
and death during annual influenza epidemics.3–7 In a
retrospective study of 20 years of Tennessee Medicaid enrollees, children with high-risk conditions
(HRCs) were 2 to 4 times more likely to have an
influenza-associated hospitalization than were
healthy children in the same population.5,6 For children 6 months to 17 years of age, the prevalence of
these conditions has been estimated at between 7%
and 14%, with ⬃8 million children nationally at increased risk of complications from influenza infection every year.8
Vaccination is the primary means of preventing
influenza infection and its associated morbidity.9 For
many years, the Advisory Committee on Immunization Practices (ACIP), the American Academy of Pediatrics, and the American Academy of Family Physicians have strongly recommended influenza
vaccination for anyone 6 months or older who is at
increased risk of complications from influenza.9 –11
Despite these long-standing recommendations, the
influenza vaccination rate in children with chronic
medical conditions is poor. For children with asthma
in primary care settings, influenza immunization
rates are typically 7% to 10%.12,13 The rate achieved
in medical specialty clinics may be higher, with 25%
of children with moderate to severe asthma seen in
an allergy/immunology clinic and 79% of pediatric
cystic fibrosis patients followed by a regional cystic
fibrosis center vaccinated.14,15 A limited number of
studies have tested reminder/recall in academic primary care settings for children with asthma, typically
achieving influenza immunization rates of 30% to
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32%.16,17 Recall of children for influenza vaccination
has not been reported in private practice settings or
for those with conditions other than asthma.
Efficiently and accurately identifying children
with a wide array of chronic medical conditions remains a critical challenge in implementing ACIP influenza recommendations. Information gathered for
billing purposes, despite documented limitations in
clinical precision,18 has been used successfully to
study a variety of chronic health conditions in pediatric populations.19 –23 Billing databases, built on the
diagnostic codes of the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9CM),24 have been used to determine influenza-associated hospitalization rates in children with chronic
medical conditions.6,25 However, no published studies have used a comprehensive set of ICD-9-CM
codes to identify and recall children with chronic
medical conditions for annual influenza vaccination.
The objectives of the current study were 1) to assess
the accuracy of billing data for identifying children
who have HRCs and need influenza vaccination and
2) to investigate the efficacy of reminder/recall for
influenza vaccination of children with HRCs. Our
major hypothesis was that a reminder/recall intervention would significantly increase the rate of influenza immunization in children with HRCs.
METHODS
Study Setting and Population
The study was conducted in 4 private pediatric practices in
metropolitan Denver, Colorado, from July 2002 through May 2003.
These practices shared a computerized billing system and also
participated in a regional immunization registry, with the registry
containing records for all children ⬍72 months of age. The study
population included all children who were age 6 to 72 months,
had a record in both the registry and billing databases, and had at
least 1 clinic visit in the preceding 18 months. Excluded were
children who had moved or gone elsewhere for care (as noted by
the clinic or by billing data), had died, or had requested in writing
not to participate in the immunization registry. This investigation
was conducted with the approval of the Colorado Multiple Institutional Review Board, which oversees human subjects research at
our institution.
The 4 study practices were selected because of their use of a
common billing system and registry and their willingness to participate in immunization-related research. The pediatric sites had
a range of 5 to 8 pediatricians and 2 to 6 mid-level providers per
practice, and a range of 3678 to 5111 patients aged 6 to 72 months.
Before this investigation, the practices did not have any formal
mechanism for identifying and recalling high-risk children for
annual influenza vaccination. Some providers had kept their own
lists of ⬃10 to 25 high-risk individuals to use as a personal reminder, but the lists were not used by the practices in any systematic way.

Data Sources

regional immunization registry, using immunization data gathered from medical records and the billing database. The registry,
which operates in accordance with national standards for immunization registries,27 is Internet based and compiles immunization
data from several rural Colorado areas as well as other urban
Denver sites. Clinic staff were instructed to enter all immunizations given, including influenza vaccine, into the registry within
24 hours of administration. On the basis of a medical record
review conducted in November to December 2002, the study
practices’ registry error rate, defined as the percentage of all
vaccines in medical records not entered or entered incorrectly into
the registry, was 14%.

Selection of ICD-9-CM Codes
To identify children with HRCs from billing data, we sought to
translate accurately the published influenza immunization recommendations28 into specific diagnostic codes while also incorporating input from providers in the study practices. After developing
a list of ICD-9-CM codes based on ACIP guidelines,28 we compared our codes with previously published sets of chronic disease
codes, such as those developed by Neuzil et al6 and Feudtner et
al.20,21 We identified several additional HRC codes by using the
3-digit “root” codes from our preliminary list to search for matching codes in a database of all clinic encounters in the previous 2
years. Once a set of codes was created, we met with providers
from each study practice to develop a consensus about which
conditions to include in a final list. Several practices desired to
immunize children with muscular dystrophy, cerebral palsy, and
Down syndrome, diseases that are not designated as high-risk in
ACIP recommendations.28 However, these conditions can be associated with recurrent pneumonias or chronic pulmonary insufficiency (for muscular dystrophy and cerebral palsy)29,30 or with
ill-defined immunodeficiencies (for Down syndrome)31 that may
increase the likelihood of influenza-related complications; therefore, these 3 conditions were added to the HRC list.
On the basis of our discussions with study providers and a
review of ACIP recommendations,28 we decided not to include the
ICD-9-CM code for wheezing in the list of selected HRC codes.
Because not all wheezing episodes are caused by asthma and
because of the relatively frequent occurrence of wheezing associated with viral respiratory infections in young children, it can be
difficult to differentiate an acute episode of wheezing from asthma
in young children.32,33 Study providers stated that they primarily
used the code for wheezing for children who did not meet their
criteria for asthma. Providers did not consider children who had
wheezed but had not received a diagnosis of asthma as high-risk
patients needing annual influenza immunization, a view that is
consistent with ACIP recommendations.28
Finally, to search for any systematic clinic-based coding errors,
we examined the frequency of all HRC codes stratified by clinic.
For 2 ICD-9-CM codes (160.1, middle ear malignancy; and 270.1,
phenylketonuria), individual study sites had an apparent disease
prevalence that greatly exceeded published national rates,34,35
whereas the remaining sites had no cases. We reviewed medical
records for a random sample of children with these diagnostic
codes: phenylketonuria (PKU) was incorrectly coded at 1 practice
when providers described the 2-week-old well-child visit as a
“PKU check”; in another practice, the code for middle ear malignancy was erroneously placed on preprinted billing sheets with
the diagnosis “seborrheic dermatitis.” These 2 codes were excluded from the final list used to identify HRCs (Table 1).

Medical Record Review

Administrative/Billing Data
The billing system used by the study practices contained demographic information, including patient address and telephone
numbers, for all clinic patients and was updated at the time of
each patient visit. A bill was generated for each clinical encounter,
with diagnoses coded using the ICD-9-CM classification system24
and immunizations recorded using Current Procedural Terminology codes.26 Insurance information was also obtained from this
database, with insurance status assessed as of October 1, 2002.

Immunization Registry
In the year preceding the current investigation, all children ⬍72
months of age in the study practices were entered into an existing

To determine the accuracy of billing data for HRC designation,
we randomly selected 373 records of patients aged 6 to 72 months.
Diagnoses written on encounter sheets, clinic flow sheets, or problem lists were extracted, along with the associated dates. Blinded
to the billing code designation, 2 investigators (A.K. and M.F.D.)
independently reviewed data from these chart extractions to determine whether, according to medical records, the patient had an
HRC. Conditions that were diagnosed ⬎2 years before, with no
subsequent visits for those diseases, were not considered HRCs.
Using medical records as the “gold standard,” we calculated the
sensitivity, specificity, and accuracy of the billing-based HRC
designation for each practice. Because the study clinics varied in
size, we then adjusted the practice-specific percentages by the
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TABLE 1.
ICD-9-CM Codes of HRCs Targeted for Annual Influenza Vaccination and Numbers of
Children Identified
Disease Categories
Pulmonary
Asthma and reactive airways disease
Cystic fibrosis
Bronchopulmonary dysplasia
Bronchiectasis
Congenital lung anomalies
Chronic respiratory disease or failure
Postinflammatory pulmonary fibrosis
Cardiovascular
Congenital heart disease
Chronic pulmonary heart disease
Valvular or endocardial disease
Rheumatic heart disease
Cardiomyopathy
Heart failure
Renal
Nephrotic syndrome
Chronic glomerulonephritis
Chronic renal failure
Congenital renal anomalies
Hematologic
Thalassemia
Sickle cell anemia
Other hemoglobinopathies
Aplastic anemia
White blood cell disorders
Immunosuppressive disorders or therapies
Hereditary immunodeficiency
HIV infection
Malignancy
Systemic lupus erythematosus
Organ or bone marrow transplantation
Radiation or chemotherapy
Asplenia
Metabolic
Diabetes
Amino acid disorders
Carbohydrate disorders
Lipid disorders
Other metabolic disorders
Diseases associated with aspirin therapy
Kawasaki disease
Rheumatoid arthritis
Other conditions
Cerebral palsy
Muscular dystrophy
Down syndrome
Multiple HRCs

ICD-9-CM Codes
493.0–493.9, 519.1
277.0
770.7
494.0–494.1
748.4–748.6
518.83–518.84, 519.9
515
745.0–747.4
416.0–416.9
424.0–424.3
391.0–391.9, 392.0, 393–398.99
425.0–425.4, 429.1, 429.3
428.0–428.9

n (%)
1755 (87.4)
1 (⬍0.1)
35 (1.7)
0
2 (0.1)
1 (⬍0.1)
0
39 (1.9)
19 (1.0)
3 (0.2)
5 (0.3)
0
0

581.0–581.9
582.0–582.9, 583.0–583.9
585–586
753.0–753.1

1 (⬍0.1)
5 (0.3)
0
2 (0.1)

282.4
282.6
282.7
284.0–284.9
288.0–288.2

1 (⬍0.1)
5 (0.3)
0
0
6 (0.3)

279.0–279.9
042, V08
140.0–160.0, 160.2–208.9, 235.0–239.9
710.0
V42.0–V42.9
V58.0–V58.1
759.0

3 (0.2)
1 (⬍0.1)
19 (1.0)
0
1 (⬍0.1)
0
0

250.0–250.9
270.0, 270.2–270.9
271.0–271.1, 271.4–271.9
272.1–272.3, 272.5–272.9
277.1–277.3, 277.5–277.6, 277.8–277.9

10 (0.5)
2 (0.1)
1 (⬍0.1)
3 (0.2)
0

446.1
714.0–714.9
343.0–343.9
359.0–359.3
758.0
⬎1 of the above ICD-9-CM codes

6 (0.3)
1 (⬍0.1)
2 (0.1)
1 (⬍0.1)
3 (0.2)
74 (3.7)

HIV indicates human immunodeficiency virus.

relative size of each clinic, to calculate a summary sensitivity,
specificity, and accuracy for the entire study population.

Reminder/Recall Intervention
Using the selected codes, we searched the billing database to
identify all children aged 6 to 72 months with an encounter for an
HRC in the previous 2 years. When ⱖ2 siblings within the same
household had an HRC, 1 child was randomly selected for the
recall trial and the others were excluded. Within each study practice, subjects with HRCs were assigned to intervention versus
control groups by simple random allocation using SAS software
(version 8.0; SAS, Cary, NC). We did not inform providers about
which of their patients had been identified or recalled. However,
intervention subjects may have subsequently informed providers
that they had received a recall letter. We did not perform any
provider-based immunization interventions (eg, education, assessment, feedback) before or during the reminder/recall trial.
The intervention group received a staged letter and postcard
recall. During the second week of October 2002, all intervention
subjects received a letter strongly encouraging influenza vaccina-
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tion for their child, with a telephone number provided to schedule
an appointment. Four weeks later, another reminder was mailed
to those who had not yet been vaccinated, as determined by
reviewing their influenza immunization status in the registry. The
second letter emphasized that clinic records indicated that their
child may have a condition that increased the risk associated with
influenza infection, and vaccination would provide some protection. Four weeks after the second reminder, a postcard was sent to
all unimmunized intervention subjects, stating “There is still time
to protect your child against the flu!” These mailings used practice
letterhead and were addressed to the parents of the study subjects.
Missed opportunities were assessed by determining the proportion of subjects with ⱖ1 clinic visits between October 1, 2002, and
January 31, 2003, who were eligible for but did not receive an
influenza vaccine.
In March 2003, the influenza immunization status of each study
subject was determined using the immunization registry and billing data. A randomly selected subset of those who were not
immunized were telephoned in April to May 2003 to inquire
whether they had received influenza vaccination elsewhere than
at their primary care provider’s office.
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Data Analyses

Prevalence of HRCs

The primary study outcome was receipt of influenza vaccination as documented by registry or billing data. We followed the
principle of intention to treat, not excluding subjects even when
they did not successfully receive the intended intervention (eg,
their reminder letter was returned without a forwarding address).
2 tests were used to explore the association between categorical
variables. When comparing 2 groups, continuous variables were
analyzed using the Student’s t test, or the Wilcoxon rank sum test
when normality could not be assumed. All statistical tests were
2-tailed, and significance was assessed at the 5% level, with 95%
confidence intervals (CIs) determined for the main study outcomes. All statistical calculations were performed using SAS software (SAS 8.0).

Figure 1 illustrates the steps undertaken to identify
and recall children for influenza vaccination. Of the
17 273 active patients in the study practices, 2007
(12%) were determined by billing data to have an
HRC, with the prevalence of HRCs ranging from 9%
to 14% in the 4 study practices.
Table 1 presents the ICD-9-CM codes used to identify children with HRCs and the corresponding number of subjects with each condition. Seventy-four
(4%) subjects had ⬎1 HRC. The 3 most common
HRCs were asthma (n ⫽ 1755; 87% of total), congenital heart disease (n ⫽ 39; 2%), and bronchopulmonary dysplasia (n ⫽ 35; 2%).

RESULTS
Accuracy of Billing Data

Of the 373 medical records randomly selected for
review, 6 were missing and 40 were purged because
patients had moved; therefore, 327 records were
available for analysis. An HRC was present in 48 of
the reviewed medical records, 32 of which were
identified correctly by billing data. For 9 of the 16
subjects with HRCs not captured by billing data,
asthma was written in the medical record, but
wheezing, cough, or bronchiolitis was the diagnosis
billed. Additional reasons that HRCs were missed by
billing data included 1) diagnoses were made before
the study practices began using this billing system or
after the billing data were searched for HRCs, 2)
HRCs were diagnosed at well-child visits but only
well-child care was billed, 3) diagnoses were made in
other sites (eg, emergency departments), or 4) diagnoses were written on problem lists but never billed.
No other systematic errors in coding were discovered. After adjustment for differences in clinic size,
billing data had a sensitivity of 72% (95% CI: 48%–
95%), specificity of 95% (95% CI: 90%–100%), and
overall accuracy of 90% (95% CI: 84%–96%) in determining which children had an HRC.

Efficacy of Reminder/Recall for Influenza Vaccination

The intervention and control groups were similar
at baseline with respect to age, insurance status, and
percentage up-to-date with routine immunizations
(Table 2). By chance, slightly more boys were allocated to the control group than the intervention
group. The predominance of boys in the overall HRC
population (1147 of 1851 HRC subjects [62%]) reflects
the higher prevalence of asthma in prepubertal boys
compared with girls, as has been previously documented.36
Figure 2 illustrates the influenza immunization
rates in the reminder/recall group compared with
those receiving usual care. Reminder/recall significantly improved immunization rates for children
with HRCs in each study practice, including in a
practice (site 2) that had a relatively high influenza
immunization rate in control subjects. The impact of
recall was similar in children with asthma (42% intervention [I] vs 25% control [C]; P ⬍ .001) and those
with HRCs other than asthma (43% I vs 26% C; P ⫽
.02). The influenza immunization rate in recalled
subjects was higher than the rate in control subjects

Fig 1. Study flow diagram.

http://www.pediatrics.org/cgi/content/full/113/1/e26

Downloaded from www.aappublications.org/news by guest on October 17, 2019

e29

TABLE 2.
Comparison of the Study Groups for the Trial of
Immunization Reminder/Recall

Sex
Female
Male
Age group
6–23 mo
24–72 mo
Insurance
Private
Public
Uninsured
% UTD* by 24 mo

Intervention
Group
(n ⫽ 920)

Control
Group
(n ⫽ 931)

P Value

370 (40%)
550 (60)

334 (36%)
597 (64)

.05

224 (24)
696 (76)

199 (21)
732 (79)

.13

764 (83)
124 (13)
32 (3)
60

785 (84)
114 (12)
32 (3)
59

.79
.56

* Up-to-date status, assessed for subjects ⱖ24 mo of age: DTP4/
Polio3/MMR1/Hib3/HepB3.

for those with private insurance (45% I vs 28% C; P ⬍
.001; 61% relative increase) and those publicly insured (34% I vs 12% C; P ⬍ .001; 183% relative
increase), but reminder/recall did not improve rates
for uninsured children (9% I vs 9% C; P ⫽ 1.0; no
increase).
Recalled subjects were significantly more likely to
have an office visit during October to January compared with control subjects (68% I vs 60% C; P ⬍
.001). However, those recalled had a significantly
lower rate of missed opportunities to immunize compared with control subjects (28% I vs 37% C; P ⬍
.001). The study site that achieved the highest influenza immunization rate in recalled subjects (site 2)
had a lower rate of missed opportunities in those
recalled compared with the other 3 study sites (22%
vs 29%; P ⫽ .06). The influenza immunization rate in
healthy children aged 6 to 72 months was also higher
in site 2 in comparison with other participating clinics (34% vs 13%; P ⬍ .001).
In April to May 2003, we administered a telephone
survey to 295 randomly selected parents of HRC
children who were not immunized at the study sites
(response rate: 64%). Among those surveyed, 14% of
intervention subjects versus 11% of control subjects
reported that their child was immunized against in-

fluenza (not significant), with vaccination occurring
in the following settings: at a different primary care
office, at a school or church, at a hospital, or at a
study practice (despite no record of this in registry or
billing data). None reported immunization at a medical subspecialty office. Compared with control subjects, intervention subjects did not have an increased
likelihood of being vaccinated in settings other than
their primary care office (9% I vs 8% C; not significant). Extrapolating survey data to all HRC subjects
who were considered unimmunized based on registry and billing data, we estimate that 50% of those
recalled (95% CI: 46%–54%) and 34% of control subjects (95% CI: 29%–39%) were immunized against
influenza during the study period.
DISCUSSION

This study demonstrates that integrating diagnosis-based billing data with registry-driven reminder/
recall creates a powerful tool for boosting influenza
immunization rates in children who are at high risk
of influenza-related complications. Computerized
billing data in this setting was an accurate method
for identifying children with HRCs, with an average
of 12% of 6- to 72-month-olds having ⱖ1 HRCs.
Reminder/recall, occurring in a staged manner
based on timely influenza vaccination data available
from a registry, raised influenza immunization rates
higher than was achieved in the 2 largest previous
studies of influenza recall in primary care settings.16,17 The reminder/recall process increased the
likelihood that children with HRCs were seen by
their care providers during influenza season and
decreased missed opportunities for immunization.
Nonetheless, the 42% influenza immunization rate
achieved is well below the current vaccination rates
for all other recommended pediatric immunizations.37
Because influenza immunization is recommended
for individuals with a wide array of chronic medical
conditions,9 efficiently and accurately identifying
high-risk patients poses a substantial challenge for
many primary care providers.38 Billing data provided us with a means of searching for children with

Fig 2. Influenza immunization rates: intervention versus control groups.
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any 1 of several hundred conditions. The ICD-9-CM
codes that we used represented a broad interpretation of ACIP definitions of HRCs, because study
practices were committed to an inclusive influenza
immunization policy. Among children with certain
types of diseases, the ACIP has defined HRCs as
those requiring “regular medical follow-up or hospitalization during the preceding year.”9 These criteria
may be difficult to apply, particularly when patients
with HRCs receive care in multiple clinical sites, and
therefore children for whom influenza vaccination is
indicated may be missed. In the current study, we
purposefully cast a wide net when identifying children with HRCs, in the hopes of providing influenza
immunization to any who might benefit from it. The
12% prevalence of HRCs that we documented using
this method is similar to the 7% to 14% range determined from population-based survey data.8
In this setting, billing data identified ⬎70% of all
clinic patients aged 6 to 72 months with HRCs. Providers in the study practices estimated that our
method identified many more high-risk children
than had been targeted for influenza immunization
in previous years. However, that almost one third of
children with HRCs were not detected by billing data
highlights a limitation of practice-based billing systems: conditions not billed are not captured. When
providers noted asthma in the medical record but
billed for wheezing, this may reflect the diagnostic
uncertainty surrounding new-onset wheezing, but
diagnoses made during well-child care or at another
site of care were also missed. In addition, through
our data quality analyses, we uncovered several systematic coding errors. Although these errors were
detected and remedied before reminder/recall, these
problems can compromise the utility of billing data
and highlight the need for data quality processes
whenever similar databases are used. Despite these
limitations, billing data proved to be a powerful and
efficient tool for identifying children who need influenza immunization.
Once high-risk children were identified, a registrybased recall successfully boosted influenza immunization rates in targeted children. Patient reminder/
recall interventions have proved effective in multiple
settings for children who were not up to date with
routine immunizations39 – 43 but have been less well
explored for children who need influenza immunization. In 2 randomized, controlled trials of reminder/recall for children with asthma, influenza immunization rates of 30%16 and 47%44 were achieved in
recalled subjects. Similarly, Gaglani et al17 documented an increase in influenza immunization rates
from 5% before to 32% after implementing a computerized reminder/recall system. The current
study, to our knowledge, is the largest and most
comprehensive trial of reminder/recall for influenza
immunization of all targeted children, and our results demonstrate the efficacy of reminder/recall in
patients with asthma and other chronic medical conditions in private practice settings.
One practice in the current study achieved an influenza immunization rate of 56% in recalled children, a rate almost twice as high as has been typically

found in recalled children with asthma.16,17 This site
gave influenza immunizations to a higher proportion
of healthy 6- to 72-month-olds than did the remaining study sites, and the influenza immunization rate
in control children with chronic medical conditions
was also higher. Recalled subjects at this site were
less likely to have a missed opportunity to immunize
compared with those at the other participating sites.
Two strategies in this office that may contribute to
high influenza immunization rates are that patients
can present to clinic without an appointment for
influenza vaccination and that the entire family, including parents, can be immunized at the office.
These data suggest that higher influenza immunization rates in high-risk children can be achieved in a
setting where 1) influenza immunization is encouraged in healthy children, 2) missed opportunities are
minimized, and 3) permissive office policies allow
immunization without an appointment and for the
entire family. Even when these conditions are
present, reminder/recall may nonetheless increase
influenza immunization rates, as it did in this site.
Among HRC children with different types of insurance coverage, the highest influenza immunization rate was achieved in privately insured patients
who were recalled. However, the relative impact of
reminder/recall was greatest for publicly insured
children and least for those without insurance. The
low immunization rate in publicly insured children
who were not recalled suggests that barriers to immunization, such as poverty, underutilization of services, and lack of parental knowledge about vaccine
recommendations, continue to have a negative impact on vaccination delivery.45 Nonetheless, reminder/recall substantially increased influenza immunization in this group. For the small number of patients
who were uninsured in this setting, influenza immunization rates were poor regardless of recall. Uninsured patients would be expected to bear the entire
cost of a visit for influenza vaccination, which likely
represented an insurmountable financial barrier.
This investigation has several limitations. The
study was conducted in 4 urban private pediatric
practices with a relatively low Medicaid population,
and the results may not be generalizable to other
clinical settings. Because we used retrospective billing data to identify children with HRCs, the investigation relied on provider diagnoses of chronic medical conditions. As a consequence, there may have
been differences in the criteria that individual providers used to make certain diagnoses, such as
asthma. In addition, whereas influenza immunization is indicated for any child ⱖ6 months of age with
certain chronic medical conditions,9 our intervention
was conducted only for children aged 6 to 72
months. The age of study participants was restricted
because the reminder/recall was conducted through
an existing immunization registry, which contained
complete records only for children ⬍6 years of age.
However, the methods developed to identify children should apply equally well to children older
than 6 years, and as immunization registries such as
this one mature, recall should be feasible in older
children. Probable missed opportunities to immu-
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nize were assessed using billing data rather than
medical record review, which limited our ability to
examine reasons for nonimmunization among subjects with clinic visits. Finally, the reminder/recall
intervention may have heightened provider awareness regarding influenza immunization, leading to
higher rates in control subjects. If so, then we may
have underestimated the impact of reminder/recall
on influenza immunization in this setting.
In conclusion, this investigation provides strong
support for existing ACIP recommendations advocating the use of reminder/recall to enhance influenza immunization in populations at high risk of
influenza-related morbidity.9 Because of the wide
use of diagnosis-based billing systems, the method
and specific billing codes presented here can be used
in a number of clinical settings to identify children
who are at increased risk from influenza. Once targeted children are identified, a reminder/recall plan
can be implemented, and this process can be successful in boosting immunization rates with or without
an immunization registry.16,17 There are important
benefits, however, of linking billing data to immunization registries whenever this is feasible. Registries
can track influenza immunization rates in recalled
children and can increase the efficiency of reminder/
recall by restricting subsequent mailings only to
those patients who are not immunized after an initial
recall letter. Finally, the techniques described here
likely can be used to improve coverage rates for
other targeted immunizations, such as meningococcal and pneumococcal polysaccharide vaccines,46,47
because linking billing data to immunization registries creates an efficient and effective mechanism for
identification and recall of children with specific
chronic medical conditions.
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