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C hildren with chronic conditions are especially 
vulnerable to complications from influenza.1-5 An-
nual influenza vaccinations have long been rec-

ommended for this group of children.6,7 More recently, the 
Advisory Committee on Immunization Practices (ACIP) 
adopted a universal recommendation of yearly influen-
za vaccination for healthy children aged 6 months to 18 
years.6,8 Despite this recommendation, vaccination rates 
for seasonal influenza remain low for children with chronic 
conditions.9-15 Missed opportunities, where eligible children 
are seen by a practitioner but no vaccination dose is admin-
istered, have been documented among this population and 
may contribute to low vaccination rates.9,11

Immunization registries, also known as immunization in-
formation systems (IISs), are well established in the United 
States and provide reminder/recall functions that are effec-
tive in increasing vaccination rates.16 However, IISs are not 
typically designed to track clinical information in addition 
to vaccinations and consequently cannot target reminder 
recall notices specifically to those with chronic conditions. 
Enhancing immunization registries with a high risk indicator 
may be a mechanism to promote increased vaccination rates 
among this population through the use of registry-based re-
minder/recall capability. In 2006, Michigan’s IIS, known as 
the Michigan Care Improvement Registry (MCIR), was en-
hanced with a high risk indicator based on Medicaid admin-
istrative data to bolster vaccination rates among children 
with chronic conditions. This indicator has been demon-
strated as being an effective mechanism to target reminder/
recall notices,17 although the benefits of that system have ini-
tially been limited to children enrolled in Medicaid.18,19   

With that in mind, the objective of this study was to build 
on the success of the Medicaid-based MCIR high risk indi-
cator by expanding it to include administrative data from 
2 commercial health plans. First, we sought to demonstrate 
the feasibility of using administrative claims data from com-
mercial health plans to establish a high risk indicator in a 
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Objectives 
To demonstrate the feasibility and utility of using administrative 
claims data from commercial health plans to establish a high-risk 
indicator in a statewide immunization registry for enrollees with 
chronic conditions. 

Study Design
Retrospective cohort analysis.

Methods
Administrative data were used to identify children with 1 or more 
chronic conditions enrolled in 2 commercial health plans during 
the 2008-2009 and 2009-2010 influenza seasons and matched with 
a statewide immunization registry. The proportion of cases that 
successfully matched and historical health services utilization, 
including influenza vaccinations and missed opportunities, were 
assessed.

Results
A total of 93% of children with chronic conditions identified 
through administrative claims were successfully matched with 
the statewide registry. Less than one-third of children received 
the seasonal influenza vaccine in either the 2008-2009 (29%) or 
2009-2010 (32%) seasons; 30% of children received the H1N1 vac-
cination in 2009-2010. Most children in the 2008-2009 (63%) and 
2009-2010 (63%) seasons had at least 1 missed opportunity for 
seasonal influenza vaccination. Younger children had the highest 
percentage of missed opportunities while adolescents had the 
lowest rate of missed opportunities for vaccination.

Conclusions
It is feasible to identify children with chronic conditions using ad-
ministrative data and to link them with a statewide immunization 
registry. Low influenza vaccination rates and high occurrences 
of missed opportunities among children with chronic conditions 
suggest the utility of integrating administrative claims data with 
statewide registries to support various outreach mechanisms, 
including physician-focused and parent-targeted reminder/recall, 
based on target age to improve vaccination rates. 
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statewide immunization registry for 
enrollees with an influenza-sensitive 
chronic condition (hereafter referred 
to as a “chronic condition”). We also 
sought evaluate the potential utility of 
this expansion of the MCIR high risk 
indicator by assessing historical influ-
enza vaccination experiences among 
children with chronic conditions. 

METHODS 
We assessed the feasibility and utility of using com-

mercial health insurance administrative data to identify 
children with chronic conditions in the MCIR statewide 
IIS. Administrative data were obtained from 2 Michigan-
based commercial health plans and were matched with 
corresponding information in the MCIR. This study was 
approved by the University of Michigan institutional re-
view board.

Study Population  
The commercial health plan identified 48,936 chil-

dren younger than 18 years who were enrolled in either 
health plan (health plan 1 or health plan 2) for calendar 
years 2008 and 2009 and had 1 or more claim for at least 1 
chronic condition during this period. Chronic conditions 
were identified using International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) diagno-
sis codes (primary or secondary) reported on claims for 
conditions indicated as placing individuals at increased 
risk for influenza disease in the ACIP annual influenza 
vaccination recommendations.8 Diagnosis codes for the 
specified conditions were assigned using the same meth-
ods as those employed in prior studies (Appendix A).17,18 
From this initial cohort, we excluded children who were 
younger than 6 months, had other insurance, or were not 
continuously enrolled (8246 [17%] in the 2008-2009 season; 
7465 [15%] in the 2009-2010 season). Health plan enroll-
ment and health services utilization were obtained for 
each subject for the period of 2008 to 2010; information 
was obtained for demographic characteristics and plan 
enrollment as well as claims for all outpatient office visits, 
including vaccine administrations.
 
Outcomes Measured

Feasibility. Among the commercially insured children 
18 years or older who were identified as having 1 or more 
chronic condition (40,690 in the 2008-2009 season, 41,471 
in the 2009-2010 season), we calculated the proportion of 

cases that could be successfully matched with their corre-
sponding record in the MCIR. A common unique identi-
fier was not available for linking the health plan members 
with the MCIR, requiring that matching be achieved us-
ing the child’s name (first/last), date of birth, and gen-
der. Health services utilization was then evaluated among 
eligible children who were matched successfully with the 
MCIR data to determine past influenza vaccination ex-
periences as well as missed opportunities for influenza 
vaccination. 

Utility. Three outcomes were measured for the 2008-
2009 and 2009-2010 influenza seasons, defined to be Sep-
tember to February of each season: (1) primary care office 
visits (either ≥1 or ≥2 office visits); (2) vaccination for ei-
ther seasonal or H1N1 influenza; and (3) missed opportu-
nities for either seasonal or H1N1 influenza vaccinations. 
Primary care office visits were identified based on Current 
Procedural Terminology (CPT) procedural codes and/or 
ICD-9-CM diagnosis codes. Office encounters with a phy-
sician in a family practice, general practice, internal medi-
cine, or pediatric setting were classified as a primary care 
visit. Immunization visits and other visits during each in-
fluenza season were identified using CPT procedure codes, 
and well child visits were classified using CPT procedure 
codes and ICD-9-CM diagnosis codes (Appendix B).  

Vaccination records for children with chronic condi-
tions that could be matched with the MCIR were obtained 
for influenza seasons 2008-2009 and 2009-2010. Health-
care providers are required by Michigan law to input in 
the MCIR all vaccination doses administered to persons 
younger than 20 years of age. Seasonal and H1N1 influ-
enza vaccination rates were classified as the receipt of a 
dose as recorded in the MCIR or through administrative 
claims. In cases where more than 1 seasonal or H1N1 vac-
cination dose was administered during an influenza sea-
son, we considered the first date of influenza vaccination 
(from either administrative claims or MCIR data) as the 
vaccination date for our analysis. Missed opportunities 
for seasonal influenza vaccination were classified as the 

Take-Away Points
Administrative data from commercial health plans can be used to identify children with 
chronic conditions in a statewide immunization registry. Low influenza vaccination rates 
and high occurrences of missed opportunities among children with chronic conditions in 
our sample suggest the utility of integrating administrative claims data with statewide 
registries. This integration can:

n	 	 Enable a population-based mechanism for identification of children with chronic 
conditions as priority cases during pandemic events or supply shortages. 

n	 	 Support various outreach strategies to improve influenza vaccination rates, includ-
ing physician-focused and parent-targeted reminder/recall.
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on birth month and year, gender, and Michigan county 
of residence. This resulted in a 1:1 matched set of com-
parison children for each high risk case. Claims data were 
not available for children who had never been enrolled 
in Medicaid; as such, seasonal and H1N1 influenza doses 
were compared in this subanalysis across the 3 groups us-
ing doses reported in the MCIR. 

Data Analysis
To assess feasibility, we summarized the proportion of 

cases in the commercial health plans that were success-
fully matched within MCIR. Primary outcomes measured 
for the utility of using administrative claims were the 
receipt of seasonal and H1N1 vaccination and either at 
least 1 or at least 2 office visits. Health utilization was com-
pared between 1 health plans (health plan 1 and health 
plan 2) by child characteristics, including age, gender, and 
rural/urban designation (US Census Metropolitan Sta-
tistical Area classification). The proportion of children 
with a missed opportunity was assessed and compared 
by influenza season (2008-2009 and 2009-2010) by each 
child’s age group. In addition, observed rates of seasonal 
and H1N1 influenza vaccinations as reported in MCIR 
were calculated and compared among the commercially 
insured high risk group and the 2 comparison groups 
described above. Estimated influenza vaccination rates 
were determined by classifying each child with a missed 
opportunity as a potential influenza vaccination event, 
and compared across seasons for the commercially in-
sured children with chronic conditions. All analyses were 
conducted using SAS version 9.2 (SAS Institute Inc, Cary, 
North Carolina).

RESULTS
Characteristics for our study population are shown in 

Table 1 contrasting children enrolled in health plan 1 with 
those in health plan 2 for the 2008-2009 and 2009-2010 
influenza seasons. In 2008-2009, health plan 2 enrollees 
tended to exclude rural counties of residence (P <.0001) 
and were skewed toward young age groups (P <.0001); sim-
ilar results were found for the 2009-2010 season. The sam-
ple of children enrolled in health plan 2 included a greater 
proportion of children under 6 years of age than children 
enrolled in health plan 1 for both the 2008-2009 (32% vs 
24%; P <.0001) and 2009-2010 (29% vs 22%; P <.0001) influ-
enza seasons. 

We found a high degree of success in matching children 
with chronic conditions identified through administrative 
claims data with MCIR. Overall, 93% of the commercially 

initial office visit occurring during the influenza season 
(September-February) among children who remained un-
vaccinated throughout the entire influenza season. Since 
H1N1 influenza vaccine supply was limited from Septem-
ber to October 2009, missed opportunities for H1N1 in-
fluenza vaccination were classified as the initial office visit 
occurring from November 2009 through February 2010 
among children who remained unvaccinated throughout 
the entire influenza season. Subsequent missed opportu-
nities were not counted. The date of the missed oppor-
tunity was classified as the date of the initial office visit 
occurring between September and February for seasonal 
influenza vaccination and between November and Feb-
ruary for H1N1 influenza vaccination in which the child 
remained unvaccinated. We calculated estimated sea-
sonal and H1N1 influenza vaccination rates that could 
potentially be achieved if missed opportunities were suc-
cessfully converted into influenza vaccination events. 

Seasonal and H1N1 influenza rates for the 2008-2009 
and 2009-2010 seasons were contrasted between our co-
hort of children with a chronic condition identified by the 
commercial health plan with a matched group not having 
a chronic condition. We used the MCIR to identify chil-
dren who were not designated with the system’s high risk 
indicator as the basis for our comparison group. Howev-
er, at the time of our study, the MCIR high risk indicator 
process was limited to children with chronic conditions 
who were, or had previously been, enrolled in Medicaid. 
Children with only commercial insurance would not have 
chronic conditions identified through claims. As a result, 
the high risk status of children who were commercially 
insured in plans other than the 2 health plans used in 
this study was not known with certainty in the MCIR. To 
control for potential misclassification, we further catego-
rized our comparison group of children without a MCIR 
high risk indicator into 2 subgroups: (1) children currently 
enrolled in Medicaid, not identified in the MCIR as hav-
ing a chronic condition (since these children are or were 
previously enrolled in Medicaid, their claims were subject 
to queries to identify chronic conditions and therefore, 
absence of a high risk indicator in the MCIR is reflective 
of not having a chronic condition); and (2) children never 
enrolled in Medicaid, whose status in the MCIR was in-
dicated as not high risk. While this group likely contains 
primarily children who did not have a chronic condition, 
it is possible that some may have had a chronic condi-
tion that was not detected in claims data queries, since 
this group had never been enrolled in Medicaid. Using 
this process, 1 comparison child was randomly selected 
for each commercially insured high-risk case, matching 
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insured children with chronic conditions were success-
fully matched with their respective MCIR record; this 
result was consistent across both seasons in our study pe-
riod. There were no differences between the matched and 
unmatched groups by age, gender, or county of residence. 
Children enrolled in health plan 2 had a higher degree 
of match success than did children enrolled in health 
plan 1 for the 2008-2009 (98% vs 90%) and 2009-2010 (98% 
vs 91%) influenza seasons. Match rates were consistent 
across plans by gender and age, but were substantially 
lower for children from unknown counties of residence 
(44% for health plan 2 vs 83% for health plan 1). 

Less than one-third of children received the seasonal 
influenza vaccine during either the 2008-2009 (29%) or 
2009-2010 (32%) influenza seasons; 30% of children re-
ceived the H1N1 vaccination in 2009-2010. The propor-
tion of children with influenza vaccination or office visits 
during the 2008-2009 and 2009-2010 influenza seasons 
varied within health plans (Table 2). For both the season-
al and H1N1 vaccines, younger children were more likely 
to be vaccinated than older children; this was true for 
children enrolled in health plan 1 (P <.0001) and health 
plan 2 (P <.0001) across both influenza seasons. Vaccina-
tion rates did not differ by gender. For health plan 1, chil-
dren residing in rural counties were more likely to receive 
the seasonal vaccination during both the 2008-2009 and 
2009-2010 seasons (P <.0001) and H1N1 vaccination in 
the 2009-2010 season (P <.0001) compared with children 

from urban or unknown settings. Vaccination rates did 
not differ by county of residence for children enrolled in 
health plan 2. 

Overall, 71% of all children were seen by a provider 
at least once in either season; nearly half had at least 2 
provider visits in 2008-2009 (44%) and 2009-2010 (45%). 
Rates of office visits were highest among younger children 
across both influenza seasons and plans (P <.0001); ado-
lescents (aged 11-18 years) were the least likely to be seen 
by a provider in both the 2008-2009 and 2009-2010 influ-
enza seasons. Vaccination rates and office visits differed 
across health plans (Table 2). Compared with children 
enrolled in health plan 1, children enrolled in plan 2 had 
higher seasonal vaccination and office visits across both 
influenza seasons as well as H1N1 vaccination rates in 
the 2009-2010 season. Patterns among each plan remained 
consistent across influenza seasons. 

Missed opportunities for influenza vaccination were 
commonplace among children each season and varied 
substantially across age groups (Figure 1). Among all 
children in our sample, 71% remained unvaccinated for 
influenza during the 2008-2009 season, 68% remained 
unvaccinated during the 2009-2010 season, and 70% re-
mained unvaccinated for H1N1 in the 2009-2010 season. 
Among those who remained unvaccinated, nearly two-
thirds (63%) of children during both the 2008-2009 and 
2009-2010 seasons had at least 1 missed opportunity for 
seasonal influenza vaccination; 50% of children had a 

n Table 1. Demographic Characteristics of the Study Sample

Influenza Season

2008-2009 (N = 40,690) 2009-2010 (N = 41,471)

Health Plan 1  
(n = 30,052)

Health Plan 2  
(n = 10,638)

Health Plan 1  
(n = 29,289)

Health Plan 2  
(n = 12,182)

Characteristic n (%) n (%) n (%) n (%)

Age

  6-18 m 1571 (5)   732 (7)   1281 (4)  623 (5)

  19-35 m 1811 (6)   842 (8)   1811 (6)   1029 (8)

  36-71 m 4054 (13) 1812 (17) 3603 (12) 1986 (16)

  6-10 y 7981 (27) 3113 (29) 7176 (25) 3347 (27)

  11-18 y 14,635 (49) 4139 (39) 15,418 (53) 5197 (43)

Gender

  Female 14,253 (47) 4863 (46) 13,858 (47) 5539 (45)

  Male 15,799 (53) 5775 (54) 15,431 (53) 6643 (55)

Residence

  Rural 3739 (12)   291 (3) 3680 (13)   362 (3)

  Urban 21,184 (70) 10,319 (97) 2076 (71) 11,784 (97)

  Unknown 5129 (17)   28 (0) 4842 (17)   36 (0)
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H1N1 missed opportunity in 2009-2010. Children aged 6 
to 18 months were most likely to have at least 1 missed 
opportunity for H1N1 vaccination (81%) and seasonal 
vaccination in the 2008-2009 (90%) and 2009-2010 (88%) 
seasons. The proportion of children with chronic con-
ditions having a missed opportunity decreased sharply 
among older children. Given their lower numbers of office 
visits, adolescents had the lowest rate of missed opportu-
nities for the seasonal influenza vaccine during 2008-2009 
(58%) and 2009-2010 (57%) and the H1N1 vaccine during 
2009-2010 (43%). Importantly, Figure 1 also illustrates the 
population that was unvaccinated for influenza and had 
no office visit; ranging from a minority of unvaccinated 
children 18 months or younger (≤10%) to nearly 50% of 
adolescents. 

We estimated maximum vaccination rates potentially 
achievable if missed opportunities were successfully con-
verted into administered influenza doses for children 
with chronic conditions enrolled in the commercial 
health plans (Figure 2). By converting initial missed op-
portunities into influenza vaccination events, cumula-
tive gains of 45% (2008-2009) and 44% (2009-2010) were 
estimated for seasonal influenza vaccinations and 35% 
for H1N1 influenza vaccinations. If missed opportunities 

were eliminated, the commercially insured children with 
chronic conditions could potentially have experienced 
seasonal influenza vaccination rates that were markedly 
higher than the observed vaccination rates. If all missed 
opportunities were converted to vaccination events, sea-
sonal vaccination rates in February would have been 74% 
versus 29% (2008-2009) and 75% versus 32% (2009-2010). 
H1N1 vaccination rates could have reached 65% by the 
end of the influenza season in 2010, versus the rate of 30% 
that was observed at that time. 

Seasonal and H1N1 influenza rates for the 2008-2009 
and 2009-2010 seasons as reported in MCIR only were 
contrasted between our cohort of children with chronic 
conditions identified by the commercial health plans with 
2 matched groups of non–chronic condition children. 
Less than one-third of the enrollees with chronic con-
ditions identified by the commercial plans received the 
seasonal influenza vaccine in either the 2008-2009 (26%) 
or 2009-2010 (29%) influenza seasons; 31% of children re-
ceived the H1N1 vaccination in 2009-2010. In contrast, 
children enrolled in Medicaid without a chronic condi-
tion had sharply lower vaccination rates for seasonal (17% 
during 2008-2009 and 19% during 2009-2010) and H1N1 
(18%) vaccinations. Similarly, children never enrolled in 

n Table 2.  Health Services Utilization, 2008-2009 and 2009-2010 Influenza Seasons 
Influenza Season

2008-2009 (N = 40,690) 2009-2010 (N = 41,471)

Health Plan 1  
(n = 30,052)

Health Plan 2  
(n = 10,638)

Health Plan 1  
(n = 29,289)

Health Plan 2  
(n = 12,182)

 
Seasonal 

Vaccination

Office 
Visit    
(≥1)

Office 
Visit 
(≥2)

 
Seasonal 

Vaccination

Office 
Visit     
(≥1)

Office 
Visit    
(≥2)

 
Seasonal 

Vaccination

 
H1N1 

Vaccination

Office 
Visit     
(≥1)

Office 
Visit 
(≥2)

 
Seasonal 

Vaccination

 
H1N1 

Vaccination

Office 
Visit 
(≥1)

Office 
Visit      
(≥2)

%a % % % % % % % % % % % % %

Total 27 68 42 36 78 52    30  29 66 41 37 31 82 56

Age

  6-18 m 57 92 83 62 97 88 58 46 92 80 61 40 96 86

  19-35 m 46 86 65 51 89 65 52 44 85 65 52 38 90 73

  36-71 m 39 78 54 44 86 61 44 39 78 53 46 38 89 67

  6-10 y 27 68 40 36 76 49 34 34 67 41 39 34 81 56

  11-18 y 17 60 32 25 71 41 20 22 58 32 27 25 76 46

Gender

  Female 26 68 42 34 78 51 29 29 67 41 35 30 82 57

  Male 27 68 42 38 78 52 31 30 65 40 39 33 82 56

Residence

  Rural 28 67 41 31 78 49 33 42 65 42 32 35 85 60

  Urban 29 69 43 36 78 52 32 31 68 42 38 31 82 56

  Unknown 16 63 37 39 68 57 17 12 60 36 39 22 83 67

aPercentages represent the proportion of children with service utilization. 
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Medicaid without a chronic condition indication in the 
MCIR had comparably low seasonal vaccination rates 
during both seasons (16% in 2008-2009 and 18% in 2009-
2010), and 20% for H1N1. 

DISCUSSION
Our findings demonstrate the feasibility of using ad-

ministrative claims data from commercial health plans 
to identify children with chronic conditions and subse-
quently match them within a statewide immunization reg-
istry to enable a high risk indicator. This study extends 
previous findings that document accuracy in using Medic-
aid administrative data to identify children with chronic 
conditions in a statewide IIS.18 To our knowledge, this is 
one of only 2 studies that link billing-based identification 
data with statewide immunization registries17; however, 
previous studies have utilized similar approaches to iden-
tify chronic conditions from administrative data,18,20-22 
including variations of the Healthcare Effectiveness Data 
and Information Set (HEDIS) methodology.23-26

These findings have important implications for pro-
moting vaccination among children with chronic condi-
tions. Despite the progressive expansion of the influenza 
vaccination recommendations for all children younger 
than 18 years during the past decade,6 the ability to quick-
ly identify children with chronic conditions remains 

important. Although universal influenza vaccination 
recommendations for children aged 6 months to 18 years 
have been adopted, this does not equate to universal vac-
cination. Influenza vaccination rates remain low for chil-
dren with chronic conditions,9,10,14 even during times of 
pandemic.27 Integrating administrative claims with a state-
wide registry could enable a population-based mechanism 
for the identification of children with chronic conditions 
as priority cases either during pandemic events or supply 
shortages. 

Although our study found a high degree of success in 
matching administrative claims with the statewide regis-
try, ample opportunities to improve linkages exist. Estab-
lishing a common identifier unique to each child between 
systems would greatly improve methods of information 
exchange among registries and electronic health records 
(EHRs). In order to establish unambiguous linkages with-
out a common identifier, a minimum set of demographic 
data on each child should be present prior to information 
sharing between systems as recommended by American 
Immunization Registry Association (AIRA), an organiza-
tion that helps establish uniform standards to advance IIS 
and immunization programs.28 

The ability to link administrative claims with state-
wide registries is only the first step in identification and 
prioritization of children with chronic conditions. Given 
the rapid adoption of EHRs by providers, mechanisms to 

n Figure 1. Missed Opportunities for Influenza Vaccination Among the Unvaccinated Population, by Age and Year 
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identify individuals with chronic conditions on a popula-
tion basis will likely continue to evolve. Current federal 
programs, including the Meaningful Use Incentive Pro-
gram, will foster mechanisms to identify children with 
chronic conditions in EHRs. This program, which pro-
vides incentives for medical practices to establish EHRs, 

sets the stage for categorization of children with chronic 
conditions by tying funding to a practice’s ability to gener-
ate a list of patients by specific conditions using an EHR. 
Ongoing efforts to establish interoperability between 
EHR and statewide registries will expedite real-time re-
porting of influenza immunization doses administered by 

n Figure 2. Cumulative Observed and Estimated Seasonal and H1N1 Influenza Vaccination Rates for Children 
With Chronic Conditions Enrolled in 2 Commercial Health Plans, 2008-2009 and 2009-2010 
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healthcare providers and could enable the exchange of 
information regarding chronic conditions, if allowed by 
the registry.29  Ultimately, improved interoperability with 
EHRs may introduce opportunities to identify chronic 
conditions from the source, with chronic condition lists 
being maintained by practices’ clinical and billing sys-
tems in conjunction with the Meaningful Use program 
objectives.

Our study also provides insight into the utility of a 
high risk indicator. Although the commercially insured 
children with chronic conditions were more likely to be 
vaccinated for seasonal influenza and H1N1 than their 
counterparts without a chronic condition, their observed 
influenza rates were low and missed opportunities were 
frequent. Similar to other studies, we found that only a 
minority of children with chronic conditions received the 
seasonal influenza or H1N1 vaccination30 and missed op-
portunities were commonplace among this group of high 
risk children.11 Low vaccination rates, combined with 
high rates of missed opportunities, suggest that multiple 
outreach strategies may be necessary to improve influenza 
vaccination rates among this group of children. Not sur-
prisingly, adolescents had the lowest rate of vaccination 
among our sample and were the least likely to have been 
seen by a provider throughout both influenza seasons. 
Reminder/recall is one strategy to improve influenza vac-
cination among children with chronic conditions, where 
parents are notified by mail, telephone, or other mecha-
nisms to serve as a prompt to vaccinate their children.30,31 
For this group, vaccination reminders prompting parents 
of adolescents to schedule an appointment with vacci-
nation providers, either public or private, may be an ef-
fective mechanism to increase office visits and influenza 
vaccination rates.

In contrast, reminder/recall may have limited impact 
on increasing vaccination rates among children experienc-
ing missed opportunities since they, by definition, had 1 
or more office visit during the flu season, yet remained un-
vaccinated throughout the season. We found that younger 
children had greater missed opportunities than older chil-
dren, suggesting that outreach strategies could differ by age 
group. Most of the unvaccinated children younger than 
3 years in our sample had at least 1 missed opportunity 
and were seen by a provider throughout the 2008-2009 
and 2009-2010 influenza seasons. Consequently, parent re-
minders alone might not be effective in reducing missed op-
portunities for this group. Implementing provider-focused 
reminder systems in combination with mailed reminders 
for parents of younger children may be 1 strategy to con-
vert missed opportunities to vaccination events. 

Our findings should be considered in light of several 
limitations. We were unable to evaluate the accuracy 
and completeness of the commercial healthcare claims 
data used to populate the high risk indicator in MCIR. 
Consequently, we were therefore unable to verify the ac-
curacy of using the administrative claims data from the 
commercial health plans in identifying children with 
chronic conditions. Additionally, although this study 
examined missed opportunities among children with 
chronic conditions, we are unable to determine why 
missed opportunities occur. Furthermore, because our 
study intended to demonstrate the feasibility of using 
administrative data to identify children with chronic 
conditions, children were included in our sample if they 
had at least 1 claim for a chronic condition regardless 
of the number of provider encounters, severity, or du-
ration of the condition. Future studies examining the 
accuracy, feasibility, and utility of using administrative 
claims data should also take into account the severity of 
chronic condition by subdividing children with chronic 
conditions into complexity groups. Finally, it should be 
noted that substantial time lags were encountered with 
respect to executing the data-use agreements required for 
this study. Such delays should be considered in future 
studies or applications of these methods to public health 
practice.

In conclusion, our study found that administrative 
claims data can be used to identify children with chronic 
conditions in a statewide registry. Low vaccination rates 
and a high rate of missed opportunities among the chil-
dren with chronic conditions in our sample suggests the 
utility of integrating administrative claims data with 
statewide registries for use of various outreach strategies, 
including reminder/recall aimed at parents and provider-
focused reminders.
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eAppendix A. ICD-9-CM Codes of Chronic Condition Cases Targeted for Annual  

Influenza Vaccination 
 

Disease Categories ICD-9-CM Codes 

Pulmonary   
    Asthma and reactive airways disease  493.0-493.9, 519.1 
    Cystic fibrosis  277 
    Bronchopulmonary dysplasia  770.7 
    Bronchiectasis  494.0-494.1 
    Congenital lung anomalies  748.4-748.6 
    Chronic respiratory disease or failure  518.83-518.84, 519.9 
    Postinflammatory pulmonary fibrosis  515 
Cardiovascular  
    Congenital heart disease  745.0-747.4 
    Chronic pulmonary heart disease  416.0-416.9 
    Valvular or endocardial disease  424.0-424.3 
    Rheumatic heart disease  391.0-391.9, 392.0, 393-398.99 
    Cardiomyopathy  425.0-425.4, 429.1, 429.3 
    Heart failure  428.0-428.9 
Renal   
    Nephrotic syndrome  581.0-581.9  
    Chronic glomerulonephritis  582.0-582.9, 583.0-583.9 
    Chronic renal failure  585-586 
    Congenital renal anomalies  753.0-753.1 
Hematologic  
    Thalassemia  282.4 
    Sickle cell anemia  282.6 
    Other hemoglobinopathies  282.7 
    Aplastic anemia  284.0-284.9 
    White blood cell disorders  288.0-288.2 
Immunosuppressive disorders or therapies  
    Hereditary immunodeficiency  279.0–279.9 
    HIV infection  042, V08 
    Malignancy  140.0-160.0, 160.2-208.9, 235.0-239.9 
    Systemic lupus erythematosus  710 
    Organ or bone marrow transplantation  V42.0-V42.9 
    Radiation or chemotherapy  V58.0-V58.1 
    Asplenia  759 
Metabolic  
    Diabetes  250.0-250.9 
    Amino acid disorders  270.0, 270.2-270.9 
    Carbohydrate disorders  271.0-271.1, 271.4-271.9 
    Lipid disorders  272.1-272.3, 272.5-272.9 
    Other metabolic disorders 277.1-277.3, 277.5-277.6, 277.8-277.9 
Diseases associated with Aspirin therapy  
    Kawasaki disease  446.1 
    Rheumatoid arthritis  714.0-714.9 
Other conditions  
    Cerebral palsy  343.0-343.9 
    Muscular dystrophy  359.0-359.3 
    Down syndrome  758 

ICD-9-CM indicates International Classification of Diseases, Ninth Revision, Clinical Modification.



 
 

eAppendix B. CPT Procedure and ICD-9-CM Diagnosis Codes of Primary Care Visits  
 
Category of Office Visit CPT Procedure Codes ICD-9-CM Codes 

   
Well child visit 99381-99387 V202 
 99391-99397 V700 
 99401-99404 V703 
 99411-99412 V705 
 99420 V706 
 99429 V708 
 99432 V709 
   
Immunization visit 90471-90474  
 90476-90477  
 90581  
 90585-90586  
 90632-90634  
 90636  
 90645-90649  
 90655-90658  
 90660-90663  
 90665  
 90669  
 90675-90676  
 90680  
 90690-90693  
 90698  
 90700-90708  
 90710  
 90712-90721  
 90723  
 90725  
 90727  
 90732-90736  
 90740  
 90743  
 90744  
 90746-90749  
 G0008  
 G0010  
 G0009  
 Q3021  
 Q3023  
 90470  
 G9141  
 G9142  
   
Other visit 99201-99205  
 99211-99215  
 99241-99245  
 99341-99350  
CPT indicates current procedural terminology; ICD-9-CM, International Classification of 

Diseases, Ninth Revision, Clinical Modification. 
 


