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ABSTRACT

Objectives. We assessed whether extra-immunization can serve as a clinical
indicator for fragmentation of care.

Methods. Using public-use files of the 1999-2003 National Immunization
Survey, we classified children 19-35 months of age by their vaccination provid-
ers for the degree of fragmentation of care as ordered from lowest with one
vaccine provider, to increasing fragmentation with multiple providers in one
facility type, to multiple providers in more than one facility type. Extra-immuni-
zation was defined conservatively based on the year-specific recommendations
of the Advisory Committee on Immunization Practices (ACIP) for immunizations
due before 18 months of age. Of note, 1999-2003 transitioned from oral to
inactivated poliovirus vaccines.

Results. The rate for extra-immunization was 9.4% (95% confidence interval
[CI] 9.2, 9.7). Of single vaccines, the rate for polio vaccine was highest (5.7%,
95% CI 5.5, 6.0). Extra-immunization was lowest for the 69% of children with
only one vaccination provider (6.4%, 95% Cl 6.1, 6.7), was higher in children
who had more than one vaccination provider with one vaccination facility
type (13.9%, 95% Cl 13.2, 14.6), and highest with more than one facility

type (24.1%, 95% Cl 22.5, 25.6). Logistic regression (including race/ethnicity,
language, provider type, survey year, and a parent-held immunization record)
confirmed that multiple providers (adjusted odds ratio [AOR] = 2.30), multiple
facility types (AOR=4.67), Spanish language (AOR=1.29), and race/ethnicity
(black AOR=1.16, Hispanic AOR=1.31) were each associated with extra-
immunization. Excluding poliovirus vaccine from the analysis, AORs for multiple
providers and multiple facility types increased to 3.64 and 8.95, respectively.

Conclusions. Extra-immunization is associated with receiving immunizations
from multiple providers and multiple facility types.
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The American Academy of Pediatrics defines the medi-
cal home as one that provides care to infants, children,
and adolescents that is accessible, continuous, compre-
hensive, family-centered, coordinated, compassionate,
and culturally effective. Explicitly noted in the Ameri-
can Academy of Pediatrics-defined services that a medi-
cal home should provide are continuity and needed
immunizations."? However, fragmentation of care can
result in the failure to deliver care and overutilization
of resources.”* The medical home with continuity of
care is associated with the delivery of needed care,
including immunizations.** Medical homes offer up
a solution to that fragmentation.*'* As compared with
other avenues of care, medical homes are equipped to
achieve complete and timely immunization.>%!"

Early work in the development of regional immu-
nization registries indicated that approximately 5%
of children have received at least one unnecessary
immunization by 2 years of age.'* This finding has been
termed “extra-immunization”*¢ or “overvaccination.”"’
While the use of some combination vaccines can result
in acceptable extra-immunization, missing information
regarding previous vaccine status can lead to additional
extra-immunization as a result of appropriate efforts of
medical providers to assure the child’s up-to-date immu-
nization status. Extra-immunization may better reflect
medical care fragmentation than underimmunization.
The latter can also reflect parental choice and lack of
access to medical care in addition to fragmentation of
medical care. Thus, extra-immunization may serve as a
clinical indicator'® and may, along with other clinical
indicators, serve a purpose in testing claims that for
a given population of patients, they are truly residing
in medical homes and, for a given medical home, it is
truly eliminating fragmentation of care. Using validated
data collected over five years, we sought to determine
if fragmentation of care was inversely associated with
extra-immunization.

METHODS

We analyzed the public-use files of the National Immu-
nization Survey (NIS) from 1999 to 2003. Problems
with duplicate entries and unclear reporting rules
with combination vaccines were addressed beginning
with the 1999 NIS dataset.'® The National Center for
Immunization and Respiratory Diseases of the Centers
for Disease Control and Prevention sponsors these
surveys, and the National Center for Health Statistics
conducts them. The methods of these annual surveys
have been published elsewhere.' In brief, these are
validated, stratified, random-digit-dialed telephone

surveys of households with children 19-35 months
of age. Information is collected through computer-
assisted telephone interview techniques. Immuni-
zation information is collected directly from the
identified immunization providers for the surveyed
children. Adjustments to design variables are made
by the Centers for Disease Control and Prevention for
biases resulting from nonresponse and non-telephone
households. The 1999-2003 surveys included 111,730
children, representing a cohort of 5,756,583 children
(the average population of children 19-35 months of
age during the five-year period in the U.S.).

Our main outcome variable was extra-immunization
defined as present or absent. We used the provider-
based record data available from NIS to assess the
frequency of extra-immunization. We defined extra-
immunization to allow the largest number of vaccines
and based our definition on each year’s published
immunization schedule, including the minimum
interval schedule between doses for each vaccine
(i.e., the “catch-up schedule”).?** We defined extra-
immunization with diphtheria and tetanus toxoids
and pertussis vaccine, whole or acellular (DTxP) and
Haemophilus influenzae type b vaccine as >4 doses
each. Doses counted as DTxP included diphtheria and
tetanus toxoids, diphtheria-tetanus-acellular pertussis
(DTaP), and diphtheria-tetanus-pertussis (DTP). We
defined extra-immunization with polio vaccine as >3
doses of either inactivated polio vaccine (IPV) or oral
polio vaccine in any combination. We defined extra-
immunization with hepatitis B (Hep B) vaccine as >3
doses from 1999 to 2001 and four doses from 2002 to
2003, when the first Hep B vaccine was given in the
initial week of life. (Beginning in 2002, the Advisory
Committee on Immunization Practices [ACIP] pro-
vided permissive language allowing four doses of Hep
B vaccine to support newborn immunization and the
subsequent use of combination Hep B vaccines.)

We defined extra-immunization with a measles-
containing vaccine as >2 doses occurring on or after 12
months of age (discounting any dose before 12 months
of age, the catch-up schedule and ACIP measles-
mumps-rubella vaccine recommendation allows two
doses separated by 28 days occurring after 12 months
of age).” We defined extra-immunization with varicella
zoster vaccine as >1 dose. Other than the initial doses
of Hep B and measles-containing vaccines, as explained
previously, we did not test for initial dose or minimum
interval violations. Because of the large amount of
extra-immunization specific to polio vaccine that may
have resulted for reasons peculiar to the polio vaccine
and concurrent changes in recommendations for that
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vaccine during the period examined, we constructed
another outcome variable that did not include polio
vaccine extra-immunization.

Medical home served as the main exposure variable.
As a proxy for medical home, we used the NIS-collected
number and type of immunization providers. Immuni-
zation provider is not necessarily an individual clinician
but, rather, one reporter of immunizations (e.g., an
office or clinic). The NIS classified immunization pro-
viders by both number and facility type. We constructed
a composite variable to capture both multiple providers
and multiple facility types (e.g., public, private, hospi-
tal, military, mixed, other, unknown, and missing). If
the record listed only one immunization provider and
the provider facility type was missing (about 11% were
missing), then we assumed that child had only “one
provider, one facility type.” If the record indicated
more than one provider but only one facility type or
facility type missing, then we coded that child as having
“multiple providers, same facility type.” If the record
explicitly listed the child as having multiple facility
types, then we coded this as “multiple facility types”
regardless of how many providers were indicated.

For race/ethnicity, we used a composite race vari-
able defined by the NIS as Hispanic, non-Hispanic
white, non-Hispanic black, and non-Hispanic other.
We categorized those respondents indicating multiple
races/ethnicities in the “all others” category if they did
not indicate Hispanic ethnicity. We also constructed
a summary variable that dichotomized race/ethnicity
into non-Hispanic white vs. nonwhite.

NIS data provided three potential socioeconomic
status variables: poverty status, household income, and
maternal education. Because maternal education had
full reporting and the other variables had substantial
missing values, we chose maternal education as the
measure of socioeconomic status for our analyses.

The NIS data contained a variable reporting whether
the child’s vaccine providers reported vaccinations to a
state or community immunization registry. This variable
was coded in NIS data as “all providers,” “some but not
all providers,” “no providers,” and “unknown.”

We modeled the effect of the presence of a medical
home on extra-immunization using logistic regres-
sion. We selected the variables for further analyses
based on magnitude of the effect of that variable on
extra-immunization in the bivariate analyses. The final
model included medical home (provider number and
facility type), race/ethnicity, survey language, survey
year, maternal education, and parent-held immuniza-
tion records. We used adjusted odds ratios (AORs) to
report the results of analyses controlling for variables
in the full model. The final multivariable model did

not include vaccine registry use because of the large
number of unknown values over the years, averaging
21.6% and ranging from 38.6% in 1999 to 16.5% in
2001.

Each year’s NIS dataset included weights appropri-
ate for inferences to the population of children 19-35
months of age in that year in the U.S. To analyze our
five-year dataset while avoiding overweighting of obser-
vations, we divided the weight for each observation by
five. This had the effect of making the weighted dataset
the average of the target population of children during
the time period studied.

We performed our data extraction and recoding
using SAS® version 9.1%° and conducted analyses appro-
priate for this multistage, complex survey using Stata®
version 8.0.% Stata permitted the inclusion of the survey
design variables into the analysis and, thus, addressed
the complex sampling appropriately to achieve the best
approximate variances for population estimates. All
rates reported, unless otherwise stated, were weighted
to reflect population-based estimates.

RESULTS

Sample characteristics

Table 1 shows that the weighted overall rate of extra-
immunization was 9.4% (95% confidence interval [CI]
9.2, 9.7) compared with underimmunization (21.9%,
95% CI 21.5, 22.3). Of the sample, 49.0% of respon-
dents were female, 14.4% were black, 23.5% were His-
panic, and 6.6% were from another or multiple racial/
ethnic minority groups. Most children (69.1%) had a
single immunization provider, with 24.0% having >1
provider with the same facility type and 6.9% having
>1 provider from multiple facility types.

Bivariate associations
The association of extra-immunization with the number
of providers and facility type was large and consistent.
As shown in Table 1, the rate of extra-immunization
with one provider was only 6.4% (95% CI 6.1, 6.7)
whereas children who had more than one provider
with all providers in the same facility type had an extra-
immunization rate of 13.9% (95% CI 13.2, 14.6). Chil-
dren who had been vaccinated in multiple facility types
had the highest risk of extra-immunization (24.1%,
95% CI 22.5, 25.6). The extra-immunization rate for
nonwhite children was 11.0% (95% CI 10.5, 11.5) as
compared with non-Hispanic white children (8.2%,
95% CI 7.9, 8.5). Hispanic children were most likely
to be overvaccinated (12.1%, 95% CI 11.4, 12.8).
Assuming that the language in which the parent
completed the survey was that parent’s preferred
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Table 1. Characteristics of children aged 19-35 months and associations with underimmunization
and extra-immunization: 1999-2003 National Immunization Survey

Proportion of population  Underimmunization®< Extra-immunization®

Factor (percentf Percent (95% Cl) Percent (95% Cl)
Total population 100.0 21.9 (21.5, 22.3) 9.4(9.2,9.7)
Immunizations up-to-date?
Yes 78.1 0.0 10.6 (10.2, 10.9)
No 21.9 100.0 5.4 (5.0, 5.9)
Number and type of immunization provider
(medical home)
1 provider 69.1 20.7 (20.2, 21.2) 6.4 (6.1, 6.7)
>1 provider, all one type 24.0 26.5 (25.6, 27.4) 13.9 (13.2, 14.6)
>1 type of provider 6.9 16.9 (15.4, 18.3) 24.1 (22.5, 25.6)
Gender
Male 51.1 221 (21.5, 22.6) 9.4 (9.0, 9.7)
Female 49.0 21.7 (21.1, 22.2) 9.5(9.1, 9.9
Race/ethnicity
Non-Hispanic white 55.4 19.3(18.8, 19.8) 8.2 (7.9, 8.5)
Nonwhite 44.5 25.1 (24.4, 25.8) 11.0 (10.5, 11.5)
Non-Hispanic black 14.4 27.7 (26.5, 29.0) 9.2 (8.4,9.9)
Hispanic 235 24.1 (23.1, 25.1) 12.1 (11.4, 12.8)
All other 6.6 22.8 (21.1, 24.5) 11.1 (10.0, 12.2)
Child age at interview (in months)
19-23 29.9 28.6 (27.8, 29.4) 7.9 (7.4, 8.4)
24-29 35.2 20.2 (19.6, 20.9) 9.8 (9.3, 10.2)
30-35 34.9 17.8 (17.1, 18.4) 10.4 (9.9, 10.9)
First-born
No 60.9 24.3 (23.8, 24.8) 8.9 (8.6, 9.3)
Yes 39.1 18.1(17.5, 18.7) 10.3 (9.8, 10.7)
Age at first DTxP
<90 days 89.0 17.3(16.9,17.7) 9.7 (9.4, 10.0)
=90 days 11.0 48.0 (46.5, 49.5) 8.3(7.5,9.1)
Language of survey
English 85.7 21.6 (21.2, 22.1) 8.7 (8.5, 9.1)
Spanish 12.3 23.0 (21.7, 24.4) 13.3(12.2, 14.3)
Other 2.0 25.2 (22.0, 28.4) 13.8 (11.2, 16.3)
Maternal education
<12 years 18.0 27.3 (26.1, 28.4) 11.1 (10.3, 11.9)
=12 years 354 24.3 (23.6, 25.1) 9.5 (9.0, 10.0)
Some college 17.2 20.7 (78.5, 80.2) 8.8 (8.2, 9.4)
College graduate 29.3 16.3 (83.1, 84.3) 8.7 (8.3, 9.2)
Maternal age (in years)
=19 3.4 27.5 (24.9, 30.1) 10.2 (8.6, 11.8)
20-29 45.8 24.8 (24.2, 25.5) 10.2 (9.7, 10.6)
=30 50.8 18.8 (18.3, 19.4) 8.7 (8.4, 9.1)
Parent-held immunization record
Yes 47.3 18.8 (18.3, 19.3) 10.9 (10.4, 11.3)
No 52.7 24.6 (24.1, 25.2) 8.2 (7.8, 8.5)
Providers reported immunizations to registry
All 29.0 22.4 (21.7, 23.1) 8.1 (7.6, 8.5)
Some 6.5 17.9 (16.3, 19.5) 23.0 (21.4, 24.6)
None 42.8 21.0 (20.4, 21.6) 7.7 (7.3, 8.1)
Unknown 21.7 24.1 (23.2, 25.0) 10.6 (10.0, 11.2)
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Table 1 (continued). Characteristics of children aged 19-35 months and associations with underimmunization
and extra-immunization: 1999-2003 National Immunization Survey

Proportion of population  Underimmunization®<

Extra-immunization®

Factor (percentf Percent (95% Cl) Percent (95% Cl)
Region of the country
Northeast 18.6 18.4 (17.6, 19.3) 0 (8.3, 9.6)
Midwest 221 21.2 (20.5, 21.9) 1 (8.6, 9.6)
South 36.4 22.2 (21.6, 22.9) 9.2 (8.8, 9.6)
West 24.2 24.4 (23.4, 25.3) 10.5 (9.8, 11.1)
Survey year
1999 19.6 21.6 (20.8, 22.5) 12.2 (11.6, 12.9)
2000 19.7 23.8 (22.9, 24.6) 9.9 (9.3, 10.5)
2001 19.9 22.8 (22.0, 23.7) 9.9 (9.3, 10.5)
2002 20.3 22.5 (21.6, 23.5) 7.9 (7.3, 8.5)
2003 20.5 18.7 (17.8, 19.6) 7.4 (6.8, 8.0)

*Proportions are based on weighted observations. Percentages may not add up to 100 due to rounding.

®Undervaccinated is defined as not having at least four DTxP, three polio, one measles-containing, three hepatitis B, and three Haemophilus

influenzae type b vaccines by the time of the survey.

°For both undervaccinated and extra-immunized, this is a yes/no characterization. Note that one can be both undervaccinated and have extra-

immunization because of the combination of vaccines.

dUp-to-date is the receipt of at least four DTxP, three polio, one measles-containing, three hepatitis B, and three Haemophilus influenzae type b

vaccines by the time of the survey.
Cl = confidence interval

DTxP = diphtheria and tetanus toxoids and pertussis vaccine, whole or acellular

language, the rate of extra-immunization with English-
speaking people (85.7% of the population) was 8.7%
(95% CI 8.5, 9.1), while the extra-immunization rate
with Spanish-speaking people (12.3% of the popula-
tion) was 13.3% (95% CI 12.2, 14.3) (Table 1).

Maternal education and maternal age did have a
modest association with extra-immunization, with less
education and younger maternal age each associated
with higher extra-immunization rates. Other factors tra-
ditionally associated with underimmunization did not
show substantive associations with extra-immunization.
Variables included the child’s age, the timing of the first
DTxP, and birth order. Not being up-to-date was associ-
ated with a lower rate of extra-immunization (5.4%,
95% CI 5.0, 5.9). Having parent-held immunization
records was associated both with lower underimmuniza-
tion rates (18.8%) and increased extra-immunization
rates (10.9%) (Table 1).

We examined those children whose providers
reported contributing data to an immunization reg-
istry and found that when all providers of immuni-
zations reported to the registry, extra-immunization
decreased to 8.1% (95% CI 7.6, 8.5); however, if only
some providers reported to an immunization registry,
the extra-immunization rate climbed to 23.0% (95%
CI 21.4, 24.6). The lowest extra-immunization rate
(7.7%,95% C1 7.3, 8.1) occurred in children who had
no provider reporting to a registry. The rates for all

providers reporting and no providers reporting did not
differ significantly. However, for a substantial number
of children, it was unknown whether immunizations
were reported to a registry (Table 1).

We found a significant trend of decreasing extra-
immunization during the calendar years (Table 2). The
extra-immunization rate decreased from 12.2% (95%
CI11.6,12.9) in 1999 to 7.4% (95% CI1 6.8, 8.0) in 2003.
This decrease was largely explained by the decreasing
rate of extra-immunization with polio vaccine, which
varied from 8.7% in 1999 to 4.4% in 2003. During the
same time period, extra-immunization not including
polio vaccine decreased modestly, though significantly,
from 4.7% in 1999 to 8.9% in 2003, with the maximum
extra-immunization moving from 1999 (with polio vac-
cine) to 2001 (without polio vaccine).

Stratified analyses

In a stratified analysis of provider and facility type by
race/ethnicity, provider number and facility type clas-
sification had a large effect on extra-immunization
by racial/ethnic minority group status. With just one
provider, the rates of extra-immunization dropped
to <9% for any of the racial/ethnic minority group
classifications. All racial/ethnic minority groups had
increased rates of extra-immunization with more than
one provider, including those with more than one pro-
vider of one facility type and even more so with more
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than one type of facility (Table 3). Hispanic children
with providers at more than one type of facility had
the highest rates of extra-immunization at 29.7% (95%
CI 26.1, 33.3), with non-Hispanic white children in
the same category having an extra-immunization rate
of 21.3% (95% CI 19.4, 23.1). Similarly, the use of
parent-held immunization records was associated with
increased extra-immunization in Hispanic children
(18.7%) (data not shown).

Examining extra-immunization by language as well
as provider number and facility type (Table 4), we
found that Spanish language combined with more
than one provider but of one type and more than
one facility type resulted in higher rates of extra-
immunization of 16.8% (95% CI 14.6, 19.0) and 29.0%
(95% CI 24.1, 33.9), respectively. The use of a means
of communication between providers, the parent-held
immunization record, is associated with increased extra-
immunization. The use of Spanish as the preferred
language for the survey was associated with an increase
in extra-immunization with parent-held immunization
records (14.3%, 95% CI 13.0, 15.6) compared with
English language (9.9%, 95% CI 9.5, 10.4).

Multivariate analyses

Logistic regression resulted in the AORs displayed in
Table 5. These results indicated a modest increase in
risk for extra-immunization was associated with being
from a racial/ethnic minority group (AOR range: 1.16—
1.44), having a preferred survey language of Spanish
(AOR=1.29), and having a parent-held immunization
record (AOR=1.12). The strongest risk factors by far
were the presence of more than one provider even in
the same facility type (AOR=2.30, 95% CI 2.13, 2.47)
and the presence of more than one provider in more
than one facility type (AOR=4.67, 95% CI 4.23, 5.15),
compared with having only one provider.

Because of the large effect of polio vaccine on
extra-immunization rates and the decreasing rate of
polio vaccine extra-immunization with time, we ran
the logistic model again with the outcome of extra-
immunization other than polio vaccine. In this model,
the effect of race/ethnicity and language was attenu-
ated, with black race/ethnicity and Spanish language
no longer significant; however, the effect of multiple
providers and multiple facility types was dramatically
increased. In the full model, the presence of more
than one provider in the same facility type (AOR=3.64,
95% CI 3.28, 4.04) and the presence of more than one
provider in more than one facility type (AOR=8.95,
95% CI 7.93, 10.10) resulted in a 50% increase and
almost doubling of the odds of extra-immunization,
respectively.

We conducted analyses examining the data for sig-
nificant interactions by survey year. For the outcome
of extra-immunization, no significant interaction was
found between race/ethnicity and survey year. There
was an interaction between the survey year 1999 and
>1 provider in the same facility (AOR=0.76, 95%
CI 0.63, 0.85). Again, however, with the outcome of
extra-immunization without polio vaccine, there was
a significant interaction in 1999 between >1 provider
in multiple facilities (AOR=1.57, 95% CI 1.10, 2.24).
No other interaction was found by year and provider
(data not shown).

DISCUSSION

We used number of immunization providers and pro-
vider types as an indicator of a medical home (one
immunization provider) and increasing fragmentation
of care as the number of providers increased and when
the child moved between facility types. More than 30%
of children had more than one provider or more than
one facility type providing immunizations. Multiple
vaccine providers and multiple facility types represent
an absence of a key aspect of the medical home: con-
tinuity. Patients with this lack of continuity accounted
for much of extra-immunization. While we found that
the extra-immunization rate for U.S. children aged
19-35 months was 9.4% and that children from racial/
ethnic minority groups were more likely to be overvac-
cinated (11.0%, 95% CI 10.5, 11.5), if all children in
the U.S. had a single provider (i.e., a medical home),
the extraiimmunization rate would decrease to 6.4%
for all U.S. children (7.6% for nonwhite children and
8.5% for Hispanic children). This rate is a decrease
in extra-immunization of at least 30% overall and a
decrease of 50% from the next category—those with
multiple providers all of one type. These analyses do
not imply that each patient should have a single indi-
vidual providing their care. In the NIS dataset, “one
provider” refers to one place providing immunizations
(e.g., an office or a clinic).

Extra-immunization may result from a number of
causes including a lack of documentation or prob-
lems with the communication of previous immuni-
zations, mismanagement of a lapse in the sequence
of immunizations, or simply a misunderstanding of
the routine childhood vaccination schedule itself. It
is worth noting in this analysis that the parent-held
immunization records are associated with being both
less likely to be underimmunized and more likely to
be overimmunized, probably as a result of records
that are not current.”® It is surprising to see such an
increase in extra-immunization when moving from pub-
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Table 4. Extra-immunization of children aged 19-35 months by number and type of provider, parent-held
immunization record, and language: National Immunization Survey, 1999-2003

English

Variable Percent (95% Cl)

Spanish Other
Percent (95% Cl) Percent (95% Cl)

Number/type of provider
1 provider
>1 provider, all one type
>1 type of provider

5.9 (5.6, 6.2)
13.3(12.6, 14.0)
23.0 (21.4, 24.6)
Parent-held immunization record

Yes 9.9 (9.5, 10.4)

No 7.9 (7.5, 8.2)

9.6 (8.5, 10.7) 10.9 (8.3, 13.5)
16.8 (14.6, 19.0) 21.1(13.7, 28.5)
29.0 (24.1, 33.9) 35.9°
14.3 (13.0, 15.6) 15.0 (11.6, 18.4)
10.9 (9.2, 12.6) 12.1 (8.2, 16.0)

2As the number of observations for this cell were <100, the statistical
statistical inferences be made.

lic to private provision of vaccines (i.e., multiple types
of providers). We hypothesize that moving between
facilities represents a large barrier to communication.
Supporting the hypothesis that communication is a
major issue in extra-immunization is the finding that
having only some immunization providers reporting
to a registry is worse than having all or none report-
ing to a registry. When no providers and all providers
report to a registry, information is known. When only
some providers report to a registry, it is easier to have
incomplete information without realizing it.

While evidence exists that extra-immunization with
tetanus toxoid,? pneumococcal polysaccharide,” and
meningococcal polysaccharide®® can result in an
increase in local or systemic reactions to vaccination,
extra-immunization with other vaccines is unlikely to
harm the recipient. In fact, with some combination
vaccines, extra-immunization is permitted. However,
other extra-immunizations incur costs to the parent,
child, provider, and payers; provide a source of confu-
sion and frustration for providers, parents, and patients;
and are an unnecessary source for claims regarding
adverse events and harms. It should be noted that
underimmunization is more prevalent than extra-
immunization, and underimmunization is a public
health problem while extra-immunization is primarily
an administrative failure.

Feikema et al. found rates of extra-immunization
approaching 21%," but at the time the NIS database
was of questionable quality. Since that time, the NIS
data quality has improved (e.g., redundant vaccine
entries have been corrected).' Using the improved
database, Strine et al. found extra-immunization rates
of 10%-14%."° We studied the same two years as Strine
et al. did, as well as three additional years since the
study; our findings were consistent with those found by
Strine et al. Our findings for the two overlapping years
would have been identical to Strine et al., but we treated

guidance for the National Immunization Survey recommends that no

the measles-containing vaccine differently, allowing two
doses after one year of life and discounting all doses
given in the first year of life, consistent with current
ACIP recommendations. While Feikema et al. found
an association with racial/ethnic disparity, the year’s
NIS database used (1997) had flaws that overestimated
extra-immunization. We examined subsequent years
and sought to understand the underlying mechanisms
of the racial/ethnic disparity in extra-immunization.
Our analyses found that while racial/ethnic minority
groups were more likely to be overvaccinated, much
of the effect was mediated through multiple providers
and multiple types of providers. Thus, our study better
supports extra-immunization as a clinical indicator for
fragmentation of care.

Both Mell et al. and Davis evaluated the trends in
polio vaccine dosing for children aged 19-35 months
who were born between 1994 and 1997 in several large
health maintenance organizations.'*'> They found
that extra-immunization with polio vaccine began to
decline before the introduction of IPV, leveled off
during the introduction of IPV, and continued to fall
afterward, suggesting that the change in recommenda-
tions elevated awareness of the current schedule and
that the need to inject the current form of vaccine may
be somewhat protective against extra-immunization.
Our analyses confirmed these findings at the national
level and showed that the extra-immunization with
polio vaccine has continued to decline, while extra-
immunization with vaccines other than polio has
been more stable. The extra-immunization with polio
vaccine appears to differ from extra-immunization
with other vaccines, and analyses without polio extra-
immunization included showed an even greater effect
of fragmentation of care.

Extra-immunization is neither well-recognized nor
regularly examined, but it appears to occur more
frequently among vulnerable and at-risk populations,
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including the underprivileged racial/ethnic minority
groups, non-English speakers, and those dependent on
fragmented sources of care. While extra-immunization
itself is not a significant medical problem, it does serve
as a clinical indicator for fragmentation of care and
lack of continuity of care, and can serve as a test of
the integrity of a medical home. The validity of this
measure is supported by the consistency of extra-
immunization’s association with multiple providers and
with other indicators of problematic communication.
Extra-immunization is not associated or only weakly
associated with predictors of underimmunization
that are patientrelated, such as late DTP, maternal
education, and birth order. This finding supports that
extra-immunization is measuring aspects of care that

are different from underimmunization. Additional
research is needed to examine the relationship between
extra-immunizations and other measures of quality,
including continuity of care.

Limitations

Our study had several limitations. The NIS is a cross-
sectional survey; as such, the associations found were
not necessarily causal. Certain factors associated with
extra-immunization were not captured by the survey,
including the type of record keeping used in the
practice. Furthermore, the survey data indicating
extra-immunization may lead us to conclude incor-
rectly that extra-immunization occurred when, in fact,
a legitimate reason existed for an additional dose of

Table 5. Logistic regression model of odds of children aged 19-35 months
being extra-immunized: National Immunization Survey, 1999-20032

Extra-immunization including polio vaccine

Extra-immunization without polio vaccine

Factor AOR (95% Cl)P P-value AOR (95% Cl)P P-value

Number and type of provider
1 provider Ref.
>1 provider, all one type 2.30 (2.13, 2.47) 0.000 3.64 (3.28, 4.04) 0.000
>1 type of provider 4.67 (4.23, 5.15) 0.000 8.95 (7.93, 10.10) 0.000

Race/ethnicity of child
Black 1.16 (1.05, 1.29) 0.003 1.11 (0.97, 1.27) 0.132
Hispanic 1.31(1.17, 1.45) 0.000 1.17 (1.01, 1.36) 0.035
All other 1.44 (1.26, 1.64) 0.000 1.28 (1.06, 1.55) 0.011
White Ref.

Survey language
Spanish 1.29 (1.13, 1.49) 0.000 1.17 (0.96, 1.41) 0.112
Other 1.57 (1.24, 1.99) 0.000 1.40 (0.97, 2.02) 0.071
English Ref.

Maternal education
<12 years 0.95 (0.85, 1.07) 0.396 1.19 (1.02, 1.39) 0.024
12 years 0.96 (0.89, 1.04) 0.336 1.10 (0.99, 1.23) 0.087
Some college 0.93 (0.85, 1.03) 0.157 1.09 (0.96, 1.25) 0.188
College graduate Ref.

Parent-held immunization record
Yes 1.12 (1.04, 1.20) 0.001 1.09 (1.04, 1.25) 0.006
No Ref.

Survey year
1999 1.28 (1.16, 1.40) 0.000 0.80 (0.70, 0.91) 0.001
2000 1.00 (0.90, 1.10) 0.940 0.86 (0.76, 0.96) 0.021
2001 Ref.
2002 0.78 (0.70, 0.86) 0.000 0.67 (0.58, 0.78) 0.000
2003 0.68 (0.61, 0.76) 0.000 0.60 (0.52, 0.70) 0.000

?Includes all children in the sample from 1999 to 2003. Because of missing values, the total number for this analysis was 111,664 unweighted

and 1,754,222 weighted.

°The AORs presented are those controlling for the effect of all other variables in the table.

AOR = adjusted odds ratio
Cl = confidence interval

Ref. = referent group
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vaccine. Potential examples include repeat dosing
of a vaccine in the event of a lot recall or a delayed
recognition of incorrect storage,™ or in the correction
of an inappropriate split-dosing with DTxP.** Another
reason for additional doses could be recognition of
minimum interval violations, though the strong asso-
ciation of over-immunization with multiple providers
makes that explanation unlikely.” Alternatively, we may
have missed doses given that were never recorded in
the surveyed providers’ records. This has been shown
to be more likely as the record is fragmented across
providers.” Thus, the rates of extra-immunization may
very well have been underestimated.

The use of a single provider of vaccines as a sur-
rogate for the presence of a medical home could be
flawed if that provider does not provide comprehensive
care. Certainly, children could have multiple medical
homes over time related to changes in insurance or
residence. Furthermore, just as the survey data may
miss certain vaccinations, the survey data may also
have vaccine doses entered in duplicate, with errors in
the administration dates resulting in the appearance
of extra-immunization when it did not occur. Finally,
the NIS only includes households that have landlines,
yet the proportion of households with mobile or cell
phones only is growing, particularly among individuals
with young children.

CONCLUSIONS

A medical home is recommended for all children and
having a medical home is associated with improved
health outcomes, including decreased underimmu-
nization. Extra-immunization is associated with frag-
mentation of care and the lack of a medical home.
Extra-immunization could prove a more valuable and
accessible measure of the medical home than underim-
munization, as it is more closely linked to care provi-
sion, less closely linked to parental actions, and more
easily measured. Extra-immunization can serve as a
clinical indicator of medical care fragmentation and,
thus, support quality improvement efforts in construct-
ing and sustaining medical homes.

Paul Darden has acted as a consultant to Pfizer in 2010 and
Sanofi Pasteur in 2009; he has no ongoing relationship with
cither company.
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