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ABSTRACT
Objective. We sought to model the effect that a targeted immunization visit at
18 months of age could have on immunization rates of preschool-aged children
in a sample of pediatric practices.
Methods. We conducted retrospective chart reviews in six practices of all
active patients aged 18–30 months. Up-to-date (UTD) status was defined as
receipt of four diphtheria-tetanus-acellular pertussis, three polio, one measlesmumps-rubella, three hepatitis B, and one varicella vaccines. Haemophilus
influenza tybe b vaccine was not included due to a shortage in vaccine supply
during the time of the study. Practice vaccination rates were determined at
17 months, 18 months, and the age at assessment. Of those not UTD at 17
months, the percentage of children who could be brought UTD with one visit
was calculated for each practice. This calculated rate was compared with the
measured rate at 18 months of age and at the age of assessment.
Results. At each practice, we reviewed 183–616 charts (median 5 382).
Observed UTD immunization rates at 17 months ranged from 26% to 64%
(median 5 38%) and increased 3 to 27 percentage points (median 5 6) from
age 17 months to 18 months and 9 to 39 percentage points (median 5 17)
from age 17 months to the age at assessment. A simulated vaccination visit
at 18 months of age could improve the UTD rates from 27 to 61 percentage
points (median 5 44).
Conclusion. Practice-based interventions aimed at encouraging an 18-month
well-child visit that emphasizes delivery of vaccines have the potential to
substantially increase timely vaccination rates among individual practices.
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Immunizations are among the most effective medical
interventions affecting the health of children when
coverage is adequate.1,2 Recognizing this importance,
the health community has made much progress in
improving vaccine delivery to children, and overall
coverage is now greater than 95% among U.S. children at school entry.3 However, many children do not
receive all vaccinations according to the recommended
vaccination schedule, with one-third of all children
being undervaccinated for more than six months during the first two years of life.4 This vaccination gap is
important because children of this age are vulnerable
to vaccine-preventable diseases and can serve as vectors
for disease transmission.5–8 Addressing this vaccination
gap requires an increased focus on the immunization
opportunities in the second year of life.
The 18-month well-child visit, as recommended by
the American Academy of Pediatrics,9,10 is an excellent
opportunity to improve the vaccine series completion
rates for children prior to school entry.11 A study by
Shimabukuro et al. utilized the 2004 National Immunization Survey to perform a simulation in which children
not already up-to-date (UTD) received all eligible vaccinations at an 18-month visit to demonstrate whether
one visit would have improved the immunization rate.
Using a series definition of four diphtheria-tetanusacellular pertussis (DTaP), three polio (IPV), one
measles-mumps-rubella (MMR), three Haemophilus
influenzae type b (Hib), three hepatitis B (Hep B), and
one varicella (VAR) vaccines, the authors reported an
increase in the series completion rate from the true rate
of 61% to a potential rate of 87% at 18 months of age
if all eligible doses were administered at an 18-month
visit.12 The results indicated that there was significant
opportunity to impact immunization rates both at 18
months of age and overall with interventions targeted
at the 18-month well-child visit.
This study sought to demonstrate, at the practice
level, the potential of an immunization visit targeted
at 18 months of age to improve vaccination completion rates.
METHODS
This study was part of an overall quality improvement
effort to increase immunization rates among pediatric practices in the South Carolina Pediatric Practice
Research Network (SCPPRN). The Institutional Review
Board of the Medical University of South Carolina
reviewed and approved the study.

Setting
The SCPPRN consists of pediatric practices throughout
South Carolina organized and administered by the
Division of General Pediatrics at the Medical University of South Carolina to collaborate on pediatric
research projects. At the time the study was initiated,
the network included nine practices, six of which chose
to participate. The practices varied by geographic
location, patient population, vaccine schedules, and
record-keeping methods. None of the practices in the
study utilized a statewide immunization registry.
Procedures and definitions
Immunization rates for each pediatric practice were
obtained through retrospective chart reviews performed for active patients who were 18–30 months
of age at the time of assessment. Active patients were
defined as children aged 18–30 months as of May 31,
2008, who had visited a participating practice on or
after their first birthday. The practices provided all of
the charts for every eligible child, and trained study
personnel reviewed each chart.
The date of assessment varied for each practice,
though all children assessed would have been at least
18 months of age if included in the study and no older
than 30 months of age. Age of 18 months was defined
as having completed the full 18th month of life.
Study data were extracted from clinical sources by
manual chart review for two practices and electronic
data download for the remaining four practices. Of
these four practices, three used an electronic medical
record. The fourth used paper charting with a practice
electronic immunization registry updated through
billing and manual data entry. The electronic medical
records systems were put in place prior to the study
period. All practices reported use of a similar vaccination schedule for the antigens assessed. Practice
characteristics of percentage of patients with Medicaid,
gender distribution, and use of an electronic medical record were obtained through surveys sent to the
practices. Vaccination schedule used was determined
through site visit.
Active patients were considered UTD for immunizations if they had received the following number of
doses and vaccines: four DTaP, three IPV, one MMR,
three Hep B, and one VAR. The Hib vaccine was not
included due to a shortage in vaccine supply during
the time of the study, which is consistent with Centers
for Disease Control and Prevention (CDC) reporting
of vaccination rates for the time period.13 With the
exception of the Hib vaccination, these antigens are
consistent with the model used in the previous study
by Shimabukuro et al.12
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Calculations were performed using the Comprehensive Clinic Assessment Software Application (CoCASA)
3.3.80, a tool for assessing immunization practices
within a clinic.14 CoCASA performs a tally count of
the antigens received that are in accordance with
the Advisory Committee on Immunization Practices
guidelines published by CDC.15,16 We used SAS® version
9.2 to confirm the results and perform the modeled
calculation at 18 months of age.17



centage of patients of Hispanic race/ethnicity ranged
from 4% to 52%. Selected characteristics by practice
are shown in Table 1.
The percentage of children UTD for their immunizations at age 17 months ranged from 26% to 64%
(median 5 38%). At age 18 months, 37% to 70%
(median 5 49%) of children were UTD, an increase
of 3 to 27 percentage points (median 5 6 percentage
points) (Figure).
The potential UTD immunization coverage level
for each practice, with the inclusion of a fully utilized
immunization visit for patients at age 18 months,
ranged from 80% to 94% (median 5 89%). This
estimate represented a calculated increase among the
practices of 27 to 61 percentage points (median 5 44)
over the observed UTD immunization coverage level
of patients at age 17 months within each practice. For
all practices, the observed UTD immunization coverage level at age 18 months was less than the practice
potential UTD coverage if an 18-month well-child visit
would have occurred and been fully utilized for all children. Indeed, the highest practice UTD coverage rate
was 20 percentage points less than the potential UTD
coverage rate: Practice D’s patients were 64% UTD at
age 17 months and 70% UTD at age 18 months, with
a potential UTD of 90% if a fully utilized well-child
visit were to occur at age 18 months.
When vaccinations given after age 18 months were
included in the coverage assessment (until assessment
date), observed immunization coverage rates still
lagged behind the potential coverage rates if a fully
utilized well-child visit would have occurred at age 18
months for all of the practices. The percentage of children UTD at the date of assessment ranged from 41%
to 78% (median 5 62%), an increase from baseline
coverage of 9 to 39 percentage points (median 5 17
percentage points) within each practice. Practice C was
notable for having the lowest baseline UTD coverage
percentages relative to the other practices, although
after 18 months of age, the UTD rate in this practice
(53%) surpassed the median coverage (49%) for all
practices.

Analysis
We determined the immunization rate for each practice
for children at age 17 months and used this rate as the
basis for comparison of subsequent rates within each
practice. Practice performance for children at age 18
months was defined as the percentage of children UTD
by 18 months of age. Practice performance for children
at the time of assessment was defined as the percentage
of children UTD when the charts were reviewed and
includes vaccines given after age 18 months through
age 30 months. The practice potential immunization
coverage rate at age 18 months was calculated by adding one more, maximally utilized vaccination visit (all
vaccines the patient was eligible to receive) at age 18
months to each child’s immunization record at age
17 months.15 Summary comparisons for the practice
network as a group were reported with ranges and the
median value.
RESULTS
For each practice, we reviewed 183–616 charts
(median 5 382, total n52,386). Two of the practices
were urban, two were suburban, and two were rural.
For this analysis, we identified the six practices as
Practices A–F. One of the participating practices
was based at an academic institution and was staffed
with pediatric residents and medical students as well
as supervising attending physicians. Among all the
practices, the percentage of patients insured through
Medicaid ranged from 6% to 91%, the percentage of
black patients ranged from 30% to 85%, and the per-

Table 1. Selected characteristics of six practices participating in a study on improving immunization rates of
children at age 18 months: South Carolina Pediatric Practice Research Network, 2008
Practice
Characteristic
Number of charts reviewed
Percent of patients enrolled in Medicaid
Electronic medical record used

A
616
83
Yes

35

B
183
6
No

Public Health Reports / 2011 Supplement 2 / Volume 126

C

D

E

207
35
No

381
67
No

616
91
Yes

F
383
75
Yes
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Figure. Observed percentage of patients UTD for vaccinations at age 17 months and 18 months, and
potential percentage UTD at 18 months, by practice (A–F), in a study on improving immunization rates
of children at age 18 months: South Carolina Pediatric Practice Research Network, 2008a,b,c

a
UTD immunization coverage was defined as the following number of doses and types of vaccines: four diptheria-tetanus-acellular pertussis,
three polio, one measles-mumps-rubella, three Haemophilus influenzae type b, three hepatitis B, and one varicella.
b

Date of assessment 5 age range of 18–30 months

UTD percentage potential at 18 months 5 UTD percentage at 17-month immunization record plus one additional, maximally utilized well visit at
age 18 months
c

UTD 5 up-to-date

Table 2 displays the percentage UTD by individual
vaccine for each practice. The series that was most
frequently incomplete was DTaP (UTD ranged from
48% to 73%, median 5 69%). Two practices deviated
from this pattern, with Practice B having a low rate of
UTD for Hep B vaccine (50%) and Practice C having
a low rate of UTD for IPV (66%). Hib antigen (twovaccine series) was included in Table 2 for comparison,
although it was not included in the overall assessment
of UTD.
DISCUSSION
Practices can optimize vaccination coverage among
young children by emphasizing a well-child visit at
18 months of age. After age 18 months, well-child
visits become less frequent, decreasing the number
of interactions with health-care providers and, thus,
opportunities to address lapses in vaccination coverage. If not UTD at age 18 months, children may go
through several years of incomplete vaccination coverage before school vaccination laws would promote
receipt of recommended vaccinations. The results

of this study suggest that many children aged 18–30
months are underimmunized and, therefore, at risk for
contracting vaccine-preventable diseases. The variability
in coverage by practice indicates that the practice’s
performance does influence the immunization rates
of its active patients.
Modeling the potential impact of an 18-month
well-child visit among these individual practices demonstrates that practices can improve their immunization rates. Our results provide additional evidence to
support Shimabukuro et al.’s study demonstrating the
value of the 18-month visit in improving vaccination
rates of preschool-aged children. Among the SCPPRN
practices, the potential percentage point increase (47
percentage points) was greater than the data presented by Shimabukuro et al. (26 percentage points).12
Additionally, other investigators have documented
the benefits of the 18-month well-child visit when it is
used as a target for structured interventions regarding
screening efforts to identify and manage children with
developmental delays.18,19
The Standards for Child and Adolescent Immunization practices maintain that all opportunities to
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vaccinate should be utilized, including vaccinating during sick visits.20 These results indicate that a targeted
visit at age 18 months has the potential to exceed the
practice performance that was seen for children at age
18–30 months, suggesting that not all opportunities for
immunization are being adequately utilized by these
practices. As a result of this finding, further studies
will be conducted with these practices to explore the
impact of missed opportunities on vaccination coverage
in the second year of life.
To encourage the well-child visit at age 18 months,
during which all eligible vaccines are administered,
practices would do well to identify children due for
vaccinations and then contact their parents to schedule
a visit. These tasks can be accomplished on a practice
level through routinely sending out reminders to
parents of children approaching 18 months of age.
Immunization information systems (IISs) can also be
utilized on a practice or population level to accomplish
this task. Practices and IISs need to ensure that this
technical function is easily available within the practice
record-keeping system and/or within the IIS and that
these reminders are systematically generated for the
practice’s clients. It is worth noting that none of the
practices in this study employed a consistent patient
reminder technique or an IIS.
The removal of the Hib antigen as a component
of the definition of UTD may have led to an overestimation of the practice rates. Hib vaccination requirements differ by brand of vaccine, and the number of
Hib antigens required would differ among practices.
To maintain consistency among practices and with
CDC assessments for the Hib shortage time period,
we removed the antigen from this analysis. To estimate
the impact of this omission, the assessment was also



performed with the inclusion of two Hib antigens
required. No difference in overall UTD was seen in
this alternate assessment.
Limitations
This study was limited by practice inconsistencies in
vaccine documentation, which could have lowered the
calculated practice immunization rates. This limitation
was of particular concern for practices that had no
electronic medical record. Chart reviewers noted that
these practices often had multiple locations in which
immunizations were recorded, making it difficult to
find records of all administered immunizations. A
second concern was for those vaccines given outside
of the clinic. All practices attempted to capture all
vaccines given, regardless of location, and the study
results reflect this charting. However, any vaccinations
given but not charted would have the effect of lowering
the immunization rate and raising the potential for
improvement with an 18-month well-child visit.
Another limitation was that an immunization registry
is not widely used in South Carolina, which may limit
the generalizability of these results. Such a registry
would add validity to the calculated improvement if an
18-month well-child visit were available, though practice
charting errors may persist despite the existence of a
widely used registry.
Also limiting study interpretation was a lack of
knowledge of parental compliance with bringing
children to the provider for a scheduled 18-month
well visit. Existing literature19 on well-visit compliance
allows for the inference that compliance is lower for
well visits in the second year of life relative to the first
year. Compliance also varies by patient characteristics,
particularly for payer type and income.21 Future studies

Table 2. Percentage of six participating practices UTD by vaccine type in a study on improving immunization
rates of children at age 18 months: South Carolina Pediatric Practice Research Network, 2008
Number of doses and
vaccine type (equal to UTD
coverage at age 18 months)
4
3
1
3
1
2

Percent UTD
Practice A

Practice B

Practice C

Practice D

Practice E

Practice F

48
85
74
88
64
90

68
70
75
50
84
95

73
66
85
72
85
97

70
94
90
97
88
98

69
95
87
96
77
99

48
60
74
87
62
92

DTaP
Polio
MMR
Hepatitis B
Varicella
Hiba

37

Not included in overall assessment of UTD due to shortage of vaccine supply during the study time period

a

UTD 5 up-to-date
DTaP 5 diptheria-tetanus-acellular pertussis
MMR 5 measles-mumps-rubella
Hib 5 Haemophilus influenzae type b
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would be strengthened with the addition of visit rates
for visits at 18 months of age. It should also be noted
that this study relied on retrospective chart reviews,
and the children were of differing ages at the time
of assessment. While the point-of-assessment analysis
allows valuable insight into catch-up vaccination patterns of the practices, comparisons among practices
should be interpreted with caution.

6.
7.

8.
9.

CONCLUSION
This study demonstrated that vaccine coverage among
preschool-aged children could be improved with a wellchild visit at age 18 months that is maximally utilized
for catch-up immunizations. The results reported are
consistent with previous evidence11 and strengthen the
argument that the potential for improvement exists in
individual pediatric practices. Practices should consider
the 18-month well-child visit as a point of focus for
practice-specific immunization efforts.
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This study was funded by Centers for Disease Control and
Prevention (CDC) grant #U01IP0001146. This study was originally
presented in February 2009 at the South Eastern Regional
Meeting of the Academic Pediatric Society in New Orleans,
Louisiana. Paul Darden has acted as a consultant to Pfizer in 2010
and Sanofi Pasteur in 2009; he has no ongoing relationship with
either company.
The findings and conclusions presented in this article are those
of the authors and do not necessarily represent the views of CDC.
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