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Context: Vaccination coverage rates can be improved through

the application of complete and accurate immunization

information systems (IISs). Objective: Evaluate the

completeness and accuracy of Wisconsin’s IIS, the Wisconsin

Immunization Registry (WIR). Design: Cross-sectional

evaluation, comparing vaccination medical records (MRs) from

provider clinics with WIR records. Participants: Medical records

of patients born during 2009 were randomly selected from 251

Wisconsin clinics associated with the Vaccines for Children

Program. Main Outcome Measures: Completeness:

percentage of patients with client records in the WIR, percentage

of patients up-to-date (%UTD) with the 4:3:1:3:3:1:4 vaccination

series, and percentage of patients’ MR vaccinations matched by

administration date (±10 days) and type to vaccinations

documented in the WIR. Accuracy: percentages of matched

vaccinations with the same administration date, same trade

name (TN), and same lot number. Results: Of the 1863 selected

patient MRs, 98% (n = 1833) had WIR client records and 97%

of their 30 899 vaccinations were documented in the WIR. The

%UTD was 49.3% using the MR only, 76.5% using the WIR only,

and 75.2% as estimated by the National Immunization Survey.

Among matched vaccinations, 99% had the same administration

date, 96% had the same TN, and 95% had the same lot

number. Compared with patients from clinics that entered data

into the WIR using data exchange from electronic health records,

patients from clinics that entered data using the Web-based user

interface were less likely to have client records in the WIR (odds

ratio: 0.3; 95% confidence interval: 0.1-0.9) and less likely to

have accurate TNs (odds ratio: 0.3; 95% confidence interval:
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0.1-0.5). Conclusions: The WIR was complete and accurate

among this sample of children born during 2009 and provided a

vaccination coverage assessment similar to the National

Immunization Survey. Our results provide support for the

expectation that meaningful use and other initiatives that
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increase data exchange from electronic health records to IISs will

improve IIS data quality.

KEY WORDS: data quality, electronic health records,
immunization information systems, vaccination

Immunization information systems (IISs) are con-
fidential, population-based databases that collect and
consolidate vaccination histories for individuals resid-
ing within a specified geographic area. As of 2012, IISs
had been established in all but 1 of the 50 US states and
included an estimated 86% of US children younger than
6 years.1 Immunization information systems have been
recommended as an effective tool for increasing vacci-
nation coverage rates because of their ability to deter-
mine patient vaccination status, forecast recommended
vaccinations, facilitate reminder/recall efforts, and as-
sess population vaccination coverage.2,3 The effective-
ness of an IIS, however, is dependent on its complete-
ness and accuracy. For client vaccination forecasting,
reminder/recall and population assessments to be ac-
curate, residents of the catchment area need to have
client records in the IIS, and the number of doses of
vaccines received and the dates on which they were
received need to be entered into the IIS in an accu-
rate and timely manner. Furthermore, for some vaccine
types, such as Haemophilus influenzae type b (Hib) and
rotavirus, accurate trade names (TNs) are needed to
forecast the correct number of doses needed to com-
plete the vaccine series.4 In addition, in the event of
a vaccine recall, accurate documentation in the IIS of
vaccine lot numbers (LNs) facilitates the identification
of affected patients and providers.

Several national initiatives may improve the com-
pleteness and accuracy of IISs.1,3 During 2011, the Cen-
ters for Medicare and Medicaid Services began provid-
ing health care providers with financial incentives to
ensure the “meaningful use” (MU) of electronic health
records (EHRs) by connecting EHRs with other health
information systems such as IISs.5-7 Data must be ex-
changed electronically from EHRs to IISs by using stan-
dardized health level 7 (HL7) messages,7 which were
previously demonstrated to be more timely and include
more data elements than non-HL7 data exchange (DE)
methods.8

Wisconsin’s statewide, population-based IIS, the
Wisconsin Immunization Registry (WIR), was estab-
lished in 2000 by the Wisconsin Divisions of Pub-
lic Health (WDPH) and Health Care Access and
Accountability. The WIR is populated with client demo-
graphic information for all Wisconsin births since 1995
by the WDPH Vital Records Office. WIR receives new
client demographic information (for Wisconsin resi-
dents born elsewhere or before 1995) and vaccination
information for all clients through manual data entry

into the Web-based WIR user interface (UI) and through
electronic DE with EHRs (DEEHR) and billing systems
(DEbilling). Data are received from mandatory participa-
tion by local health departments and voluntary partici-
pation by private health care providers, health mainte-
nance organizations, Medicaid, and the Women, Infants
and Children program. As a result of these multiple,
overlapping data sources, the WIR may receive client
and vaccination information for patients even when
their vaccination providers do not submit data to the
WIR. Through MU and other initiatives, the number
of organizations transmitting information to the WIR
has increased9 and the receipt of information via DE,
including DE with HL7 messaging, has also increased.8

The objective of this evaluation was to assess the
completeness and accuracy of the WIR for children
born during 2009 and receiving vaccinations during
2009-2011, before and at the start of MU initiatives. In
addition, we investigated provider characteristics as-
sociated with the completeness and accuracy of their
patients’ data in the WIR. We also describe methods
employed by WDPH to improve WIR data quality.

● Methods

Study Design

We conducted a cross-sectional evaluation of the
WIR by selecting a random sample of patient medi-
cal records (MRs) from vaccination providers associ-
ated with the Vaccines for Children (VFC) Program10

throughout Wisconsin and comparing the vaccination
histories documented in the patient MRs with the vac-
cination histories documented in the WIR. The Uni-
versity of Wisconsin–Madison Health Sciences Institu-
tional Review Board determined that this project met
criteria for exemption because it does not constitute
human subjects research.

Data Collection From the WIR

Information on all WIR clients with birth dates dur-
ing 2009 and vaccinations they received during 2009-
2011 were extracted from the WIR on January 27,
2012. Client names, birth dates, addresses, vaccines ad-
ministered, administration dates, TNs, and LNs were
extracted. Vaccines administered included diphtheria-
tetanus-acellular pertussis (DTaP), hepatitis A, hepati-
tis B (HepB), Hib, measles, mumps, rubella (MMR),
pneumococcal conjugate vaccine (PCV), polio, ro-
tavirus, and varicella. HepB birth doses were defined
as administration of HepB vaccine between birth and
age 3 days.11 For each vaccination, the method by which
WIR received the record (via UI or DE) was extracted.
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Completeness and Accuracy of the Wisconsin Immunization Registry ❘ 275

Data Collection From Medical Records

After data were extracted from the WIR, all Wiscon-
sin clinics within multiclinic organizations (MCOs; de-
fined as ≥3 clinics affiliated with the same organization)
associated with the VFC program and all non-MCO
clinics receiving VFC compliance visits during August
2012 through December 2013 were invited to partici-
pate. Local health departments were not invited to par-
ticipate. Clinics that did not regularly vaccinate chil-
dren younger than 4 years and clinics that reported
documenting vaccination data only in the WIR (ie, clin-
ics with no separate vaccination records from the WIR)
were excluded.

From each participating clinic, a random sample of
MRs from patients born during 2009 was selected using
a stratified sampling scheme on the basis of the num-
ber of clinic patients born during 2009: 2 MRs were
randomly selected from clinics with fewer than 10 pa-
tients, 4 MRs from clinics with 10 to 50 patients, 8 MRs
from clinics with 51 to 500 patients, and 17 MRs from
clinics with more than 500 patients. Simulation studies
were conducted to determine the optimal allocation of
MRs sampled from the 4 strata so the standard error of
the estimated accuracy rate was minimized. The total
number of MRs being sampled was determined on the
basis of an equivalence test with a 5% significance level
and equivalence margin of ±1%.

From each MR, patient information (including name,
birth date, and address) and vaccination information
(including vaccines administered during 2009-2011, ad-
ministration dates, TNs, LNs, and whether the vacci-
nation was administered by this clinic) were collected.

In addition, each clinic was asked whether they pro-
vided data to the WIR and, if so, which method of
data entry was used (UI, DEEHR, DEbilling). The clinic-
reported method of data entry into WIR (UI or DE) was
verified by comparing it with the method by which WIR
received vaccination data entered by the clinic during
2009-2011.

Data Analysis

For each selected patient, the WIR was searched for a
matching client record by first name, last name, birth
date, and, when necessary, address. For each patient
with a matching client record in the WIR, the total
number of doses received of each vaccine was summed
using the MR only and the WIR record only. The per-
centages and 95% confidence intervals (CIs) of patients
up-to-date with Advisory Committee on Immuniza-
tion Practices (ACIP) recommended vaccinations12 by
age 24 through 35 months were calculated using the MR
only and the WIR record only, and compared with es-
timates from the National Immunization Survey (NIS)
for Wisconsin children of similar age (19-35 months).13

In addition, for each patient, we attempted to match
each of the vaccinations documented in the MR to vac-
cinations documented in the WIR record by vaccine
type and administration date (±10 days).14 Then, for
each patient, we compared the unmatched MR vacci-
nations with the unmatched WIR record vaccinations
to identify any possible matches with administration
dates more than 10 days apart. Possible matches were
used to evaluate the ±10-day matching criterion only
and were not included in the following analyses.

Percentages of MR vaccinations matched to vaccina-
tions in the WIR record were calculated for each vac-
cine type. Among matched vaccinations, we compared
administration dates to detect differences. Among
matched DTaP, Hib, PCV, and rotavirus vaccinations
with TNs available in the MR and the WIR record, we
compared TNs to detect differences. Trade names were
evaluated among DTaP vaccinations to assess the ap-
propriate documentation of DTaP-containing combina-
tion vaccines. Trade names were evaluated among Hib,
PCV, and rotavirus vaccinations because the TN re-
ceived would impact the number of doses necessary to
complete the vaccine series. Among matched vaccina-
tions with LNs available in the MR and the WIR record,
we compared LNs to detect differences. Percentages
of matched vaccinations with the same administration
date, same TN, and same LN were calculated by vac-
cine type and by the method that the vaccination data
were received by WIR.

Using multivariate binomial regression, we evalu-
ated the association of provider characteristics includ-
ing clinic type (affiliated or not affiliated with an MCO),
clinic size (≤50 or >50 patients born during 2009), and
method of WIR data entry (UI, DEEHR, DEbilling, or no
WIR data entry), with 2 measures of completeness and
1 measure of accuracy.

Completeness:

a. Proportion of clinics’ patients with client records in
the WIR.

b. Proportion of patients’ vaccinations documented in
the MR that were matched to vaccinations in the
WIR.

Accuracy:

c. Proportion of patients’ matched DTaP, Hib, PCV, and
rotavirus vaccinations with the same TN.

Models for measures (b) and (c) were constructed in
the following manner. To account for the nonindepen-
dence among vaccinations received by a patient, vac-
cinations received by each patient were summarized
as a percentage. To account for the nonindependence
among patients from the same clinic, models were ad-
justed for repeated measurements within clinics. To
avoid misclassification of completeness and accuracy
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caused by transcription errors from other providers’
MRs, only vaccinations administered by the clinic that
provided the MR were included. Parameter coefficients
were exponentiated and expressed as odds ratios (ORs)
with corresponding 95% CIs. Data analyses were con-
ducted using SAS version 9.3 (Cary, North Carolina).

● Results

Of the 25 MCOs identified in Wisconsin, 3 (12%) re-
ported documenting vaccination data only in the WIR
and were excluded. Among the remaining 22 MCOs,
9 organizations (41%) with 180 clinics participated. Of
the 101 non-MCO clinics receiving VFC compliance vis-
its during the specified period, 5 (5%) did not regularly
vaccinate children younger than 4 years and 7 (7%) re-
ported documenting vaccination data only in the WIR;
these clinics were excluded. Of the remaining 89 non-
MCO clinics, 71 (80%) participated.

In total, 251 clinics located throughout Wisconsin
(∼30% of Wisconsin VFC-associated clinics) partici-
pated and provided data on 1863 patients. Among par-
ticipating clinics, 166 (92%) MCO and 38 (54%) non-
MCO clinics reported using an EHR as their vaccination
MR (Table 1). Most clinics (n = 242; 96%) reported pro-
viding data to the WIR. All 9 (4%) clinics that reported
not providing data to WIR were non-MCO clinics.
Among clinics that reported providing data to the WIR,
methods of data entry included DEEHR (n = 166; 68%),
DEbilling (n = 16; 7%), and UI (n = 60; 25%). DEEHR

use was more commonly reported among MCO clinics
than among non-MCO clinics (80% vs 34%; P < .001).

Completeness

Among the 1863 selected patients, 1833 (98%) were
matched to WIR client records. For each vaccine type,
the percentage of patients up-to-date with the ACIP-
recommended number of doses was greater using the
WIR record compared with the MR, and the percentage
of patients up-to-date using the WIR record was similar
to NIS estimates for Wisconsin children of similar age
(Table 2).13 The percentage of patients up-to-date with
the 4:3:1:3:3:1:4 vaccination series was 49.3% (95% CI:
47.0%-51.6%) using the MR only, 76.5% (74.6%-78.4%)
using the WIR record only, and 75.2% (68.7%-81.7%) as
estimated by the NIS (Table 2).

Among the 30 899 vaccinations documented in the
selected patients’ MRs, 97% were matched to vaccina-
tions in the WIR, with little variation by vaccine type
(Table 3). Among the 853 MR vaccinations not matched
to WIR vaccinations, only 22 (<0.1% of all MR vac-
cinations) were identified as possible matches to vac-
cinations in the WIR, indicating the 10-day matching
criterion identified most matches.

Accuracy

Among the 30 046 matched vaccinations, 99% had the
same administration date in the WIR as in the MR
(Table 3). HepB birth doses had the lowest percentage
(91%) of vaccinations with the same date. When HepB

TABLE 1 ● Number and Percentage of Participating Clinics and Selected Patients, by Clinic Characteristic and Clinic
Type
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Clinic Type

Total Not Affiliated With MCO Affiliated With MCO

Clinic Characteristic
Clinics

(N = 251)
Patients

(N = 1863)
Clinics

(N = 71)
Patients

(N = 437)
Clinics

(N = 180)
Patients

(N = 1426) Pa

Clinic size (patients born in 2009)
≤50 125 (50%) 454 (24%) 34 (48%) 130 (30%) 91 (51%) 324 (23%) .70
>50 126 (50%) 1409 (76%) 37 (52%) 307 (70%) 89 (49%) 1102 (77%)

Type of vaccination medical record
Paper only 37 (15%) 269 (15%) 23 (32%) 139 (32%) 14 (8%) 130 (9%) <.001
EHR only 204 (81%) 1532 (82%) 38 (54%) 236 (54%) 166 (92%) 1296 (91%)
Paper and EHR 10 (4%) 62 (3%) 10 (14%) 62 (14%) 0 (0%) 0 (0%)

Provides data to WIR 242 (96%) 1828 (98%) 62 (87%) 402 (92%) 180 (100%) 1426 (100%) <.001
Method of data entry into WIRb

DEEHR 166 (68%) 1343 (74%) 21 (34%) 134 (33%) 145 (80%) 1209 (85%) <.001
DEbilling 16 (7%) 135 (7%) 2 (3%) 5 (1%) 14 (8%) 130 (9%)
UI 60 (25%) 350 (19%) 39 (63%) 263 (66%) 21 (12%) 87 (6%)

Abbreviations: DEEHR, data exchange with electronic health records; DEbilling, data exchange with billing systems; EHR, electronic health record; MCO, multiclinic organization;
UI, manual entry via user interface; WIR, Wisconsin Immunization Registry.
aChi-square (or Fisher exact) test for difference between clinics affiliated with a multiclinic organization and clinics not affiliated with a multiclinic organization.
bAmong clinics that reported providing data to WIR.
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TABLE 2 ● Percentage of Children Up-to-Date With the Advisory Committee on Immunization Practices Recommended
Vaccination Series, Comparison Using Data From the Selected Patients’ Medical Records, WIR Records, and the 2012
National Immunization Survey
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Vaccine (Number of Doses) MR, % UTD (95% CI) N = 1833 WIR, % UTD (95% CI) N = 1833 NIS 2012,a % UTD (95% CI)

4:3:1:3:3:1:4b series 49.3 (47.0-51.6) 76.5 (74.6-78.4) 75.2 (68.7-81.7)
DTaP (4) 60.9 (58.7-63.1) 86.4 (84.9-88.0) 87.8 (82.5-93.1)
Polio (3) 65.6 (63.4-67.8) 92.1 (90.9-93.3) 88.9 (83.6-94.2)
MMR (1) 71.7 (69.7-73.8) 91.1 (89.8-92.4) 89.3 (84.1-94.5)
Hibc (3) 66.6 (64.5-68.8) 92.1 (90.9-93.3) 90.3 (85.2-95.4)
HepB (3) 60.2 (57.9-62.4) 89.5 (88.1-90.9) 88.4 (83.2-93.6)
Varicella (1) 69.6 (67.5-71.7) 88.9 (87.5-90.4) 88.5 (83.5-93.5)
PCV (4) 59.8 (57.6-62.0) 83.8 (82.1-85.5) 84.5 (78.7-90.3)

HepB birth dose 55.8 (53.1-58.4) 72.4 (70.4-74.5) 72.2 (65.7-78.7)
HepA (1) 60.2 (57.9-62.4) 74.0 (72.0-76.0) 78.6 (72.3-84.9)
HepA (2) 46.1 (43.8-48.4) 58.1 (55.8-60.4) 55.6 (48.2-63.0)
Rotavirusd (2) 54.6 (52.3-56.8) 72.3 (70.2-74.3) 67.4 (60.3-74.5)

Abbreviations: CI, confidence interval; DTaP, diphtheria-tetanus-acellular pertussis vaccine; HepA, hepatitis A vaccine; HepB, hepatitis B vaccine; Hib, Haemophilus influenzae
type b vaccine; MMR, measles, mumps, rubella vaccine; MR, medical record; NIS, National Immunization Survey; PCV, pneumococcal conjugate vaccine; UTD, up-to-date; WIR,
Wisconsin Immunization Registry
aThe 2012 NIS estimates for Wisconsin include children born during January 2009 through May 2011 and assess the percentage of children with vaccinations up-to-date by age
19-35 months. Source: http://www.cdc.gov/vaccines/imz-managers/coverage/nis/child/data/tables-2012.html.
b4:3:1:3:3:1:4 series includes: 4 doses of DTaP vaccine; 3 doses of polio vaccine; 1 dose of MMR vaccine; 3 doses of Hib vaccine; 3 doses of HepB vaccine; 1 dose of varicella
vaccine; 4 doses of PCV vaccine.
cHib assessment for the NIS is type-specific (the number of doses required to complete the series is dependent on the type of Hib vaccine received), whereas the assessments
using WIR and medical record data are not type-specific, therefore these assessments may not be comparable.
dRotavirus assessment for the NIS is type-specific (the number of doses required to complete the series is dependent on the type of rotavirus vaccine received), whereas the
assessments using WIR and medical record data are not, therefore these assessments may not be comparable.

birth doses were excluded, 99% of matched HepB vac-
cinations had the same administration date.

Among matched DTaP, Hib, PCV, and rotavirus vac-
cinations, 12 070 (68%) had TNs documented in the MR
and the WIR. Of these, 96% had the same TN (Table 3).
The percentage of matched vaccinations with the same
TN was greater among DTaP and rotavirus than among
Hib and PCV vaccinations.

Among matched vaccinations, 10 843 (36%) had LNs
documented in the MR and the WIR. Of these, 95% had
the same LN (Table 3).

Among matched vaccinations, the accuracies of
administration dates, TNs, and LNs were highest
among data received into WIR via DE with an
HL7 message and lowest among data received into
WIR via the UI (see the Table, Supplemental Digital

TABLE 3 ● Comparison of Patients’ Vaccination Medical Records With Wisconsin Immunization Registry Records
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Vaccine

Percent of MR Vaccinations
Matched to WIR

Vaccinations, % (n/N)

Percent of Matched
Vaccinations With the Same
Administration Date, % (n/N)

Percent of Matched
Vaccinationsa With the

Same Trade Name, % (n/N)

Percent of Matched
Vaccinations With the Same

Lot Number, % (n/N)

All vaccines 97% (30 046/30 899) 99% (29 807/30 046) 96% (11 617/12 070) 95% (10 330/10 843)
DTaP 98% (5 025/5 149) 99% (4 994/5 025) 99% (3 664/3 710) 95% (1 801/1 889)
HepA 96% (1 790/1 869) 99% (1 780/1 790) 97% (732/753)
HepB 97% (3 799/3 930) 98% (3 714/3 799) 95% (1 181/1 241)

HepB birth dose 96% (769/797) 91% (702/769)
Hib 97% (4 873/5 008) 99% (4 845/4 873) 96% (2 909/3 030) 95% (1 620/1 697)
MMR 97% (1 275/1 310) 99% (1 264/1 275) 94% (466/497)
PCV 98% (5 090/5 212) 99% (5 057/5 090) 92% (2 960/3 223) 98% (1 861/1 904)
Polio 98% (4 178/4 284) 99% (4 154/4 178) 95% (1 387/1 467)
Rotavirus 97% (2 785/2 862) 99% (2 773/2 785) 99% (2 084/2 107) 89% (817/917)
Varicella 97% (1 231/1 275) 99% (1 226/1 231) 97% (465/478)

Abbreviations: DTaP, diphtheria-tetanus-acellular pertussis vaccine; HepA, hepatitis A vaccine; HepB, hepatitis B vaccine; Hib, Haemophilus influenzae type b vaccine; MMR,
measles, mumps, rubella vaccine; MR, medical record; PCV, pneumococcal conjugate vaccine; WIR, Wisconsin Immunization Registry.
aIncludes DTaP, Hib, PCV, and rotavirus vaccinations only.
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Content 1, available at: http://links.lww.com/
JPHMP/A120).

Provider Characteristics Associated With
Completeness and Accuracy

The percentage of clinics with all of their patients hav-
ing client records in the WIR was lower among clinics
that entered data into WIR via the UI (83%) compared
with clinics that used DEEHR (93%) or DEbilling (94%)
(Table 4). After adjusting for clinic type and size, clinics
that entered data via the UI were significantly less likely
than clinics that used DEEHR to have client records in
the WIR for their patients (odds ratio [OR]: 0.3; 95% CI:
0.1-0.9).

Among 1340 patients with vaccinations documented
in the MR that were administered by the clinic, the per-
centage of patients with all of their MR vaccinations
matched to vaccinations in the WIR was lowest (27%)
among patients from clinics that reported not provid-
ing data to the WIR and highest (95%) among patients
from clinics that used DEEHR (Table 4). In adjusted anal-
yses, patients from clinics that did not provide data to
the WIR were significantly less likely to have their vac-

cinations documented in the WIR than patients from
clinics that used DEEHR (OR: 0.1; 95% CI: 0.0-0.6). Com-
pared with patients from MCO clinics, patients from
non-MCO clinics were less likely to have their vaccina-
tions documented in the WIR.

Among 1173 patients with matched DTaP, Hib, PCV,
or rotavirus vaccinations recorded in the MR as ad-
ministered by the clinic, the percentage of patients
with all of their matched vaccinations having the same
TN was higher among patients from clinics that used
DEEHR (84%) and DEbilling (86%) than among patients
from clinics that used the UI (68%) or did not pro-
vide data to the WIR (56%) (Table 4). In adjusted anal-
yses, compared with patients from clinics that used
DEEHR, patients from clinics that used the UI (OR:
0.3; 95% CI: 0.1-0.5) and patients from clinics that did
not provide data to the WIR (OR: 0.1; 95% CI: 0.0-
0.5) were less likely to have the same TN in the WIR
as in the MR. Results were similar for each vaccine
(data available upon request). Compared with patients
from MCO clinics with more than 50 patients, patients
from MCO clinics with 50 or fewer patients were less
likely to have the same TN (OR: 0.5; 95% CI: 0.3-0.8)
(Table 4).

TABLE 4 ● Measures of Completeness and Accuracy of Patients’ Data in the Wisconsin Immunization Registry, by Clinic
Characteristic
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Completeness Accuracy

Proportion of Clinics’ Patients With
Client Records in the WIR

Proportion of Patients’ MR
Vaccinations Matched to
Vaccinations in the WIR

Proportion of Patients’ Matched
Vaccinationsa With the

Same Trade Name

Clinic
Characteristic

% (n/N) of Clinics
With All of Their

Patients Having WIR
Client Records

Adjustedb OR
(95% CI)

% (n/N) of Patients
With All of Their MR
Vax Matched to Vax

in the WIR
Adjustedb,c OR

(95% CI)

% (n/N) of Patients
With All Matched
Vax Having the

Same Trade Name
Adjustedb,c OR

(95% CI)

Method of data entry into WIR
DEEHR 93% (154/166) Reference 95% (856/897) Reference 84% (693/821) Reference
DEbilling 94% (15/16) 2.1 (0.3-15.8) 88% (97/110) 0.6 (0.3-1.3) 86% (88/102) 1.3 (0.6-3.3)
UI 83% (50/60) 0.3 (0.1-0.9) 88% (263/300) 1.4 (0.4-4.9) 68% (158/232) 0.3 (0.1-0.5)
Does not provide

data to WIR
100% (9/9) . . . 27% (9/33) 0.1 (0.0-0.6) 56% (10/18) 0.1 (0.0-0.5)

Clinic type and sized

MCO, >50 87% (77/89) Reference 96% (686/718) Reference 86% (576/670) Reference
MCO, ≤50 97% (88/91) 2.1 (0.6-7.1) 98% (234/240) 1.8 (0.6-4.9) 75% (162/215) 0.5 (0.3-0.8)
Non-MCO, >50 81% (30/37) 1.3 (0.4-4.0) 84% (222/265) 0.1 (0.0-0.3) 75% (153/203) 1.2 (0.5-3.2)
Non-MCO, ≤50 97% (33/34) 4.2 (0.5-36.2) 71% (83/117) 0.2 (0.0-1.3) 68% (58/85) 0.8 (0.3-2.0)

Total 91% (228/251) 91% (1225/1340) 81% (949/1173)

Abbreviations: CI, confidence interval; DEEHR, data exchange with electronic health records; DEbilling, data exchange with billing systems; DTaP, diphtheria-tetanus-acellular
pertussis vaccine; EHR, electronic health record; Hib, Haemophilus influenzae type b vaccine; MCO, multiclinic organization; MR, medical record; OR, odds ratio; PCV, pneumococcal
conjugate vaccine; UI, manual entry via user interface; vax, vaccinations; WIR, Wisconsin Immunization Registry.
aIncludes DTaP, Hib, PCV, and rotavirus vaccinations only.
bAdjusted for clinic type and size, and method of data entry into WIR.
cAdjusted for repeated measurements within clinics.
dClinic size is the number of clinic patients born during 2009.
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● Discussion

Completeness

The WIR contained client records for almost all (98%)
of the patients in this sample, reflecting a strength of
the WIR in that it creates a new client record for each
new birth in Wisconsin based on vital records data. In
addition, the WIR contained record of 97% of the vac-
cinations documented in the sampled patients’ MRs.
Using the ACIP-recommended vaccination series as
a benchmark, our results indicate that the WIR gen-
erally contained a more complete vaccination history
than the MR. This finding demonstrates that the WIR is
serving its purpose of consolidating vaccination histo-
ries for clients with multiple vaccination providers. In
addition, the percentage of children in this sample up-
to-date with the ACIP-recommended series using data
from the WIR was similar to estimates from the NIS
for Wisconsin children of similar age,13 suggesting that
the WIR provides a vaccination coverage assessment
for Wisconsin children that is similar to the current na-
tional survey assessment.

Notably, in the WIR, 14% of the matched vaccina-
tions were missing a TN and 49% were missing an LN.
Completeness of these data elements in the IIS is impor-
tant for forecasting necessary doses and responding to
a vaccine recall. To encourage transmission of TN and
LN data, beginning in January 2015, the WIR will gen-
erate “report cards” for each provider, indicating when
they have submitted vaccination data without TNs and
LNs.

Accuracy

Among matched vaccinations, differences in adminis-
tration dates were rare but were more common among
HepB birth doses. This was expected because patient
records were sampled only from clinics and not from
birthing hospitals, where most HepB birth doses would
have been administered. To facilitate the systematic and
accurate recording of HepB birth dose information in
the WIR, on January 1, 2011, the WDPH Vital Records
Office began collecting and transmitting to WIR HepB
birth dose information for every birth in Wisconsin.

Discrepancies in TNs were relatively rare among
records of DTaP and rotavirus vaccinations, but more
common among records of Hib and PCV vaccinations.
During 2010, a new PCV vaccine, Prevnar13 (Wyeth
Pharmaceuticals, Pearl River, New York), was intro-
duced while Wyeth’s other PCV vaccine, Prevnar, was
still being used.15 These vaccines had similar TNs that
could have caused confusion during documentation
in the MR, and some EHRs and DE methods were
not immediately updated to denote the new product.

Accordingly, many Prevnar13 doses were incorrectly
documented in the WIR as Prevnar. This type of dis-
crepancy would have resulted in the WIR incorrectly
recommending an additional dose of Prevnar13, po-
tentially resulting in an unnecessary vaccination. To
correct these data entry errors in the WIR, a list of Pre-
vnar13 LNs obtained from the manufacturer was used
to assign the appropriate TN in the WIR. This experi-
ence highlights the importance of quickly modifying
IIS, EHRs, and DE methods with new vaccine products
and educating providers regarding proper documen-
tation of new products in the IIS. In addition, conduct-
ing regular data clean-up activities, using LNs or other
available information, can be useful for ensuring that
TNs are accurately documented in the IIS.

Discrepancies in LNs were somewhat common (5%
of matched vaccinations with LNs available had a dis-
crepancy) and not unexpected given LN complexity
and length. Proper documentation of LNs in the MR
and the WIR is necessary for efficient tracing of vaccine
lots during recalls. Scanning of 2-dimensional barcodes
that encode the LN, a new feature for some vaccine la-
bels and a new functionality in the WIR, is expected to
facilitate accurate documentation of LNs in IISs.16

Provider Characteristics Associated With
Completeness and Accuracy

All of the patients from clinics that did not provide data
to the WIR had client records and some had vaccina-
tions documented in the WIR. However, these patients’
vaccinations were less likely to be documented in the
WIR and more likely to have a TN discrepancy. These
findings demonstrate the WIR’s ability to collect in-
formation on patients through DE with vital records,
managed care, and other organizations even when pa-
tients attend a clinic that does not provide data to the
WIR; however, WIR data for these patients were often
of poorer quality.

Among participating clinics that provided data to
the WIR, use of DEEHR, compared with data entry us-
ing the UI, was associated with a higher proportion
of patients having WIR client records and greater ac-
curacy of TNs. This difference is likely because DEEHR
is an electronic, systematic data entry procedure less
prone to omissions and errors than manual data en-
try using the UI. During a previous evaluation of the
WIR, receipt of vaccination data using DEEHR with HL7
messages was noted to be more timely and contain
more data elements, such as TN, than DE with non-HL7
messages.8 Although only a small proportion (2%) of
the vaccinations we analyzed were received using HL7
messages, the accuracy of vaccination data received by
HL7 messages was very high. Our findings underscore
the importance of initiatives, such as MU, designed to
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increase the number of providers sharing data with an
IIS and require that data are shared using DEEHR with
HL7 messages. Although our evaluation was not de-
signed to measure the effect of MU on WIR data qual-
ity, our results provide support for the expectation that
data quality in the WIR and other IISs will improve as
MU progresses.1,3

Our results also suggest that, independent of the
method used to share data with the WIR, clinics not
affiliated with MCOs and smaller clinics affiliated with
MCOs would benefit from initiatives to improve WIR
data quality.

Comparisons to Evaluations of Other IISs

To our knowledge, this is the first report of an evalua-
tion of a state IIS comparing the IIS to records from
many providers throughout the state, regardless of
health plan or provider group. Comparisons to eval-
uations of other IISs are complicated by differences in
methods, study time intervals, study populations, and
size and rate of migration in and out of the IIS catch-
ment area. Results of previously published studies sug-
gest that IISs with smaller geographic catchment ar-
eas may have lower percentages of patients with client
records in the IIS (49%, Houston-Harris County; 88%,
Boston; 92%, Philadelphia).17-19 However, these assess-
ments were conducted more than 4 years ago and may
no longer be representative of these IISs. Nonetheless,
these differences underscore the importance of com-
munication among IISs from bordering states and cities
to track vaccination histories of individuals who cross
catchment area borders to receive care or move fre-
quently within bordering catchment areas. For exam-
ple, the WIR has a reciprocal DE agreement with Min-
nesota’s IIS.

Reports of evaluations of other IISs note frequently
missing18,20 and discrepant18 LN and TN information.
As we observed, the Washington state evaluation noted
that data regarding formulations of Hib vaccines were
more likely to be discrepant than data regarding for-
mulations of other vaccines.20 This could have resulted
from the Hib shortage during 2008-2009,21,22 and subse-
quent changes in products used, if EHRs and DE meth-
ods were not immediately updated to reflect changes
in product use.

DEEHR was previously associated with greater IIS
data completeness and accuracy,18,19 whereas DEbilling
was previously associated with fewer patient vaccina-
tions documented in the IIS.19,23 While we noted that
DEbilling was associated with fewer patient vaccinations
documented in the WIR, in adjusted analyses DEbilling
was not significantly different from DEEHR regarding
completeness or accuracy.

Limitations

Because of the rapidly changing methods used to en-
ter data into the WIR, the current findings may not be
generalizable to WIR data for Wisconsin residents who
received vaccinations during a different time period.
We gathered information only from VFC-associated
clinics, which may be more familiar with the WIR
and have higher-quality WIR data than non–VFC-
associated clinics. Thus, our estimates of completeness
and accuracy may overestimate the completeness and
accuracy of all patient records in the WIR for the 2009
birth cohort. Because participation was lower among
MCOs, it is possible the observed greater number of
doses recorded in the WIR among MCO clinics com-
pared with non-MCO clinics was a result of MCOs se-
lecting to participate on the basis of their perceived
WIR data quality. Nonetheless, our findings are plausi-
ble, despite this possible selection bias, because MCOs
may be more likely than non-MCOs to have systematic
data entry procedures or have provider-based qual-
ity improvement initiatives. Because only a small pro-
portion of matched vaccinations had LNs documented
in the MR and the WIR, we were not able to assess
provider characteristics associated with completeness
and accuracy of LNs. We gathered MRs for each se-
lected patient from one provider only; therefore, we
were not able to verify the accuracy of vaccination data
documented in the WIR that was not documented in
the participating provider’s MR. Finally, we were not
able to assess completeness and accuracy among clinics
that only documented vaccinations in the WIR, because
they did not have an MR for comparison. Methods for
measuring and ensuring the quality of data from these
clinics are needed.

● Conclusions

The WIR contained relatively complete and accurate
client and vaccination information for this sample of
Wisconsin residents who were born during 2009 and
received vaccinations prior to and at the start of MU.
Functionality of the WIR continues to evolve, employ-
ing diverse methods to improve data quality. Our re-
sults provide support for the expectation that MU and
other initiatives that result in more providers sharing
data with an IIS, and more sharing of data using DEEHR
with HL7 messages, will improve IIS data quality. To
ensure that data quality is improved and maintained,
IIS and provider staff should monitor data quality and
institute improvement initiatives. With complete and
accurate data, IISs will be increasingly important to
reduce missed opportunities to vaccinate, decrease ad-
ministration of unnecessary doses of vaccine, and im-
prove vaccination rates.
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