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Immunization information systems (IISs) are accessible sources of immunization data. We validated
immunization information from a local IIS against provider records and assessed the system’s utility in
evaluating vaccine effectiveness against rotavirus disease using a case-control study. Among the 91%
of case and control patients with immunization records, 49% were in the IIS, and 97% had a provider
record. Good agreement was observed across record sources (K =0.65). Vaccine effectiveness (VE) was
82% using IIS data compared to 82-88% using provider data. Controls identified through the IIS provided
VE estimates similar to hospital control patients. IISs could represent a valuable source of data for
effectiveness evaluations.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Immunization information systems (IISs) are confidential,
population-based, computerized systems that contain immuniza-
tion data for individuals within a geographic area [1-3]. IISs
consolidate immunizations administered by multiple public and
private providers into one record, thus providing more com-
plete and accurate vaccination histories by reducing immunization
record fragmentation. Immunization information can be added into
an IIS either by manual data entry from paper records or electronic
data transfer [4,5]. Omission of immunizations administered is the
most common data entry error, and can result in underestimation
of immunization coverage rates [6,7]. As IISs have evolved, data
completeness and accuracy have improved, although substantial
variations still exist from state to state [8-12].

Concurrent with IIS development, many new vaccines have been
added to the childhood immunization schedule. Post-licensure
effectiveness studies of these vaccines have typically relied on
immunization data obtained from vaccine providers, which is time-

 The findings and conclusions in this report are those of the authors and do not
necessarily represent the views of the Centers for Disease Control and Prevention
(CDC).
* Corresponding author at: Immunization Project, 1102 Bates Street Suite 240,
Houston, TX 77030, United States. Tel.: +1 832 824 2057; fax: +1 832 825 2103.
E-mail address: Icsahni@texaschildrens.org (L.C. Sahni).

0264-410X/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2010.06.109

consuming and often requires extensive follow-up. To date, the use
of 1ISs in vaccine effectiveness studies has been limited to doc-
umentation of immunizations administered and assessments of
vaccination coverage [13-15]. More recently, the Boston immu-
nization information system (BIIS) was examined as a possible
tool for studying pertussis vaccine effectiveness in adolescents 11
through 17 years of age by comparing provider immunization infor-
mation to BIIS data. Although a large number of adolescents had an
IIS record, discrepancies between provider and IIS data occurred
frequently [6]. To our knowledge, IIS data have not been previ-
ously used as an alternative source of control group data in vaccine
effectiveness studies in the US.

We describe the use of an IIS as the sole source of immuniza-
tion data for the calculation of pentavalent rotavirus vaccine (RV5;
RotaTeq) effectiveness compared to more traditional approaches
involving the enrollment of control patients. Our objectives
included validating immunization information obtained from an
IIS against provider records and assessing the utility of an IIS in
evaluating vaccine effectiveness.

2. Methods
2.1. Patient enrollment
Children 15 days through 23 months of age were enrolled

as part of a previously described study assessing post-licensure
effectiveness of RV5 conducted at Texas Children’s Hospital, a
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582-bed academic pediatric hospital in Houston, TX [16]. In brief,
surveillance was conducted for the entire month of June, 2008
among emergency department (ED) patients and inpatients. Fecal
specimens were collected from patients with acute gastroen-
teritis (AGE) and were tested for rotavirus using a commercial
enzyme immunoassay (Premier Rotaclone, Meridian Bioscience,
Inc., Cincinnati, OH). Case patients with rotavirus-positive AGE and
two comparison groups of patients with either symptoms of acute
respiratory infection (ARI) or rotavirus-negative AGE were identi-
fied and enrolled. .

2.2. Immunization record collection

The names of up to three immunization providers were obtained
from the parent/guardian during enrollment, and permission was
obtained to contact these providers for immunization informa-
tion. Immunization providers were contacted and a copy of the
patient’s immunization record was requested. Permission to search
the Houston-Harris County Immunization Registry (HHCIR), the
local IIS, for immunization data was also collected. In early 2008,
62% of public and 51% of private providers within the Greater Hous-
ton area reported immunizations administered to HHCIR (personal
communication, Julie Boom, MD, Medical Director, HHCIR, Septem-
ber, 2008). An HHCIR record was considered to belong to a patient if
the name, date-of-birth and sex were the same. HHCIR was queried
twice to ensure the capture of all immunization data.

All immunization information for vaccines administered from
birth until the day of enrollment was entered into a standard-
ized study database and double-checked for accuracy. Patients for
whom an immunization record could not be obtained from either
HHCIR or a provider were excluded from analyses.

2.3. Statistical analysis

To assess the agreement between immunization information
obtained for each patient from HHCIR and provider(s), comparisons
were made between the number of doses of RV5 and diphtheria,
tetanus, and acellular pertussis (DTaP) and heptavalent pneumo-
coccal conjugate (PCV7)vaccines recorded in each source. DTaP and
PCV7 vaccines were selected as comparison vaccines because they
are routinely administered as part of the childhood immunization
series and have known high coverage of >90% [17]. Furthermore,
the recommended timing of the administration of these vaccines
mirrors that of RV5 administration at 2, 4 and 6 months of age.
Additionally, PCV7 was selected because it is the only other child-
hood vaccine not currently available in combination with other
vaccines. No distinction between DTaP administered alone or in
combination (such as in DTaP-HepB-IPV or DTaP-IPV/Hib) was
made.

To measure agreement between HHCIR and provider immu-
nization data, we calculated kappa statistics and Bhapkar’s test
for marginal homogeneity. Calculations were performed using SAS,
version 9.1.

Vaccine effectiveness ((1 — odds ratio of vaccination) x 100) was
calculated using three comparison groups: patients with AGE who
tested negative for rotavirus, patients with ARl symptoms, and
children selected from HHCIR. Case patients were children with
AGE who had laboratory-confirmed rotavirus. Up to 10 children
from HHCIR were matched by date-of-birth (+/— 30 days) and
zip code of residence. When vaccine effectiveness was calculated
using children selected from HHCIR, only HHCIR data were used
and provider data were excluded. Rotavirus-positive patients for
whom an HHCIR record did not exist (n=44 (49%)) of rotavirus-
positive patients) were excluded from the analysis using the
HHCIR-selected comparison group. Vaccine effectiveness was also
calculated using provider-verified data only, HHCIR data only, and

provider and HHCIR data combined for ARI patients and rotavirus-
negative AGE patients.

2.4. Ethical approval

Institutional Review Board approval was obtained from Bay-
lor College of Medicine and the Texas Department of State Health
Services.

3. Results

A total of 628 AGE and ARI patients were enrolled. Of these, 54
(9%) had no immunization records available from either the HHCIR
or a provider. Of the remaining 574 patients, 97% (n=555) had an
immunization record available from one or more providers, while
49% (n=284) had a record available from HHCIR.

3.1. Immunization information system data validation

The number of doses of RV5, DTaP and PCV7 administered varied
by source of record (Table 1). Combining both sources of immuniza-
tion information, fewer children received three doses of RV5 than
either DTaP or PCV7. However, for any given vaccine (RV5, DTaP
or PCV7), the distribution of the number of doses recorded did not
vary by source of record.

Of patients for whom immunization information was obtained,
46%(n=265)had both HHCIR and provider records available. Exam-
ining the similarity between the number of doses of DTaP, PCV7
and RV5 recorded in each source, there was moderate agreement
between sources for DTaP and PCV7 and substantial agreement
between sources for RV5 information (Table 2). When records did
not agree, the number of doses on the provider record usually, but
not always, exceeded the number of doses found in HHCIR.

3.2. Vaccine effectiveness using immunization information
system data

The availability of immunization records from providers or
the HHCIR was not significantly different by case or control
status (Table 3). No significant differences with respect to sex,
race/ethnicity, or presence and duration of gastrointestinal symp-
toms were observed; however, rotavirus-positive case patients
with an available IIS record were more likely to be “fussy or irrita-
ble” and to have fever during their illness than those without an IIS
record (data not shown).

Vaccine effectiveness of a full 3 dose series of RV5 calculated
using provider and HHCIR data combined was 85% (95% ClI: [55,95])
when ARI patients were used as the comparison group and 89%
(95% CI: [67, 96]) using rotavirus-negative AGE patients (Table 4).
Vaccine effectiveness calculated using provider data only was 82%
(95% CI: [47,94]) using ARI patients and 88% (95% CI: [66, 96]) using
rotavirus-negative AGE patients for comparison. Vaccine effective-
ness calculated using HHCIR data only was 81% (95% CI: [-17, 91])
using ARI control patients, 85% (95% CI: [25, 97]) using rotavirus-
negative control AGE patients and 82% (95% CI: [19, 96]) using
age-matched control children selected from HHCIR.

4. Discussion

To our knowledge, this is the first US study to use immuniza-
tion data obtained from an IIS in a case-control study of vaccine
effectiveness and to validate the results by comparing with effec-
tiveness estimates derived using vaccination data obtained through
the traditional approach of contacting health care providers. RV5
vaccine effectiveness calculated using only HHCIR data was similar
to estimates obtained using only provider-verified data and using
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Table 1
Doses of RV5, DTaP? and PCV7 administered through date of enrollment by source (n =628 patients).
RV5 DTaPp? PCV7
Provider® HHCIR® Combined Provider® HHCIR® Combined Provider® HHCIR® Combined
n=555 n=284 record? n=555 n=284 record? n=555 n=284 record?
(88%) (45%) n=>574 (88%) (45%) n=>574 (88%) (45%) n=>574
1% (91%) (91%)
0 Doses 275 (50) 158 (56) 276 (48) 38(7) 27(10) 39(7) 36 (6) 27(10) 38(7)
1 Dose 80 (14) 45 (16) 91 (16) 85 (15) 68 (24) 88 (15) 86 (16) 64 (23) 89 (16)
2 Doses 74 (13) 33(12) 72(13) 82 (15) 40 (14) 83 (14) 89 (16) 49 (17) 87(15)
3+ Doses 126 (23) 48 (17) 136 (24) 350(63) 149 (52) 364 (63) 344 (62) 144 (51) 360 (63)
2 Number of doses of DTaP administered alone or in combination with other vaccines.
b Immunization history obtained from provider(s) identified by parent during enrollment.
¢ Immunization history obtained from HHCIR.
4 The number of doses received is the greatest number of doses recorded by either source (provider or HHCIR).
Table 2
Agreement between provider and HHCIR records (n=265).
RV5 PCV72 DTaP?
Provider and HHCIR records agree 206 (78) 186 (70) 187 (71)
Provider doses >HHCIR dosesP 42 (16) 64 (24) 64 (24)
HHCIR doses > provider doses 17 (6) 15 (6) 14 (5)
K (95% CI)° 0.65(0.58,0.73) 0.50(0.42, 0.59) 0.49 (0.41,0.58)
p-valued 0.002 <0.001 <0.001

2 DTaP and PCV7 comparing 0, 1, 2, and 3+ doses.

b The number of doses administered per the HHCIR is greater than the number of doses recorded in the provider record.
¢ Agreement increases with K: K<0 indicates no agreement; K 0.0-0.19=poor agreement; K 0.20-0.39 =fair agreement; K 0.40-0.59=moderate agreement; K

0.60-0.79 = substantial agreement; K 0.80-1.00 =almost perfect agreement [18].
d p-value from Bhapkar’s test for marginal homogeneity.

Table 3

Availability of vaccine record by source for rotavirus-positive AGE case patients, ARI control patients and rotavirus-negative AGE control patients?.

Rotavirus-positive cases ARI controls Rotavirus-negative controls

n=90 (%) n=228 (%) p-valueP n=115(%) p-valueP
Provider record available 73(81) 196 (86) 0.28 102 (89) 0.13
HHCIR record available 44 (49) 96 (42) 0.27 55 (48) 0.88
Either record available 79 (88) 206 (90) 0.50 108 (93) 0.20

2 AGE cases for whom a stool specimen was not collected were excluded (n=195).
b For comparison with rotavirus-positive case patients.

provider and HHCIR data combined when both ARI and rotavirus-
negative AGE patients were used for comparison. Furthermore,
vaccine effectiveness using children matched from the HHCIR was
similar to the vaccine effectiveness calculated in more traditional
ways using concurrently enrolled comparison patients. These data,
combined with the fact that our effectiveness estimates are com-
parable to but slightly lower than the pre-licensure RV5 efficacy of
94-96% against ED visits and hospitalizations for rotavirus diarrhea

Table 4

[19], provide reassurance that IIS data could provide a useful tool
for post-licensure assessment of vaccine effectiveness.

We found significant agreement between immunization data
from the HHCIR and provider records, with higher agreement
between RV5 data across sources than for either DTaP or PCV7 data.
This higher agreement between RV5 data sources may be because a
larger proportion of patients had received no doses of RV5 than had
received no doses of DTaP and PCV7. Agreement between number

Vaccine effectiveness (VE) (and 95% confidence interval (CI)) against rotavirus disease by type of control and source of vaccination data.

Source of immunization record

Provider and HHCIR records combined?

Provider records only®

HHCIR records only®

n 0 doses n 3 doses VE4 (95% CI) n 0 doses n 3 doses VE4 (95% CI) n 0 doses n 3 doses VE4 (95% CI)
Cases 67 5 - 61 5 - 38 3 -
ARI controls 88 44 85 (55, 95)¢ 85 44 82 (47, 94) 38 24 81 (17, 91)¢
AGE controls 47 32 89(67,96)° 44 32 88 (66, 96)° 21 17 85(25,97)°
HHCIR controls - - - - - - 260 68 82 (19, 96)f

2 Includes case and control patients who have either a provider record or an HHCIR record or both records. The number of doses was defined as the greatest number of

doses recorded in either source.

b Includes case and control patients who have a provider record. The number of doses was defined as the number of doses recorded in the provider record. No HHCIR data

were included in analysis.

¢ Includes case and control patients who have an HHCIR record. The number of doses was defined as the number of doses recorded in the HHCIR record. No provider data

were included in analysis.

d Protection conferred against rotavirus diarrhea by 3 doses of RV5 received 14 days or more prior to the hospital visit.
¢ VE adjusted for month and year of birth and age at presentation was calculated using unconditional logistic regression.
f VE calculated using conditional logistic regression; age-matched and zip code-matched controls randomly selected from HHCIR.
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of doses is more likely to occur when no doses of vaccine have been
administered than when one, two or three doses have been admin-
istered. Previous studies have suggested that information about
newer vaccines in IISs is more likely to be incomplete than informa-
tion about older vaccines [5]. Although RV5 was a relatively new
vaccine at the time of this study, the higher agreement observed
between RV5 data than older vaccines across sources suggests that
this was not a significant factor.

As rotavirus-positive case patients for whom an HHCIR record
could not be obtained were excluded from analysis, our case patient
population for calculating vaccine effectiveness using HHCIR data
was reduced by 51% from a total of 90 rotavirus-positive children to
44 who had an HHCIR record. However, there was no difference in
rotavirus-positive patients with and without HHCIR records with
regard to sex, age or zip code of residence. Thus, while the reduced
sample size decreased precision (i.e., wide confidence limits), the
accuracy of vaccine effectiveness estimates calculated using HHCIR
data was not impacted. As previous studies have reported, IIS data
vary in completeness and accuracy [4-8,20,21]. It is reasonable
to expect that future studies may experience similar difficulties
matching enrolled patients to IIS records, and thereby limit the
number of case patients available for analysis. Additionally, the
record validation demonstrated that the HHCIR data were generally
less complete than provider records; thus, using IIS data alone to
calculate vaccine effectiveness could result in an underestimation
of the number of doses of RV5 administered, and could underesti-
mate vaccine effectiveness.

This study has several limitations. It was conducted using
the Houston-Harris County Immunization Registry, an IIS that is
unique to the Greater Houston area, is not population-based, and
requires parents to elect to participate; thus, the data gathered
may not be generalizable to other IISs. The timing of dose admin-
istration was not evaluated in this analysis and may have resulted
in the inclusion of doses that were administered at invalid inter-
vals for a small number of participants. As previously noted, a
low percentage of patients (46%) had both provider and HHCIR
immunization records available. In addition, HHCIR data were only
available for 49% of case patients. Many of the patients without
HHCIR records may be attributed to lack of provider participa-
tion, which could be mitigated by the use of population-based IISs
in future studies. To minimize these limitations in future vaccine
effectiveness studies, the enrollment of large populations of case
patients or the use of more heavily-populated IISs will be needed
to further reinforce this approach. Furthermore, some IISs have
been validated to show good comparability to National Immu-
nization Survey (NIS) results that assess immunization coverage
[22-25].

In conclusion, population-based IISs may represent a good
source of immunization data for use in vaccine effectiveness stud-
ies. Using similar methodology in future studies would eliminate
the need for concurrent enrollment of comparison patients, thus
reducing study staff time and expenses for completing these tasks.
Due to the variability in quality and completeness of IIS data noted
in this and other studies, validation prior to use in a vaccine effec-
tiveness evaluation may be needed.
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