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Abstract 

Health information systems receive data through various methods. These data exchange methods have the potential 

to influence data quality. We assessed a de-identified 2010 dataset including 757,476 demographic records and 

2,634,101 vaccination records from Washington State’s Immunization Information System (IIS) to describe 

timeliness and completeness of IIS data across several data exchange methods: manual entry, HL7, and flat file 

upload. Overall, manually-entered data and HL7 records were more timely than records imported as flat files. 

Completeness, though very high overall, was slightly higher for records arriving via flat file. Washington State IIS 

users, including clinicians and public health, rely on its data to inform patient care and determine population 

coverage of immunizations. Our results suggest that although data element completeness in systems like 

Washington’s IIS will likely not be immediately or significantly impacted by provider’s migration to HL7 

connections with IISs, timeliness could be substantially improved when using HL7 connections.  

Introduction 

Immunization Information Systems (IISs) were originally intended to record vaccination data for the residents of a 

geographic area. However, over the last 8 years their functionality has been extended to include sending caregiver 

reminders, forecasting recommended immunizations, running reports, assessing coverage, managing inventory, and 

generating immunization certificates.1-3 In 2010 the Taskforce on Community Preventive Services,  citing a large 

body of evidence backing the assertion that IISs are effective in increasing immunization rates,4 advocated expanded 

support of using IISs. Despite the Healthy People 2020 objective of 95% IIS coverage rate for children under six5 

only 77% of children in this age group in the United States have 2 or more vaccinations records stored in a fully 

functional IIS6. Expanding coverage may increase usage of IISs,7 but utility of any information system or data source 

depends on a combination of its administrative and technical characteristics and the data and information contained 

within it. Data quality, most often measured by characterizing the timeliness, completeness and accuracy of data, 

describes an important and multi-faceted predictor of system usefulness.8 Data quality has been well-studied within 

and outside the field of public health, in the fields of business management, manufacturing, and computing.9-11 The 
health and informatics literature have identified numerous additional dimensions of data quality: clarity, 

comprehensiveness, conciseness, consistency, content, coverage, credibility, efficiency, flexibility, format, freedom 

from bias, importance, level of detail, precision, relevance, reliability, scope, specificity, sufficiency, usability, and 

validity.9; 12-14  For healthcare professionals, information systems are important resources that are essential for daily 

work and several studies emphasize quality as an important factor in choosing an information source,15-18 including 

for public health information seekers.19 

However, technical and sociotechnical barriers as well as resource constraints continue to impede the pursuit of high 

quality data in IISs. Studies have shown that IIS data are often incomplete and inaccurate.20-22 Timeliness of 

immunization data is also a concern; a 2006 CDC report2 and an independent study23 found that less than 75% of all 

immunizations were recorded in an IIS within 30 days of administration. IISs and the general health information 

environment are evolving rapidly, offering opportunities for improvement in data quality.  

Kolasa, et al (2006) reported that providers working in a high risk area of Philadelphia who used electronic 

submission of Electronic Health Record (EHR) data had significantly more children in the IIS and higher registry-

reported immunization coverage rates than providers using billing records or log forms for data submission. Since 

the Kolasa study, the CDC has suggested that an increase in uptake of standards such as Health Level Seven (HL7) 

messaging in both IISs and EHR systems and increased connections between IISs and EHRs may benefit the general 

quality, timeliness5 and completeness of IIS data.24 Data from the 2009 Immunization Information Systems Annual 

Report (IISAR) survey indicated that 59% of CDC IIS grantees were capable of using HL7 messaging standards to 
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send and receive data.5 Creating, processing and receiving HL7 messages has been a part of the National 

Immunization Program’s Minimum Functional Standards for Registries since 2001.24 In addition, the proportion of 

providers using HL7 is expected to increase in response to Health Information Technology for Clinical and 

Economic Health (HITECH) Act incentives which encourage the adoption of certified EHR systems.26 Under 

HITECH, Medicare and Medicaid provide financial incentives for the Meaningful Use (MU) of EHR technology 

and specify several objectives related to connections between EHRs and public health systems. One IIS-related 
criterion requires that a provider’s EHR systems be capable of submitting immunization data to a registry using HL7 

V2 messaging standards. Though some have speculated that MU incentives will lead to an improvement in data 

quality, it is not clear exactly what the impact of an increased proportion of HL7 connections will be on the quality 

of IIS data.  

The immunization community has long recognized the importance of data quality for the function of programs and 

systems, and, in 2007, the National Vaccine Advisory Committee recommended “...the adoption of a guidebook and 

best practices for IIS…to adopt uniform operational guidance and quality control procedures that ensure good data 

quality”.27 This guidebook describes best practices for IIS functional areas including data quality28 and have been 

adopted by several states, including Washington.29 Healthcare providers across Washington State currently 

contribute immunization data to the Child Profile system. Child Profile was implemented in 199330 and currently 

covers 96% of children under 6 years old and is used by 100% of public providers and 81% of private providers in 

the state.31 Child Profile uses several types of data exchange: HL7 connections between EHR systems and the IIS, 
batch uploads of flat files, and web data entry and record retrieval. Generally, vital records (birth certificates) are a 

definitive source for patient date of birth and provider records are accepted as the best source for immunization 

information and updates to demographic data. On the other hand, electronic billing records are a less ideal source of 

data.32  

Not only are IISs immensely useful for providers and public health professionals administering immunizations, but 

they offer great potential as a population data source for other uses such as community health planning, vital records 

and epidemiologic studies.33 Because of the prevalence of IISs, their relative maturity, and their demonstrated 

success in linking clinical practice with public health, they may be important building blocks for national health 

information systems.34 As such, IISs offer a unique opportunity to study data quality across different methods of data 

exchange in a system used by both clinical and public health practitioners. In coming years, MU incentives have the 

potential to change the quantity and quality of provider-IIS connections across the United States. However, evidence 
of data quality differences across different types of information exchange is sparse. This paper reports on our 

investigation of  the impact of different types of provider-IIS exchanges on IIS data quality. We used a de-identified 

dataset from 2010 to describe the timeliness and data element completeness, stratified by data exchange type, of 

immunization data in Washington’s IIS.  

Methods 

Sample Dataset, Inclusion and Exclusion Criteria. Our sample included childhood immunization data submission 

transactions for which the recorded service date was between 1/1/2010 and 12/31/2010 (inclusive). The sample 

included all records existing in the Washington State IIS database as of July 27, 2011 for individuals who had at 

least one immunization administered during 2010 to patients reported to be between the ages of 0 and 18 at some 

time during this period (1/1/1991<DOB<12/31/2010). We excluded “historical” immunizations, for which data were 

entered after the vaccine was administered. We included demographic records from birth certificate data, but 

excluded vaccinations from birth certificate data as they made up a very small proportion of the recorded 
vaccinations and are different in many ways from the vaccination data transferred to the IIS by providers. Data 

exchange types were recorded in the IIS for each record and included web data entry, HL7 messages and batch 

uploads of flat files. Flat files were uploaded using Child Profile’s Data Transfer Tool and include records received 

as flat files from providers, Medicaid, or other insurers. 

The sample dataset included individual person records, but excluded most Protected Health Information (PHI). In all 

fields for which PHI was redacted, data completeness was indicated: “1” - complete and “0” - incomplete. We were 

granted approval for the study and a waiver of informed consent by the institutional review boards of the 

Washington State Department of Health and the University of Washington. 

Timeliness. Based on preliminary work and literature review, we determined that the appropriate immunization-

level timeliness measure (ImTM) was the number of days between immunization administration (Service Date) and 

submission of data to the IIS (Entry Date).35 Saarlas (2003) specified three categories of timeliness: ImTM ≤ 7 days, 
ImTM = 8-30 days, and ImTM ≥ 31 days.35 We calculated this measure for each vaccine record in our sample and 
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also examined the data aggregated by visit in order to consolidate all immunizations that were administered during 

the same visit into a single record. 

Completeness. The MIROW Data Quality Assurance Guidelines specify two types of completeness: comprehensive 

reporting of vaccination events (population coverage) and complete recording of vaccination data elements (record 

or data element completeness).32 Comprehensive reporting is an important characteristic of any population registry, 

however, our study focused on the complete recording of data elements. In addition, it was not feasible to perform 
the chart reviews necessary to assess population coverage as part of this study. 

We measured the completeness of demographic and vaccination data elements and calculated the number of 

complete fields per record for demographic records and vaccination records. We calculated the following measures 

as proportions for each record in the sample: 

DC = Number of demographic fields complete /Total number of demographic fields (13 fields) 

IC = Number of immunization-level fields complete/Total number of immunization-level fields (6 fields) 

We examined the following fields to calculate demographic completeness: First Name, Middle Name, Last Name, 

Address, City, State, Zip, Phone, Social Security Number (SSN), Birthdate, Medical Organization and Facility. To 

calculate immunization level completeness and visit-level completeness we examined: Date of Service, Date of 

Entry, Current Procedural Terminology (CPT) Code, Immunization Description, Medical Organization, and Facility. 

In addition to overall completeness measures, we examined the completeness of the minimum/mandatory data items 

as defined in the MIROW Data Quality Assurance document.32 This minimum dataset comprises: First Name, Last 
Name and Birthdate, Provider Organization Information, Vaccine Encounter Date, and Vaccine Type. 

Timeliness and Completeness Measured across Data Exchange Types. We compared timeliness and 

completeness measures across data exchange types: HL7, batch upload of flat files, manual web entry, and in the 

case of demographic records, birth certificate data. Statistical analyses were performed using SAS ® software, 

Version 9.2.36 

Results 

After excluding 482 vaccination records originating from the birth certificate file and three immunization records 

with negative timeliness measures, our sample included 757,476 individual records and 2,634,101 vaccination 

records. 

Twenty-eight percent of the patients included in the sample were born between 2008 and 2010 (approximately ages 

3 and under during 2010), 26% between 2004 and 2007 (approximately ages 4-6 during 2010) and 46% between 
1991 and 2003 (approximately ages 7-18 during 2010). Each patient included in the sample was linked to 1- 29 

vaccination records; the mean number of vaccination records per patient record was 3.5. Within the 2,634,101 

vaccination records, 1,269,347 unique visit records were identified for which Patient ID, Service Date, Entry Date, 

Medical Organization and Facility were equal. For example, if a child received three immunizations during one visit 

to their provider, these three immunizations were consolidated into a single visit record. 

All patient demographic records had a complete data transmission mode field: 55% were listed as batch flat file, 

15% as birth certificate (vaccination records with transmission type birth certificate were excluded, however 

demographic records remained), 17% as HL7 and 14% as manual web data entry (hereafter referred to as manual 

data entry). The data transmission mode field was also complete for all vaccination records in our sample: 53% of 

vaccination records were listed as batch flat file, 30% as manual data entry and 18% as HL7 transmission type. 

Timeliness. The median timeliness measure for all vaccination records was 11 days. When aggregated by visit, the 

median timeliness measure for the sample was 12 days. Mean, standard deviation (SD), median, and interquartile 
ranges (IQR) for timeliness were similar when data were analyzed for both data aggregated by vaccination record 

and by visit. In both cases, the greatest median timeliness measure (longest delay) was 31 days for the batch flat file 

category (mean 66.02 and 63.87 days for vaccination level and visit level, respectively). Both groupings showed the 

mean timeliness for manual data entry much lower, at around 9 days and the median at 0 (Entry Date = Service 

Date). Table 1 shows sample size, mean, SD, median, IQR and a histogram to demonstrate skew for each data 

exchange type. 
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Table 1. Descriptive statistics and histograms* of timeliness of vaccination and visit records by exchange type 

                                               Dataset  

    Vaccination Record    Visit Record 

Manual Entry 

 N 

 

792,402 

 

361,712 
 Mean 8.31 9.63 
 SD** 40.26 43.74 
 Median 0 0 
 IQR*** 0-1 0-2 

HL7 

 N 

 

477,652 

 

227,101 
 Mean 29.23 28.51 
 SD 84.69 82.42 
 Median 0 0 
 IQR 0-3 0-4 

Batch Flat File 

 N 

 

1,364,047 

 

680,534 
 Mean 66.02 63.87 
 SD 88.95 85.84 
 Median 31.00 31.00 
 IQR 16-67 16-65 

Total 

 N 

 

2,634,101 

 

1,269,347 
 Mean 41.99 42.09 
 SD 80.97 79.36 
 Median 11.00 12.00 

 IQR 0-37 0-38 

*Histograms are of identical scale across rows but not columns (for comparison and to demonstrate skewness) 
**SD = Standard Deviation, ***IQR = Interquartile Range 

We categorized timeliness using the Saarlas categorization described above. Most visit records fell into the <7 days 

category (44.13%) while 24.78% fell in the 7-30 days category and 31.09% fell into the over 30 days category. 

Overall, manual data entry (88.52%) and HL7 (80.40%) had a far greater proportion of records in the <7 days 

category than batch flat file records (8.43%).  

The CDC’s IIS Technical Working Group established a limit of 30 days post vaccine administration for the arrival 
of records into the IIS;25 we used this limit (≤30 days or >30 days) to categorize timeliness measures and explored 

the effect of data exchange type on this binary variable. Relative to manual entry, HL7 records had more than twice 

the likelihood (OR=2.79; 95% CI 2.74-2.84) of arriving after 30 days. Batch flat file records were over 18 times 

more likely than Manual records to arrive after 30 days (OR=18.77; 95% CI 18.49-19.07). Details and proportion of 

records in each category are shown in Table 2. 

 

Table 2: Association of Data Exchange Type with Timeliness Measure  

Exchange                          Timeliness Measure (%)  

Type N <7 days 7-30 days >30 days OR (CI)* 

Manual 361,712 88.52 6.27 5.21 1 (ref) 

HL7 227,101 80.40 6.31 13.29 2.79 (2.74-2.84) 

Batch Flat File 680,543 8.43 40.78 50.78 18.77(18.49-19.07) 

Total 1,269,347 44.13 24.78 31.09 - 

*OR indicates odds ratio, CI indicates confidence interval calculated for a timeliness measure categorized as ≤30 

days or >30 days, test of null hypothesis (regression coefficient equal to zero, Chi-square DF=2) was significant, P 

<.0001 
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Completeness. The mean completeness measure for all vaccination records was 99.28%. Date of Service, 

Immunization Description and Medical Organization fields were complete for all vaccination records in the sample. 

Mean completeness differed only slightly by exchange type. For demographic information, batch flat file records 

had the highest mean completeness at 90.76%. HL7 records had the highest mean completeness (99.50%) for 

vaccination records. Mean completeness measures for both demographic and vaccination records across data 

transmission methods are shown in Table 3. 

 

Table 3: Mean record completeness for demographic and vaccination records by method of data transmission 

 Percent Completeness – Mean 

Demographic Records Manual Entry HL7 Batch Flat File Birth Cert Total 

 87.66 89.98 90.76 89.84 90.07 

Vaccination Records Manual Entry HL7 Batch -- Total 

 99.76 99.50 98.93 -- 99.28 

 

We also calculated the percent completeness for each demographic field. Fields that were 100% complete for each 

exchange type included: First Name, Last Name and Birth Date. Fields that were 98% complete or higher included: 

Address, City, State, and Zip Code. Middle Name was incomplete in many cases. We used logistic regression to 

calculate the OR for a complete Middle Name field. HL7 records were less likely to have a complete Middle Name 

field than manual entry records, but both batch flat file and Birth Certificate records were significantly more likely 

to have a complete Middle Name field than manual entry records (OR=1.45, 95% CI 1.43-1.47 and OR=3.52, 95% 

CI 3.45-3.58, respectively). Phone number varied in completeness by exchange type: 80.86% for manual entry 

records and 95.46% for HL7 records. Social Security Number also varied by transmission method: 9.44% of Birth 

Certificate records were complete and 32.95% of batch flat file records carried an entry for SSN. Medical 

Organization and Facility were both relatively complete fields. Table 4 shows data element completeness and OR by 
exchange type.  

Total field completeness by record was high, but varied by field and type of record (demographic vs. vaccination 

records). The mean field completeness measure (number of completed fields/total number of fields) for the 

demographic records was 90.07%, indicating an average of 11.70 out of 13 fields completed per record. First Name, 

Last Name and Date of Birth, fields identified in MIROW’s minimum dataset,32 were 100% complete. 

Field completeness for vaccination data elements was very high. Most fields (Date of Entry, Date of Service, 

Immunization Description, and Medical Organization) were 100% complete for all exchange types. CPT Code was 

more than 99% complete for all exchange types. Facility was 98.80% complete for manual entry records but only 

93.58% complete for batch flat file records. Logistic regression to detect an association between exchange type and 

field completeness showed that HL7 records were 6 times more likely than Manual records to have a complete CPT 

Code field (95% CI 5.16-7.07). HL7 and batch flat file records were both less likely than Manual records to have a 
complete Facility field. A report of completeness measures, OR and 95% CI for vaccination fields is shown in Table 

5.  

We also examined the vaccination data by number of fields complete and transmission mode. We found no 

vaccination records in the sample with fewer than 4 completed fields, and 98.60% of manual entry records had all 6 

fields complete. Only 93.58% of records entered using batch flat file uploads were 100% complete. 
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Table 4: Percent Completeness and Association of Data Exchange Type with Complete Data Elements 

Data Element Data Transmission Mode Pct Complete Records OR (CI)* 

Middle Name Manual 54.98% 1 (ref) 
HL7 48.92% 0.78 (0.77-0.80) 
Batch Flat File 63.95% 1.45 (1.43-1.47) 

Birth Certificate 81.10% 3.52 (3.45-3.58) 

Address Manual 98.44% 1 (ref) 
HL7 99.94% 27.78 (21.97-35.13) 
Batch Flat File 99.95% 30.03 (26.07-34.59) 
Birth Certificate 99.96% 41.32 (30.52-55.95) 

City Manual 98.81% 1 (ref) 
HL7 99.99% 81.30 (51.68-127.94) 

Batch Flat File 99.99% 161.58 (113.13-230.78) 
Birth Certificate 99.97% 36.57 (26.37-50.73) 

State Manual 99.21% 1 (ref) 
HL7 99.99% 59.69 (36.92-96.49) 
Batch Flat File 99.99% 64.52 (48.62-85.62) 
Birth Certificate 99.96% 20.68 (15.22-28.11) 

Zip Code Manual 98.76% 1 (ref) 

HL7 99.98% 69.60 (46.08-105.13) 
Batch Flat File 99.98% 70.17 (55.50-88.71) 
Birth Certificate 99.96% 31.16 (23.14-41.96) 

Phone Manual 80.86% 1 (ref) 
HL7 95.46% 4.98 (4.83-5.14) 
Batch Flat File 88.22% 1.77 (1.74-1.81) 
Birth Certificate 88.29% 1.79 (1.74-1.83) 

SSN Manual 19.32% 1 (ref) 
HL7 29.93% 1.78 (1.75-1.82) 
Batch Flat File 32.95% 2.05 (2.02-2.09) 
Birth Certificate 9.444% 0.44 (0.43-0.45) 

Medical 
Organization 

Manual 98.22% 1 (ref) 
HL7 99.92% 22.78 (18.28-27.15) 
Batch Flat File 99.43% 3.15 (2.96-3.35) 

Birth Certificate 96.07% 0.44 (0.42-0.47) 

Facility Manual 94.60% 1 (ref) 

HL7 95.61% 1.24 (1.20-1.30) 

Batch Flat File 95.51% 1.21 (1.18-1.25) 

Birth Certificate 93.20% 0.78  (0.76-0.81) 

First Name, Last Name and Birthdate (all types) 100% No OR Calculated 

*OR indicates odds ratio, CI indicates 95% confidence interval calculated for a complete data element, test of null 
hypothesis(regression coefficient equal to zero, Chi-square DF=3) was significant, P <.0001 

 

Table 5: Percent completeness of immunization fields – one record per vaccination 

Data Element Data Exchange  Type Pct Complete Records OR (CI)* 

Date of Entry All 100% ** 

Date of Service All 100% ** 

CPT Code Manual 99.79% 1 (ref) 
HL7 99.96% 6.04 (5.16-7.07) 
Batch Flat File 100% 485.88 (2.17.98 - >999) 

Imm. Desc. All 100% ** 

Med Org All 100% ** 

Facility Manual 98.80% 1 (ref) 

HL7 97.03% 0.18 (0.17-0.18) 
Batch Flat File 93.58% 0.40 (0.39-0.41) 

*OR indicates odds ratio, CI indicates confidence interval calculated for complete data element, test of null hypothesis 
(regression coefficient equal to zero, Chi-square DF=2) was significant, P <.0001 **No OR calculated 
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Discussion 

Quality checks on data entering the system are standard for all types of data exchange and IIS administrators spend 

substantial time and effort ensuring the quality of the data in their systems. Data quality checks and de-duplication 

processes often take place before data are made available to system users. In the system we studied, all incoming 

records are held as reserve records until de-duplication and other quality rules are applied. These rules determine 

which records will be used to populate the master record in the live system. It is important to consider these details 
of data flow as the context for our results. We examined master records, which are, in general, of higher overall 

quality than reserve records, with fewer duplicate records. The data we analyzed are the data available to IIS users 

and those granted access to immunization datasets from the State of Washington. 

Timeliness. We compared descriptive statistics (Table 1) for the vaccination dataset and the dataset aggregated by 

visit; the results were similar for the two methods of grouping. Based on the similar results for the totals and within 

transmission mode, we aggregated data by visit for all subsequent analyses related to timeliness. 

Overall, we found that the timeliness of vaccination data was highly variable (See Table 1). However, most data 

entered manually (88.52%) and most HL7 records (80.40%) fell into the category indicating they were relatively 

timely, with less than 7 days between date of immunization and date entered into the IIS. Vaccination records that 

arrived via a batch data transfer had a significantly smaller proportion arriving within a week to the IIS: only 8.43% 

of batch vaccination records fell into the less than 7 days category. 

Our dataset was very large; even when reduced to records aggregated by visit, over 1.2 million records remained. 
Because of the size of the dataset, it is not surprising that we found a statistically significant association between 

each type of data exchange and acceptable timeliness measures (timeliness measure ≤30 days vs. >30 days). 

Although statistical significance does not imply practical significance, the summary data and relative ORs and 95% 

CIs convey differences that could impact the decision to use data for a particular purpose. For example, those 

reaching out to parents with reminders for upcoming recommended vaccinations will have more trust in a more 

timely dataset. Also, epidemiologists considering use of IIS data for outbreak control activities and reportable 

condition case investigation require a certain level of timeliness in order for the data to be useful. Both the 

significance test and the raw differences in median timeliness measures point to the need for improvements in batch 

entry procedures or the conversion of organizations using batch to transition to HL7. Unfortunately, both of these 

options create more work, at least initially, for IIS administrators. Setting up and testing HL7 field mapping and 

connections to provider EHRs is a labor intensive process. Although use of flat files for exchanging data also 
involves mapping, anecdotal reports indicate that the HL7 process may require more time and resources to set up 

than a traditional batch flat file upload. In addition, many of the quality checks run on data before they move into the 

production system require manual, human-driven analysis of the data. 

Completeness. Our examination of data element completeness includes two types of data: demographic data and 

vaccination level data. For our analysis, we used the vaccination dataset and not the visit-level dataset. Both 

demographic data and vaccination data were quite complete. All demographic fields were at least 93% complete 

except: Middle Name (62.73%), SSN (27.11%), and Phone Number (88.45%); completeness percentages are shown 

in Table 4. Because not all patients have a middle name, the field legitimately may be empty. Middle name is 

nonetheless an important field for use in de-duplication processes (29). Social Security Number brings another set of 

concerns, and it is not surprising that Birth Certificate Data (newborns may not have an SSN assigned at the time 

Birth Certificate Data is issued) and manual entry (privacy concerns) had low completeness rates for these fields: 

9.44% and 19.32%. SSN is not often relied upon in IIS work, but is potentially useful for population level studies 
where linking to other datasets (birth, death, registries from other states) may be necessary. Similarly, Phone 

Number presents challenges because it may not be consistent, however, it is useful for record matching and for 

epidemiologic outbreak control activities, and it can be a way to contact patients or parents for recall and reminder 

activities. We suspect that it will be of practical significance to those making use of the Phone Number field for 

outreach activities that the field is almost 5 times more likely to be complete for HL7 records.  

Vaccination level data were even more complete than demographic data: on average vaccination fields were 99.79% 

complete. The only field with a higher proportion of missing values was the Facility field. Levels of completeness 

differences in the vaccination data, though statistically significant, are likely not practically significant (0.83%); 

however, the differences we found in completeness of some demographic data elements may be of concern to data 

consumers. Our earlier investigation of information needs in public health related to immunizations found that 

concerns about both population completeness and data element completeness may prevent secondary users of IIS 
data from accessing the data for population analyses and assessments. Although flat-file records from billing 
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systems and Medicaid are sometimes considered a source of data element incompleteness, batch transmission 

actually had the highest mean completeness for demographic records (90.76%). 

Implications. Numerous timeliness, completeness, de-duplication and logic checks take place before data are made 

available to users. The Data Quality Manager for the IIS recently implemented new business rules resulting in an 

improvement in the quality of data entering the system.28;29 The increasing use of standards for data storage and 

transmission may decrease the need for these types of checks, putting more of the burden of data quality assurance 
on IIS and EHR system managers and developers.  

Although the National Immunization Program, in its Minimum Functional Standards for Registries in 2001 included 

an official recommendation to use HL7 messaging,25 the MU incentives of the HITECH Act may be even more 

effective in encouraging adoption. Financial incentives and the even stronger encouragement in the form of penalties 

for non-compliance are likely to significantly increase the number of providers submitting data to IISs using HL7 

messaging. If the type of HL7 messaging used most often in 2010 (Version 2) remains the same, we can say with 

some level of confidence that this could move the timeliness and completeness measures toward the levels we see in 

these analyses for HL7 messages. If the migration to HL7 messaging comes from currently unenrolled providers, or 

those currently submitting flat files for import, this will mean an improvement in timeliness, as seen in Table 2. 

Although our results show that manual entry is more timely than HL7, the details of HL7 are highly dependent on 

the implementation. Ideally, HL7 messages are be sent in real-time or at least daily. 

The quality of data contained in HL7 messages is dependent on the quality and the consistency of source system 
data. Certified EHRs should offer improvements in these areas and could lead to overall improvements in data 

element completeness within an IIS, but this improvement would be bolstered by increased levels of specification in 

the certification criteria with respect to fields required by an IIS. 

Based on our analysis, the migration of providers to HL7 connections with IISs will likely not have an immediate or 

significant impact on the data element completeness of IIS data in systems similar to the Washington State IIS. 

Depending on the frequency of the HL7 messaging, timeliness however, could improve significantly. The migration 

of providers currently sending billing batch files, to use of HL7 messaging, could decrease the proportion of records 

transmitted more than 30 days after vaccine administration (Table 2). If EHR-IIS connections make use of near-real 

time HL7 messaging for communication, the overall timeliness could improve even more. Near-real time HL7 

connections offer the potential to improve data quality. Real-time bi-directional interfaces provide advantages to 

providers at the time of vaccine administration by allowing the provider’s system to display or import IIS data, 
which could contain records from other providers, therefore rendering a more complete picture of the individual’s 

current vaccine status. Overall, the potential and likely benefits of migration to HL7 interfaces, especially when 

many of the existing batch interfaces are migrated, could have a positive impact on data quality. 

Limitations. The most significant limitation of this study was that we were not able to examine two highly relevant 

components of data quality: vaccination record coverage completeness and accuracy, both of which would ideally be 

measured using chart review and interview methods. Additionally, conclusions made from our analysis about data 

quality must be interpreted only with respect to this specific IIS implementation. Our study examined data in the 

production version of the Washington IIS which includes master records only. The IIS also maintains reserve 

records that may include duplicates or other errors, which have been eliminated by the numerous data quality and 

logic checks run on the data before the reserve record is moved to a master record. An analysis including records in 

the reserve dataset may find different associations between method of information exchange and timeliness and 

completeness measures.  

We also limited our analysis to records with a “Service Date” in 2010. The distribution of data exchange types used 

by providers and other organizations and those exchange types accepted and encouraged by IISs administrators is 

changing quickly. Inclusion of additional years of data may be advantageous in drawing conclusions about the 

quality of data in the system. 

An additional limitation of our analysis is the lack of information about the source of the data. In the case of batch 

flat file records, it is likely to be important to differentiate between Medicaid, Billing and EHR data. We were 

unable to distinguish between these sources with the available dataset. 

Conclusions 

Although data quality is an important characteristic of a data source for providers and those operating immunization 

programs, it is also important for ensuring that IIS data are a useful and trusted source of population level data for 
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public health practitioners and researchers. Our work takes steps to describe the timeliness and data element 

completeness of data in Washington’s IIS. In doing so, we have attempted to provide information that may be of use 

for persons or organizations considering the use of IIS data or data exchange with an IIS. Though the transition to 

HL7 messaging will be a challenging road for many immunization programs and providers, we believe there is 

demonstrated evidence that while the transition may not immediately impact completeness in systems with a similar 

demographic makeup as the Washington State IIS, it could lead to improvements in timeliness.  

IISs are one of the most mature public health information systems used in the United States. As Hinman and Ross 

posited in 2010, “registries provide a model for how public health information systems can support clinical decision 

making, meet public health demands for assessment and assurance, improve quality of care and contain costs”.34 The 

systems’ maturity, the experience that public health and providers have with them, their interfaces, and the resulting 

population data sources, allow them to serve as exemplars for future connections between the two entities. We hope 

that in a similar way this work can be useful beyond the realm of Immunization Information Systems, to inform and 

direct the development of other types of electronic provider-public health connections for purposes of assessment, 

assurance, and ultimately to safeguard the health of the population. 
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