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Abstract

Introduction: Many vaccination studies rely on self-reported vaccination status, with its inherent 

biases. Accuracy of influenza vaccination self-report has been evaluated periodically, typically 

using the medical record as the gold standard. The burgeoning of electronic medical records 

(EMRs) and immunization information systems (IISs) and the rise of adult vaccine administration 

in community pharmacies suggest the need for a reevaluation of self-reported vaccination status.

Methods: Vaccination data from self-report, the state IIS, the health system EMR and other 

sources were compared for participants in outpatient and inpatient influenza vaccine effectiveness 

studies for four seasons (2016–2017 to 2019–2020). Agreement among the sources was calculated 

along with sensitivity and specificity. Tests for trend assessed changes in completeness of the 

Pennsylvania - Statewide IIS (PA-SIIS) data over time.

Results: With self-report as the gold standard, agreement with the local EMR, PA-SIIS, and all 

sources was 62%, 77% and 85%, respectively. Sensitivity of the EMR was 42% (95% CI=41, 

43) and specificity was 91% (90, 92). With PA-SIIS-as the gold standard, agreement with the 

local EMR and all sources was 77% and 78%, respectively. Sensitivity of all sources combined 

was 96% (95, 97) and specificity was (63% (62, 64). Capture of influenza vaccinations in the IIS 

has not consistently improved over time, with a significant increase among children (P=0.001), 

no change among working-age adults and a decrease among older adults (P=0.004). However, PA-

SIIS provided the largest percentage of verified vaccines (69.3%) compared with EMR (43.3%) 

and other sources (12.4%).
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Conclusion: Both self-report and PA-SIIS are good estimates of actual vaccine uptake. When 

high accuracy data are required, such as for vaccine effectiveness studies, triangulation using 

multiple sources should be conducted.
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Introduction

Self-report is frequently used to estimate vaccination coverage in national and statewide 

surveys such as the National Immunization Survey (NIS) [1], National Health Interview 

Survey (NHIS) [2], and the Behavioral Risk Factor Surveillance Survey (BRFSS) [3], as 

well as numerous intervention and quality improvement studies. In the past, the medical 

record has been used as the “gold standard” against which self-reported vaccination has been 

measured. Studies by MacDonald et al. and Zimmerman et al. reported sensitivity of 98%

−100% and specificity of 38%−71% for self-report of adult influenza vaccines [4, 5]. Newer 

studies using 2007–2008 data, compared self-report and electronic medical records (EMRs), 

finding similar agreement between them [6, 7]. These studies were conducted before EMRs 

were mature and widely used for example, in 2008, use of EMRs by healthcare providers 

was estimated at 10% [8].

As part of the American Recovery and Reinvestment Act of 2009, expansion of health 

technology including EMRs was encouraged and financed through the HITECH Act [9] 

that provided incentives to health care providers to adopt EMRs, in part to improve health 

care quality [8]. Since that time, considerable effort has been made to convert paper charts 

to electronic systems, enable under resourced practices to purchase EMR software, train 

vaccine providers how to consistently record vaccines in the EMR, and use EMR software 

to prompt providers to vaccinate. Currently, 96% of hospitals and 86% of office-based 

physicians use EMRs [10]. EMRs have distinct advantages over paper charts, such as 

legibility, consistent recording in a designated location, and electronic search capability that 

is more rapid and likely more accurate than manual chart reviews.

Concomitantly, Immunization Information systems (IISs) or vaccine registries have matured. 

IISs are defined as “confidential, population-based databases of all immunization doses 

administered by participating providers to persons residing within a given geopolitical 

area” [11]. These regional (usually statewide) repositories of vaccine administrations 

have enormous value for ordering vaccines, increasing vaccinations through patient level 

reminder and recall, provider assessment and feedback [12], and policy making. As of 2016, 

55 U.S. jurisdictions, including 49 states and 6 cities had implemented IISs; childhood 

participation in IISs was 94% in 2016 [13] and adult participation was 24.5% in 2012 [14]. 

Completeness of vaccine registries varies across jurisdictions because they are governed by 

their individual jurisdictional policies and regulations [11]. Functional standards for IISs, 

which were first developed in 2001 and revised several times since then, include having the 

capability for bidirectional information exchange with EMRs to enhance accuracy of both 
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repositories [15]. However, the Pennsylvania Statewide IIS (PA-SIIS) and 40 others do not 

mandate adult influenza immunization reporting [16].

For over a decade, the Centers for Disease Control and Prevention (CDC) has funded 

influenza vaccine effectiveness (VE) studies, namely, the outpatient U.S. Influenza Vaccine 

Effectiveness Network (US Flu VE) and more recently, the inpatient Hospitalized Influenza 

Vaccine Effectiveness Network (HAIVEN). These studies use a test-negative case-control 

design to determine if the rate of influenza vaccination differs among influenza cases 

compared with non-influenza acute respiratory cases. Thus, validity of the VE estimates 

is dependent upon accurate assessment of vaccination status. Investigators in both studies 

use a variety of sources for obtaining vaccination status including self-report, electronic 

medical records (EMR), and state immunization registries. VE studies are a newer use of 

state immunization registries; their validity for this purpose has rarely been tested [12, 17].

The major changes in the immunization infrastructure environment, as well as emerging uses 

for vaccination data warrant a reexamination of the accuracy of the sources of immunization 

information. The purpose of this study is to determine agreement among different sources of 

influenza vaccination data from participants in the combined CDC outpatient and inpatient 

VE studies from a single local health system over four influenza vaccination seasons, 2016–

2017 through 2019–2020.

Methods

The University of Pittsburgh Institutional Review Board approved this study. Vaccination 

data were derived from an outpatient (US Flu VE Network) and an inpatient (HAIVEN) 

test-negative, case-control influenza VE studies [18, 19]. Consented participants or parents 

of minor children completed an enrollment interview with questions about receiving 

influenza vaccine during the season of enrollment that included anytime since July 1. They 

were asked to provide information about where and when they received the vaccine to 

assist with verification. A vaccine information sheet and addressed, stamped envelope was 

given to those who stated that they had information at home, but could not remember it 

during enrollment, to complete and return to the study team. The vaccinations recorded 

at enrollment or received in the mail were considered to be self-reported. At the end of 

enrollment for each season, requests for influenza vaccination data for all participants were 

made to the health system EMR and the Pennsylvania Statewide IIS (PA-SIIS). There are 

established systems for requesting data from each of these sources, such as the University of 

Pittsburgh’s Clinical Translational Science Institute’s Health Record Research Request (R3) 

system that provides clinical data from the health system’s EMR for research studies.

Most clinics (doctor’s offices, hospitals, health centers, mass vaccination clinics, etc.) 

that report immunization data to the PA-SIIS use an HL7 interface (PA-SIIS personal 

communication 2021). This health system’s EMR and PA-SIIS use a bidirectional interface 

such that immunization data entered into the EMR is “live-feed” uploaded to PA-SIIS; 

whereas, the health system’s EMR routinely queries PA-SIIS in batches to receive 

immunization data reports that are then uploaded to the EMR. These reports are typically 

automatically integrated into the immunization record
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Finally, research assistants telephoned pharmacies, work sites, community clinics, primary 

care providers, etc. to confirm self-reported vaccinations that could not be confirmed in the 

EMR or PA-SIIS. Copies of the signed consent forms were provided to these sources to 

facilitate release of the information. Verbal vaccine verifications were recorded by research 

assistants or documentation was faxed to the research office for recording. Vaccinations 

were considered verified if they were located in PA-SIIS, the EMR or reported from one of 

the other sources. Vaccinations that were recorded in the EMR or PA-SIIS but had not been 

reported by the participant, were called “discovered” vaccinations. They are reported herein, 

but were not included in the agreement analyses.

Statistical Analysis

Baseline measures by influenza season are reported using counts and percentages. 

Differences in vaccination records across age and racial groups and the differences in 

reporting between EMR and PA-SIIS (bi-directional data transfer) were tested by Chi-square 

statistic. The latter comparisons were made as a test of the quality of the bidirectional 

data transfer. We compared the percent of self-reported influenza vaccines confirmed in 

PA-SIIS over the four seasons to determine if reporting changed over time using the 

Cochran-Armitage trend test [20] with two-sided p-values.

We used two vaccination sources as the gold standard, self-report and PA-SIIS in separate 

sets of analyses. The percent agreement between the gold standard and the other measures 

was calculated as the number of vaccinated and unvaccinated participnts that agreed in 

both sources divided by the total number of participants. To assess the test’s validity to 

discriminate between two verification sources, we evaluated percent agreement, Cohen’s 

kappa, sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV), and area under the ROC curve. These values were calculated for all four seasons 

combined and by age group and race category. The kappa statistic was interpreted as 0–

0.20 no agreement, 0.21–0.39 minimal agreement; 0.40-.059 weak agreement; 0.60–0.79 

moderate agreement; 0.80–0.90 strong agreement and; >0.90 almost perfect agreement [21].

We also compared the bidirectional transfer of immunization data between PA-SIIS and the 

EMR by dividing the vaccinations recorded in both sources by: a) the vaccines in PA-SIIS 

only; and b) the vaccines in the EMR. All statistical analyses were carried out using SAS 

version 9.4 (SAS Inc., Cary, NC).

Results

A total of 9,930 participants were enrolled in the combined VE studies over the four 

seasons. In general, approximately one fifth were children, over half (56%) were adults 

18–64 years and about one fourth were older adults ≥65 years old. Over half (57.5%) of 

the participants were female, 27.6% were non-white, 2.4% identified as Hispanic and 60% 

self-reported influenza vaccination. Table 1 summarizes the demographic characteristics of 

participants included in these analyses overall and for each season.

Figure 1 shows the vaccination status and source of vaccine information for the study 

population and Table 2 shows the self-reported vaccinations, discovered vaccinations, as 
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well as the number and percent of vaccinations verified through the various sources. Ten 

percent of vaccinations were “discovered,” that is, vaccinations that were recorded among 

those who had reported not being vaccinated. PA-SIIS represented the largest source of 

verified vaccinations (76.3%; range = 72.9%–92.5% across the various seasons and age 

groups), followed by the EMR (47.7%; range = 40.6% – 65.9%) and other sources (13.7%; 

range = 10.1% – 16.4%). Combining all sources, 94.8% of self-reported vaccines could 

be verified. The highest verification in both PA-SIIS and the EMR was for children and 

the lowest verification in both sources was for working age adults (P≤0.001 across all age 

groups). Non-white participants compared with white participants had significantly higher 

verification in PA-SIIS and the EMR (P<0.001).

Agreement analyses were conducted using: 1) self-report as the gold standard; and 2) 

PA-SIIS as the gold standard, shown in Tables 3 and 4, respectively. When self-report 

was compared with EMR records, agreement was low (62%), as indicated by a kappa of 

0.29 (minimal agreement). When self-report was compared with PA-SIIS only, agreement 

increased to 77%, and kappa was 0.54 (weak agreement). Using all possible sources of 

vaccination data agreement with self-reported vaccinations rose to 85%, with a sensitivity 

and specificity of 85% and kappa of 0.69 (moderate agreement). Supplemental Tables 1–3 

show the agreement values with self-report for age and race groups.

When PA-SIIS was used as the gold standard and compared with the EMR, agreement was 

77%, and kappa was 0.52. Adding self-report and other sources to the EMR data resulted in 

agreement with PA-SIIS of 78%, sensitivity of 96%, specificity of 63% and kappa of 0.57 

(weak agreement). Supplemental Tables 4 and 5 show the agreement values with PA-SIIS 

for age and race groups.

Figures 2a and 2b show the percent of self-reported influenza vaccines confirmed in PA-

SIIS over the four seasons. Capture of influenza vaccines in the state registry increased 

significantly over time among children (test for trend P=0.001), decreased significantly for 

older adults (P=0.004), but did not change significantly among younger adults, nor in either 

racial group. The transfer of data between the EMR and PA-SIIS was further explored and is 

shown in Table 5. The percent of PA-SIIS vaccines found in the EMR (transfer from EMR 

to PA-SIIS) overall was high at nearly 90% and was 90% or higher for most seasons and 

age and race groups. Notable exceptions were the 2018–2019 season (77.7%), working-age 

adults (85.4%) and non-white participants (86%). Over the four seasons, transfer from the 

EMR to PA-SIIS increased significantly (P=0.036). Conversely, the transfer of data from 

PA-SIIS to the EMR was considerably lower at 56.2% overall and the changes over time 

were not significant (P=0.447).

Discussion

This study compared several sources of influenza vaccination status that have been used 

in influenza research studies. These sources include EMR, PA-SIIS, other records and self-

report. National and regional surveys of vaccine receipt to determine vaccination coverage 

(NHIS, NIS, BRFSS) rely strictly on self-report, with the general acknowledgement of the 

recall bias and response bias inherent to that source of vaccination status. In influenza 
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VE studies, self-reported vaccination status has been verified using EMR data, IIS records, 

employee health records and manual tracking by research assistants to confirm vaccination 

performed in private physician’s offices, pharmacies and health plan records, among others. 

This effort to verify vaccination using all reasonable sources is made because the accuracy 

of VE estimates is directly related to the accuracy of vaccination status. Thus, understanding 

the relationships among these sources of influenza vaccination information is essential.

Previous studies of influenza vaccine self-report among older adults compared with medical 

charts and electronic databases as the “gold standards” have reported sensitivity of 98%

−100% indicating that self-report of receiving influenza vaccine was considered to be highly 

reliable; whereas, self-report of not receiving influenza vaccine was not as reliable, with 

specificity of 38%−71% [4, 5]. This level of agreement was confirmed in more recent 

studies comparing the EMR and self-report [6, 7]For example, when the EMR was the gold 

standard, sensitivity of self-report was 93% and specificity was 65% overall and among 

those age 65 years and older, sensitivity was 96% and specificity was 50% [6, 7]. When 

self-report was the gold standard, sensitivity of the EMR ranged from 51% to 89% [6, 7];.In 

the current study, 10% of the total influenza vaccinations had been reported by participants 

as not received, yet were discovered in other sources including the EMR. In contrast, a study 

in the UK, where nearly all vaccines are administered through the primary care office, 5% of 

vaccinations reported in the EMR were self-reported as not received [22].

In this study, agreement between self-report and EMR alone was 62%, compared with 68%, 

89% and 92% agreement reported previously [4, 5]. Agreement between self-report and 

PA-SIIS was 77%, and agreement between self-report and combined EMR, PA-SIIS and 

other sources was 85%.

These agreement values may reflect an increase in vaccination sites available to this study’s 

participants compared with previous studies. For example, this study included a large 

proportion of working age adults who might receive worksite influenza vaccines that we 

were unable to confirm or may reflect the addition of pharmacy vaccination sites that has 

occurred since the licensure of pharmacists as vaccinators. These sites may not routinely 

report vaccinations to the IIS, thus reducing the number of vaccines that can be verified.

If self-report is not a suitable gold standard for influenza vaccination status, is the IIS 

a viable option? Both EMRs and IISs have matured and become more widely used [13] 

over the past two decades. IISs are considered to be less prone to bias than other sources 

because they are population based and are not limited to those who receive vaccines in 

medical settings [12]. However, their level of completeness may determine their usefulness 

for research. Previous studies have examined the completeness of local IISs compared 

with EMRs and their suitability for research. Five studies were identified, all of which 

included only children [23–27]. Completeness ranged from 82% for influenza vaccination 

[26], to 97% [25] and 100% [24] for up-to-date childhood vaccines in clinics that used 

direct electronic transfer of data from the EMR to the IIS. Jackson et al. reported at least 

97% match between the IIS and EMR data for primary data elements including vaccine 

and date of administration [27]. The authors concluded that analyses using IISs should be 

limited to only those variables that are IIS-required because they have high internal validity, 
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completeness and accuracy. A study conducted in Spain in 2011–2012 reported a 31% 

overestimation of influenza vaccination coverage among adults by self-report compared with 

a computerized vaccination registry that was linked to an EMR [28]. Additional barriers to 

accurate record-keeping are identical names for different people or multiple records for the 

same person with slightly or completely different names.

Over four years, we did not find a consistent increase in the influenza vaccination coverage 

reported in PA-SIIS. Influenza vaccination coverage increased significantly in children, 

decreased significantly in older adults, and did not change among working age adults, while 

coverage decreased in white participants and increased in non-white participants. This lack 

of consistent improvement in coverage may again reflect increased use of non-medical office 

vaccination sites that are not required to report to PA-SIIS. Other sources of error may 

be imperfections in bi-directionality of the transfer of vaccination data. We found that the 

transfer from the EMR to PA-SIIS was high, but not so from PA-SIIS to the EMR. This 

disparity may derive from the intricacies of creating interfaces that a) respect patient privacy 

in the EMR; b) allow easy incorporation of IIS data into the EMR; and c) direct the data 

to the appropriate place in the EMR where electronic data searches of immunizations are 

made. Another, potential, factor that may impede data transfer from the IIS to health system 

EMRs is the need to communicate with an assortment of EMR software packages within its 

jurisdictional boundaries. Furthermore, as health systems expand, they may have facilities in 

more than one IIS jurisdiction and therefore have different reporting rules applied to them.

It is also possible that we did not observe increased adult vaccination reporting to PA-SIIS 

over time because it has peaked and will not increase further without changes to state 

laws that mandate adult vaccination reporting by all vaccine administrators, and in other 

jurisdictions, remove opt in/opt out and consent barriers to inclusion in the IIS.

Can the IIS be used as a reliable source of influenza immunization data for research? A 

2013 review of IIS use in public health research found only three VE studies, none of which 

was for influenza [12]. A 2012 study of influenza VE was conducted among children using 

the New York City Immunization Registry. The authors concluded that registry data can be 

used to estimate VE in a pandemic when rapid turnaround in results is needed and the IIS 

is well established [17]. When PA-SIIS was used as the gold standard against the EMR and 

all other sources used for influenza VE studies, agreement between the sources was modest 

indicating that IISs may be acceptable sources of vaccination data for some studies, but 

when high accuracy data are required, self-reported data, verified using multiple sources, 

may be a better choice.

As of 2015, 96% (51) of the 53 IISs in the U.S. were authorized to collect immunization 

data in all age groups, including adults, while only 12 had a mandate to collect adult 

immunization data [16]. Some IIS programs collecting adult immunization data allow adults 

to opt out, or require explicit consent for vaccination data to be transferred to the IIS. 

These stipulations potentially affect the quality and quantity of adult immunization data in 

IISs across the country and may limit their usefulness as the gold standard for vaccination 

information. Other efforts to improve IIS reporting might include IIS reminder information 

included with every vaccine shipment, educational presentations to businesses and agencies 
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that offer vaccination services or host vaccination clinics, and incentives to those groups for 

reporting to the IIS. Organizations such as the Association of Immunization Registries of 

America (AIRA), the National Adult and Influenza Immunization Summit (NAIIS) provide 

resources that promote documentation of immunizations in IISs.

Since these data were collected, we have experienced a coronavirus pandemic that resulted 

in the development of new COVID-19 vaccines. Unlike other adult vaccines, reporting 

of all COVID-19 vaccines is required. This requirement should result in significantly 

better capture of these vaccinations by the IISs. Furthermore, as of this writing, countless 

businesses, agencies and events require proof of vaccination before admission, thus 

enhancing self-report accuracy. Future research comparing PA-SIIS as the gold standard 

for COVID-19 vaccines may demonstrate the value of mandatory vaccine reporting to state 

immunization information systems.

Strengths and Limitations

Data from two influenza VE studies that used nearly identical means to assess self-reported 

vaccination status over four influenza seasons were combined to increase sample size. There 

may have been other sources of data that were not used to confirm self-report because 

the return on the time investment was too low. Research indicates that over 40% of adults 

receive the influenza vaccine in non-medical settings [29]. If reporting of adult and/or 

influenza vaccines is not mandatory for these settings, many self-reported vaccinations 

may not be verified in the IIS. The findings in this study may not be generalizable to all 

locales. For example, some states may have stricter reporting policies which may result 

in higher agreement between self-report and the IIS, or may not include adults at all in 

the IIS. By comparing PA-SIIS influenza vaccine coverage over four years, we found that 

in Pennsylvania, childhood reporting continues to improve, but not adult reporting. The 

interfaces between EMRs and IISs are continually improving and past results may not 

correspond with current functionality.

Conclusions

Both self-report and IIS provide reasonable estimates of actual vaccine uptake. While IISs 

may provide valid and highly accurate reports of childhood influenza vaccinations, their use 

for adult influenza research may be less reliable without reporting mandates. When high 

accuracy data are required, such as for vaccine effectiveness studies, triangulation using 

multiple sources should be conducted.
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Figure 1. 
Sources of vaccination data in study population
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Figure 2a and 2b. 
Percent of self-reported influenza vaccinations captured in PA-SIIS each season by age 

group (2a) and race (2b)
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