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Abstract

Objective: To assess the validity of electronic health record (EHR)-based influenza vaccination
data among adults in a multistate network.

Methods: Following the 2018-2019 and 2019-2020 influenza seasons, surveys were conducted
among a random sample of adults who did or did not appear influenza-vaccinated (per EHR data)
during the influenza season. Participants were asked to report their influenza vaccination status;
self-report was treated as the criterion standard. Results were combined across survey years.

Results: Survey response rate was 44.7% (777 of 1740) for the 2018-2019 influenza season and
40.5% (505 of 1246) for the 2019-2020 influenza season. The sensitivity of EHR-based influenza
vaccination data was 75.0% (95% confidence interval [CI] 68.1, 81.1), specificity 98.4% (95% ClI
92.9, 99.9), and negative predictive value 73.9% (95% CI 68.0, 79.3).

Conclusions: In a multistate research network across two recent influenza seasons, there was

moderate concordance between EHR-based vaccination data and self-report.

Keywords
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1. Introduction

Because of the substantial morbidity and mortality caused by influenza viruses every year in
the United States [1], annual influenza vaccination is recommended for all individuals aged
6 months and older [2]. Achieving high influenza vaccination coverage is a national health
goal [3], and vaccination coverage is closely monitored [4]. Coverage data can be used to
measure adherence with recommendations, identify populations with low coverage, prompt
targeted vaccination campaigns, and guide public health activities [5].

National influenza vaccination coverage in adults is routinely assessed through surveys, such
as the National Health Interview Survey (NHIS) [4], the Behavioral Risk Factor Surveillance
Survey (BRFSS) [6], and Internet panel surveys [7]. While survey-based assessments have
many strengths, and remain the foundation of national coverage surveillance, limitations
exist. Influenza vaccination is determined by self-report, and these platforms are not
designed to verify self-report against provider records [4,6,7]. Respondents may report
influenza vaccination despite not being vaccinated (due to social desirability), may mistake
influenza for another vaccine, or may not recall whether they received the vaccine this
season versus a prior season [8,9]. Survey response rates generally are declining, and
survey-based methods are subject to selection and response biases [10]. Electronic health
record (EHR) [11] and claims [12] data have also been used to assess influenza vaccination
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coverage; however, these data sources may not completely capture vaccines received (e.g.,
vaccines administered in workplaces or pharmacies).

The primary objective of this study was to assess by survey the validity of EHR-based
influenza vaccination data among adults in a multistate research network. A secondary
objective was to determine whether survey respondents differed from non-respondents by
demographic and clinical characteristics.

2. Methods

2.1. Overview

This study was conducted in the Vaccine Safety Datalink (\VVSD), a collaboration between
the Centers for Disease Control and Prevention and 9 large healthcare organizations [13].
After identifying study-eligible adults, we conducted surveys among a random sample who,
according to the EHR, did or did not appear influenza-vaccinated during the influenza
season. Participants were asked to report their influenza vaccination status for the current
season, which was compared with EHR-based vaccination data. We considered self-reported
vaccination as the criterion standard. The Kaiser Permanente (KP) Colorado Institutional
Review Board approved the study, and other study sites ceded oversight to KP Colorado.
Written consent was not required for survey administration; individuals could opt out of
participating by email or telephone.

2.2. Study population

Using EHR and health insurance enrollment data, we identified all adults aged =18 years
enrolled at a VVSD site during the 2018-2019 or 2019-2020 influenza seasons. Study-eligible
adults were required to have continuous health insurance enrollment through the influenza
season. Persons pregnant during the influenza season were excluded because they were
surveyed as part of a separate study [14]. At one VSD site, which provides care to uninsured
as well as insured patients, =1 outpatient visit was used as a proxy for continuous insurance
enrollment. Additionally, we excluded individuals with diagnosis codes for vaccine allergies,
and individuals with presumed vaccine data errors or off-label use (e.g., receipt of a
nonindicated vaccine, such as high-dose influenza vaccine in someone aged <65 years). For
the 2018-2019 survey, 37,232 of 7,925,295 individuals (0.47 %) were excluded for vaccine
allergy or vaccine data errors; for the 2019-2020 survey, 36,856 of 8,288,084 individuals
(0.44 %) were excluded.

After identifying all eligible adults as the sampling frame, we randomly sampled individuals
for survey administration. For each survey year, sampling was stratified by VSD site

and EHR-based influenza vaccination status, with individuals who appeared unvaccinated
oversampled. The total sample was 1740 for the 2018-2019 survey and 1246 for the 2019—
2020 survey. In the 2018-2019 survey, non-Hispanic Black individuals had a lower survey
response rate compared to other racial and ethnic groups; consequently, non-Hispanic Black
individuals were oversampled for the 2019-2020 survey.
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2.3. Survey design and administration

We designed a survey instrument, reviewed it with eight individuals during cognitive
interviews, and revised the instrument accordingly. We based questions on prior published
instruments, using exact wording from prior surveys whenever possible [15,16]. A copy

of the survey instrument is provided as a supplemental file. For the 2018-2019 influenza
season, survey administration began March 15, 2019; for the 2019-2020 influenza season,
surveying began February 18, 2020. Surveys were fielded for 15 weeks total. Participants
received up to three mailed surveys, up to five emails with a unique hyperlink to an internet-
based survey, and up to 2 automated telephone reminders. Outreach stopped after someone
completed the survey or opted out. One VSD site did not permit email or telephone contact
and required that participants receive a pre-survey letter with an opportunity to opt out;
participants at this site received an additional mailed survey. For the 2018-2019 influenza
season, a Spanish-language survey was sent to individuals with an EHR designation of
preferred language Spanish. Because of resource constraints, the 2019-2020 survey was
available in English only. Respondents received a $20 gift card for completing the survey.

2.4. Sources of influenza vaccine data

Vaccination data at VVSD sites are derived from several data sources. Influenza vaccines
ordered and administered within VSD sites represent a high proportion of available records.
Additionally, vaccine data from regional immunization information systems (11S) are added
to a patient’s EHR at 6 VVSD sites [17]; influenza vaccines administered in pharmacies and
workplaces would be integrated into EHR-based vaccination data if the vaccinator submitted
data to a regional I1S.

2.5. Analytic methods

Individuals who provided an answer to the survey question “Since July 1 of [the current
influenza season] have you had a flu vaccination?” were considered respondents. Pearson
chi-squared tests were used to compare respondents to non-respondents. Additionally, we
developed a multivariable logistic regression model to assess factors associated with survey
non-response, while adjusting for VSD site. Self-reported influenza vaccination status was
the criterion standard for all analyses. We accounted for the stratified sampling design,
incorporated a finite population correction, and included inverse probability weighting

for sampling and survey response probabilities. For the 2018-2019 survey, sampling
weights accounted for EHR vaccination status and VSD site; for the 2019-2020 survey,
sampling weights also accounted for the over-sampling of non-Hispanic Black individuals.
Percentages for survey responses and EHR vaccination validity measures were reported with
Clopper-Pearson 95 % confidence intervals [CI]. In the context of this study, sensitivity

was the percentage of individuals with EHR documentation of influenza vaccination, among
all individuals who self-reported influenza vaccination. Finally, because EHR influenza
vaccination status was available for survey respondents and non-respondents, we were able
to estimate the potential survey selection bias. This was assessed by calculating the weighted
percent of individuals influenza-vaccinated (per EHR data) among the full sample minus the
weighted percent vaccinated among survey respondents. We conducted analyses using SAS
version 9.4 (SAS Institute, Inc, Cary, NC).
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3. Results

For the 2018-2019 influenza season, 777 of 1740 participants (44.7 %) responded to the
survey; for the 2019-2020 influenza season, 505 of 1246 participants (40.5 %) responded:;
the response rate was significantly higher for 2018-2019 than for 2019-2020 (p < 0.02).
Combining both survey years, 44.6 % responded by internet and 55.4 % responded by mail.
Survey response rates were lowest among non-Hispanic Black individuals (31.7 % in 2018-
2019, 35.0 % in 2019-2020) and highest among non-Hispanic White individuals (52.4 % in
2018-2019, 51.0 % in 2019-2020). As shown in Table 1, survey respondents differed from
non-respondents by age group, race and ethnicity, presence of a chronic health condition,
and EHR-based influenza vaccination status for the current and prior influenza seasons.

In a multivariable model examining factors associated with survey non-response (Table 2),
non-Hispanic Black race and ethnicity was significantly associated with non-response (both
survey years combined, adjusted odds ratio [aOR] 1.91, 95 % CI 1.10, 3.32) after adjusting
for other factors.

As shown in Table 3, the percent having received influenza vaccine per EHR data was
higher among survey respondents than among the entire sample, suggesting selection bias.
Calculated as an absolute percentage point difference, estimated selection bias was 8.8

% overall. Stratified by race and ethnicity, estimated selection bias was 10.5 % for non-
Hispanic Black individuals and 8.7 % for non-Hispanic White individuals.

Combining results from both survey years, 55.7 % of respondents were not vaccinated for
influenza according to EHR data; 26.1 % of these self-reported that they were vaccinated.
Additionally, 44.3 % of respondents were vaccinated for influenza according to EHR data;
1.5 % of these self-reported that they were unvaccinated. The sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) of EHR-based influenza
vaccination data are presented in Table 4. Of all validity measures calculated, NPV was

the lowest value; NPV for both years combined was 73.9 % (95 % CI 68.0, 79.3). The
validity measures differed by several respondent characteristics (Table 4). For example, the
sensitivity of EHR vaccination data was highest for individuals aged =65 years at 90.4 % (95
% CI 83.0, 95.3) and lowest for individuals aged 18-24 years at 40.7 % (95 % CI 8.6, 80.4).
The level of agreement between EHR-based data and self-report of influenza vaccination
status was moderate (kappa coefficient both years combined 0.70, 95 % CI 0.63, 0.77).

All respondents who self-reported vaccination were asked the location of their vaccination.
For those who were unvaccinated according to EHR data but reported vaccination (EHR
false negatives), 24.5 % were vaccinated in a workplace, 18.1 % in a hospital, and 43.5 %

in a physician’s office, clinic, or health center. In contrast, for those vaccinated according to
EHR data who also self-reported vaccination (EHR true positives), 2.1 % were vaccinated in
a workplace, 26.1 % in a hospital, and 65.3 % in a physician’s office, clinic, or health center.
These data are also shown in Supplemental Table 1.
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4. Discussion

Approximately 49.4 % of adults in the United States received an influenza vaccine during
the 2021-2022 season [6], far below the Healthy People 2030 goal of 70 % coverage

[3]. Efforts are needed to improve influenza vaccination coverage, and accurate coverage
estimates are necessary to help guide these efforts. In a survey of 1282 adults in a
multistate research network, we found moderate agreement between EHR-based influenza
vaccination data and self-report, with high specificity (98.4 %) but lower sensitivity (75.0
%) of EHR-based data compared to self-report. Stratified by age, the sensitivity was highest
among individuals aged =65 years. The NPV of EHR-based influenza vaccination data was
73.9 %, indicating that for respondents who appeared unvaccinated in EHR data, 26.1 %
reported having received influenza vaccine. Vaccination outside the medical home (e.g., in
the workplace or at a pharmacy) may contribute to disagreement between EHR-based data
and self-report.

It is informative to compare these findings to prior studies, particularly studies which
treated self-reported influenza vaccination as the criterion standard. Greene and colleagues
compared EHR-based data to self-report among adults aged 50-70 years following the
2007-2008 influenza season; the NPV of EHR-based influenza vaccination data was 66.6
% [18]. In a study by Sy and colleagues among adults aged 50-79 years, also following

the 2007-2008 season, the NPV of EHR-based influenza vaccination data was 79.5 % [19].
Our study included adults aged =18 years, and age may affect NPV: although confidence
intervals were wide and overlapping, the NPV point estimate was lowest (60.5 %) for adults
aged 18-24 years and highest (84.6 %) for adults aged 50-64 years. It is plausible that
younger adults are more likely to receive vaccines outside their medical home.

Our findings highlight the risk of response bias in survey-based assessments of influenza
vaccination coverage [14]. In weighted analyses, the percent vaccinated per EHR data was
higher among respondents than among the full sample, overall and for non-Hispanic White,
non-Hispanic Black, and non-Hispanic other groups, although estimates were imprecise.
This suggests that the weighting of national survey estimates may not fully mitigate
non-response bias, and national surveys possibly overestimate true influenza vaccination
coverage. However, it is also important to recognize that our survey was introduced

as related to “flu vaccination” whereas other surveys such as NHIS [4] and BRFSS

[10] concern health more broadly, and response bias could differ across different survey
platforms.

In addition to response bias, this study is subject to other limitations. First, self-reported
vaccination was treated as the criterion standard, but respondents could have been
mistaken in their self-report. Second, EHR-derived race and ethnicity data could have
been misclassified. Third, these results largely reflect a pre-pandemic landscape, and the
COVID-19 pandemic may have fundamentally altered what immunization information is
shared across entities. Fourth, the VSD comprises large healthcare organizations caring
for predominantly insured populations [13,20]; results may not be generalizable to other
settings.
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In conclusion, in surveys conducted among adults in a multistate research network
across two recent influenza seasons, there was moderate agreement between EHR-based
vaccination data and self-report, with 26.1 % of respondents who appeared unvaccinated
in EHR data reporting having received influenza vaccine. A possible selection bias was
detected. More accurate assessments of national coverage may be possible by integrating
multiple sources of influenza vaccination data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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