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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% CI 

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.
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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 (VSD), 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 VSD 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 VSD 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 (IIS) are added 

to a patient’s EHR at 6 VSD 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 IIS.

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.

Acknowledgments

The authors Matthew F. Daley, MD, Liza M. Reifler, MPH, and Jo Ann Shoup, PhD had full access to all the data 
in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. The following 
Vaccine Safety Datalink sites participated in this study: Marshfield Clinic, HealthPartners, Denver Health, Kaiser 
Permanente (KP) Washington, KP Northwest, KP Northern California, KP Southern California, and KP Colorado. 
The authors would like to acknowledge Bradley Crane and Stephanie Irving for their contributions to this work.

Funding

The authors disclosed receipt of the following financial support for the research, authorship, and/or publication 
of this article: This research was funded by the Centers for Disease Control and Prevention, through a 
Task Order (contract #200-2012-53582-21454), issued as part of the Vaccine Safety Datalink project (contract 
#200-2012-53582). Co-authors from the Centers for Disease Control and Prevention were involved in design and 
conduct of the study, interpretation of data, and review and approval of the manuscript. This activity was reviewed 
by the Centers for Disease Control and Prevention and was conducted consistent with applicable federal law and 
Centers for Disease Control and Prevention policy. See, for example, 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 
42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

Financial disclosure

Matthew F. Daley, MD: no financial relationships relevant to this article to disclose. Liza M. Reifler, MPH: has 
an immediate family member who owns stock in Merck, Abbott Laboratories, and AstraZeneca. Jo Ann Shoup, 
PhD: no financial relationships relevant to this article to disclose. Jason M. Glanz, PhD: no financial relationships 
relevant to this article to disclose. Bruno J. Lewin, MD, DTMH: no financial relationships relevant to this article 
to disclose. Nicola P. Klein, MD, PhD: has received research support from Sanofi Pasteur, GlaxoSmithKline, Pfizer 
and Merck unrelated to the current study. Elyse O. Kharbanda, MD, MPH: no financial relationships relevant to 
this article to disclose. Huong Q. McLean, PhD, MPH: has received research support from Seqirus unrelated to 
the current study. Simon J. Hambidge, MD, PhD: no financial relationships relevant to this article to disclose. 
Jennifer C. Nelson, PhD: received grant funding as member of the External Safety Advisory Board for Moderna’s 
COVID-19 vaccine program. Allison L. Naleway, PhD: has received research support from Pfizer unrelated to the 
current study. Eric S. Weintraub, MPH: no financial relationships relevant to this article to disclose. Michael M. 
McNeil, MD, MPH: no financial relationships relevant to this article to disclose. Bruno J. Lewin, MD, DTMH: no 
financial relationships relevant to this article to disclose. Hilda Razzaghi, PhD, MSPH: no financial relationships 
relevant to this article to disclose. James A. Singleton, PhD: no financial relationships relevant to this article to 
disclose

Data availability

Data will be made available on request.

Abbreviations:

ACIP Advisory Committee on Immunization Practices

CDC Centers for Disease Control and Prevention

Daley et al. Page 7

Vaccine. Author manuscript; available in PMC 2024 July 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



EHR electronic health records

KP Kaiser Permanente

VSD Vaccine Safety Datalink

References

[1]. Centers for Disease Control and Prevention. Disease burden of flu. Accessed February 13, 2023. 
https://www.cdc.gov/flu/about/burden/index.html.

[2]. Grohskopf LA, Blanton LH, Ferdinands JM, et al. Prevention and control of seasonal influenza 
with vaccines: recommendations of the advisory committee on immunization practices - 
United States, 2022–23 influenza season. MMWRRecomm Rep 2022;71(1):1–28. 10.15585/
mmwr.rr7101a1.

[3]. U.S. Department of Health and Human Services. Healthy People 2030: Vaccination. 
Accessed March 25, 2022. https://health.gov/healthypeople/objectives-and-data/browse-
objectives/vaccination/increase-proportion-people-who-get-flu-vaccine-every-year-iid-09.

[4]. Lu PJ, Hung MC, O’Halloran AC, et al. Seasonal influenza vaccination coverage trends among 
adult populations, U.S., 2010–2016. Am J Prev Med. Oct 2019;57(4):458–469. doi: 10.1016/
j.amepre.2019.04.007. [PubMed: 31473066] 

[5]. National Association of County and City Health Officials. National Influenza Vaccination 
Week - #FightFlu: protecting our adult communities from influenza through vaccination. 
Accessed February 14, 2023. https://www.naccho.org/blog/articles/fightflu-protecting-our-adult-
communities-from-influenza-through-vaccination-naccho.

[6]. Centers for Disease Control and Prevention. Flu vaccination coverage, United States, 
2021–22 influenza season. Accessed February 14, 2023. https://www.cdc.gov/flu/fluvaxview/
coverage-2022estimates.htm.

[7]. Kahn KE, Razzaghi H, Jatlaoui TC, Skoff TH, Ellington SR, Black CL. Flu, Tdap, and COVID-19 
vaccination coverage among pregnant women – United States, April 2022. Accessed February 
14, 2023. https://www.cdc.gov/flu/fluvaxview/pregnant-women-apr2022.htm.

[8]. King JP, McLean HQ, Belongia EA. Validation of self-reported influenza vaccination in the 
current and prior season. Influenza Other Respir Viruses Nov 2018;12(6):808–13. 10.1111/
irv.12593. [PubMed: 30028081] 

[9]. Regan AK, Wesley MG, Gaglani M, et al. Consistency of self-reported and documented 
historical influenza vaccination status of US healthcare workers. Influenza Other Respir Viruses 
2022;16(5):881–90. 10.1111/irv.12988. [PubMed: 35415884] 

[10]. Schneider KL, Clark MA, Rakowski W, Lapane KL. Evaluating the impact of non-response bias 
in the behavioral risk factor surveillance system (BRFSS). J Epidemiol Community Health Apr 
2012;66(4):290–5. 10.1136/jech.2009.103861. [PubMed: 20961872] 

[11]. Groom HC, Henninger ML, Smith N, et al. Influenza vaccination during pregnancy: influenza 
seasons 2002–2012, vaccine safety datalink. Am J Prev Med Apr 2016;50(4):480–8. 10.1016/
j.amepre.2015.08.017. [PubMed: 26526159] 

[12]. Li K, Yu T, Seabury SA, Dor A. Trends and disparities in the utilization of influenza 
vaccines among commercially insured US adults during the COVID-19 pandemic. Vaccine 
2022;40(19):2696–704. 10.1016/j.vaccine.2022.03.058. [PubMed: 35370018] 

[13]. McNeil MM, Gee J, Weintraub ES, et al. The vaccine safety datalink: successes and challenges 
monitoring vaccine safety. Vaccine 2014;32(42):5390–8. 10.1016/j.vaccine.2014.07.073. 
[PubMed: 25108215] 

[14]. Daley MF, Reifler LM, Shoup JA, et al. Influenza vaccination among pregnant women: self-
report compared with vaccination data from electronic health records, 2018–2020 influenza 
seasons. Public Health Rep. Jun 8 2022:333549221099932. doi: 10.1177/00333549221099932.

[15]. Santibanez TA, Kennedy ED. Reasons given for not receiving an influenza vaccination, 2011–12 
influenza season, United States. Vaccine 2016;34(24):2671–8. 10.1016/j.vaccine.2016.04.039. 
[PubMed: 27118168] 

Daley et al. Page 8

Vaccine. Author manuscript; available in PMC 2024 July 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/flu/about/burden/index.html
https://health.gov/healthypeople/objectives-and-data/browse-objectives/vaccination/increase-proportion-people-who-get-flu-vaccine-every-year-iid-09
https://health.gov/healthypeople/objectives-and-data/browse-objectives/vaccination/increase-proportion-people-who-get-flu-vaccine-every-year-iid-09
https://www.naccho.org/blog/articles/fightflu-protecting-our-adult-communities-from-influenza-through-vaccination-naccho
https://www.naccho.org/blog/articles/fightflu-protecting-our-adult-communities-from-influenza-through-vaccination-naccho
https://www.cdc.gov/flu/fluvaxview/coverage-2022estimates.htm
https://www.cdc.gov/flu/fluvaxview/coverage-2022estimates.htm
https://www.cdc.gov/flu/fluvaxview/pregnant-women-apr2022.htm


[16]. Parsons VL, Moriarity C, Jonas K, Moore TF, Davis KE, Tompkins L. Design and estimation for 
the national health interview survey, 2006–2015. Vital Health Stat 2. Apr 2014;(165):1–53.

[17]. Groom HC, Crane B, Naleway AL, et al. Monitoring vaccine safety using the vaccine safety 
datalink: assessing capacity to integrate data from immunization information systems. Vaccine 
2022;40(5):752–6. 10.1016/j.vaccine.2021.12.048. [PubMed: 34980508] 

[18]. Greene SK, Shi P, Dutta-Linn MM, et al. Accuracy of data on influenza vaccination 
status at four Vaccine Safety Datalink sites. Am J Prev Med Dec 2009;37(6):552–5. 10.1016/
j.amepre.2009.08.022. [PubMed: 19944924] 

[19]. Sy LS, Liu IL, Solano Z, et al. Accuracy of influenza vaccination status in a computer-based 
immunization tracking system of a managed care organization. Vaccine 2010;28(32):5254–9. 
10.1016/j.vaccine.2010.05.061. [PubMed: 20554065] 

[20]. Sukumaran L, McCarthy NL, Li R, et al. Demographic characteristics of members of the 
vaccine safety datalink (VSD): a comparison with the United States population. Vaccine 
2015;33(36):4446–50. 10.1016/j.vaccine.2015.07.037. [PubMed: 26209836] 

Daley et al. Page 9

Vaccine. Author manuscript; available in PMC 2024 July 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Daley et al. Page 10

Ta
b

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 r

es
po

nd
en

ts
 a

nd
 n

on
-r

es
po

nd
en

ts
 to

 s
ur

ve
ys

 a
dm

in
is

te
re

d 
to

 a
du

lts
 d

ur
in

g 
th

e 
20

18
–1

9 
an

d 
20

19
–2

0 
in

fl
ue

nz
a 

se
as

on
s,

 V
ac

ci
ne

 S
af

et
y 

D
at

al
in

k.
a,

b

C
ha

ra
ct

er
is

ti
c

20
18

–2
01

9 
re

sp
on

de
nt

s,
 n

 
(%

)
20

18
–2

01
9 

no
n-

re
sp

on
de

nt
s,

 n
 (

%
)

p 
va

lu
ec

20
19

–2
02

0 
re

sp
on

de
nt

s,
 n

 
(%

)
20

19
–2

02
0 

no
n-

re
sp

on
de

nt
s,

 n
 (

%
)

p 
va

lu
ec

To
ta

l
77

7
96

3
50

5
74

1

A
ge

 g
ro

up
 (

yr
s)

 
18

–2
4

67
 (

8.
6)

15
7 

(1
6.

3)
<

0.
00

01
35

 (
6.

9)
11

4 
(1

5.
4)

<
0.

00
01

 
25

–3
4

12
5 

(1
6.

1)
18

4 
(1

9.
1)

85
 (

16
.8

)
14

4 
(1

9.
4)

 
35

–4
9

20
1 

(2
5.

9)
27

8 
(2

8.
9)

12
8 

(2
5.

3)
22

7 
(3

0.
6)

 
50

–6
4

23
2 

(2
9.

9)
25

0 
(2

6.
0)

14
4 

(2
8.

5)
18

5 
(2

5.
0)

 
≥6

5
15

2 
(1

9.
6)

94
 (

9.
8)

11
3 

(2
2.

4)
71

 (
9.

6)

R
ac

e 
an

d 
et

hn
ic

ity
d

 
N

on
-H

is
pa

ni
c 

W
hi

te
49

4 
(6

3.
6)

44
9 

(4
6.

6)
<

0.
00

01
18

2 
(3

6.
0)

17
5 

(2
3.

6)
0.

00
02

 
N

on
-H

is
pa

ni
c 

B
la

ck
33

 (
4.

2)
71

 (
7.

4)
22

6 
(4

4.
8)

42
0 

(5
6.

7)

 
H

is
pa

ni
c

10
9 

(1
4.

0)
19

4 
(2

0.
1)

49
 (

9.
7)

73
 (

9.
9)

 
N

on
-H

is
pa

ni
c 

A
si

an
46

 (
5.

9)
62

 (
6.

4)
14

 (
2.

8)
20

 (
2.

7)

 
N

on
-H

is
pa

ni
c 

ot
he

r
28

 (
3.

6)
35

 (
3.

6)
8 

(1
.6

)
12

 (
1.

6)

 
M

is
si

ng
67

 (
8.

6)
15

2 
(5

.8
)

26
 (

5.
1)

41
 (

5.
5)

C
hr

on
ic

 h
ea

lth
 c

on
di

tio
ne

 
Y

es
23

5 
(3

0.
2)

22
5 

(2
3.

4)
0.

00
12

24
9 

(4
9.

3)
27

3 
(3

6.
8)

<
0.

00
01

 
N

o
54

2 
(6

9.
8)

73
8 

(7
6.

6)
25

6 
(5

0.
7)

46
8 

(6
3.

2)

V
ac

ci
na

te
d 

fo
r 

in
fl

ue
nz

a 
in

 c
ur

re
nt

 s
ea

so
n 

(p
er

 E
H

R
)

 
Y

es
21

2 
(2

7.
3)

13
5 

(1
4.

0)
<

0.
00

01
18

4 
(3

6.
4)

13
8 

(1
8.

6)
<

0.
00

01

 
N

o
56

5 
(7

2.
7)

82
8 

(8
6.

0)
32

1 
(6

3.
6)

60
3 

(8
1.

4)

V
ac

ci
na

te
d 

fo
r 

in
fl

ue
nz

a 
in

 p
ri

or
 s

ea
so

n 
(p

er
 

E
H

R
)

 
Y

es
26

5 
(3

4.
1)

20
9 

(2
1.

7)
<

0.
00

01
20

1 
(3

9.
8)

21
1 

(2
8.

5)
<

0.
00

01

 
N

o
51

2 
(6

5.
9)

75
4 

(7
8.

3)
30

4 
(6

0.
2)

53
0 

(7
1.

5)

A
bb

re
vi

at
io

ns
: E

H
R

, e
le

ct
ro

ni
c 

he
al

th
 r

ec
or

ds
; y

rs
, y

ea
rs

.

a V
ac

ci
ne

 S
af

et
y 

D
at

al
in

k 
si

te
s 

ar
e 

lo
ca

te
d 

in
 M

in
ne

so
ta

, W
is

co
ns

in
, C

ol
or

ad
o,

 C
al

if
or

ni
a,

 O
re

go
n,

 a
nd

 W
as

hi
ng

to
n.

Vaccine. Author manuscript; available in PMC 2024 July 11.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Daley et al. Page 11
b In

di
vi

du
al

s 
un

va
cc

in
at

ed
 f

or
 in

fl
ue

nz
a 

in
 th

e 
cu

rr
en

t s
ea

so
n 

(p
er

 E
H

R
) 

w
er

e 
ov

er
sa

m
pl

ed
 in

 b
ot

h 
su

rv
ey

 y
ea

rs
; i

nd
iv

id
ua

ls
 o

f 
no

n-
H

is
pa

ni
c 

B
la

ck
 r

ac
e 

an
d 

et
hn

ic
ity

 w
er

e 
ov

er
sa

m
pl

ed
 f

or
 th

e 
20

19
–2

02
0 

su
rv

ey
.

c Pe
ar

so
n 

ch
i-

sq
ua

re
 te

st
, w

ith
 p

 <
 0

.0
5 

co
ns

id
er

ed
 s

ig
ni

fi
ca

nt
.

d Fo
r 

re
sp

on
de

nt
s 

an
d 

no
n-

re
sp

on
de

nt
s,

 d
at

a 
re

ga
rd

in
g 

ra
ce

 a
nd

 e
th

ni
ci

ty
 w

er
e 

ob
ta

in
ed

 f
ro

m
 E

H
R

 d
at

a.

e C
hr

on
ic

 h
ea

lth
 c

on
di

tio
ns

 n
ot

 r
el

at
ed

 to
 p

re
gn

an
cy

 w
hi

ch
 in

cr
ea

se
d 

ri
sk

 o
f 

in
fl

ue
nz

a-
re

la
te

d 
m

or
bi

di
ty

 a
nd

 m
or

ta
lit

y 
w

er
e 

id
en

tif
ie

d 
fr

om
 E

H
R

 e
nc

ou
nt

er
s 

us
in

g 
In

te
rn

at
io

na
l C

la
ss

if
ic

at
io

n 
of

 D
is

ea
se

s,
 

10
th

 R
ev

is
io

n 
di

ag
no

se
s 

co
de

s.

Vaccine. Author manuscript; available in PMC 2024 July 11.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Daley et al. Page 12

Ta
b

le
 2

M
ul

tiv
ar

ia
bl

e 
an

al
ys

es
 o

f 
ch

ar
ac

te
ri

st
ic

s 
as

so
ci

at
ed

 w
ith

 n
ot

 r
es

po
nd

in
g 

to
 in

fl
ue

nz
a 

va
cc

in
at

io
n 

su
rv

ey
s 

du
ri

ng
 th

e 
20

18
–1

9 
an

d 
20

19
–2

0 
in

fl
ue

nz
a 

se
as

on
s,

 V
ac

ci
ne

 S
af

et
y 

D
at

al
in

k.
a,

b

C
ha

ra
ct

er
is

ti
c

20
18

–2
01

9 
in

fl
ue

nz
a 

se
as

on
, a

O
R

 (
95

 %
 C

I)
c

20
19

–2
02

0 
in

fl
ue

nz
a 

se
as

on
, a

O
R

 (
95

 %
 C

I)
c

B
ot

h 
se

as
on

s 
co

m
bi

ne
d,

 a
O

R
 (

95
 %

 C
I)

c

A
ge

 g
ro

up
 (

yr
s)

 
18

–2
4

R
ef

R
ef

R
ef

 
25

–3
4

0.
44

 (
0.

22
, 0

.8
6)

0.
32

 (
0.

11
, 0

.9
7)

0.
38

 (
0.

19
, 0

.7
7)

 
35

–4
9

0.
61

 (
0.

32
, 1

.1
5)

0.
61

 (
0.

20
, 1

.8
0)

0.
63

 (
0.

32
, 1

.2
5)

 
50

–6
4

0.
63

 (
0.

34
, 1

.1
7)

0.
40

 (
0.

13
, 1

.2
3)

0.
52

 (
0.

27
, 1

.0
3)

 
≥6

5
0.

27
 (

0.
12

, 0
.5

9)
0.

27
 (

0.
07

, 1
.0

5)
0.

28
 (

0.
12

, 0
.6

2)

R
ac

e 
an

d 
et

hn
ic

ity
d

 
N

on
-H

is
pa

ni
c 

W
hi

te
R

ef
R

ef
R

ef

 
N

on
-H

is
pa

ni
c 

B
la

ck
2.

42
 (

1.
01

, 5
.7

6)
1.

43
 (

0.
79

, 2
.5

9)
1.

91
 (

1.
10

, 3
.3

2)

 
H

is
pa

ni
c

1.
51

 (
0.

90
, 2

.5
5)

0.
94

 (
0.

43
, 2

.0
4)

1.
19

 (
0.

74
, 1

.9
3)

 
N

on
-H

is
pa

ni
c 

A
si

an
1.

51
 (

0.
75

, 3
.0

3)
1.

30
 (

0.
43

, 3
.9

0)
1.

45
 (

0.
74

, 2
.8

3)

 
N

on
-H

is
pa

ni
c 

ot
he

r
2.

16
 (

0.
82

, 5
.6

9)
0.

63
 (

0.
18

, 2
.2

5)
1.

17
 (

0.
53

, 2
.5

9)

 
M

is
si

ng
1.

58
 (

0.
86

, 2
.9

1)
1.

56
 (

0.
51

, 4
.8

1)
1.

59
 (

0.
87

, 2
.8

8)

C
hr

on
ic

 h
ea

lth
 c

on
di

tio
ne

 
Y

es
R

ef
R

ef
R

ef

 
N

o
1.

05
 (

0.
65

, 1
.7

0)
1.

15
 (

0.
62

, 2
.1

2)
1.

08
 (

0.
73

, 1
.6

1)

V
ac

ci
na

te
d 

fo
r 

in
fl

ue
nz

a 
in

 c
ur

re
nt

 s
ea

so
n 

(p
er

 E
H

R
)

 
Y

es
R

ef
R

ef
R

ef

 
N

o
1.

69
 (

1.
03

, 2
.7

9)
1.

37
 (

0.
64

, 2
.9

4)
1.

49
 (

0.
97

, 2
.3

0)

V
ac

ci
na

te
d 

fo
r 

in
fl

ue
nz

a 
in

 p
ri

or
 s

ea
so

n 
(p

er
 E

H
R

)

 
Y

es
R

ef
R

ef
R

ef

 
N

o
1.

11
 (

0.
68

, 1
.8

2)
1.

24
 (

0.
62

, 2
.4

8)
1.

13
 (

0.
75

, 1
.7

2)

A
bb

re
vi

at
io

ns
: a

O
R

, a
dj

us
te

d 
od

ds
 r

at
io

; C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; E
H

R
, e

le
ct

ro
ni

c 
he

al
th

 r
ec

or
ds

; R
ef

, r
ef

er
en

t c
at

eg
or

y.

a V
ac

ci
ne

 S
af

et
y 

D
at

al
in

k 
si

te
s 

ar
e 

lo
ca

te
d 

in
 M

in
ne

so
ta

, W
is

co
ns

in
, C

ol
or

ad
o,

 C
al

if
or

ni
a,

 O
re

go
n,

 a
nd

 W
as

hi
ng

to
n.

b In
di

vi
du

al
s 

un
va

cc
in

at
ed

 f
or

 in
fl

ue
nz

a 
in

 th
e 

cu
rr

en
t s

ea
so

n 
(p

er
 E

H
R

) 
w

er
e 

ov
er

sa
m

pl
ed

 in
 b

ot
h 

su
rv

ey
 y

ea
rs

; i
nd

iv
id

ua
ls

 o
f 

no
n-

H
is

pa
ni

c 
B

la
ck

 r
ac

e 
an

d 
et

hn
ic

ity
 w

er
e 

ov
er

sa
m

pl
ed

 f
or

 th
e 

20
19

–2
02

0 
su

rv
ey

.

Vaccine. Author manuscript; available in PMC 2024 July 11.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Daley et al. Page 13
c E

ac
h 

co
lu

m
n 

re
pr

es
en

ts
 a

 s
ep

ar
at

e 
m

ul
tiv

ar
ia

bl
e 

re
gr

es
si

on
 m

od
el

; m
od

el
s 

w
er

e 
ad

ju
st

ed
 f

or
 a

ll 
va

ri
ab

le
s 

lis
te

d 
an

d 
V

SD
 s

ite
.

d Fo
r 

re
sp

on
de

nt
s 

an
d 

no
n-

re
sp

on
de

nt
s,

 d
at

a 
re

ga
rd

in
g 

ra
ce

 a
nd

 e
th

ni
ci

ty
 w

er
e 

ob
ta

in
ed

 f
ro

m
 E

H
R

 d
at

a.

e C
hr

on
ic

 h
ea

lth
 c

on
di

tio
ns

 n
ot

 r
el

at
ed

 to
 p

re
gn

an
cy

 w
hi

ch
 in

cr
ea

se
d 

ri
sk

 o
f 

in
fl

ue
nz

a-
re

la
te

d 
m

or
bi

di
ty

 a
nd

 m
or

ta
lit

y 
w

er
e 

id
en

tif
ie

d 
fr

om
 E

H
R

 e
nc

ou
nt

er
s 

us
in

g 
In

te
rn

at
io

na
l C

la
ss

if
ic

at
io

n 
of

 D
is

ea
se

s,
 

10
th

 R
ev

is
io

n 
di

ag
no

se
s 

co
de

s.

Vaccine. Author manuscript; available in PMC 2024 July 11.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Daley et al. Page 14

Ta
b

le
 3

T
he

 p
er

ce
nt

 w
ho

 r
ec

ei
ve

d 
in

fl
ue

nz
a 

va
cc

in
e 

pe
r 

E
H

R
 d

at
a,

 c
om

pa
ri

ng
 f

ul
l s

am
pl

e 
to

 s
ur

ve
y 

re
sp

on
de

nt
s.

a

F
ul

l s
am

pl
e 

w
ei

gh
te

d 
pe

rc
en

t 
va

cc
in

at
ed

95
 %

 C
I

Su
rv

ey
 r

es
po

nd
en

ts
, w

ei
gh

te
d 

pe
rc

en
t 

va
cc

in
at

ed
95

 %
 C

I
A

bs
ol

ut
e 

di
ff

er
en

ce
 (

es
ti

m
at

ed
 

se
le

ct
io

n 
bi

as
)

Y
ea

r 
1 

su
rv

ey
 (

20
18

–2
01

9)
45

.3
40

.5
, 5

0.
0

54
.7

48
.2

, 6
1.

1
9.

4

Y
ea

r 
2 

su
rv

ey
 (

20
19

–2
02

0)
43

.4
36

.1
, 5

1.
0

51
.5

41
.1

, 6
1.

9
8.

1

Y
ea

rs
 1

 a
nd

 2
 c

om
bi

ne
d

44
.3

39
.9

, 4
8.

8
53

.1
46

.9
, 5

9.
1

8.
8

Y
ea

rs
 1

 a
nd

 2
 c

om
bi

ne
d,

 s
tr

at
if

ie
d 

by
 r

ac
e 

an
d 

et
hn

ic
ity

b

 
N

on
-H

is
pa

ni
c 

W
hi

te
51

.6
45

.2
, 5

7.
9

60
.3

52
.3

, 6
7.

9
8.

7

 
N

on
-H

is
pa

ni
c 

B
la

ck
43

.4
32

.6
, 5

4.
7

53
.9

37
.4

, 6
9.

7
10

.5

 
H

is
pa

ni
c

27
.1

18
.5

, 3
7.

2
26

.2
13

.7
, 4

2.
4

−
0.

9

 
N

on
-H

is
pa

ni
c 

ot
he

r
46

.8
37

.7
, 5

6.
0

59
.3

45
.9

, 7
1.

7
12

.5

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; E

H
R

, e
le

ct
ro

ni
c 

he
al

th
 r

ec
or

d.

a A
na

ly
se

s 
ac

co
un

te
d 

fo
r 

th
e 

st
ra

tif
ie

d 
sa

m
pl

in
g 

de
si

gn
, i

nc
or

po
ra

te
d 

a 
fi

ni
te

 p
op

ul
at

io
n 

co
rr

ec
tio

n,
 a

nd
 in

cl
ud

ed
 in

ve
rs

e 
pr

ob
ab

ili
ty

 w
ei

gh
tin

g 
fo

r 
sa

m
pl

in
g 

an
d 

su
rv

ey
 r

es
po

ns
e 

pr
ob

ab
ili

tie
s.

b Fo
r 

re
sp

on
de

nt
s 

an
d 

no
n-

re
sp

on
de

nt
s,

 d
at

a 
re

ga
rd

in
g 

ra
ce

 a
nd

 e
th

ni
ci

ty
 w

er
e 

ob
ta

in
ed

 f
ro

m
 E

H
R

 d
at

a.

Vaccine. Author manuscript; available in PMC 2024 July 11.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Daley et al. Page 15

Ta
b

le
 4

Se
ns

iti
vi

ty
, s

pe
ci

fi
ci

ty
, p

os
iti

ve
 a

nd
 n

eg
at

iv
e 

pr
ed

ic
tiv

e 
va

lu
es

, a
nd

 k
ap

pa
 o

f 
el

ec
tr

on
ic

 h
ea

lth
 r

ec
or

d 
do

cu
m

en
ta

tio
n 

of
 in

fl
ue

nz
a 

va
cc

in
at

io
n 

co
m

pa
re

d 
to

 

se
lf

-r
ep

or
te

d 
va

cc
in

at
io

n 
st

at
us

, 2
01

8–
19

 a
nd

 2
01

9–
20

 in
fl

ue
nz

a 
se

as
on

s.
a,

b

C
ha

ra
ct

er
is

ti
c

n
Se

ns
it

iv
it

y,
 %

 (
95

 %
 C

I)
c

Sp
ec

if
ic

it
y,

 %
 (

95
 %

 C
I)

c
P

os
it

iv
e 

pr
ed

ic
ti

ve
 v

al
ue

, 
%

 (
95

 %
 C

I)
c

N
eg

at
iv

e 
pr

ed
ic

ti
ve

 v
al

ue
, 

%
 (

95
 %

 C
I)

c
K

ap
pa

 c
oe

ff
ic

ie
nt

 (
95

 %
 

C
I)

d

Y
ea

r 
1 

su
rv

ey
 (

20
18

–1
9)

77
7

79
.0

 (
72

.2
, 8

4.
8)

97
.0

 (
86

.7
, 9

9.
8)

97
.0

 (
86

.8
, 9

9.
8)

78
.7

 (
72

.9
, 8

3.
7)

0.
74

 (
0.

66
, 0

.8
2)

Y
ea

r 
2 

su
rv

ey
 (

20
19

–2
0)

50
5

71
.6

 (
59

.4
, 8

1.
8)

99
.9

 (
98

.2
, 1

00
.0

)
99

.9
 (

97
.8

, 1
00

.0
)

69
.5

 (
59

.2
, 7

8.
6)

0.
66

 (
0.

55
, 0

.7
8)

Y
ea

rs
 1

 a
nd

 2
 c

om
bi

ne
d

12
82

75
.0

 (
68

.1
, 8

1.
1)

98
.4

 (
92

.9
, 9

9.
9)

98
.5

 (
93

.3
, 9

9.
9)

73
.9

 (
68

.0
, 7

9.
3)

0.
70

 (
0.

63
, 0

.7
7)

Y
ea

rs
 1

 a
nd

 2
 c

om
bi

ne
d,

 b
y 

sp
ec

if
ic

 
st

ra
ta

A
ge

 g
ro

up
 (

yr
s)

 
18

–2
4

10
2

40
.7

 (
8.

6,
 8

0.
4)

97
.9

 (
89

.0
, 9

9.
9)

95
.4

 (
72

.1
, 1

00
.0

)
60

.5
 (

39
.3

, 7
9.

1)
0.

38
 (

0.
02

, 0
.7

4)

 
25

–3
4

21
0

58
.3

 (
33

.7
, 8

0.
2)

99
.9

 (
96

.9
, 1

00
.0

)
99

.8
 (

90
.1

, 1
00

.0
)

76
.0

 (
62

.3
, 8

6.
7)

0.
61

 (
0.

39
, 0

.8
4)

 
35

–4
9

32
9

57
.1

 (
40

.3
, 7

2.
8)

99
.7

 (
97

.4
, 1

00
.0

)
99

.6
 (

94
.4

, 1
00

.0
)

68
.4

 (
55

.9
, 7

9.
2)

0.
56

 (
0.

41
, 0

.7
1)

 
50

–6
4

37
6

86
.0

 (
75

.8
, 9

3.
1)

94
.8

 (
75

.1
, 9

9.
8)

95
.3

 (
77

.2
, 9

9.
9)

84
.6

 (
75

.1
, 9

1.
5)

0.
80

 (
0.

68
, 0

.9
2)

 
≥6

5
26

5
90

.4
 (

83
.0

, 9
5.

3)
10

0.
0 

(N
A

)
10

0.
0 

(N
A

)
73

.6
 (

58
.1

, 8
5.

7)
0.

80
 (

0.
68

, 0
.9

2)

R
ac

e 
an

d 
et

hn
ic

ity
e

 
N

on
-H

is
pa

ni
c 

W
hi

te
67

6
84

.1
 (

76
.3

, 9
0.

2)
99

.8
 (

98
.6

, 1
00

.0
)

99
.9

 (
98

.0
, 1

00
.0

)
80

.3
 (

72
.2

, 8
6.

9)
0.

81
 (

0.
74

, 0
.8

7)

 
N

on
-H

is
pa

ni
c 

B
la

ck
25

9
83

.6
 (

69
.5

, 9
3.

0)
99

.9
 (

96
.5

, 1
00

.0
)

99
.9

 (
96

.7
, 1

00
.0

)
85

.2
 (

76
.0

, 9
2.

0)
0.

83
 (

0.
72

, 0
.9

4)

 
H

is
pa

ni
c

15
8

43
.2

 (
23

.5
, 6

4.
7)

10
0.

0 
(9

5.
7,

 1
00

.0
)

99
.9

 (
86

.0
, 1

00
.0

)
67

.3
 (

54
.0

, 7
8.

8)
0.

45
 (

0.
25

, 0
.6

5)

 
N

on
-H

is
pa

ni
c 

A
si

an
60

74
.5

 (
53

.7
, 8

9.
4)

10
0.

0 
(N

A
)

10
0.

0 
(N

A
)

51
.2

 (
28

.8
, 7

3.
3)

0.
55

 (
0.

31
, 0

.7
9)

 
N

on
-H

is
pa

ni
c 

ot
he

r
36

96
.1

 (
75

.9
, 1

00
.0

)
10

0.
0 

(N
A

)
10

0.
0 

(N
A

)
92

.8
 (

75
.0

, 9
9.

2)
0.

94
 (

0.
85

, 1
.0

0)

 
M

is
si

ng
93

60
.8

 (
33

.8
, 8

3.
6)

85
.2

 (
49

.3
, 9

9.
0)

75
.1

 (
31

.6
, 9

7.
6)

74
.8

 (
54

.9
, 8

9.
2)

0.
47

 (
0.

14
, 0

.8
0)

C
hr

on
ic

 h
ea

lth
 c

on
di

tio
nf

 
Y

es
48

4
85

.0
 (

76
.9

, 9
1.

1)
95

.2
 (

77
.7

, 9
9.

8)
97

.8
 (

88
.9

, 9
9.

9)
71

.8
 (

60
.2

, 8
1.

5)
0.

73
 (

0.
62

, 0
.8

4)

 
N

o
79

8
63

.6
 (

52
.6

, 7
3.

6)
99

.7
 (

98
.7

, 1
00

.0
)

99
.5

 (
97

.2
, 1

00
.0

)
74

.9
 (

67
.6

, 8
1.

2)
0.

64
 (

0.
54

, 0
.7

5)

V
ac

ci
na

te
d 

fo
r 

in
fl

ue
nz

a 
in

 p
ri

or
 

se
as

on
 (

pe
r 

E
H

R
)

 
Y

es
46

6
85

.3
 (

78
.1

, 9
0.

9)
10

0.
0 

(N
A

)
10

0.
0 

(N
A

)
44

.7
 (

30
.6

, 5
9.

4)
0.

55
 (

0.
40

, 0
.7

0)

 
N

o
81

6
52

.5
 (

38
.8

, 6
6.

0)
98

.2
 (

92
.0

, 9
9.

9)
93

.3
 (

73
.8

, 9
9.

6)
80

.8
 (

74
.7

, 8
6.

0)
0.

57
 (

0.
45

, 0
.6

9)

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; E

H
R

, e
le

ct
ro

ni
c 

he
al

th
 r

ec
or

ds
; n

, n
um

be
r;

 N
A

, n
ot

 a
pp

lic
ab

le
; y

rs
, y

ea
rs

.

a Se
lf

-r
ep

or
te

d 
va

cc
in

at
io

n 
st

at
us

 tr
ea

te
d 

as
 th

e 
cr

ite
ri

on
 s

ta
nd

ar
d.

Vaccine. Author manuscript; available in PMC 2024 July 11.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Daley et al. Page 16
b M

ea
su

re
d 

po
in

t e
st

im
at

es
 a

nd
 c

on
fi

de
nc

e 
in

te
rv

al
s 

ac
co

un
t f

or
 s

am
pl

e 
de

si
gn

 s
tr

at
a,

 s
am

pl
e 

an
d 

re
sp

on
se

 w
ei

gh
ts

, a
nd

 f
in

ite
 p

op
ul

at
io

n 
co

rr
ec

tio
n.

c C
on

fi
de

nc
e 

in
te

rv
al

s 
es

tim
at

ed
 b

y 
C

lo
pp

er
-P

ea
rs

on
 m

et
ho

ds
.

d K
ap

pa
 a

nd
 a

ss
oc

ia
te

d 
co

nf
id

en
ce

 in
te

rv
al

s 
es

tim
at

ed
 w

ith
 b

oo
ts

tr
ap

 r
ep

lic
at

io
n 

va
ri

an
ce

 e
st

im
at

io
n.

e D
at

a 
re

ga
rd

in
g 

ra
ce

 a
nd

 e
th

ni
ci

ty
 w

er
e 

ob
ta

in
ed

 f
ro

m
 E

H
R

.

f C
hr

on
ic

 h
ea

lth
 c

on
di

tio
ns

 n
ot

 r
el

at
ed

 to
 p

re
gn

an
cy

 w
hi

ch
 in

cr
ea

se
d 

ri
sk

 o
f 

in
fl

ue
nz

a-
re

la
te

d 
m

or
bi

di
ty

 a
nd

 m
or

ta
lit

y 
w

er
e 

id
en

tif
ie

d 
fr

om
 E

H
R

 e
nc

ou
nt

er
s 

us
in

g 
In

te
rn

at
io

na
l C

la
ss

if
ic

at
io

n 
of

 D
is

ea
se

s,
 

10
th

 R
ev

is
io

n 
di

ag
no

se
s 

co
de

s.

Vaccine. Author manuscript; available in PMC 2024 July 11.


	Abstract
	Introduction
	Methods
	Overview
	Study population
	Survey design and administration
	Sources of influenza vaccine data
	Analytic methods

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4

