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Objectives: Little is known about how the coronavirus disease 2019 (COVID-19) pandemic affected influ-
enza vaccine utilization and disparities. We sought to estimate changes in the likelihood of receiving an
influenza vaccine across different demographic subgroups during the COVID-19 pandemic.
Methods: In this cohort study, we analyzed influenza vaccine uptake from 2019 to 2020 using Optum
commercial insurance claims data. Eligible individuals were aged 18 or above in 2018 and continuously
enrolled from 08/01/2018 through 12/31/2020. Multivariable logistic regressions were fitted for the
individual-level influenza vaccine uptake. Adjusting for demographic factors and medical histories, we
estimated probabilities of receiving influenza vaccines before and after the COVID-19 pandemic across
demographic subgroups.
Results: From August to December 2019, unadjusted influenza vaccination rate was 42.3%, while in the
same period of 2020, the vaccination rate increased to 45.9%. Females had a higher vaccination rate in
2019 (OR: 1.16, 95% CI 1.15–1.16), but the increase was larger for males. Blacks and Hispanics had lower
vaccination rates relative to whites in both flu seasons. Hispanics showed a greater increase in vaccina-
tion rate, increasing by 7.8 percentage points (p < .001) compared to 4.4 (p < .001) for whites. The vac-
cination rate for Blacks increased by 5.2 percentage points (p < .001). All income groups experienced
vaccination improvements, but poorer individuals had lower vaccination rates in both seasons. The most
profound disparities occurred when educational cohort were considered. The vaccination rate increased
among college-educated enrollees by 8.8 percentage points (p < .001) during the pandemic compared to
an increase of 2.8 percentage points (p < .001) for enrollees with less than a 12th grade education. Past
influenza infections or vaccination increased the likelihood of vaccination (p < .001).
Conclusions: The COVID-19 pandemic was associated with increased influenza vaccine utilization.
Disparities persisted but narrowed with respect to gender and race but worsened with respect to income
and educational attainment.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

Influenza vaccination is one of the most widely recommended
preventative measures against influenza-related illness and death
[1]. Although the effectiveness of influenza vaccines has been well
established, vaccination rate remains low in US. Only an estimated
48.4% of US adults received an influenza vaccine in the 2019–2020
flu season [2]. Furthermore, disparities in influenza immunization
persist. Vaccination rates for Black and Hispanic adults (41.2% and
38.3%) were lower than the national average [2]. Gender, poverty,
and educational level also contributed to low influenza vaccine
uptake [3,4]. Given that racial and ethnic minorities also had
higher rates of influenza-related hospitalization and death than
non-Hispanic White individuals, socio-demographic disparities in
vaccination rates may enlarge existing disparities in adverse health
outcomes from influenza-related illness [5].

Low influenza vaccination rates and their disparities in rates
were of great concerns during the coronavirus disease 2019
(COVID-19) pandemic, given the prospect of a potential twindemic
of influenza and COVID-19 [6]. To avoid this, there were significant
efforts to promote influenza vaccine uptake in 2020 [7,8]. The Cen-
ters for Disease Control and Prevention (CDC) took steps to
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increase the availability of vaccines and conducted extensive edu-
cational outreach activities [9]. In addition to external efforts, it
was anticipated living in a pandemic itself would also raise peo-
ple’s awareness of influenza and other respiratory diseases, and
lead to higher influenza vaccine uptake [10]. On the other hand,
healthcare utilization in general declined dramatically during the
pandemic in US [11–13]. Most non-influenza immunizations
decreased by 60 percent in mid-April in 2020 but rebounded by
October, compared with 2019 [14]. It is possible that influenza vac-
cinations may have experienced a similar pattern, owing to the
implementation of COVID-19 mitigation measures, reduced influ-
enza prevalence, and concerns about potential COVID-19 exposure
in the healthcare settings [15–17]. These factors also raised con-
cerns that existing disparities in influenza vaccinations would be
exacerbated [6]. Additionally, the COVID-19 pandemic has dispro-
portionally affected non-Hispanic Black and Hispanic individuals,
revealing that racial/ethnic minorities historically suffered from
lack of healthcare resources and bore higher risks of infection
due to socioeconomic status [18–22]. Understanding how the pan-
demic affected utilization of preventive measures across different
socioeconomic groups is an important step to predict long-term
effects of the COVID-19 pandemic on health outcomes, especially
for vulnerable populations.

Identifying how the COVID-19 pandemic affected influenza vac-
cination will help with understanding individuals’ behavior during
the pandemic, evaluating the effectiveness of vaccine-related cam-
paigns, and addressing gaps between different socio-demographic
groups. Existing pilot studies have to date provided mixed findings.
Whereas some analyses found that influenza vaccination intention
and uptake among adults in the 2020–21 flu season was higher
than the previous season [15,23,24], a recent study found that
the COVID-19 pandemic exacerbated polarization in attitudes
towards vaccination rather than motivating parents to vaccinate
their children against influenza [25]. These studies were generally
based on small samples of self-reported survey data and have not
been validated with national claims data.

In this study, we used a national database of private medical
claims to quantify rates of influenza vaccination before and during
the COVID-19 pandemic. We examined changes in individual influ-
enza vaccine uptake during the 2019–20 and 2020–21 flu seasons
across different socio-demographic groups to investigate how dif-
ferent socioeconomic groups responded to the pandemic in terms
of their measurable behavior against the risk of influenza, and to
assess whether the pandemic lessened or worsened disparities in
vaccine uptake.
2. Methods

2.1. Data source and patient selection

This retrospective cohort study utilized de-identified commer-
cial and Medicare Advantage administrative claims data from the
Optum Clinformatics� Data Mart, a national database comprised
of administrative health claims for members of a large national
managed care company in all 50 US states and District of Columbia.
The database contains complete health care events for enrollees
covered with both medical and prescription drug coverage. All
administrative claims were verified, adjudicate, adjusted, and de-
identified by Optum.

The study included all patients in the database that were con-
tinuously enrolled from August 1, 2018 through December 31,
2020 and aged 18 years or above in 2018. Because influenza vac-
cine distribution generally begins in August, we constructed flu
seasons to span from August 1 of the current year to July 31 of
the next year [26,27]. As data from January 1, 2021 to July 31,
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2021 are not yet available and more than 95% of influenza vaccina-
tions were administered before December 31, 2020 [24], those who
received influenza vaccines from January to July in 2020 were
excluded in the analysis. Hence the identification period was
August 1–December 31 for each flu season. An additional year of
continuous enrollment was required for each flu season to obtain
medical history information. The continuous enrollment require-
ment also reduced the potential confounding effect of COVID-
related unemployment and related change in insurance status.

The proclamation of a national public health emergency due to
COVID-19 was introduced in March 2020 [28]. Therefore, the pre-
pandemic period consisted of the 5 months from August 1 through
December 31, 2019 (2019–20 flu season) and the ‘‘pandemic” per-
iod consisted of the 5 months from August 1 through December 31,
2020 (2020–21 flu season). Finally, we excluded individuals with
missing data for any of the demographic variables to further ensure
the homogeneity of our study population across years (Fig. 1).

2.2. Measures

2.2.1. Outcome Variable: Influenza vaccine uptake
We identified influenza vaccine uptake at the individual level

for each flu season based on the CPT administration code (Appen-
dix A) in the medical claims or the National Drug Code (NDC) in the
pharmacy claims [29,30]. The service date of the vaccination was
defined as the date of the first influenza-vaccine-related claim in
the flu season. Individuals who did not receive an influenza vaccine
in a flu season were coded as non-uptake. Therefore, each individ-
ual had up to one uptake event for each flu season. The place of ser-
vice (physician medical office, pharmacy, or other) for the uptake
was also recorded.

2.2.2. Covariates
We obtained demographic characteristics, including age in

2018, gender, race/ethnicity, educational level, and household
income level. The socioeconomic status (SES) data were based on
the application of proprietary analytic and demographic models
by Optum Insight to Census data linked to additional sources. Only
the most recent education and household income were reported in
the dataset and used in our analysis.

Influenza history and influenza vaccination history have been
found to be important predictors of influenza vaccine uptake
[27,31,32]. We obtained influenza and influenza vaccination in
the previous flu season using corresponding ICD-10-CM codes,
CPT administration codes, and NDCs (Appendix A).

2.3. Statistical analysis

All analyses were conducted using SAS software version 9.4
(SAS Institute, Cary, NC). GNU Image Manipulation Program (GIMP)
and Microsoft Excel were also used for figure generation. All study
variables were analyzed descriptively. Unadjusted vaccination
rates by demographic characteristics and flu season were calcu-
lated. Cumulative counts of influenza vaccine uptake for every
7 days after August 1 in both flu seasons were computed. We con-
ducted trend analysis based on the percent change in cumulative
influenza vaccine uptake (Appendix B).

We ran a logistic regression model to examine the association of
individual influenza vaccine uptake with age, sex, race/ethnicity,
education, household income, being diagnosed with influenza in
the previous year, receiving the influenza vaccine in the previous
year, and being in the COVID pandemic. As a sensitivity check, a
similar model without the COVID indicator was also employed
for 2019 and 2020 separately. Finally, we added interaction terms
between the COVID indicator and all other variables of interest to
the logistic regression model to evaluate the impact of COVID on



Fig. 1. Patient Selection and Attrition.
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influenza vaccine uptake for different demographic groups. Pre-
dicted probabilities of getting flu vaccine were calculated for each
subgroup (Appendix C). We predicted probabilities of vaccination
based on demographic distributions of both our analytical sample
and the US population obtained from the 2019 American Commu-
nity Survey (ACS). Given the strong similarity between the two sets
of predictions, we opted to represent our main results based on
distributions of our analytical sample. In all analyses, P values
�0.05 were considered to indicate statistical significance and
hypothesis tests were two-sided.
3. Results

Compared to individuals not included in the analyses due to
missing demographic information, individuals with complete
demographic information in our analyses were more likely to be
non-Hispanic White individuals, more likely to be aged 65 years
or above in 2018, less likely to have higher annual household
income, and more likely to have an educational attainment
between a high school diploma and bachelor’s degree (Appendix
D). Descriptive statistics for the 5,539,431 unique commercially
insured individuals were provided in Table 1. In our analytical
sample, 2,972,875 (53.7%) were women, 4,060,893 (73.3%) were
non-Hispanic White individuals, 1,248,051 (22.5%) had annual
household income less than $40,000, and 1,113,895 (20.1%) had a
bachelor or higher degree. Ages in 2018 ranged from 18 to 88 years,
with a mean (SD) age of 59.3 (18.7) years. Compared to the general
US adult population, commercially insured individuals included in
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our analyses were more likely to be non-Hispanic White individu-
als, aged 65 years or above in 2018, have annual household
incomes above $100,000, have an educational attainment between
a high school diploma and bachelor’s degree (Table 1).

In 2019–2020, 54.6% doses were administered at physician
offices and 38.7% were administered at pharmacies, whereas in
2020–2021, 48.0% were administered at physician offices and
46.3% were administered at pharmacies. Other settings of influenza
vaccination included hospital outpatient departments and mass
immunization centers.

Unadjusted influenza vaccination rate increased from 42.3% in
the 2019–20 flu season to 45.9% in the 2020–21 flu season
(Table 2). Fig. 2 shows the percent change in cumulative influenza
vaccine uptake from August 1, 2020, compared to 2019. More
adults got influenza vaccines earlier, with the uptake tripled in
the first 4 weeks of the 2020–21 flu season compared to the same
period in the 2019–20 flu season. During the COVID-19 pandemic,
influenza vaccine uptakes at pharmacies substantially increased,
while the uptakes at other settings slightly decreased (Appendix
B). Controlling for demographic characteristics and medical histo-
ries, the COVID-19 pandemic was associated with an increased
likelihood of receiving influenza vaccine (OR: 1.23, 95% CI 1.23–
1.24) (Table 3). The adjusted probability of influenza vaccination
increased from 39.6 percent (95% CI 39.5%–39.6%) in 2019–20 to
44.7 percent (95% CI 44.6%–44.7%) (Appendix Table C2).

Table 2 demonstrated the unadjusted influenza vaccination rate
by different demographic characteristics and medical history dur-
ing August 1-December 31 in each flu season. For most of the sub-



Table 1
Demographic Characteristics.

Characteristic Patients,
No.a,b

Patients, %a,

b
US population,
%b,c

Total 5,539,431 – –
Sex
Male 2,566,556 46.3 48.4
Female 2,972,875 53.7 51.6

Race
Asian 260,477 4.7 5.9
Black 551,765 10.0 12.8
Hispanic 666,296 12.0 19.1
White 4,060,893 73.3 62.2

Age in 2018
Mean (SD), y 59.3 (18.7) – –
18–24 310,614 5.6 11.6
25–34 421,000 7.6 18.0
35–44 593,737 10.7 16.4
45–54 712,639 12.9 16.2
55–64 766,501 13.8 16.7
�65 2,734,940 49.4 21.1

Income
<$40 K 1,248,051 22.5 29.0
$40–$49 K 421,119 7.6 8.1
$50–$59 K 460,672 8.3 7.2
$60–$74 K 634,094 11.5 9.3
$75–$99 K 905,404 16.3 12.3
$100 K+ 1,870,091 33.8 34.1

Education
Less than 12th grade 27,997 0.5 10.6
High school diploma 1,322,847 23.9 28.3
Less than Bachelor
Degree

3,074,692 55.5 27.8

Bachelor Degree Plus 1,113,895 20.1 33.3

a Estimates based on the analytical sample of commercially insured adults.
b Percentages may not add up to 100% due to rounding.
c US population, based on 2019 US Census estimates from the American Com-

munity Survey. For age and race variables, we dropped the missing categories and
normalized the remaining data to ensure they summed up to 100%.

Table 2
Influenza Vaccine Uptake by Flu Season, Demographic Characteristics, and Medical
Histories.

Characteristic 2019–20, No.
(%)

2020–21, No.
(%)

Total 2,344,252
(42.3)

2,540,263
(45.9)

Demographic characteristics
Sex
Male 994,404 (38.7) 1,091,964

(42.6)
Female 1,349,848

(45.4)
1,448,299
(48.7)

Race
White 1,791,926

(44.1)
1,928,153
(47.5)

Asian 109,792 (42.2) 126,891 (48.7)
Black 213,868 (38.8) 229,075 (41.5)
Hispanic 228,666 (34.3) 256,144 (38.4)

Age in 2018
18–24 54,293 (17.5) 62,714 (20.2)
25–34 93,799 (22.3) 106,768 (25.4)
35–44 146,880 (24.7) 175,494 (29.6)
45–54 197,600 (27.7) 243,555 (34.2)
55–64 305,563 (39.9) 354,070 (46.2)
�65 1,546,117

(56.5)
1,597,662
(58.4)

Income
$100 K+ 773,107 (41.3) 880,049 (47.1)
$75–$99 K 399,646 (44.1) 431,256 (47.6)
$60–$74 K 274,902 (43.4) 293,833 (46.3)
$50–$59 K 198,171 (43.0) 209,695 (45.5)
$40–$49 K 172,018 (40.9) 181,418 (43.1)
<$40 K 526,408 (42.2) 544,012 (43.6)

Education
Bachelor Degree Plus 506,179 (45.4) 578,758 (52.0)
Less than Bachelor Degree 1,299,227

(42.3)
1,399,255
(45.5)

High school diploma 529,193 (40.0) 551,997 (41.7)
Less than 12th grade 9,653 (34.5) 10,253 (36.6)

Medical history
Diagnosed with influenza last flu
season
No 2,308,168

(42.3)
2,497,828
(45.9)

Yes 36,084 (46.3) 42,435 (43.6)
Received influenza vaccine last flu
season
No 474,898 (14.6) 621,419 (19.5)
Yes 1,869,354

(81.5)
1,918,844
(81.9)

K. Li, T. Yu, S.A. Seabury et al. Vaccine 40 (2022) 2696–2704
groups, influenza vaccination rates in 2020–21 were above the
2019–20 levels, except that individuals who were diagnosed with
influenza in the previous season experienced a decreased vaccina-
tion rate (from 46.3% to 43.6%). Most subgroups experienced sim-
ilar trends (Appendix B).

Females had higher odds of receiving an influenza vaccine than
males in both flu seasons (2019–20: OR = 1.16, 95% CI 1.15–1.16;
2020–21: OR = 1.13, 95% CI 1.12–1.13) (Table 3), but the increase
in influenza vaccine uptake was smaller than males. By December
31, 2020, the predicted probability of receiving an influenza vac-
cine increased by 4.9 percentage points (p < .001) among females
and 5.4 percentage points (p < .001) among males, compared to
2019–20 (Appendix Table C2).

For race and ethnicity, White individuals had the highest prob-
ability of influenza vaccination before the pandemic, followed by
Asians (OR = 0.96, 95% CI 0.95–0.97), Black individuals
(OR = 0.90, 95% CI 0.90–0.91), and Hispanic individuals
(OR = 0.80, 95% CI 0.79–0.80). Among Hispanic individuals, the
probability of influenza vaccination substantially improved by
7.8 percentage points (p < .001) during the pandemic. Asians also
experienced an increase of 9.4 percentage points (p < .001) and
had the highest vaccination rate during the pandemic. Within the
insured population, Black and White individuals experienced rela-
tively smaller influenza vaccination rate improvements. The prob-
ability of influenza vaccination increased by 5.2 percentage points
(p < .001) for Black individuals and by 4.4 percentage points
(p < .001) for White individuals (Appendix Table C2).

Before the pandemic, influenza vaccination rate increased with
age (Fig. 3). Influenza vaccination rate among the middle-aged
(35–64 years old) increased the most. The predicted probability
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of influenza vaccination increased by 5.0 percentage points
(p < .001) among individuals aged 35–44, by 7.2 percentage points
(p < .001) among individuals aged 45–54, and by 9.1 percentage
points (p < .001) among individuals aged 55–64. The youngest
and oldest cohorts experienced relatively smaller changes: the pre-
dicted probability of influenza vaccination for individuals aged 65
and above increased by 4.5 percentage points (p < .001) compared
to the 2019–20 flu season; the predicted probability for individuals
aged between 18 and 24 increased by 3.1 percentage points
(p < .001); and the predicted probability for individuals aged
between 25 and 34 increased by 1.6 percentage points (p < .001)
(Appendix Table C2).

Influenza vaccination rate increased with household income
level in both periods (Fig. 3). The poorest group was least likely
to get an influenza vaccine compared to the richest group (2019–
20: OR = 0.82, 95% CI 0.82–0.83; 2020–21: OR = 0.74, 95% CI
0.74–0.75) (Table 3). All income groups had higher vaccination
rates against influenza during the pandemic (Fig. 3). While the
richest group had greatest improvement, with the probability of
vaccination increasing by 6.4 percentage points (p < .001), and
the poorest group had least improvement, with the probability of



Fig. 2. Percent Change of Weekly Influenza Vaccine Uptake, 2019 vs 2020. Percent change of weekly influenza vaccine uptake after August 1, 2020, compared with same
weeks in 2019. Methodology details are presented in Appendix B.
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vaccination increasing by 3.7 percentage points (p < .001) (Appen-
dix Table C2).

In both seasons, influenza vaccination rates increased with level
of educational attainment (Fig. 3). During the pandemic, college-
educated individuals experienced the largest increase in influenza
vaccination rate, increasing by 8.8 percentage points (p < .001). The
vaccination rate increased by 2.8 percentage points (p < .001) for
enrollees with less than 12th grade education, by 2.7 percentage
points (p < .001) for enrollees with a high school diploma, and by
4.8 percentage points (p < .001) for enrollees between high school
diploma and bachelor’s degree (Appendix Table C2).

An influenza infection in the previous season increased the odds
of receiving an influenza vaccine in the current season (2019–20:
OR = 1.66, 95% CI 1.63–1.70; 2020–21: OR = 1.40, 95% CI 1.38–
1.43) (Table 3). Receiving an influenza vaccination in the previous
season also increased the odds of receiving an influenza vaccine in
the current season (2019–20: OR = 21.65, 95% CI 21.55–21.75;
2020–21: OR = 16.08, 95% CI 16.01–16.15) (Table 3). During the
pandemic, the increase in predicted probability of vaccination
was 5.2 percentage points (p < .001) among individuals without
influenza infection in the previous season, compared with 1.1 per-
centage points (p = .001) among individuals with influenza infec-
tion in the previous season. Comparing populations based on
prior flu vaccination status yielded similar differences, with an
increase in the probability of vaccination at 4.9 percentage points
(p < .001) without vaccination in the previous season, and 0.7 per-
centage points (p < .001) with vaccination in the previous season
(Appendix Table C2).

Appendix Table C2 also reported the comparison of predicted
probabilities of influenza vaccination in our data and predicted
probabilities in the US adult population for main demographic
variables found in the ACS. As noted above, given the strong simi-
larity between the two sets of results with respect to the impact of
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the COVID-19 pandemic, we opted to present results based on the
analytical sample in the above.
4. Discussion

This study found that the COVID-19 pandemic was associated
with an increased likelihood of receiving an influenza vaccine by
December 2020, controlling for individual demographic character-
istics and medical histories in the previous flu season. The
improvement in influenza vaccination rate was observed in both
genders, all race/ethnicity groups, across most age cohorts, all
household income levels, and all educational levels, though the
magnitudes varied across different subgroups. These findings add
to the limited existing evidence of how individual vaccination deci-
sions changed during the pandemic.

The increase in influenza vaccination rate we estimated is qual-
itatively consistent with several surveys conducted or sponsored
by CDC [33,34]. Our estimated adult vaccination rates of 42.3% in
2019–20 season and 45.9% in 2020–21 season are similar but
somewhat lower than estimates from the Behavioral Risk Factor
Surveillance System (BRFSS) (48.4% in 2019–20 and 50.2% in
2020–21; see Appendix E). However, the BRFSS usually collects
data by asking survey participants if they received influenza vacci-
nes ‘‘in past 12 months”, and hence relies on memory recall. Addi-
tionally, the survey applies to the whole calendar year, rather than
the flu season. Our data track uptakes during the main flu season,
i.e., August to December, suggesting that the differences are likely
overstated. Moreover, our reasonably lower estimates are claims-
based and verified by medical records, thus avoiding recall bias.

Our findings were also validated by the comparison to CDC’s
reported estimates of number of influenza vaccines administered
in pharmacies and physician medical offices [24]. While CDC



Table 3
Factors Associated with Influenza Vaccination.

Odds Ratio (95% CI)a

Factor 2019–2021 2019–2020 2020–21

COVID-19 pandemic
No 1 [Reference]
Yes 1.23 (1.23–1.24)

Demographic characteristics
Sex
Male 1 [Reference] 1 [Reference] 1 [Reference]
Female 1.14 (1.14–1.15) 1.16 (1.15–1.16) 1.13 (1.12–1.13)

Race
White 1 [Reference] 1 [Reference] 1 [Reference]
Asian 1.07 (1.06–1.07) 0.96 (0.95–0.97) 1.17 (1.16–1.18)
Black 0.92 (0.92–0.93) 0.90 (0.90–0.91) 0.94 (0.93–0.95)
Hispanic 0.86 (0.86–0.87) 0.80 (0.79–0.80) 0.93 (0.92–0.93)

Age in 2018
18–24 1 [Reference] 1 [Reference] 1 [Reference]
25–34 1.35 (1.33–1.36) 1.42 (1.40–1.44) 1.29 (1.28–1.31)
35–44 1.50 (1.49–1.52) 1.46 (1.44–1.48) 1.55 (1.53–1.57)
45–54 1.76 (1.75–1.78) 1.63 (1.61–1.65) 1.89 (1.87–1.91)
55–64 2.50 (2.48–2.52) 2.35 (2.32–2.38) 2.65 (2.62–2.69)
�65 3.22 (3.19–3.24) 3.19 (3.16–3.23) 3.24 (3.20–3.27)

Income
$100 K+ 1 [Reference] 1 [Reference] 1 [Reference]
$75–$99 K 0.92 (0.91–0.92) 0.94 (0.93–0.95) 0.90 (0.89–0.90)
$60–$74 K 0.88 (0.87–0.88) 0.90 (0.89–0.91) 0.86 (0.85–0.86)
$50–$59 K 0.84 (0.84–0.85) 0.87 (0.86–0.88) 0.82 (0.81–0.83)
$40–$49 K 0.81 (0.80–0.81) 0.84 (0.83–0.85) 0.78 (0.77–0.79)
<$40 K 0.78 (0.78–0.78) 0.82 (0.82–0.83) 0.74 (0.74–0.75)

Education
Bachelor Degree Plus 1 [Reference] 1 [Reference] 1 [Reference]
Less than Bachelor Degree 0.80 (0.80–0.80) 0.87 (0.86–0.87) 0.75 (0.74–0.75)
High school diploma 0.75 (0.75–0.76) 0.85 (0.85–0.86) 0.67 (0.67–0.68)
Less than 12th grade 0.71 (0.69–0.73) 0.80 (0.78–0.83) 0.64 (0.62–0.66)

Medical history
Diagnosed with influenza last flu season
No 1 [Reference] 1 [Reference] 1 [Reference]
Yes 1.52 (1.50–1.54) 1.66 (1.63–1.70) 1.40 (1.38–1.43)

Received influenza vaccine last flu season
No 1 [Reference] 1 [Reference] 1 [Reference]
Yes 18.56 (18.50–18.62) 21.65 (21.55–21.75) 16.08 (16.01–16.15)

Abbreviation: CI = confidence interval.
a Multivariable analysis adjusted for demographic characteristics and medical histories. Specifications are presented in Appendix C.
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claim-based estimates relied on a larger national (all-payer) sam-
ple, both sets of estimates suggest that more influenza vaccines
were administered during 2020–21 season, but the number of
doses administered at physician medical offices was slightly lower
than in 2019–20. Note that CDC only reported unadjusted vaccina-
tion uptakes and trends from aggregated claims. To our knowledge,
our study is the first to analyze adjusted influenza vaccine uptake
based on individual demographic characteristics and medical his-
tories, while quantifying the impact of the COVID-19 pandemic
on influenza vaccine utilization and disparities among commer-
cially insured adults across the US.

In the commercially insured population, disparities with
respect to gender and race persisted but narrowed during the pan-
demic. Although influenza vaccination rates improved for both
genders, males had lower vaccination rates than females in both
flu seasons than females, but the improvement among males was
larger. For race and ethnicity, the Hispanic and Black individuals
had lower vaccination rates than Asians and White individuals
before the pandemic. Our pre-pandemic estimates are consistent
with existing evidence [2,32,35–37]. Hispanics and Asians experi-
enced substantial vaccination rate improvements while Black and
white individuals had relatively smaller improvements. Narrowed
racial and ethnic disparities suggested effectiveness of CDC’s com-
munication outreach, particularly to Black and Hispanic popula-
tions [9]. For age, we found the largest increase in vaccination
rates occurred in the middle-aged cohort (35–64 years old).
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When comparing vaccination rates across income groups, dis-
parities persisted and even worsened during the pandemic. Influ-
enza vaccination rate increased with household income in both
flu seasons. Although all income groups experienced vaccination
rate improvements during the pandemic, those with annual house-
hold income of more than $100,000 experienced the greatest
increase of influenza vaccination rate.

Similarly, we found profound and significant disparities based
on educational cohorts. Before the COVID-19 pandemic, college-
educated individuals had a higher influenza vaccination rate than
non-college-educated individuals. Our estimates are consistent
with established literature which showed that higher educational
levels are associated with increased acceptance and utilization of
influenza vaccination [38,39]. The pandemic exacerbated these dis-
parities. While college-educated individuals have become more
inclined to be vaccinated against influenza, individuals with low
educational attainment remained relatively unchanged. Among
non-college-educated working adults, educational attainment has
been acknowledged as a main driver of worse health outcomes
such as higher rates of chronic disease conditions, substance use-
related death and suicide [40]. Therefore, the reduced immuniza-
tions in this population during the COVID-19 pandemic elevates
concerns about their long-term health outcomes.

We also found that decisions on influenza vaccination were
affected by past behavior of individuals. Past influenza infections
can raise the awareness of vaccinating against the disease, which



Fig. 3. Predicted Probabilities of Receiving Influenza Vaccines by Sample Characteristics and Flu Season. *Significance at 0.05 level. Predicted probabilities of receiving
influenza vaccines in the 2019–20 season (blue dots) and the 2020–21 season (orange dots), predicted from the fitted logistic regression models, holding other predictors
constant at their analytical sample mean. Specifications, estimates, 95% confidence intervals, and p-values are in Appendix C. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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is consistent with literature showing that patients can learn from
adverse health events [27]. Such learning effects grew larger dur-
ing the pandemic. In our data, influenza vaccination rates among
those who were vaccinated in the previous season was high,
although not perfect. Before the pandemic, about 80% of individu-
als who vaccinated against influenza in 2018–20 season would
continue to be vaccinated in 2019–20 season. The pandemic
slightly increased the rate. It is further gratifying to note that vac-
cination rates among individuals without past influenza infection
or vaccination also improved, suggesting that vaccine attitude
may have changed during the pandemic.

With the circulation of SARS-CoV-2, the increased influenza
vaccine utilization among most commercially insured adults sug-
gests that the heightened awareness of the new respiratory infec-
tious disease may have had beneficial spillover effects on taking
preventive measures against other respiratory infectious diseases.
In addition, given that education programs historically played
important roles in promoting vaccination rate [41], extensive influ-
enza vaccine campaigns and special educational efforts for minor-
ity groups during the COVID-19 pandemic appear to have been
similarly effective.

Although influenza-related infections, hospitalizations, and
deaths substantially declined in the 2020–21 flu season [42],
how increased utilization of influenza vaccines contributed to a
suppressed flu season remains unclear. Besides vaccination, stud-
2702
ies found strong COVID-19 mitigating measures reduced the circu-
lation of influenza viruses during the recent flu season [43]. In the
US, while some of the social distancing measures were lifted with
declining COVID-19 cases, other respiratory infections began to
rebound [44]. Similarly, findings from other countries suggest the
relaxation of COVID-19 mitigation measures was associated with
increased influenza activity [43].

Nevertheless, the role of vaccination in combating flu outbreaks
will remain important, as mitigation measures against COVID-19
begin to rescind. Thus, targeting policies to directly impact influ-
enza vaccination rates remains a critical issue [45]. Generally, a
better understanding of behaviors among subgroups can help pol-
icymakers to incentivize vaccine uptake and reduce disparities
more efficiently. Future influenza vaccination campaigns can target
minority groups with persistently low vaccination rates, such as
the Hispanic and black populations, and other vulnerable groups
such as the elderly. Our analysis further underscores the need to
target low-income groups, and individuals with low educational
attainment even when generous insurance coverage is available.

This study has several limitations. First, our analytical sample
was limited to commercially insured adults, and thus not nation-
ally representative. Our findings should not be generalized to unin-
sured adults and those with other health insurance coverage.
Nevertheless, even in this relatively well-off segment of the popu-
lation, disparities in influenza vaccination persist with respect to
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demographic and socioeconomic characteristics. Compared to pri-
vate health insurance, public health insurance and no insurance
were associated with worse access to care and less routine health
visits, leading to lower influenza vaccination [46,47]. Given that
racial/ethnic minorities, low-income, and low-education groups
are less likely to have private insurance coverage, we can expect
disparities in the general population to be more severe.

Second, although we captured important demographic informa-
tion in our estimates, other factors may be associated with our out-
come variable. Third, our definition of influenza was based on ICD
code and limited to lab-confirmed influenza. If influenza infections
were more likely to be diagnosed for individuals who regularly get
influenza vaccines, our estimates would be taken as an upward
bound of the effect of past infection on vaccination.

Last, while our database has the advantage of being drawn from
comprehensive health claims data for insured enrollees, health
events with no claims submitted by health providers would not
have been captured in the data. Hence, we cannot assess utilization
of vaccine which provided directly by employers at workplaces or
other non-healthcare locations. To the extent that employers pro-
vided expanded opportunities for vaccination during the pandemic
that were not paid for through their insurance plans, our analyses
would provide an underestimate of the uptick in vaccination rates.
In contrast, virtual work opportunities may have caused some
employees to substitute conventional locations for employer-
based sites, potentially leading to overestimates of disparities with
respect to income and education during the pandemic. In practice,
these effects are likely to be small.
5. Conclusions

In a national sample of commercially insured US adults, individ-
uals were 1.23 times as likely to get vaccinated against influenza in
2020, compared to 2019. More people received an influenza vac-
cine at the beginning of the 2020–21 influenza season than the
previous season. While disparities with respect to gender and race
narrowed, they worsened across income groups and educational
levels. Although all income groups experienced increases of vacci-
nation rates, the richest group improved the most. Poorer individ-
uals had lower vaccination rates in both periods. The vaccination
rate rose substantially during the pandemic for college-educated
enrollees while improvements for non-college-educated enrollees
were relatively smaller. These disparities were likely to be more
pronounced in the general population.
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