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Purpose: Seasonal influenza vaccination is an important public health strategy to reduce preventable 

illness, hospitalization, and death. Because of overlapping risk factors for severe illness from seasonal in- 

fluenza and COVID-19, uptake of the seasonal influenza vaccination has heightened importance during 

the COVID-19 pandemic. We analyzed receipt of seasonal influenza vaccination among COVID-19 prior- 

ity groups and further examined socio-demographic and behavioral factors associated with receiving the 

seasonal influenza vaccine among US adults. 

Methods: Using the 2018 National Health Interview Survey, we classified 24,772 adults into four 

COVID-19 priority groups: healthcare workers, medically vulnerable, non-healthcare essential workers, 

and the general population. We performed multiple logistic regression to compare the relative odds of 

receiving the influenza vaccine by COVID-19 priority group, socio-demographics, and health-related fac- 

tors. 

Results: Healthcare workers, medically vulnerable adults, essential workers, and the general population 

comprised 8.9%, 58.4%, 6.6%, and 26.1 % of the US population, respectively. Compared with healthcare 

workers, the adjusted odds ratio (aOR) of receiving influenza vaccine were significantly lower in medically 

vulnerable adults (aOR = 0.43, 95% CI = 0.37, 0.48), essential workers (aOR = 0.28, 95% CI = 0.23, 0.34), and 

the general population (aOR = 0.32, 95% CI = 0.28, 0.37). Being young, male, Black, and having no health 

insurance were associated with lower relative odds of receiving the flu vaccine. 

Conclusions: Patterns of influenza vaccine cause concern for under-coverage of populations at high risk 

for both seasonal influenza and COVID-19. Achieving optimal protection against vaccine-preventable res- 

piratory illness in US adults will require emphasis on those employed outside of the healthcare sector, 

younger age groups, and adults with lower socioeconomic resources. 

© 2021 Elsevier Inc. All rights reserved. 
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Influenza is a major cause of preventable illness, hospitalization, 

nd death in the United States. Experts have warned that the con- 

urrent circulation of the seasonal influenza virus and the SARS- 

ov-2 virus have the potential to give rise to a “twindemic” dur- 

ng the winter months when circulation of the seasonal influenza 
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irus is high [ 1 , 2 ]. While the nation was spared high rates of con-

urrent influenza and COVID-19 illness in the 2020-2021 winter—

stensibly due to low influenza illness because of social distanc- 

ng and masking—there are concerns that increased mobility in the 

021-2022 combined with the circulation of new coronavirus vari- 

nts may manifest as a twindemic in the future. 

Evidence shows that influenza vaccination is effective at pre- 

enting influenza infection [3] and reducing illness severity [4] and 

CU admissions [5] in people with breakthrough infections, yield- 

ng a critical population-wide benefit at a time when the health 

are system strained by COVID-19 related hospitalizations [2] . 

https://doi.org/10.1016/j.annepidem.2021.12.008
http://www.ScienceDirect.com
http://www.annalsofepidemiology.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.annepidem.2021.12.008&domain=pdf
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oinfection of influenza and COVID-19 substantially raises the rel- 

tive odds of death compared with either infection in isolation 

6] . Moreover, groups at high risk for influenza infection (such 

s healthcare workers) and severe illness (such as the elderly, 

hose with underlying comorbidities, and those in long-term care 

acilities) are also at high risk for COVID-19 infection and se- 

ere illness. There are also emerging data suggesting that being 

mmunized against influenza is protective against severe COVID-19 

llness [ 7 , 8 ], suggesting that vulnerability to and protection against 

easonal influenza and COVID-19 infection may be intertwined. 

Although vaccination against seasonal influenza and COVID-19 

re recommended for virtually all adults and vaccines are in large 

upply in the United States, vaccination uptake is far from univer- 

al. As of November 2021, the US Centers for Disease Control and 

revention reported that 40.9% of the US adult population has re- 

eived an annual influenza vaccine [9] and 70.9% of adults have 

een fully vaccinated against COVID-19 [10] . With influenza vac- 

ination lagging behind COVID-19 vaccination, improving influenza 

accination coverage will be increasingly important as individuals 

eturn to in-person activities and the emphasis on masking de- 

lines. 

To inform public health priorities around influenza vaccina- 

ion in light of the COVID-19 pandemic, we examined historical 

ifferences and likelihood of getting influenza vaccine by com- 

only identified priority groups for COVID-19, including health- 

are workers, medically vulnerable, non-healthcare essential work- 

rs, and the general population. We also examined social and be- 

avioral factors associated with receiving influenza vaccine among 

ll adults and by race and ethnicity. 

ethods 

ata and sample 

The National Health Interview Survey (NHIS) is a cross- 

ectional, representative household interview survey which collects 

nformation on the health of non-institutionalized US population 

cross the 50 states through the use of a complex multistage de- 

ign [11] . We used the publicly available 2018 NHIS adults sample 

ata (collected in 2018) to obtain nationally representative mea- 

ures of flu vaccine uptake, detailed occupational codes, chronic 

iseases, and socioeconomic and demographic characteristics. Our 

tudy was restricted to adult respondents because of our interest 

n describing influenza vaccination uptake in relation to priority 

roups for COVID-19, and COVID-19 illness is documented to be 

ore severe in adults than children [12] . Of 25,417 respondents 

ged 18-85 years, 2.5% were excluded from the analysis because 

f missing information on a study variable, resulting in an un- 

eighted analytic sample size of 24,772. 

utcome 

Our outcome was seasonal influenza vaccine uptake, measured 

s a binary variable describing whether or not the respondent re- 

eived the flu vaccine in the past 12 months. 

OVID-19 Vaccination priorities and eligibility 

Advisory Committee on Immunization Practices (ACIP) frame- 

ork [13] recommended three criteria for determining phased pri- 

rities for vaccination: employment in the healthcare field, medical 

A

17 
ulnerability (including the elderly), and employment in other es- 

ential occupations. States exercised discretion in determining eli- 

ibility [14] . To provide a picture of how different priority groups 

ay respond to the vaccine campaign, we categorized US adults 

nto four broad groups that have commonly been used to deter- 

ine eligibility for vaccination thus far: healthcare workers, the 

edically vulnerable, essential occupations outside of healthcare, 

nd the remaining general population [13] . Healthcare workers in- 

luded all healthcare-related occupations identified in NHIS 2018, 

uch as healthcare practitioners, nurses, funeral service workers 

tc. The medically vulnerable group included adults who had one 

r more high risk medical conditions for COVID-19, including can- 

er, type 2 diabetes, chronic kidney disease, chronic obstructive 

ulmonary disease, obesity body mass index ≥30), heart con- 

ition, asthma, stroke, hypertension, dementia, liver disease and 

lso adults over the age of 65 who were not already covered in 

he healthcare group. Other essential occupations included adults 

ho were not already covered in the healthcare or medically vul- 

erable group and those employed in occupations critical to the 

aily functioning of America, such as first responders, teachers, 

etail store workers, food and agriculture workers, manufacturing 

orkers, and motor vehicle operators. The general population in- 

luded all other adults over the age of 18 not included in another 

roup. 

actors potentially impacting adult vaccine uptake 

We considered several demographic, socioeconomic, and health 

actors in the analysis. Demographic characteristics were age at 

nterview (categorized as five groups: 18-24, 25-44, 45-64, 65- 

4, and 75 and above), gender (men and women), race/ethnicity 

Non-Hispanic White, Non-Hispanic Black, Hispanic, Non-Hispanic 

sian, Non-Hispanic American Indian and Native Alaskan, and Non- 

ispanic Other), and place of birth (US-born and foreign-born). So- 

ioeconomic factors included combined family income in USD (less 

han $30,0 0 0, $30,0 0 0-$59,999, $60,0 0 0-$99,999, and $10 0,0 0 0

nd above), educational attainment (high school or less, less than 

 years of college, and 4 or more years of college). Factors related 

o healthcare behaviors included smoking behavior (smoker, for- 

er smoker, and never-smoker), health insurance (some health in- 

urance, no health insurance), and past use of internet to research 

ealth information (yes/no), and history of delaying healthcare due 

o lack of transportation (yes/ no). We also included region (North- 

ast, Midwest/Central, South, and West) to provide insight into dif- 

erences across the United States. 

tatistical Analysis 

We first described the composition of the four COVID-19 prior- 

ty groups as defined above. To investigate the association of pri- 

rity grouping and socio-demographic and health-related behav- 

oral factors with influenza vaccine, we performed adjusted and 

nadjusted logistic regression analysis. The unadjusted model es- 

imated the bivariate association of influenza vaccination with pri- 

rity grouping and covariates of interest. The adjusted model in- 

luded priority groups and all covariates under consideration. We 

urther examined the association between social and behavioral 

actors and influenza vaccination for each race and ethnic group 

eparately. The total sample and race-stratified models demon- 

trated good discrimination (c-statistics ranging from 0.68 to 0.72). 

ll analyses were conducted using SAS 9.4 software (SAS Insti- 
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Table 1 

Demographic composition of US adults overall and classified by COVID-19 vaccination priority groups, NHIS 2018 

All adults Healthcare a 
Medically b 

vulnerable 

Non-healthcare c 

Essential workers 

General 

population d p-value 

Unweighted N 24,772 2,210 15,604 1,114 5,844 

Weighted N 242,253,193 21,491,779 141,370,244 16,085,898 63,305,272 

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) 

Weighted % 8.9 (8.4, 9.3) 58.4 (57.5, 59.2) 6.6 (6.2, 7.1) 26.1 (25.3, 26.9) 

Age < .001 e 

18-24 11.7 (11.0, 12.3) 6.8 (5.2, 8.4) 7.4 (6.7, 8.0) 22.2 (19.1, 25.4) 20.2 (18.8, 21.7) 

25-44 34.3 (33.5, 35.2) 41.5 (39.0, 44.1) 25.5 (24.5, 26.5) 46.7 (43.6, 49.8) 48.5 (46.9, 50.2) 

45-64 33.3 (32.5, 34.0) 34.7 (32.2, 37.2) 34.2 (33.3, 35.2) 31.1 (28.2, 33.9) 31.3 (29.7, 32.8) 

65-74 12.4 (11.9, 12.9) 10.7 (9.4, 12.0) 19.6 (18.9, 20.4) . . 

75 + 8.3 (7.9, 8.7) 6.3 (5.2, 7.3) 13.3 (12.7, 13.9) . . 

Male 48.3 (47.5, 49.1) 26.2 (24.0, 28.5) 49.9 (49.0, 50.9) 50.6 (47.2, 54.0) 51.6 (50.1, 53.2) < 0.001 

Race/ethnicity < 0.001 

Non-Hispanic White 63.5 (61.9, 65.1) 62.0 (59.1, 64.8) 66.9 (65.2, 68.5) 61.8 (58.1, 65.5) 56.9 (54.7, 59.1) 

Non-Hispanic Black 11.5 (10.6, 12.3) 17.0 (14.7, 19.3) 11.3 (10.3, 12.3) 9.6 (7.5, 11.7) 10.5 (9.2, 11.8) 

Hispanic 16.1 (14.8, 17.5) 10.7 (8.9, 12.6) 14.4 (13.1, 15.8) 20.8 (17.6, 23.9) 20.7 (18.8, 22.7) 

Non-Hispanic Asian 6.00 (5.4, 6.6) 7.7 (6.0, 9.4) 4.1 (3.6, 4.7) 6.3 (4.6, 8.0) 9.5 (8.3, 10.7) 

Non-Hispanic American 

Indian and Alaskan Native 

0.8 (0.4, 1.2) 0.9 (0.2, 1.5) 0.9 (0.5,1.3) 0.5 (0.0, 1.0) 0.6 (0.3, 0.9) 

Non-Hispanic Other 2.1 (1.8, 2.4) 1.7 (1.1, 2.4) 2.4 (2.0, 2.7) 1.0 (0.2, 1.9) 1.8 (1.3, 2.3) 

US born 81.0 (79.8, 82.1) 81.5 (79.0, 84.0) 84.9 (83.7, 86.0) 74.0 (70.7, 77.3) 73.9 (72.0, 75.7) < 0.001 

Combined Family Income 

in USD 

< 0.001 

0-29,999 20.9 (20.0, 21.7) 17.6 (15.9, 19.4) 23.2 (22.2, 24.1) 18.1 (15.7, 20.5) 17.5 (16.2, 18.7) 

30,000-59,999 23.5 (22.7, 24.3) 22.1 (19.8, 24.3) 25.1 (24.2, 26.0) 22.7 (20.0, 25.5) 20.7 (19.2, 22.1) 

60,000-99,999 23.0 (22.3, 23.7) 21.5 (19.4, 23.6) 23.4 (22.5, 24.2) 23.9 (21.3, 26.5) 22.3 (21.0, 23.8) 

100,000 + 32.6 (31.5, 33.8) 38.8 (36.3, 41.3) 28.3 (27.1, 29.4) 35.2 (31.9, 38.6) 39.5 (37.6, 41.4) 

Educational attainment < 0.001 

High school or less 35.8 (34.7, 36.8) 17.3 (15.4, 19.2) 39.9 (38.8, 41.1) 35.5 (32.1, 39.0) 32.7 (31.0, 34.5) 

< 4 years college 30.6 (29.8, 31.4) 38.9 (36.2, 41.5) 30.2 (29.2, 31.0) 30.0 (26.9, 33.1) 28.9 (27.4, 30.4) 

4 years of college or more 33.6 (32.6, 34.7) 43.8 (41.2, 46.5) 29.9 (28.8, 31.0) 34.4 (31.3, 37.6) 38.4 (36.4, 40.3) 

Smoking behavior < 0.001 

Never 64.0 (63.2, 64.9) 69.1 (66.9, 71.4) 58.1 (57.1, 59.1) 72.2 (69.4, 75.1) 73.6 (72.1, 75.0) 

Current smoker 13.7 (13.1, 14.3) 10.5 (9.1, 12.0) 14.7 (14.0, 15.4) 14.2 (12.0, 16.5) 12.5 (11.4, 13.6) 

Former 22.2 (21.6, 22.9) 20.3 (18.4, 22.2) 27.2 (26.3, 28.1) 13.5 (11.5, 15.6) 13.9 (12.9, 15.0) 

Has health Insurance 89.7 (89.1, 90.4) 93.6 (92.4, 94.9) 91.6 (90.9, 92.3) 85.7 (83.8, 88.7) 85.3 (84.0, 86.6) < 0.001 

Researched health 

information on internet 

55.6 (54.6, 56.6) 67.0 (64.4, 69.5) 52.8 (51.7, 54.0) 55.1 (51.9, 58.4) 58.1 (56.3, 59.9) < 0.001 

Delayed healthcare due to 

transportation 

2.3 (2.1, 2.6) 2.5 (1.6, 3.3) 3.0 (2.6, 3.3) 1.2 (0.5, 1.9) 1.2 (0.8, 1.6) < 0.001 

Region < 0.001 

Northeast 17.2 (16.3, 18.1) 20.9 (18.6, 23.2) 16.6 (15.7, 17.6) 13.9 (11.4, 16.4) 18.1 (16.5, 19.6) 

Midwest 22.2 (21.3, 23.0) 21.5 (19.4, 23.6) 22.1 (21.2, 23.1) 25.9 (22.8, 28.9) 21.4 (19.8, 23.0) 

South 36.9 (35.8, 38.1) 37.5 (34.9, 40.1) 38.5 (37.2, 39.7) 33.0 (29.6, 36.3) 34.2 (32.3, 36.2) 

West 23.7 (22.6, 24.8) 20.1 (18.2, 22.1) 22.7 (21.5, 23.9) 27.3 (23.7, 30.8) 26.3 (24.4, 28.2) 

Demographic characteristics as weighted prevalence (95% CI) for the whole sample, healthcare workers, medical vulnerable, essential workers, and the general population. 
a Comprises healthcare workers and does not include institutionalized populations (i.e., long-term care facility residents or incarcerated individuals). 
b Comprises individuals 65 years and older and individuals aged 18-64 with at least one medical comorbidity. 
c Comprises non-healthcare essential workers. 
d Comprises all individuals not covered in prior categories. 
e Computed without survey design because survey-adjusted chi-square tests require all cell counts to be greater than zeroPriority categories are assigned according to the 

CDC COVID-19 Vaccination Program Interim Playbook for Jurisdiction Operations framework. See supplementary methods for further detail on the composition of region and 

healthcare workers, medically vulnerable individuals, non-healthcare essential workers, and general population. 
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Table 1 shows the demographic composition of US adults clas- 

ified by COVID-19 vaccination priority group. A total of 9% adults 

ere classified as healthcare workers, 58% as medically vulnerable, 

% essential workers, and 26% as the general population. All de- 

ographic, socioeconomic, and health characteristics were signifi- 

antly different by priority group (p-value < 0.001). Among health- 
18 
are workers, the majority were female, whereas all other cate- 

ories had a relatively even gender distribution. Healthcare work- 

rs had an almost even share of older and younger adults, medi- 

ally vulnerable population had a majority of adults over the age of 

5, and essential workers and the general population mostly had 

ndividuals under 45. Healthcare workers, medically vulnerable, 

nd essential workers all had similar percentage of Non-Hispanic 

hites compared to the general population, which had a slightly 

ower percentage of Whites. Healthcare workers were the most ed- 

cated, and the medically vulnerable, the least. Healthcare workers 

nd the general population earned the most income, followed by 

ssential workers, and medically vulnerable. 
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Figure 1. Prior influenza vaccine uptake by COVID-19 vaccination priority group, NHIS 2018. 

Comparison of influenza vaccine uptake (%) for all US adults, healthcare workers, individuals who are medically vulnerable, essential workers, and the general population. 

Error bars represent 95% CI. 
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Figure 1 shows the prevalence of receiving the seasonal in- 

uenza vaccine stratified by priority classification. Overall, 45% of 

S adults (95% CI = 43.8, 45.7) reported receiving the influenza 

accine in the last 12 months. The prevalence of receiving the in- 

uenza vaccine in the past 12 months was highest in healthcare 

orkers (66.2%, 95% CI = 63.7, 68.8) followed by medically vulnera- 

le (48.7%, CI = 47.6, 49.8), and lowest in essential workers (29.1%, 

5% CI = 26.2, 30.0) and the general population with 32.5% (95% CI =
0.9, 34.1). 

Table 2 shows the unadjusted and adjusted associations of pri- 

rity classification, demographic, socioeconomic, and health char- 

cteristics with receiving seasonal influenza vaccine. Compared 

ith healthcare workers, the unadjusted odds ratio (OR) of in- 

uenza vaccine uptake was OR = 0.48 (95% CI = 0.43, 0.54) for the 

edically vulnerable population, OR = 0.21 (95% CI = 0.18, 0.25) for 

ssential workers, and OR = 0.25 (95% CI = 0.22, 0.28) for the gen-

ral population. These associations remained largely unchanged af- 

er adjusting for several demographic, socioeconomic, and health- 

are variables. 

We observed several statistically significant demographic, so- 

ioeconomic, and healthcare correlates of receipt of influenza vac- 

ine in the past 12 months ( Table 2 ). In fully adjusted mod-

ls, younger age (adjusted ORs [aOR] ranging from 0.18 to 0.63 

elative to ages 75 and above), being male (aOR = 0.82, 95% CI =
.77, 0.88), being Non-Hispanic Black (aOR = 0.78, 95% CI = 0.69, 

.88), lower income (aOR ranging from 0.75 to 0.83 relative to 

10 0,0 0 0 or more) and lower educational attainment (high school 

r less aOR = 0.75, 95% CI = 0.68, 0.82; less than 4 years of col-

ege aOR = 0.71, 95% CI = 0.65, 0.78) were inversely associated with 

eceiving the influenza vaccine in the past 12 months. Health 

ehaviors inversely associated influenza vaccine included not re- 

earching health related information on the internet (aOR = 0.84, 

5% CI = 0.78, 0.91), current smoking (aOR = 0.63, 95% CI = 0.57,

.70), and not having health insurance (aOR = 0.36, 95% CI = 0.31, 

.42). Identifying as American Indian or Native Alaskan was sig- 
19 
ificantly associated with higher vaccine uptake (aOR = 1.47, 95% 

I = 1.04, 2.07). 

Table 3 shows adjusted associations of priority classification, 

emographic, socioeconomic, and health characteristics with re- 

eiving seasonal influenza vaccine separately for major race and 

thnic groups in the United States. Associations were largely con- 

istent with those observed in all adults ( Table 2 ). In all race and

thnic groups other than American Indians and Native Alaskans, 

he medically vulnerable, non-healthcare essential workers, and 

he general population were less likely to report receiving an in- 

uenza vaccination in the past year when compared with health- 

are workers. Similarly, there was a strong inverse association be- 

ween age (younger age groups vs 75 + ), education ( < 4 years of

ollege vs 4 years of college or more), insurance status (no health 

nsurance vs health insurance) and receiving an influenza vacci- 

ation in the majority of race and ethnic groups. Among Amer- 

can Indians and Native Alaskans—a group that was more likely 

o be vaccinated on average compared with other race and eth- 

ic groups (see Table 2 )—only age 18-24, male sex and health in- 

urance status were statistically significantly related to vaccination 

ptake. 

iscussion 

The goal of this study was to provide data to describe groups 

hat may be at risk for lower coverage of influenza vaccination 

n the context of heightened risks of respiratory illness and hos- 

italization because of the ongoing COVID-19 pandemic. Although 

5% of all US adults reported receiving the annual influenza vac- 

ine in the 12 months prior to the 2018 survey, uptake varied from 

 low of 29% in essential workers to a high of 66% in healthcare

orkers. These differences in influenza vaccine uptake by priority 

lassification remained even after accounting for demographic, so- 

ioeconomic, and health factors. Importantly, compared to health 
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Table 2 

Logistic regression examining unadjusted and adjusted associations of COVID-19 priority grouping and socioeconomic and health-related factors with 

influenza vaccine uptake NHIS 2018 

Unadjusted associations ∗ Adjusted associations ∗∗

OR 95% CI OR 95% CI 

Priority groups 

Healthcare workers Ref Ref 

Medically vulnerable and elderly – comorbidity and/or > 75 y 0.48 0.43, 0.54 0.43 0.37, 0.48 

Non-healthcare essential workers 0.21 0.18, 0.25 0.28 0.23, 0.34 

General population 0.25 0.22, 0.28 0.32 0.28, 0.37 

Age 

18-24 0.14 0.12, 0.17 0.18 0.15, 0.22 

25-44 0.19 0.17, 0.21 0.21 0.18, 0.24 

45-64 0.28 0.25, 0.31 0.30 0.27, 0.34 

65-74 0.65 0.57, 0.74 0.63 0.56, 0.71 

75 + Ref Ref 

Sex 

Female Ref Ref 

Male 0.72 0.68, 0.77 0.82 0.77, 0.88 

Race/ethnicity 

Non-Hispanic White Ref Ref 

Non-Hispanic Asian 1.01 0.86, 1.18 1.16 0.96, 1.40 

Non-Hispanic Black 0.63 0.56, 0.69 0.78 0.69, 0.88 

Hispanic 0.61 0.55, 0.67 1.05 0.92, 1.19 

Non-Hispanic American Indian and Native Alaskan 0.85 0.61, 1.18 1.47 1.04, 2.07 

Non-Hispanic Other 0.62 0.50, 0.79 0.84 0.66, 1.09 

Combined family Income USD 

0-29,999 0.70 0.64, 0.76 0.83 0.75, 0.93 

30,000-59,999 0.69 0.64, 0.75 0.76 0.69, 0.83 

60,000-99,999 0.76 0.70, 0.82 0.80 0.74, 0.88 

100,000 + Ref Ref 

Educational attainment 

4 years college + Ref Ref 

High school or less 0.58 0.54, 0.62 0.75 0.68, 0.82 

< 4 years college 0.63 0.58, 0.68 0.71 0.65, 0.78 

Region 

Northeast Ref Ref 

South 0.75 0.68, 0.84 0.90 0.80, 1.01 

Midwest 0.88 0.78, 0.98 1.01 0.89, 1.13 

West 0.84 0.74, 0.95 0.96 0.85, 1.09 

US birth 

Born in US Ref Ref 

Not born in US 0.81 0.74, 0.87 0.91 0.80, 1.04 

Transportation 

No Healthcare delays due to transportation Ref Ref 

Healthcare delays due to transportation 0.90 0.73, 1.11 1.05 0.84, 1.32 

Healthcare information 

Researched health information on the internet Ref Ref 

Did not research health information on the internet 0.82 0.77, 0.87 0.84 0.78, 0.91 

Smoking behavior 

Never smoker Ref Ref 

Former smoker 1.38 1.28, 1.50 1.05 0.97, 1.15 

Current smoker 0.53 0.48, 0.58 0.63 0.57, 0.70 

Health insurance 

Health insurance Ref Ref 

No health Insurance 0.21 0.18, 0.25 0.36 0.31, 0.42 

∗ Unadjusted associations of priority group and covariates with flu vaccine uptake. Models were simultaneously adjusted for all variables shown in 

the table. 
∗∗ Adjusted associations of priority group and covariates with flu vaccine. Models were simultaneously adjusted for all variables shown in the table. 

Bold: Statistically significant at alpha = 0.05. 
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are workers, individuals in medically vulnerable group, essential 

on-healthcare occupations and general population were less than 

alf as likely to have received the annual influenza vaccine. Col- 

ectively, these findings suggest that achieving optimal protection 

gainst vaccine-preventable respiratory illness in adults with med- 

cal vulnerability, employed in essential non-healthcare occupa- 
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ions, and in the general population may be more challenging than 

eeting vaccination targets in healthcare workers. In addition, we 

dentified several demographic and health barriers of vaccine up- 

ake. We found that younger age groups, men, those with lower 

ocio-economic status, and adults without health insurance had 

ower odds of receiving influenza vaccine. Conversely, facilitators 
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Table 3 

Logistic regression examining adjusted associations ∗ of COVID-19 priority grouping and socioeconomic and health-related factors with influenza vaccine uptake for major US 

race and ethnic groups, NHIS 2018 

Non-Hispanic 

White (n = 16989) 

Non-Hispanic 

Black(n = 2737) Hispanic(n = 3073) 

Non-Hispanic 

Asian(n = 1236) 

Non-Hispanic 

American Indian 

and Native 

Alaskan(n = 226) 

Non-Hispanic 

Other(n = 511) 

Priority groups 

Healthcare workers ref ref ref ref ref ref 

Medically vulnerable and 

elderly – comorbidity 

and/or > 75 y 

0.40 (0.34,0.47) 0.54 (0.39,0.74) 0.57 (0.38,0.84) 0.35 (0.20,0.62) 0.56 (0.14,2.24) 0.26 (0.11,0.61) 

Non-healthcare essential 

workers 

0.26 (0.20,0.32) 0.24 (0.14,0.43) 0.43 (0.26,0.70) 0.21 (0.10,0.46) 1.62 (0.28,9.41) 0.07 (0.01,0.73) 

General population 0.31 (0.26,0.37) 0.37 (0.25,0.55) 0.42 (0.28,0.62) 0.19 (0.11,0.33) 0.35 (0.10,1.20) 0.39 (0.15,1.00) 

Age 

18-24 0.16 (0.13,0.20) 0.27 (0.16,0.46) 0.29 (0.17,0.48) 0.25 (0.11,0.60) 0.15 (0.03,0.67) 0.03 (0.01,0.11) 

25-44 0.20 (0.17,0.23) 0.22 (0.15,0.32) 0.29 (0.20,0.44) 0.25 (0.12,0.51) 0.85 (0.24,3.03) 0.07 (0.02,0.22) 

45-64 0.28 (0.24,0.32) 0.35 (0.24,0.52) 0.42 (0.28,0.63) 0.31 (0.16,0.62) 1.36 (0.37,4.98) 0.10 (0.03,0.28) 

65-74 0.60 (0.52,0.69) 0.63 (0.43,0.94) 0.91 (0.58,1.43) 0.61 (0.30,1.24) 1.16 (0.30,4.56) 0.21 (0.07,0.65) 

75 + ref ref ref ref ref ref 

Sex 

Female ref ref ref ref ref ref 

Male 0.83 (0.76,0.89) 0.92 (0.72,1.18) 0.72 (0.60,0.87) 0.86 (0.65,1.14) 0.49 (0.25,0.94) 0.88 (0.55,1.40) 

Combined family Income 

USD 

0-29,999 0.77 (0.68,0.89) 1.33 (0.94,1.86) 0.86 (0.65,1.14) 0.97 (0.60,1.57) 1.10 (0.44,2.71) 0.57 (0.28,1.14) 

30,000-59,999 0.71 (0.63,0.79) 1.02 (0.75,1.40) 0.95 (0.72,1.25) 0.61 (0.39,0.94) 1.04 (0.34,3.24) 0.44 (0.20,0.95) 

60,000-99,999 0.78 (0.70,0.87) 1.16 (0.83,1.64) 0.86 (0.65,1.14) 0.79 (0.53,1.18) 0.69 (0.19,2.55) 0.43 (0.19,0.97) 

100,000 + ref ref ref ref ref ref 

Educational attainment 

4 years college + ref ref ref ref ref ref 

High school or less 0.70 (0.62,0.79) 0.72 (0.55,0.95) 0.86 (0.66,1.13) 0.80 (0.51,1.27) 1.63 (0.49,5.36) 0.72 (0.38,1.38) 

< 4 years college 0.73 (0.65,0.81) 0.68 (0.52,0.88) 0.73 (0.55,0.97) 0.55 (0.39,0.78) 1.35 (0.39,4.72) 0.70 (0.37,1.31) 

Region 

Northeast ref ref ref ref ref ref 

South 0.94 (0.83,1.07) 0.92 (0.65,1.29) 0.68 (0.50,0.93) 1.04 (0.66,1.62) 0.61 (0.06,6.58) 1.39 (0.62,3.12) 

Midwest 1.04 (0.91,1.18) 1.01 (0.69,1.49) 0.85 (0.57,1.25) 0.87 (0.52,1.47) 0.62 (0.06,6.48) 1.06 (0.42,2.70) 

West 0.95 (0.82,1.09) 1.10 (0.71,1.70) 0.97 (0.72,1.30) 0.81 (0.52,1.25) 0.53 (0.05,5.24) 1.27 (0.57,2.82) 

US birth 

Born in US ref ref ref ref ref ref 

Not born in US 0.66 (0.54,0.80) 1.69 (1.19,2.39) 0.95 (0.75,1.18) 0.94 (0.62,1.43) 1.95 (0.42,8.91) 0.77 (0.34,1.77) 

Transportation 

No Healthcare delays due 

to transportation 

ref ref ref ref ref ref 

Healthcare delays due to 

transportation 

1.07 (0.78,1.47) 0.81 (0.50,1.31) 1.53 (0.92,2.54) 1.16 (0.39,3.48) 0.32 (0.07,1.46) 0.70 (0.27,1.82) 

Healthcare information 

Researched health 

information on the 

internet 

ref ref ref ref ref ref 

Did not research health 

information on the 

internet 

0.82 (0.75,0.89) 0.88 (0.70,1.09) 0.87 (0.72,1.05) 0.90 (0.67,1.23) 1.26 (0.51,3.15) 0.57 (0.33,0.98) 

Smoking behavior 

Never smoker ref ref ref ref ref ref 

Former smoker 1.06 (0.96,1.17) 1.08 (0.78,1.50) 1.00 (0.78,1.29) 1.12 (0.72,1.75) 1.07 (0.47,2.41) 1.08 (0.57,2.01) 

Current smoker 0.62 (0.54,0.70) 0.77 (0.57,1.05) 0.78 (0.57,1.07) 0.46 (0.26,0.82) 0.94 (0.40,2.18) 0.76 (0.37,1.54) 

Health insurance 

Health insurance ref ref ref ref ref ref 

No health Insurance 0.30 (0.23,0.39) 0.29 (0.20,0.41) 0.42 (0.31,0.57) 0.45 (0.23,0.86) 0.34 (0.16,0.74) 0.63 (0.28,1.40) 

∗ Adjusted associations of priority group and covariates with flu vaccine uptake. Models were simultaneously adjusted for all variables shown in the table. 

Bold: Statistically significant at alpha = 0.05. 
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he internet to research health related information. Most of these 

actors were significant correlates of influenza vaccination across 

acial and ethnic groups. 

Both influenza and COVID-19 vaccination uptake may be hin- 

ered by both systemic barriers, such as access, and individual 
21 
arriers, such as vaccine hesitancy [ 15 , 16 ]. Our findings show 

hat socioeconomically disadvantaged groups, such as low-income 

nd less educated individuals, were less likely to receive the 

nfluenza vaccine. These same groups are expected to experi- 

nce substantial systemic and individual barriers to vaccine access 

 15 ]. 
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In addition, we observed that Black adults were less likely to 

eceive the influenza vaccination, even after accounting for socioe- 

onomic characteristics. This is consistent with previous studies of 

nfluenza vaccination in older adults [17] . The lower influenza vac- 

ine uptake in Black adults is particularly concerning given that 

his demographic is at higher risk of both influenza and COVID-19 

elated hospitalization and death [ 18 , 19 ], and less likely to express

ntention to receive the COVID-19 vaccine [20–22] . Strategies to 

vercome reported vaccine hesitancy and other barriers to vaccine 

ptake are needed in socioeconomically disadvantaged and minor- 

ty communities. 

A strength of the study was our use of the most recent 

ationally representative data to quantify facilitators and barri- 

rs of influenza vaccination uptake among US adults. We exam- 

ned influenza vaccination patterns in relation to COVID-19 prior- 

ty groups based on the ACIP criteria to offer insight on under- 

accination of high risk groups. Several limitations of this study 

hould be acknowledged. We analyzed surveys collected prior to 

he COVID-19 pandemic, and the subsequent pandemic may have 

ltered uptake of the influenza vaccine. Available data to date, 

owever, suggest that influenza vaccine uptake was relatively sta- 

le from pre-pandemic to pandemic [23] . We could not analyze 

nstitutionalized adults (e.g., those living in nursing homes or pris- 

ns) as NHIS does not target institutionalized populations. Our 

ealthcare worker priority group category included all healthcare- 

elated occupations because were not able to restrict to specific 

ealthcare occupations within the NHIS data. Furthermore, we 

ould not analyze some specific occupations as proposed by ACIP 

or the essential care worker category, due to lack of specificity in 

he public-use NHIS occupational data. 

ublic Health Implications 

Influenza and COVID-19 are vaccine preventable respiratory ill- 

esses that cause substantial morbidity and mortality in the US 

opulation. Available data indicate that severe illness is exacer- 

ated in individuals co-infected with both seasonal influenza and 

ARS-CoV-2, and that immunization against seasonal influenza 

ay offer protection against COVID-19 disease. Anticipating which 

roups exhibit low influenza vaccine uptake among those vul- 

erable to COVID-19 can be an important dimension of the na- 

ional strategy to protect population health and ease the burden 

n the healthcare system. Our findings reinforce previous data 

hat younger adults, men, Black Americans, and those without 

nsurance may be particularly vulnerable to under-coverage of in- 

uenza vaccination. We also observed that all COVID-19 priority 

roups apart from healthcare workers were less likely to receive 

easonal influenza vaccines. Evidence-based and tailored commu- 

ication strategies and vaccination delivery policies must be im- 

lemented to directly address barriers to COVID-19 vaccine uptake 

mong adult populations with a history of lower coverage of rec- 

mmended vaccinations in this country. These effort s are partic- 

larly important in light of new and highly transmissible variants 

f the novel coronavirus, such as Delta and Omicron, that threaten 

he progress made to date. 
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