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Abstract

Given recent downward trends in daily rates of COVID‐19 vaccinations, it is im-

portant to reassess strategies to reach those most vulnerable. The success and

efficacy of vaccination campaigns for other respiratory illnesses, such as influenza,

may help inform messaging around COVID‐19 vaccinations. This cross‐sectional

study examines the individual‐level factors associated with, and the spatial dis-

tribution of, predictors of COVID‐19 severity, and uptake of influenza and hepatitis

B (as a negative control) vaccines across NYC. Data were obtained from the 2018

Community Health Survey (CHS), including self‐reported influenza and hepatitis B

vaccine uptake, diabetes, asthma, hypertension, body mass index (BMI), age, race/

ethnicity, educational attainment, borough, and United Hospital Fund (UHF) neigh-

borhood of residence. A CDC‐defined COVID‐19 severity risk score was created

with variables available in the CHS, including diabetes, asthma, hypertension,

BMI ≥ 30 kg/m2, and age ≥65 years old. After adjustment, there was a significant

positive association between COVID‐19 severity risk score and influenza vaccine

uptake (1: ORadj = 1.49, 95% CI 1.28–1.73; 2: ORadj = 1.99; 95% CI: 1.65–2.41; 3+:

ORadj = 2.89; 95% CI: 2.32–3.60, compared to 0). Hepatitis B vaccine uptake was

significantly inversely associated with COVID‐19 severity risk score (1: ORadj = 0.67;

95% CI: 0.57–0.79; 2: ORadj = 0.54; 95% CI: 0.44–0.66; 3+: ORadj = 0.45; 95% CI:

0.36–0.56, compared to 0). The influenza vaccination campaign template is effective

at reaching those most at risk for serious COVID‐19 and, if implemented, may help

reach the most vulnerable that have not yet been vaccinated against COVID‐19.

K E YWORD S

influenza, immunization strategy, SARS‐COV2

1 | INTRODUCTION

New York City (NYC) was an early and devastating epicenter of the

coronavirus (COVID‐19) pandemic in the United States with a cu-

mulative reported case rate of 12,589.2 and a death rate of 404.5 per

100,000 residents as of September 16, 2021.1 However, over a year

into the pandemic, NYC has made significant progress in reducing

virus spread, hospitalizations, and death through public health mea-

sures and vaccinations. As of September 15, 2021, 61.9% and 69.3%2

of NYC residents were fully vaccinated or had received at least one

dose, respectively, compared to 54.1% and 63.4% nationally.3 While

these numbers indicate considerable progress, vaccine distribution

and uptake have been uneven across NYC.4,5 This mirrors racial and

socioeconomic disparities also seen in the distribution of COVID‐19

cases and testing6 where less affluent neighborhoods with large

nonwhite populations have consistently fared worse.7 Recent de-

mand for COVID‐19 vaccines has tapered, with available doses

outpacing demand.8 The drop‐off in COVID‐19 vaccination rates
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points to a need to improve the campaign and messaging around

COVID‐19 vaccinations, as the grim reality of COVID‐19 hospitali-

zations and deaths may not be sufficient to motivate the hesitant

pockets of the population. COVID‐19 vaccine hesitancy and accep-

tance vary across racial and ethnic groups,9 and reasons for having

not yet received a vaccine include virus skepticism, a desire to get

more information and see how things play out, a perceived lack of

time or monetary resources, and distrust in the healthcare system.10

Understanding the uptake of the influenza vaccine, another

contagious respiratory illness, could help provide insight into the

features of vaccination campaigns that are successful in reaching

those most vulnerable to severe illness, given that many of the risk

factors for influenza severity overlap with the risk factors for

COVID‐19 severity, including age ≥65 years of age, chronic health

conditions (asthma, heart disease, kidney disease, liver disease,

and diabetes), high body mass index (BMI), immunosuppression, and

pregnancy.11–17 NYC Health + Hospitals has an ongoing “Fight the

Flu!” campaign, offering information and free influenza vaccines at

locations across the city.18 In 2020, preceding the onset of the

COVID‐19 pandemic, the NYC Department of Health launched an

influenza campaign that ran on public transport and social media with

the main message, “This year's flu vaccination could be the most

important one you ever get.”19 If influenza vaccination campaigns in

previous years were successful in reaching the most vulnerable and

at‐risk demographics, similar strategies could be adopted for

COVID‐19 vaccines, and may provide a template for better reaching

individuals who have yet to be vaccinated against COVID‐19.

To understand if the influenza vaccine uptake in NYC was suc-

cessful in reaching the most vulnerable, and how the results can be

applied to COVID‐19 specifically, we set the following objectives for

this analysis: (1) identify the spatial distribution of COVID‐19 severity

risk scores and influenza vaccine uptake according to United Hospital

Fund (UHF) neighborhood across NYC; (2) assess the independent

associations of influenza vaccine uptake with COVID‐19 severity risk

score, race/ethnicity, education, and borough; and (3) as a negative

control, assess the independent associations of the listed factors with

hepatitis B vaccine uptake, a disease that has different transmission

modality and risk factors. We hypothesize that COVID‐19 severity

risk will be associated with influenza vaccine uptake, but not with

hepatitis B vaccine uptake.

2 | METHODS

2.1 | Data source

The Community Health Survey (CHS) is a cross‐sectional telephone

survey conducted annually by the NYC Department of Health and

Mental Hygiene (DOHMH) on a stratified random sample of ap-

proximately 10,000 NYC residents ≥18 years old and living in non-

group quarters. The survey includes data on demographics,

neighborhood of residence, and self‐reported measures of chronic

diseases and behavioral health risk factors.20

This study used data from the 2018 CHS (n = 10,076). The pri-

mary outcomes of interest were self‐reported influenza and hepatitis

B vaccine uptake. Information on other variables of interest, including

self‐reported diabetes, asthma, high blood pressure, body mass index

(BMI), age at interview, race/ethnicity, highest level of education

attained, borough of residence, and United Hospital Fund (UHF)

neighborhood of residence were extracted from the survey. A sum-

mary of the included variables can be found in Table S1.

2.2 | COVID‐19 severity risk score

As previously published,15,21 a risk score for severe COVID‐19 was

defined based on a count of individual risk factors identified by the

Centers for Disease Control and Prevention (CDC)11 as predictors of

COVID‐19 severity, and available in the CHS. These included dia-

betes, asthma, high blood pressure, BMI ≥ 30 kg/m2, and age

≥65 years old. Risk index scores ranged from 0 to 5 and were col-

lapsed into categories 0, 1, 2, and 3+, with 0 indicating least risk and

3+ indicating greatest risk of severe COVID‐19.

2.3 | Statistical analyses

Participants were excluded from analyses if they were missing in-

formation about self‐reported influenza vaccination or information

for any variable used to define the COVID‐19 severity risk score.

The distribution of self‐reported influenza vaccine uptake, he-

patitis B vaccine uptake, and COVID‐19 risk index scores were

mapped according to UHF using ArcGIS, v10.8.

Participants with and without a self‐reported influenza vaccine in

the previous year were compared on all demographic and risk factor

variables using χ2 tests. Multivariable logistic regression analysis was

performed to assess the independent association of the COVID‐19

severity risk score with self‐reported influenza vaccine uptake, ad-

justing for race/ethnicity, education, and borough of residence.

Among participants with definitive information about whether they

had ever received the hepatitis B vaccine, a similar model was run to

assess the association with hepatitis B vaccine uptake, as a negative

control. Correlations between individual risk factors and influenza

vaccine uptake were assessed to identify factors most associated

with vaccine uptake. Multivariable models were run on the subset of

participants with complete data. All analyses were performed using

SAS software, version 9.4 (SAS Institute). All analyses used the suite

of “survey” procedures in SAS to account for the complex sampling

design of the CHS. All presented results represent weighted values.

3 | RESULTS

There were 9,740 CHS respondents in 2018 with complete in-

formation on influenza vaccination and variables contained in the

COVID‐19 severity risk score; 47% of whom reported receiving the
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influenza vaccine within the last year (Table 1). Those with an influ-

enza vaccine were significantly more likely to report having diabetes

(14.9% vs. 7.4%; p < 0.0001), asthma (6.0% vs. 3.1%; p < 0.0001), high

blood pressure (31.5% vs. 21.2%; p < 0.0001), and to be ≥65 years old

(20.7% vs.10.6%; p < 0.0001) than those who had not received in-

fluenza vaccine. Those who received the influenza vaccine had sig-

nificantly (p < 0.0001) higher COVID‐19 severity risk scores (11.7%

vs. 5.7% for scores ≥3). There was also a statistically significant dif-

ference by race (p = 0.0427), with those who received an influenza

vaccine more likely to be non‐Hispanic white (NHW) (37.2% vs.

33.8%) and less likely to be non‐Hispanic Black (NHB) (20.4% vs.

23.9%). There was a significant association between influenza vac-

cination status and educational attainment (p = 0.0116), with greater

numbers of college graduates among those who were vaccinated

than those who were not (36.5% vs. 33.5%). Those who received an

influenza vaccine were significantly (p = 0.0003) more likely to reside

in Manhattan (22.7% vs. 18.4%) and the Bronx (17.5% vs. 15.2%), and

less likely to reside in Brooklyn (27.3% vs. 32.2%) and Queens (27.0%

vs. 28.5%), compared to those who did not receive an influenza

vaccine. Those who received an influenza vaccine were also sig-

nificantly more likely to have received a hepatitis B vaccine (54.8% vs.

44.5%; p < 0.0001). The distribution of the COVID‐19 risk index

scores was mapped according to the 34 UHF areas in NYC, as were

influenza vaccine uptake and hepatitis B vaccine uptake (Figure 1).

Across NYC, areas with higher COVID‐19 risk scores generally had

higher influenza vaccine uptake, with the exception of Manhattan.

Overall, there was an inverse relationship between influenza vacci-

nation uptake and hepatitis B uptake in the Bronx, Staten Island and

TABLE 1 Description of the population according to influenza
vaccine uptake

Variable

Influenza vaccine N (%)

p

Yes:
N = 4908
(46.8)

No:
N = 4832
(53.2)

Diabetes <0.0001

Yes 939 (14.9) 560 (7.4)

No 3969 (85.1) 4272 (92.6)

Asthma <0.0001

Yes 304 (6.0) 178 (3.1)

No 4604 (94.0) 4654 (96.9)

High blood pressure <0.0001

Yes 2056 (31.5) 1382 (21.2)

No 2852 (68.5) 3450 (78.8)

BMI (kg/m2) 0.0747

<30 3502 (73.0) 3544 (75.4)

≥30 1406 (27.0) 1288 (24.6)

Age (years) <0.0001

<65 3122 (79.3) 3810 (89.4)

≥65 1786 (20.7) 1022 (10.6)

COVID‐ 19 severity
risk score (0 = low
risk; 5 = high risk)

<0.0001

0 1567 (43.5) 2273 (57.0)

1 1339 (28.1) 1320 (25.7)

2 1108 (16.7) 734 (11.6)

≥3 894 (11.7) 505 (5.7)

Race 0.0427

White, non‐Hispanic 1808 (37.2) 1572 (33.8)

Black, non‐Hispanic 1049 (20.4) 1195 (23.9)

Hispanic 1389 (26.5) 1398 (27.1)

Asian/PI, non‐
Hispanic

549 (13.7) 522 (12.9)

Other, non‐Hispanic 113 (2.2) 145 (2.2)

Educational
Attainment

0.0116

Less than high school 787 (18.8) 681 (16.7)

High school graduate 1032 (22.8) 1063 (25.5)

Some college/
technical school

969 (21.2) 1101 (23.8)

College graduate 2092 (36.5) 1963 (33.5)

Missing/Unknown 28 (0.7) 24 (0.5)

Borough 0.0003

Bronx 944 (17.5) 865 (15.2)

TABLE 1 (Continued)

Variable

Influenza vaccine N (%)

p

Yes:
N = 4908
(46.8)

No:
N = 4832
(53.2)

Brooklyn 1473 (27.3) 1675 (32.2)

Manhattan 1019 (22.7) 815 (18.4)

Queens 1183 (27.0) 1235 (28.5)

Staten Island 289 (5.5) 242 (5.6)

Hepatitis B vaccine <0.0001

Yes 2442 (54.8) 1998 (44.5)

No 1864 (32.9) 2290 (43.8)

Missing/Unknown 602 (12.2) 544 (11.7)

Note: Self‐reported influenza vaccination uptake, hepatitis B vaccination
uptake, diabetes, asthma, BMI ≥ 30 (mg/k2), age ≥65 years, racial/ethnic
demographics, education, and borough were obtained from the 2018

DOHMH Community Health Survey (CHS)2; categories were recoded as
Yes versus No/Don't know/Refused. COVID‐19 Severity Risk Score,
according to the criteria for COVID‐19 severity risk established by the
CDC, included count data of diabetes, asthma, high blood pressure,
BMI ≥ 30 kg/m2, and residents ≥65 years old, which was also sourced

from the 2018 DOHMH Community Health Survey (CHS).2
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across some areas in Queens. Mean COVID‐19 severity risk scores by

UHF ranged from 0.52 to 1.10, with higher risk individuals con-

centrated in the Bronx and Staten Island. The percentage of residents

who received an influenza vaccine ranged from 28.7% to 60.7%, with

higher influenza vaccine uptake concentrated in areas of Manhattan

and the Bronx. The percentage of people who received a Hepatitis B

vaccine ranged from 39.7% to 70.6%, with higher hepatitis B vaccine

uptake concentrated in Manhattan.

After adjusting for all covariates (n = 9,688), people were sig-

nificantly more likely to report having had an influenza vaccine with

increasing COVID‐19 severity risk score (1: ORadj = 1.49, 95% CI

1.28–1.73; 2: ORadj = 1.99, 95% CI 1.65–2.41; 3+: ORadj = 2.89, 95%

CI 2.32–3.60, compared to 0). When compared to NHW residents,

NHB residents (ORadj = 0.76, 95% CI 0.64–0.92) were significantly

less likely to report an influenza vaccine, whereas there was no sta-

tistically significant difference in influenza vaccine uptake for

F IGURE 1 Spatial distribution of mean COVID‐19 severity risk score, influenza vaccine uptake, and hepatitis B vaccine uptake, by United
Hospital Fund area across New York City. A key for the geography of New York City boroughs is included in the figure
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residents who are Asian/Pacific Islander, Hispanic, or of any other

race. There was no statistically significant difference in influenza

vaccine uptake according to highest level of education. Finally, across

NYC boroughs, when compared to Manhattan, residents of Brooklyn

and Queens were significantly less likely to report having influenza

vaccine (ORadj = 0.70, 95% CI 0.59–0.84 and ORadj = 0.76, 95%

CI 0.62‐0.92, respectively) (Table 2). When we studied the individual

components of the COVID‐19 risk score, we observed a statistically

significant positive association between influenza vaccine uptake and

self‐reported diabetes (ρ = 0.12, p < 0.0001), high blood pressure

(ρ = 0.12, p < 0.0001), and age ≥65 years old (ρ = 0.14, p < 0.0001).

After adjusting for all covariates, diabetes (ORadj = 1.68; 95% CI:

1.37–2.07), high blood pressure (ORadj = 1.32; 95% CI: 1.13–1.54),

age ≥65 years old (ORadj = 1.80; 95% CI: 1.53–2.13), and asthma

(ORadj = 1.88; 95% CI: 1.37–2.58) were found to be significant drivers

of association between the composite COVID‐19 severity risk score

and influenza vaccine uptake.

3.1 | Hepatitis B vaccine (negative control)

After adjusting for all covariates (n = 8,591), people were significantly

less likely to report having had a hepatitis B vaccine with increasing

COVID‐19 severity risk score (1: ORadj = 0.67; 95% CI: 0.57–0.79; 2:

TABLE 2 Relative Odds of influenza
and hepatitis B vaccination uptake
according to COVID‐19 risk score, after
adjusting for race/ethnicity, educational
attainment, and borough

Influenza vaccination Hepatitis B vaccination

Variable Adjusted odds
ratio
(ORadj)

95% Confidence
limits

Adjusted odds
ratio
(ORadj)

95% Confidence
limits

COVID‐19 severity risk
score (0 = low risk;
5 = high risk)

0 1.0 ref. – 1.0 ref. –

1 1.49 1.28 1.73 0.67 0.57 0.79

2 1.99 1.65 2.41 0.54 0.44 0.66

≥3 2.89 2.32 3.60 0.45 0.36 0.56

Race/ethnicity

White, non‐Hispanic 1.0 ref. – 1.0 ref. –

Asian/Pacific

Islander,
non‐Hispanic

1.12 0.90 1.39 1.16 0.91 1.46

Black, non‐Hispanic 0.76 0.64 0.92 1.29 1.06 1.56

Hispanic 0.85 0.71 1.01 1.29 1.06 1.57

Other, non‐Hispanic 0.89 0.60 1.32 1.16 0.71 1.88

Educational attainment

Less than high school 1.0 ref. – 1.0 ref. –

High school graduate 0.86 0.70 1.07 1.30 1.04 1.63

Some college/
technical school

0.87 0.71 1.08 1.95 1.55 2.45

College graduate 1.05 0.86 1.29 2.07 1.66 2.58

Borough

Manhattan 1.0 ref. – 1.0 ref. –

Bronx 0.98 0.80 1.21 0.89 0.71 1.11

Brooklyn 0.70 0.59 0.84 0.74 0.61 0.90

Queens 0.76 0.62 0.92 0.72 0.58 0.88

Staten Island 0.76 0.54 1.05 0.60 0.42 0.87

Note: COVID‐19 severity risk score, according to the criteria for COVID‐19 severity risk established by
the CDC, included count data of diabetes, asthma, high blood pressure, BMI ≥ 30 kg/m2, and residents
≥65 years old, which were obtained from the 2018 DOHMH Community Health Survey (CHS),2 as well

as self‐reported influenza vaccination uptake, racial/ethnic demographics, education, and borough.
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ORadj = 0.54; 95% CI: 0.44–0.66; 3+: ORadj = 0.45; 95% CI:

0.36–0.56, compared to 0). NHB residents (ORadj = 1.29; 95% CI:

1.06–1.56) and Hispanic residents (ORadj = 1.29; 95% CI: 1.06–1.57)

were significantly more likely to report having a hepatitis B vaccine,

compared to NHW residents. There was no statistically significant

difference in hepatitis B vaccine uptake for Asian/Pacific Islander

residents or those of any other race. Hepatitis B vaccine uptake in-

creased significantly with increasing levels education (high school

graduate: ORadj = 1.30; 95% CI: 1.04–1.63; some college/technical

school: ORadj = 1.95; 95% CI: 1.55–2.45; college graduate: ORadj =

2.07; 95% CI: 1.66–2.58, when compared to less than high school

education). Finally, across NYC boroughs, when compared to Man-

hattan, residents of Brooklyn, Queens, and Staten Island were sig-

nificantly less likely to report having a hepatitis B vaccine

(ORadj = 0.74; 95% CI: 0.61–0.90; ORadj = 0.72; 95% CI: 0.58–0.88;

ORadj = 0.60; 95% CI: 0.42–0.87, respectively) (Table 2).

4 | DISCUSSION

To the best of our knowledge, this is the first analysis to incorporate

CDC‐defined risk factors for COVID‐19 severity, racial and ethnic

composition, education, and borough to predict influenza vaccine

uptake across NYC at the individual level. Here we identify that in-

fluenza vaccine uptake was highest among residents with higher

COVID‐19 severity risk scores, NHW residents, and residents of

Manhattan borough. In comparison, residents that had higher

COVID‐19 severity risk scores had decreased hepatitis B vaccine

uptake, whereas hepatitis B vaccine uptake was highest among NHB

residents, Hispanic residents, residents with higher levels of educa-

tion, and residents of Manhattan. These findings support our hy-

pothesis that COVID‐19 severity risk would be associated with

influenza vaccine uptake, due to the shared risk factors for severity of

both, but not associated with hepatitis B vaccine uptake.

These findings suggest that the campaign for influenza vaccina-

tion uptake has been successful, as influenza vaccine uptake was

highest among residents most vulnerable to severe complications

from influenza. Common influenza vaccination campaign strategies

that have been shown to be successful include convenient, easy‐

access vaccinations,22,23 sharing awareness via social media,23 free or

low‐cost influenza vaccines, educational outreach into vulnerable

areas,24 simple, evidence‐based messaging,25 and consistent com-

munication from healthcare providers.22,23 While the influenza vac-

cine only reduces the risk of illness among 40%–60% of the

population,26 the influenza vaccine is still very effective in terms of

uptake, particularly among those most at risk for severity, including

those 65 years or older. Further, during the 2019–2020 influenza

season, 69.8% of people 65 years or older nationally got the influenza

vaccine.27 This number was nearly 80% in NYC during the most

recent influenza seasons through 2019. In addition, due to the

COVID‐19 pandemic, a record 175 million doses were provided

during this last influenza season, and vaccine manufacturers have

projected a jump from 175 million to 194–198 million for the

upcoming 2021–2022 influenza season.28 The success of the influ-

enza vaccine is clear, even in light of the known limited efficacy. Since

all of the vaccines for COVID‐19 available in the United States are

considerably more effective at preventing symptomatic disease and

infection than influenza vaccine,26,29–34 adopting the influenza vac-

cination campaign template for COVID‐19 vaccinations to reach in-

dividuals most at risk for COVID‐19 severity could obtain maximum

benefit at the community level, greatly reducing COVID‐19 infection

and mortality. However, after adjusting for the COVID‐19 risk score,

NHB residents and residents outside of Manhattan are still less likely

to get an influenza vaccine. This suggests that even though the in-

fluenza vaccination campaign is successful, there are still persisting

racial and geographic disparities, consistent with other studies that

have reported racial and geographic disparities in influenza vaccine

uptake.35,36 Although the influenza vaccination campaign may help

increase vaccine uptake among vulnerable people, additional mes-

saging should be tailored and focused specifically on nonwhite

neighborhoods to further maximize the full benefit and address re-

ported COVID‐19 vaccine hesitancy among NHB residents9 and

other disadvantaged communities.24

Considering vaccine uptake overall, it could be argued that some

people are simply more vaccine ready and health conscious, and more

likely to follow health recommendations. To examine this, we used he-

patitis B vaccine uptake as negative control, as hepatitis B is an infection

with a completely different method of transmission, risk factors, and

vaccine schedule, compared to influenza.37,38 In the present analysis, we

found that COVID‐19 severity risk had an inverse relationship with he-

patitis B vaccine uptake, which suggests that vaccine uptake is not all‐

inclusive of every vaccine but dependent on the specific one in question.

4.1 | Limitations

Due to the survey sampling methodology of the data used in this

analysis, data for adults in households without any telephone service

and adults living in group settings (e.g., college dormitories, nursing

facilities) could not be obtained.39 Additionally, the CHS does not

include all CDC‐defined risk factors for COVID‐19 severity that

would be important in this analysis, including COPD, cancer, chronic

kidney disease, heart disease, pregnancy, previous heart attack, and

liver disease. We also do not have information on where people

obtained their influenza vaccinations, which would provide better

insight into which specific strategies would drive the influenza vac-

cine campaign most. Finally, the survey used in this analysis relies on

self‐reported measures of chronic health diseases and behavioral risk

factors, not clinical diagnostic and workup measures.

4.2 | Strengths

To the best of our knowledge, this is the only study using individual‐

level data on risk factors for COVID‐19 severity and influenza vac-

cine uptake at the UHF level in NYC.
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5 | CONCLUSION

Examining the factors associated with influenza vaccine uptake in

NYC to understand the success of the influenza vaccination campaign

can inform COVID‐19 vaccine strategy to reach those who have not

yet been vaccinated against COVID‐19 but are most at risk for

COVID‐19 severity. This analysis confirms that the influenza vacci-

nation campaign template is effective at reaching those most at risk

for serious infection and proposes that it is a practical and successful

template to encourage COVID‐19 vaccine uptake of the most vul-

nerable. Future analyses should focus on examining racial and so-

cioeconomic disparities in COVID‐19 vaccine uptake and explore any

barriers to uptake. To better reach those not yet vaccinated and

those most vulnerable to severity from COVID‐19 infection, wide-

spread vaccination strategy should start with reforming the campaign

around COVID‐19 vaccines.

CONFLICT OF INTERESTS

The authors declare that there are no conflict of interests.

AUTHOR CONTRIBUTIONS

Ashley Moreland had full access to all of the data in the study and

takes responsibility for the integrity of the data and the accuracy of

the data analysis. Study concept and design, drafting of the manuscript,

critical revision of the manuscript for important intellectual content, and

statistical analysis: Emanuela Taioli, Ashley Moreland, and Naomi

Alpert. Acquisition, analysis, and interpretation of data: Ashley More-

land, Naomi Alpert, Emanuela Taioli, and Christina Gillezeau. Admin-

istrative, technical, or material support: Christina Gillezeau, Naomi

Alpert, and Emanuela Taioli. Study supervision: Emanuela Taioli.

DATA AVAILABILITY STATEMENT

Individual‐level count data used for this analysis was obtained by the

New York City Department of Health and Mental Hygiene's 2018

Community Health Survey with a signed data access agreement. The

data dictionary for this data is publicly available at the following

website: https://www1.nyc.gov/assets/doh/downloads/pdf/episrv/

chs2018-codebook.pdf.

ORCID

Ashley Moreland https://orcid.org/0000-0002-9097-6749

Emanuela Taioli https://orcid.org/0000-0001-5734-4806

REFERENCES

1. NYC Department of Health Coronavirus Repository. Accessed
September 16, 2021. https://github.com/nychealth/coronavirus-

data/blob/master/totals/summary.csv
2. New York State COVID‐19 Vaccination Tracker. Accessed

September 16, 2021. https://covid19vaccine.health.ny.gov/covid-
19-vaccine-tracker

3. Centers for Disease Control and Prevention. COVID Data Tracker.

Accessed September 16, 2021. https://covid.cdc.gov/covid-data-
tracker/#datatracker-home

4. NYC Department of Health COVID‐19 Vaccination Reporting Data
Repository. Accessed May 25, 2021. https://github.com/nychealth/
covid-vaccine-data

5. Bloch M, Buchanan L, Holder JSee who has been vaccinated so far in

New York City. New York Times. Accessed May 25, 2021.
6. NYC Department of Health Coronavirus Data Repository. Accessed

May 25, 2021. https://github.com/nychealth/coronavirus-data
7. Lieberman‐Cribbin W, Tuminello S, Flores RM, Taioli E. Disparities in

COVID‐19 testing and positivity in New York City. Am J Prev Med.

2020;59(3):326‐332.
8. Wright W, McDonnell NRGA new Covid dilemma: what to do when

vaccine supply exceeds demand? New York Times; May 12, 2021.
9. Kreps SE, Kriner DL. Factors influencing Covid‐19 vaccine accep-

tance across subgroups in the United States: evidence from a con-

joint experiment. Vaccine. 2021;39(24):3250‐3258. https://doi.org/
10.1016/j.vaccine.2021.04.044

10. Sgaier SK. Meet the four kinds of people holding us back from full
vaccination. New York Times; May 18, 2021.

11. Centers for Disease Control and Prevention. People at high risk for

flu complications. Accessed September 14, 2021. https://www.cdc.
gov/flu/highrisk/index.htm

12. Centers for Disease Control and Prevention. COVID‐19 risk factors
for severe COVID‐19 illness. Accessed September 14, 2021. https://

www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/
people-with-medical-conditions.html

13. Wolff D, Nee S, Hickey NS, Marschollek M. Risk factors for Covid‐19
severity and fatality: a structured literature review. Infection. 2021;
49(1):15‐28. https://doi.org/10.1007/s15010-020-01509-1

14. Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associated
with COVID‐19‐related death using OpenSAFELY. Nature. 2020;
584(7821):430‐436. https://doi.org/10.1038/s41586-020-2521-4

15. Lieberman‐Cribbin W, Alpert N, Flores R, Taioli E. A risk index for
COVID‐19 severity is associated with COVID‐19 mortality in New

York City. BMC Public Health. 2021;21(1):1452. https://doi.org/10.
1186/s12889-021-11498-x

16. Van Kerkhove MD, Vandemaele KA, Shinde V, et al. Risk factors for
severe outcomes following 2009 influenza A (H1N1) infection: a
global pooled analysis. PLoS Med. 2011;8(7):e1001053. https://doi.

org/10.1371/journal.pmed.1001053
17. Mertz D, Kim TH, Johnstone J, et al. Populations at risk for severe or

complicated influenza illness: systematic review and meta‐analysis.
BMJ. 2013;347:f5061. https://doi.org/10.1136/bmj.f5061

18. NYC Health + Hospitals. Five facts on fighting the flu. Accessed
September 14, 2021. https://www.nychealthandhospitals.org/
healthtips/fight-the-flu/

19. NYC Department of Health. 2020‐2021 flu vaccine campaign NYC.
Accessed September 14, 2021. https://www1.nyc.gov/assets/doh/

downloads/pdf/flu/flu-vax-important-campaign.pdf
20. NYC Department of Health and Mental Hygiene Bureau of Epide-

miology Services Data Repository. Community Health Survey (CHS);
2018. Accessed April 30, 2021. https://www1.nyc.gov/site/doh/
data/data-sets/community-health-survey.page

21. Raifman MA, Raifman JR. Disparities in the population at risk of severe
illness from COVID‐19 by race/ethnicity and income. Am J Prev Med.
2020;59(1):137‐139. https://doi.org/10.1016/j.amepre.2020.04.003

22. Boey L, Roelants M, Vandermeulen C. Increased vaccine uptake and
less perceived barriers toward vaccination in long‐term care facilities

that use multi‐intervention manual for influenza campaigns. Hum
Vaccin Immunother. 2021;17(3):673‐680. https://doi.org/10.1080/
21645515.2020.1788327

23. Bekkat‐Berkani R, Romano‐Mazzotti L. Understanding the unique

characteristics of seasonal influenza illness to improve vaccine up-
take in the US. Vaccine. 2018;36(48):7276‐7285. https://doi.org/10.
1016/j.vaccine.2018.10.027

924 | MORELAND ET AL.

https://www1.nyc.gov/assets/doh/downloads/pdf/episrv/chs2018-codebook.pdf
https://www1.nyc.gov/assets/doh/downloads/pdf/episrv/chs2018-codebook.pdf
https://orcid.org/0000-0002-9097-6749
https://orcid.org/0000-0001-5734-4806
https://github.com/nychealth/coronavirus-data/blob/master/totals/summary.csv
https://github.com/nychealth/coronavirus-data/blob/master/totals/summary.csv
https://covid19vaccine.health.ny.gov/covid-19-vaccine-tracker
https://covid19vaccine.health.ny.gov/covid-19-vaccine-tracker
https://covid.cdc.gov/covid-data-tracker/#datatracker-home
https://covid.cdc.gov/covid-data-tracker/#datatracker-home
https://github.com/nychealth/covid-vaccine-data
https://github.com/nychealth/covid-vaccine-data
https://github.com/nychealth/coronavirus-data
https://doi.org/10.1016/j.vaccine.2021.04.044
https://doi.org/10.1016/j.vaccine.2021.04.044
https://www.cdc.gov/flu/highrisk/index.htm
https://www.cdc.gov/flu/highrisk/index.htm
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html
https://doi.org/10.1007/s15010-020-01509-1
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1186/s12889-021-11498-x
https://doi.org/10.1186/s12889-021-11498-x
https://doi.org/10.1371/journal.pmed.1001053
https://doi.org/10.1371/journal.pmed.1001053
https://doi.org/10.1136/bmj.f5061
https://www.nychealthandhospitals.org/healthtips/fight-the-flu/
https://www.nychealthandhospitals.org/healthtips/fight-the-flu/
https://www1.nyc.gov/assets/doh/downloads/pdf/flu/flu-vax-important-campaign.pdf
https://www1.nyc.gov/assets/doh/downloads/pdf/flu/flu-vax-important-campaign.pdf
https://www1.nyc.gov/site/doh/data/data-sets/community-health-survey.page
https://www1.nyc.gov/site/doh/data/data-sets/community-health-survey.page
https://doi.org/10.1016/j.amepre.2020.04.003
https://doi.org/10.1080/21645515.2020.1788327
https://doi.org/10.1080/21645515.2020.1788327
https://doi.org/10.1016/j.vaccine.2018.10.027
https://doi.org/10.1016/j.vaccine.2018.10.027


24. Ruiz JB, Bell RA. Predictors of intention to vaccinate against COVID‐19:
results of a nationwide survey. Vaccine. 2021;39(7):1080‐1086. https://
doi.org/10.1016/j.vaccine.2021.01.010

25. Mercadante AR, Law AV. Will they, or won't they? Examining pa-

tients' vaccine intention for flu and COVID‐19 using the Health
Belief Model. Res Social Adm Pharm. 2021;17(9):1596‐1605. https://
doi.org/10.1016/j.sapharm.2020.12.012

26. Centers for Disease Control and Prevention. Vaccine Effectiveness:
How Well Do the Flu Vaccines Work? Accessed September 14,

2021. https://www.cdc.gov/flu/vaccines-work/vaccineeffect.htm
27. Centers for Disease Control and Prevention. FluView Interactive!

Tool. Influenza vaccination coverage for persons 6 months and
older. Accessed September 14, 2021. https://www.cdc.gov/flu/
fluvaxview/reportshtml/reporti1920/reportii/index.html

28. Centers for Disease Control and Prevention. FluView Interactive! Tool.
Flu vaccination coverage, United States, 2019–20 influenza season.
Accessed September 14, 2021. https://www.cdc.gov/flu/fluvaxview/
coverage-1920estimates.htm#:%7E:text=For%20the%202020%E2%
80%9321%20season,to%20the%20COVID%2D19%20pandemic

29. Institute for Health Metrics and Evaluation. COVID‐19 vaccine ef-
ficacy summary. Accessed September 14, 2021. http://www.
healthdata.org/covid/covid-19-vaccine-efficacy-summary

30. Pilishvili T, Fleming‐Dutra KE, Farrar JL, et al. Interim estimates of

vaccine effectiveness of Pfizer‐BioNTech and Moderna COVID‐19
vaccines among health care personnel − 33 U.S. Sites, January‐
March 2021. MMWR Morb Mortal Wkly Rep. 2021;70(20):753‐758.
https://doi.org/10.15585/mmwr.mm7020e2

31. Tenforde MW, Olson SM, Self WH, et al. Effectiveness of Pfizer‐
BioNTech and Moderna vaccines against COVID‐19 among hospi-
talized adults aged ≥65 years ‐ United States, January‐March 2021.
MMWR Morb Mortal Wkly Rep. 2021;70(18):674‐679. https://doi.
org/10.15585/mmwr.mm7018e1

32. Thompson MG, Pierse N, Sue Huang Q, et al. Influenza vaccine

effectiveness in preventing influenza‐associated intensive care
admissions and attenuating severe disease among adults in
New Zealand 2012‐2015. Vaccine. 2018;36(39):5916‐5925. https://
doi.org/10.1016/j.vaccine.2018.07.028

33. Tenforde MW, Kondor RJG, Chung JR, et al. Effect of antigenic drift on

influenza vaccine effectiveness in the United States − 2019‐2020. Clin
Infect Dis. 2020:ciaa1884. https://doi.org/10.1093/cid/ciaa1884

34. Flannery B, Kondor RJG, Chung JR, et al. Spread of antigenically
drifted influenza A(H3N2) viruses and vaccine effectiveness in the
United States during the 2018‐2019 season. J Infect Dis. 2020;
221(1):8‐15. https://doi.org/10.1093/infdis/jiz543

35. Malik AA, McFadden SM, Elharake J, Omer SB. Determinants of
COVID‐19 vaccine acceptance in the US. EClinicalMedicine. 2020;26:
100495. https://doi.org/10.1016/j.eclinm.2020.100495

36. Ferdinand KC, Nedunchezhian S, Reddy TK. The COVID‐19 and
Influenza “Twindemic”: barriers to influenza vaccination and poten-

tial acceptance of SARS‐CoV2 vaccination in African Americans.
J Natl Med Assoc. 2020;112(6):681‐687. https://doi.org/10.1016/j.
jnma.2020.11.001

37. Baha W, Foullous A, Dersi N, et al. Prevalence and risk factors of
hepatitis B and C virus infections among the general population and

blood donors in Morocco. BMC Public Health. 2013;13:50. https://
doi.org/10.1186/1471-2458-13-50

38. Guo Y, Gao P, Wang H, et al. Risk factors of hepatitis B virus in-
fection between vaccinated and unvaccinated groups among spou-
ses in 2006 and 2014: a cross‐sectional study in Beijing. Hum

Vaccin Immunother. 2020;16(1):148‐157. https://doi.org/10.1080/
21645515.2019.1640428

39. NYC Department of Health and Mental Hygiene. Community Health
Survey Methodology. Accessed September 14, 2021. https://

www1.nyc.gov/site/doh/data/data-sets/community-health-survey-
methodology.page

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: Moreland A, Gillezeau C, Alpert N,

Taioli E. Assessing influenza vaccination success to inform

COVID‐19 vaccination campaign. J Med Virol. 2022;94:

918‐925. doi:10.1002/jmv.27368

MORELAND ET AL. | 925

https://doi.org/10.1016/j.vaccine.2021.01.010
https://doi.org/10.1016/j.vaccine.2021.01.010
https://doi.org/10.1016/j.sapharm.2020.12.012
https://doi.org/10.1016/j.sapharm.2020.12.012
https://www.cdc.gov/flu/vaccines-work/vaccineeffect.htm
https://www.cdc.gov/flu/fluvaxview/reportshtml/reporti1920/reportii/index.html
https://www.cdc.gov/flu/fluvaxview/reportshtml/reporti1920/reportii/index.html
https://www.cdc.gov/flu/fluvaxview/coverage-1920estimates.htm#:%7E:text=For%20the%202020%E2%80%9321%20season,to%20the%20COVID%2D19%20pandemic
https://www.cdc.gov/flu/fluvaxview/coverage-1920estimates.htm#:%7E:text=For%20the%202020%E2%80%9321%20season,to%20the%20COVID%2D19%20pandemic
https://www.cdc.gov/flu/fluvaxview/coverage-1920estimates.htm#:%7E:text=For%20the%202020%E2%80%9321%20season,to%20the%20COVID%2D19%20pandemic
http://www.healthdata.org/covid/covid-19-vaccine-efficacy-summary
http://www.healthdata.org/covid/covid-19-vaccine-efficacy-summary
https://doi.org/10.15585/mmwr.mm7020e2
https://doi.org/10.15585/mmwr.mm7018e1
https://doi.org/10.15585/mmwr.mm7018e1
https://doi.org/10.1016/j.vaccine.2018.07.028
https://doi.org/10.1016/j.vaccine.2018.07.028
https://doi.org/10.1093/cid/ciaa1884
https://doi.org/10.1093/infdis/jiz543
https://doi.org/10.1016/j.eclinm.2020.100495
https://doi.org/10.1016/j.jnma.2020.11.001
https://doi.org/10.1016/j.jnma.2020.11.001
https://doi.org/10.1186/1471-2458-13-50
https://doi.org/10.1186/1471-2458-13-50
https://doi.org/10.1080/21645515.2019.1640428
https://doi.org/10.1080/21645515.2019.1640428
https://www1.nyc.gov/site/doh/data/data-sets/community-health-survey-methodology.page
https://www1.nyc.gov/site/doh/data/data-sets/community-health-survey-methodology.page
https://www1.nyc.gov/site/doh/data/data-sets/community-health-survey-methodology.page
https://doi.org/10.1002/jmv.27368



