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Abstract

Importance: Healthcare personnel (HCP) are important messengers for promoting vaccines, for
both adults and children. Our investigation describes perceptions of fully vaccinated HCP about
COVID-19 vaccine for themselves and primary series for their children.

Objective: To determine associations between sociodemographic, employment characteristics
and perceptions of COVID-19 vaccines among HCP overall and the subset of HCP with children,
who were all mandated to receive a COVID-19 vaccine, in a large US metropolitan region.

Design: Cross-sectional survey of fully vaccinated HCP from a large integrated health system.

Setting: Participants were electronically enrolled within a multi-site NYS healthcare system from
December 21, 2021, to January 21, 2022.

Participants: Of 78,000 employees, approximately one-third accessed promotional emails;
6,537 employees started surveys and 4165 completed them. Immunocompromised HCP (self-
reported) were excluded.

Exposure(s) (for observational studies): We conducted a survey with measures including
demographic variables, employment history, booster status, child vaccination status; vaccine
recommendation, confidence, and knowledge.

Main outcome(s) and measures: The primary outcome was COVID-19 vaccine hesitancy for
all dose types — primary series or booster doses — among HCP.

Results: Findings from 4,165 completed surveys indicated that almost 17.2 % of all HCP,
including administrative and clinical staff, were hesitant or unsure about receiving a COVID-19
vaccine booster, despite the NYS recommendation to do so. Depending on age group, between
20 % and 40 % of HCP were hesitant about having their children vaccinated for COVID-19,
regardless of clinical versus non-clinical duties. In multivariable regression analyses, lack of
booster dose, unvaccinated children, females, income less than $50,000, and residence in
Manhattan remained significantly associated with vaccine hesitancy.

Conclusions and relevance: Despite mandated COVID-19 vaccination, a substantial
proportion of HCP remained vaccine hesitant towards adult booster doses and pediatric COVID-19
vaccination. While provider recommendation has been the mainstay of combatting COVID-19
vaccine hesitancy, a gap exists between HCP—despite clinical or administrative status—and

the ability to communicate the need for vaccination in a healthcare setting. While previous

studies describe the HCP vaccine mandate as a positive force to overcome vaccine hesitancy,

we have found that despite a mandate, there is still substantial COVID-19 vaccine hesitancy,
misinformation, and reluctance to vaccinate children.

Keywords

Coronavirus disease 2019 (COVID-19); Vaccine hesitancy; Healthcare personnel; Employee
health; Vaccine mandate; Vaccine education
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Introduction

As demonstrated by a spike in hospitalizations in 20212022, coronavirus disease 20191
(COVID-19) Omicron wave disproportionately affected the pediatric population [1].
National pediatric COVID-19 vaccination rates for 5- to 11-year old children simultaneously
remained low —approximately 30 %—despite availability since November 2021 [2]. Before
the coronavirus disease 20191 (COVID-19) pandemic, studies of vaccine hesitancy focused
on parental attitudes toward childhood immunizations and annual vaccinations such as
influenza [3-5]. Because health care personnel2 (HCP) are important messengers to promote
vaccines for both children and adults, vaccine hesitancy among HCP in the United States
had focused on students and residents until the recent development of the COVID-19
vaccine [6]. Controversy existed among HCP regarding the New York State mandate to
receive their primary COVID-19 vaccine series and an additional booster dose during the
study period [7,8]. This study investigated the degree of and the contributing factors to
vaccine hesitancy among HCP mandated to receive COVID-19 vaccine.

Vaccine hesitancy among HCP was initially described in France, highlighting the need for
vaccine education to shift from patient to provider [9]. Several other studies from Finland,
Netherlands, and Europe also revealed vaccine side effect concerns, lack of confidence
discussing vaccines, and decreased vaccine acceptance by general practitioners and nurses
[9-11]. General practitioners tend to readily vaccinate their own children yet are less likely
to recommend vaccines for their patients [12,13]. Studies from France in early 2020 found
discrepancies between type of HCP and vaccine acceptance; nurses and nurse assistants
were less accepting than physicians [12]. Among pediatric HCP, decreased perception of
risk of COVID-19 infection was noted among those who were most vaccine hesitant [14]. A
survey of HCP in two US hospitals found that older age, Black or Hispanic race/ethnicity,
history of COVID-19 testing, and less patient contact contributed to vaccine hesitancy [15].
In France, a lower medical literacy also contributed to vaccine hesitancy.

From 2020 to 2021, increased HCP COVID-19 vaccine uptake and acceptance was noted
[16-18]. However, these studies do not address vaccine hesitancy among a population
mandatedto receive the COVID-19 vaccination. Intuitively, vaccine acceptance is equated
with uptake; our study seeks to investigate if the data support this conclusion. In paradox to
the healthy worker effect, HCP of minority racial and ethnic backgrounds are at increased
risk for COVID-19 infection compared to the general community [19]. At the start of
COVID-19 vaccine rollout, disparities in uptake was apparent. Nearly 20 % of Black adults
said that they “definitely or probably would not get vaccinated.”[20] Young Black and
Hispanic adults are less likely than Whites to have received a COVID-19 vaccine and are
more likely to want to “wait and see.”[20] While initial trends in vaccine uptake were
reduced in HCP generally and, notably, in people of color, overall acceptance improved
with the US Food and Drug Administration’s emergency use authorization [21,22]. Race
continued to be a factor for COVID-19 vaccination uptake as the pandemic progressed
[23,24], with notable race/ethnicity differences among HCP who are fully vaccinated under

1CoVID-19: Coronavirus disease 2019.
HCP: Healthcare personnel.
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COVID-19 vaccine mandates [20,25]. Our study further investigates the downstream effect
of instituting mandates on the perception of COVID-19 vaccine.

Vaccine hesitancy among parents of patients in a children’s hospital found that social
determinants of health, such as limited resources, impacted parental vaccine hesitancy for
childhood vaccines but not for the influenza vaccine [26]. Over a quarter of mothers said that
they were “extremely unlikely” to COVID-19 vaccinate their teenage children and parental
attitudes around vaccinating their children were correlated with attitudes around vaccinating
themselves [27]. What is unknown is whether HCP with children are as hesitant towards
COVID-19 vaccine as the general population. With this study, our aim was to determine
associations between sociodemographic, employment characteristics and perceptions of
COVID-19 vaccines among HCP mandated to receive COVID-19 vaccine and the subset

of HCP with children in a large US metropolitan region.

2. Material and methods

2.1. Study population

The study population was HCP and a subset of HCP with children, from New York State’s
largest private employer and integrated health delivery system. This network comprises 23
hospitals and over 800 ambulatory facilities with over 78,000 employees serving over 2
million patients through 5.5 million patient encounters annually, across a large geographic
area that includes northern New York, Long Island, and all boroughs of New York City. The
health system serves a diverse patient population, with more than 170 languages spoken in
Queens County, New York alone. New York State mandated that all personnel, regardless
of job category and title, receive the first dose of the primary COVID-19 vaccine series

by September 27th, 2021 as a requirement for employment. There were 85 medical and
153 religious exemptions granted in our study population. In addition, 1,152 HCP were
terminated from employment due to the vaccine mandate by the end of the 2021. At the
time of the study the booster dose was strongly recommended but not yet required; a
mandate for requirement was scheduled at the end of the study period on January 21st,
2022 to be completed by February 21st. The mandate for booster was rescinded by March
17th, 2022. All HCP who self-identified as immunocompromised were excluded from this
study, due to their higher risk of breakthrough infection and their ACIP-recommended,
accelerated COVID-19 vaccination schedule [20,21,26]. This study has human subjects
research approval from the Northwell Health Institutional Review Board (IRB).

2.2. Survey development and deployment

Questions from validated instruments [4,6] were used and some were adapted to address
themes unique to COVID-19 HCP vaccine hesitancy. Likert-scaled, true/false/not sure,
and yes/no responses were collected and managed using REDCap, a secure, web-based
software platform designed to support electronic data capture tools for research [28].
Three major sections of the 116-item survey included the following: (1) sociodemographic
variables (including 11 categories of languages spoken, co-morbidities for HCP and HCP
with children, COVID-19 booster status for HCP and vaccination status of HCP children,
duration of healthcare work experience, and duration of organization work experience);
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(2) perception of vaccines (confidence in COVID-19 vaccine recommendation, knowledge,
and discussion) [6]; and (3) vaccine hesitancy determined by 3 variables (HCP COVID-19
vaccine hesitancy, parental attitude toward childhood vaccines as measured by the PACV
survey, and HCP parent COVID-19 vaccine hesitancy for children) [4]. The PACV survey, a
15-item questionnaire scored from 0 to 100 with the higher number indicating more vaccine
hesitancy. Exact survey instruments are available in supplemental material (Appendix A, B,
and C). Participants were advised that the survey would take 5-10 min to complete.

The primary outcome, vaccine hesitancy among HCP was measured using the following
question: “Overall, how hesitant towards COVID-19 vaccine do you consider yourself

to be?” A secondary outcome, using the composite measure of general hesitancy among
HCP parents toward childhood vaccination, was calculated from responses to the PACV
survey. Finally, a third outcome addressing hesitancy specific to COVID-19 vaccines for
children among HCP parents, was measured using the following question: “Overall, how
hesitant towards COVID-19 vaccine for your children do you consider yourself to be?”
The composite vaccine hesitancy surveys were deployed anonymously from December 21,
2021, to January 21, 2022, through a secure electronic link. Participants were recruited
and consented via the internal communications and human resources departments using
multiple sources, including the health system’s network intranet, Facebook employee
page, newsletter emails, organizational meetings, promotions, and distribution by infection
prevention specialists at each organizational location. In order to maintain anonymity and
confidentiality, sending surveys directly to all HCP via email address was not included in
our protocol.

2.3. Data analysis

Vaccine perception measures (confidence in discussion, COVID-19 vaccine
recommendation, and knowledge) and booster shot status among HCP were explored

for potentially significant associations with sociodemographic characteristics. Confidence
in COVID-19 recommendation is a 6-item instrument from 1 to 6 with high numbers
indicating more confidence. Confidence in vaccine discussion and knowledge are similarly
structured and scored. The scores for each outcome measure (vaccine hesitancy, confidence
in COVID-19 vaccine recommendation, confidence in vaccine knowledge and discussion)
were analyzed on a discrete numeric scale. All sociodemographic characteristics were
summarized as categorical variables using frequencies and proportions. For each vaccine
hesitancy outcome measure, its association with sociodemographic variables and vaccination
status was assessed using log binomial regression analyses in SAS 9.4 software (SAS
Institute Inc.) to calculate unadjusted and adjusted prevalence ratios (PR) with 95 %
confidence intervals (95 % CI).

3. Results

Based on the number of total unique instances of emails opened and links clicked,
approximately 25,000 (about one third of) eligible HCP accessed the survey during
deployment. Based on our internal metrics, there were 20,000-25,000 clicks, approximately
a 33—38 % open rate of our survey. A total of 6,537 individuals began the survey, and of
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those, 4,165 participants completed the full survey with a response rate of 63.7 % for those
interacting with the survey and 16.7 % for those who accessed the link. Respondents were
mostly female (3449, 83.1 %) (Table 1), slightly higher than the 70 % female HCP among
70,000 employees in our health system. Age, race, and languages spoken by participants
were evenly distributed. Although age and residential location were similar among survey
participants to our general HCP population, slightly more respondents were white (63.4 %
vs 47.7 %) or multi-racial (5.88 % vs 1.52 %). Hispanic ethnicity was self-identified by
553 (13.3 %) of participants. Career characteristics that were noted included income range
(<$30,000-$300,000) with about 163 (5.2 %) of participants making more than $250,000
annually. One-quarter of participants were new to the healthcare system after having worked
in healthcare for at least 10 years. There were 1767 (42.4 %) of respondents with high
patient contact (clinical staff) and 953 (22.9 %) respondents with some patient contact
(Table 1). Specifically, the largest proportion of respondents were nurses, 1052 (26 %) with
clinicians 432 (10.46 %) and providers 182 (4.38 %) as the next largest groups respectively.
(Table 1a — supplement).

3.1. Vaccine hesitancy for HCP

In regression analyses that modeled the bivariate associations of sociodemographic
characteristics with COVID-19 vaccine hesitancy (Table 1), African American (PR = 1.35,
95 % CI = 1.04-1.75), Hispanic (PR = 1.35, 95 % CI = 1.14-1.60), and American Indian/
Alaska Native (PR = 1.74, 95 % CI = 1.13-2.71) were about one and half times more
likely, while Caucasian/White (PR = 0.63, 95 % CI = 0.50-0.81) and Asian American (PR
=0.53, 95 % CI = 0.39-0.72) were about half as likely to be COVID-19 vaccine hesitant
compared to HCP that identified as multi-racial. Those who were younger, earning lower
wages and with fewer years on the job, and living in Manhattan were significantly more
likely to be COVID-19 vaccine hesitant (Table 1). HCP who had not previously received a
booster shot were more than five times as likely to be vaccine hesitant (PR = 5.27, 95 % ClI
= 4.57-6.09). Respondents were two and half times more likely to be COVID-19 vaccine
hesitant if bilingual than only English-speaking PR = 2.53 (1.69-3.80), p < 0.0001.

3.2. Vaccine hesitancy for pediatric vaccines

An estimated 718 (17.2 %) of HCP overall (Table 1) and 434 (32.6 %) of HCP with
children (Table 2) reported being “unsure” or “hesitant” towards the COVID-19 vaccine for
children. A large proportion of HCP were not sure about COVID-19 vaccine’s impact on
infertility (1378, 33.3 %), miscarriages (1528, 37.0 %), changes in DNA (957, 23.1 %),

and immune response (897, 21.7 %). Of all HCP, 1924 (46.4 %) were unsure about the
current scientific evidence between COVID-19 vaccines and myocarditis (Fig. 1). Out of

all survey respondents, 1949 (47.01 %) of HCP were moderately to extremely confident
about discussing common concerns about vaccines (Fig. 2). A substantial number of HCP,
3541 (85.3 %) felt that COVID-19 vaccine was important to them (Fig. 3). Sixty percent
(2672) believed that their strong recommendation for a vaccination would impact a patient’s
decision on whether to vaccinate (Fig. 4). Sixty-eight percent (2790) of HCP believed that
the COVID-19 vaccine, based on FDA emergency use authorization, was safe for kids to use
(Fig. 4).Eight-hundred sixty-seven (64.9 %) HCP with children (Table 2) and 2920 (70.1 %)
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HCP without children, received their booster dose (Table 1) at higher rate than the general
population at the time.

A small group of HCP did not feel that childhood vaccines were safe (282, 6.9 %), felt

that risk outweighed benefits (101, 2.5 %), or prevented diseases (107, 2.6 %) (Fig. 4).
About one-third of HCP (1335, 32.8 %) felt that the current childhood vaccination schedule
placed an undue burden on a child’s immune system (Fig. 4). Forty-five percent (1883)

of HCP believed that parents and caregivers should have influence over what vaccines are
given to their children, even if their opinions and beliefs were counter to scientific evidence
currently available regarding vaccinations. Sixty-one percent (2506) believed that spreading
out recommended vaccines over several visits following the ACIP and CDC recommended
vaccine schedule was acceptable. Thirty percent (1248) believed that parents and caregivers
should have the right to request non-medical exemptions for school entry requirements (Fig.
4).

In general, HCP who were not parents or guardians were far less likely to be hesitant about
vaccinating themselves (PR = 0.61, 95 % CI = 0.54-0.70) compared to those who were
parents/guardians. There was also a significant proportion of HCP with children over the age
of five, who were hesitant about vaccinating their children in general (PR = 1.15, 95 % ClI
=1.00-1.31) (Table 2). Confirming our hypothesis that HCP with lower vaccine hesitancy
were more likely to vaccinate their children, among HCP with vaccinated children of any
age in the household, hesitancy was about half that of HCP with unvaccinated children (PR
=0.52, 95 % CI = 0.42-0.6 for ages 5 to 11 years old; and PR = 0.58, 95 % CI = 0.51-0.68
for ages 12 to 17 years old) (Table 2).

In multivariable regression analyses that accounted for significant sociodemographic
characteristics and COVID-19 vaccine booster status, most associations with vaccine
hesitancy attenuated, becoming less significant, for both HCPs and HCPs with children,
except for booster status, child vaccine status, gender, income, and primary county of
residency in New York (Tables 1 and 2). These latter variables all remained significantly
associated with vaccine hesitancy.

4. Discussion

Despite mandated primary series COVID-19 vaccination, approximately 20 % of a diverse,
HCP population in a large metropolitan area were hesitant or unsure about COVID-19
vaccines. Vaccine hesitancy for the primary series correlated with vaccine hesitancy for

the booster COVID-19 dose [4.43 (3.76-5.20), p < 0.0001]. An even larger proportion of
HCP with children (40 %) were hesitant or unsure about their children being COVID-19
vaccinated. As a combination of clinical and non-clinical staff, common perceptions include
the following: (1) childhood vaccines can be spread out over time and still be protective,

(2) non-medical exemptions should be provided, (3) discussion regarding vaccines is imbued
with a lack of knowledge and confidence. Surrounding the background of these phenomena
are the underwhelming efforts to develop COVID-19 vaccines quickly and efficiently for
children, mirroring the lack of urgency to immunized that is being reflected in HCP with
children [8].
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In general, older age has been noted with increased acceptance of COVID-19 vaccine,
supported by previous findings in the literature. [29,30] In our population, HCP were more
likely to accept vaccines when older than 55 years old, whereas, a systematic review noted
this age cut-off to be 45 years old and another study used 50 years old; it appears the age
range of increased hesitancy occurs below 45-55 years old. While there are differences
based on physician, nurse, and environmental worker vaccine acceptance in Canadian
studies of HCP prior to availability of COVID-19 vaccine, and US studies after primary
series doses were administered, [24,25] our fully mandated vaccinated HCP showed no
difference in hesitancy regardless of degree of clinical duties, demonstrating the continued
doubt surrounding COVID-19 vaccination [30]. A global survey of HCP did not account
for race/ethnicity/language in their analysis, but still found increased hesitancy in a younger
age, pointing toward the need for increased HCP education in these populations [31].
Contributing to more hesitancy among younger employees may be less exposure to past
severe disease outbreaks whereas older employees may be less hesitant due to higher risk of
disease based on age or co-morbid conditions.

Our novel survey and analysis which accounted for bilingual differences observed HCP
parents who are only English-speaking to be just as hesitant as HCP who did not identify

as parents. However non-English speaking HCP were hesitant regardless of parental status,
with HCP who did not identify as parents being twice as likely to be hesitant as parents.
Hispanic HCP parents were not as vaccine hesitant compared to HCP who did not identify
as parents. Despite the global data available, there is a paucity of evidence and data to
describe cultural influences and the understanding of vaccines, science of immunization, and
communication among HCP and to patients.

Disparities in parent COVID-19 acceptance for their children is known to be most prevalent
in populations that were traditionally at highest risk for severe disease [32]. Parents more
likely to consider vaccinating their children for COVID-19 are vaccinated themselves,
including against influenza virus. Parent COVID-19 vaccine hesitancy was related to
COVID-19 vaccine hesitancy for their child and did not appear to be impacted by child/adult
co-morbid medical conditions [33-35]. Instead, COVID-19 vaccine acceptance is linked

to voting preferences for presidential candidates and political affiliation, making vaccine
hesitancy concerns particularly unique for the current pandemic [36,37]. Ultimately, our
study identified the direct effect on vaccine hesitancy on HCP and their children as a
subgroup, with particular concern in populations of color, youth, and low-income.

The fact that provider recommendation for vaccines is the most crucial factor in a

parent’s acceptance of childhood immunizations is widely known, and this holds true for
COVID-19 vaccine [8,38]. The most common method of intervention for vaccine hesitancy
is motivational interviewing, which is also effective for COVID-19 vaccines [39]. Prior to
COVID-19 vaccine FDA approval, experts believed that mandates for COVID-19 vaccine

in schools will only further the negative perceptions of immunizations for children, stating
the need for more safety and dosing data, to build confidence among parents [40]. In fact,
incentivization to obtain COVID-19 vaccines for adolescents has created more hesitancy and
the gap between provider and parent [41].
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Limitations of our study include a modest response rate of 63.7 % for those who were

able to access the survey and participants in a largely metropolitan area, which may

limit generalizability. However, 16 % of the entire system HCP who opened the survey is
comparable to other surveys in this population [42]. The response rate of approximately 5.33
% does indeed raise challenges related to non-response bias and reduced statistical power.
Despite our efforts to reach a wide audience, we acknowledge that some HCP may not have
been reached or may have chosen not to participate. Given the sensitive nature of the topic
in the setting of employee termination due to vaccine refusal and stigma surrounding vaccine
hesitancy as an HCP, the low response rate was expected. There may have been some
selection bias towards participants who were not vaccine hesitant given the sensitive nature
of the topic; for the counterargument, this may be balanced by disgruntled employees and
their extreme responses. Additionally, the large representation of female HCP may reflect
that of the greater HCP workforce but may limit generalizability to male HCP. Based on

the low rate of medical and/or religious exemptions, the survey most likely represents the
organization’s HCP population. Finally, we did not request access to vaccination records for
children of HCP to maintain anonymity.

The strength of our survey is the use of a large HCP organization that was mandated

to receive a primary series of COVID-19 vaccine. Additionally, our survey delved deep
into the misperceptions of childhood and COVID-19 vaccination. Most striking is the
finding that over 60 % of HCP feel that the CDC recommended schedule is modifiable

to spread vaccines over several visits. We also demonstrated the encompassing effect of
HCP COVID-19 vaccine hesitancy on their children. If there is HCP COVID-19 vaccine
hesitancy, there will be hesitancy towards COVID-19 vaccination for children. We revealed
that despite vaccination, hesitancy can still exist and impact future efforts to provide
COVID-19 booster doses for both HCP and their children. Therefore, understanding the
impact of missing mandates on future vaccination uptake and acceptance, as in the situation
for COVID-19 boosters, lends credence to the public health and government efforts to
protect a population.

The future of understanding vaccine hesitancy requires a more integrated rather than “top-
down’ approach as the medical community is suffering from more hesitancy regarding
vaccines than ever before. Provider recommendation is compromised at point of care

when surrounding HCP, despite having already received their standard COVID-19 doses,
still question the need for vaccination and subsequent booster doses. Furthermore, high
vaccine hesitancy among HCP for COVID-19 vaccination and booster doses parallels

high vaccine hesitancy for pediatric COVID-19 vaccination, thereby having a downstream
community impact. Conversations surrounding vaccines continue beyond the provider-
patient interactions as HCP speak to each other about their experiences among themselves
and their peers. While our organization attempted town halls, webinars, emails, and

other forms of education, a more grass-roots approach to education is in need. Our

next step is to reach out to focus groups volunteered from this survey population and
determine if this subpopulation will be instrumental in developing training modules for
COVID-19 vaccination. As the pandemic continues to evolve into endemic status, our global
approach to vaccine hesitancy requires diversification, innovation, and approaches yet to be
discovered.
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Refer to Web version on PubMed Central for supplementary material.
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Vaccnes interact with theimmune system and often produce
an immune response similar to tha produced by the natural
infection, but they do not subject therecipienttothedisease...

Underrepresented racial and ethnic groups are more lkely to
be hesitant about COVID-19 vaccines.

COVID-19 mRNA-based vaccinescan aker your DNA.

Current scientific evidence supports associations between COVID-18 vaccinesand
mEcarriages

Current scientific evidence supports associations between COVID-18 and infertility.

Current scientific evidence supports asociations between the COVID-18 vaccines
and myocardis.
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Fig. 1.
HCP knowledge about COVID-19 vaccines (N = 4165)* HCP = Healthcare Personnel *Less

than 1 % missing Please print in color.
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child
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Discussing concerns about COVID-19 vaccines and whether or not they overwhelm the
immune system
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Discussing concerns about COVID-19 vaccines and infertility

Discussing concerns about the effectiveness of COVID-19 vaccines
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Fig. 2.

HCP confidence about discussing COVIDE-19 vaccines (N = 4165)* HCP = Healthcare
Personnel *Less than 1 % missing Please print in color.
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It is important to encourage all patients to be immunized with the COVID-19
vaccine

It is important to all healthcare workers to be immunized with the COVID-19
vaccine

Getting my COVID-19 vacccine is important to me
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m Not important at all m Slightly important ® Moderately important W Very important M Extremely important

Fig. 3.
HCP recommendations on the importance of COVID-19 vaccines (N = 4165) HCP =
Healthcare Personnel *Less than 1 % missing Please print in color.
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immune system

Vaccines are effective in preventing diseases
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Fig. 4.
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