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ABSTRACT
Objective Because of their increased interaction
with patients, healthcare workers (HCWs) face greater
vulnerability to COVID-19 exposure than the general
population. We examined prevalence and correlates of ever
COVID-19 diagnosis and vaccine uncertainty among HCWs.
Design Cross-sectional data from the Household Pulse
Survey (HPS) conducted during July to October 2021.
Setting HPS is designed to yield representative estimates
of the US population aged ≥18 years nationally, by state
and across selected metropolitan areas.
Participants Our primary analytical sample was adult
HCWs in the New York Metropolitan area (n=555), with
HCWs defined as individuals who reported working in a
‘Hospital’; ‘Nursing and residential healthcare facility’;
‘Pharmacy’ or ‘Ambulatory healthcare setting’. In the entire
national sample, n=25 909 HCWs completed the survey.
Descriptive analyses were performed with HCW data from
the New York Metropolitan area, the original epicentre of
the pandemic. Multivariable logistic regression analyses
were performed on pooled national HCW data to explore
how HCW COVID-19-related experiences, perceptions and
behaviours varied as a function of broader geographic,
clinical and sociodemographic characteristics.
Results Of HCWs surveyed in the New York Metropolitan
area, 92.3% reported being fully vaccinated, and 20.9%
had ever been diagnosed of COVID-19. Of the subset
of HCWs in the New York Metropolitan area not yet fully
vaccinated, 41.8% were vaccine unsure, 4.5% planned to
get vaccinated for the first time soon, 1.6% had got their
first dose but were not planning to receive the remaining
dose, while 52.1% had got their first dose and planned to
receive the remaining dose. Within pooled multivariable
analysis of the national HCW sample, personnel in nursing/
residential facilities were less likely to be fully vaccinated
(adjusted OR, AOR 0.79, 95% CI 0.63 to 0.98) and more
likely to report ever COVID-19 diagnosis (AOR 1.35, 95% CI
1.13 to 1.62), than those working in hospitals. Of HCWs
not yet vaccinated nationally, vaccine-unsure individuals
were more likely to be White and work in pharmacies,
whereas vaccine-accepting individuals were more likely
to be employed by non-profit organisations and work in
ambulatory care facilities. Virtually no HCW was outrightly
vaccine-averse, only unsure.
Conclusions Differences in vaccination coverage
existed by individual HCW characteristics and healthcare

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ As a result of their increased interaction with pa-

tients, healthcare workers face greater vulnerability
and higher risk to COVID-19 exposure than the general population.

WHAT THIS STUDY ADDS
⇒ COVID-19 exposure and vaccination status among

healthcare workers varied by type of healthcare
facility and various individual-
level characteristics. Of healthcare workers surveyed in the New
York Metropolitan area during 21 July 2021 to 11
October 2021, 92.3% reported being fully vaccinated, and 20.9% had ever been diagnosed of
COVID-19. Personnel in nursing/residential facilities
were less likely to be fully vaccinated and more
likely to report ever COVID-19 diagnosis, than those
working in hospitals. Of healthcare workers not yet
vaccinated, vaccine-unsure individuals were more
likely to be white and work in pharmacies, whereas
vaccine-accepting individuals were more likely to be
employed by non-profit organisations and work in
ambulatory care facilities.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE, OR POLICY
⇒ Enhanced and sustained efforts are needed to in-

crease protections for healthcare workers in diverse
settings, including through use of personal protective equipment, increased infection control education and training, and expanded vaccine coverage,
including booster doses.

operational settings. Targeted efforts are needed to
increase vaccination coverage.

INTRODUCTION
Healthcare workers (HCWs) have played
and continue to play a key part in preventing
and controlling COVID-
19 spread through
health and vaccine educational activities,
direct patient care and support of contact
tracing and disease surveillance. Because
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METHODS
Data source
Analysed data were from the Household Pulse Survey
(HPS), a COVID-19 surveillance system designed to yield
representative estimates for the US overall, all 50 US
states and Washington, DC, as well as selected metropolitan areas. We largely focused on the New York Metropolitan Area for descriptive analyses given that New York
City (NYC) was the original epicentre of the pandemic
in the USA and still has a higher incidence rate than the
national average.18–21 We also drew on pooled national
HPS data within multivariable analyses to explore how
HCW COVID-
19-
related experiences, perceptions and
behaviours varied as a function of broader geographic,
clinical and sociodemographic characteristics.
2

HPS is a recurring, online survey of the US population aged ≥18 years.22 Conducted by the US Census
Bureau, this survey is designed to yield representative
estimates of persons aged ≥18 years nationally, by state
and across selected metropolitan areas. HPS utilises the
Census Bureau’s Master Address File as the source of
sampled housing units. The sample design was a systematic sample of all eligible housing units, with adjustments
applied to the sampling intervals to select a large enough
sample to create state level estimates and estimates for
the top 15 metropolitan statistical areas. Survey invitations are distributed to eligible participants via email
and SMS, and data collection is done using Qualtrics. We
analysed six survey cycles, ‘HPS week 34’ (21 July 2021–2
August 2021) through ‘HPS week 39’ (29 September
2021–11 October 2021). The study period was approximately a year and half into the COVID-19 pandemic in
the USA. This period was characterised by a resurgence
of new COVID-19 diagnoses following the first wave of
cases. During the study period, July 2021–October 2021,
daily number of cases nationally peaked at 3519 new
cases/day in mid-September 2021, with NYC making a
substantial contribution to recorded new cases.20 23 Our
main geographical unit for descriptive analysis was the
New York Metropolitan area (‘NY-NJ-PA Metro Area’),
which comprises 10 counties in New York State (covering
the five boroughs of NYC, three counties in the lower
Hudson Valley, and the two counties of Long Island); 12
counties in New Jersey and 1 county in Pennsylvania.24 Of
participants from this Tri-state Metro Area in our sample,
62.3% came from New York State.
The indicated study population for our analyses was
individuals who reported physically working in a healthcare setting during the pandemic. Survey participants
were asked ‘Since 1 January 2021, which best describes
the primary location/setting where you worked or volunteered outside your home?’ Those who selected any of
the following answers were classified as working in a
healthcare setting: ‘Hospital’; ‘Nursing and residential
healthcare facility’; ‘Pharmacy’; ‘Ambulatory healthcare
(eg, doctor, dentist or mental health specialist office,
outpatient facility, medical and diagnostic laboratory,
home healthcare)’. This question was framed to capture
past-year, on-site work well into the COVID-19 pandemic,
which could conceivably have been different from work
before or at the start of the pandemic (eg, lay-offs or telework). Using ‘1 January 2021’ as a reference point (rather
than 1 January 2020) was therefore a means of reducing
the potential for misclassification of employment status/
setting by capturing respondents’ more recent work situation and by reducing the recall window. Of the 442 741
individuals across the USA who completed the six cycles of
HPS conducted during July to October, 2021, those identifying as HCWs nationwide numbered 25 909. Within the
New York Metropolitan area, the number of adults identifying as HCWs was n=555.
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of their repeated and close interactions with patients,
HCWs may have a higher risk of contracting COVID-19
than the general population.1 This risk may vary based on
community disease burden, disease severity and healthcare facility type.2 3 These differences in risk exposure
may influence perceived susceptibility to COVID-19 and
vaccine receptivity.
Most HCWs in New York are now vaccinated but intensified efforts are needed to target and extend coverage
to the unvaccinated.4 While small, the unvaccinated
segment is by no means trivial. HCWs are trusted sources
of health information and their attitudes and perceptions
can influence patient behaviours and social norms.5 As
COVID-19 vaccine hesitant individuals are either vaccine
averse (ie, will refuse any COVID-19 vaccine) or vaccine
unsure (ie, are ambivalent or have some reservations
about receiving any COVID-19 vaccine), targeted vaccination campaigns will need insights into characteristics of
both groups of individuals to craft effective public health
messages and boost efficiency of outreach efforts.6 7
Much of the research on HCW vaccine confidence were
conducted before or shortly after COVID-
19 vaccines
became available through Emergency Use Authorisation and may no longer reflect the current landscape.8–16
Some of these studies have been further limited by their
lack of generalisability and their narrow focus on clinicians even though non-
clinical staff can also expose
others if infected.4 8 9 16 17 Up to date data are needed
to characterise the HCW subpopulations at highest risk
for SARS-CoV-2 infection for whom vaccines (including
boosters) would particularly be beneficial. Furthermore,
a better understanding of factors associated with vaccine
hesitancy among unvaccinated HCWs could help inform
tailored public health planning, programmes and policy
aimed at increasing vaccine uptake.
To better characterise weak points in SARS-CoV-2 exposure and vaccine attitudes by role of personnel and type
of healthcare facility within the New York Metropolitan
area, the objective of this study was to measure prevalence,
correlates and disparities in self-reported ever COVID-19
diagnosis and full vaccination status.

Open access

Measures
Self-reported ever COVID-19 diagnosis: This was defined
as a response of ‘Yes’ to the question ‘Has a doctor or
other health care provider ever told you that you have
COVID-19?’
Full COVID-19 vaccination status : To determine vaccination status, two questions were asked. Q1: ‘Have you
received a COVID-19 vaccine?’ [Response options: ‘Yes’
or ‘No’]; Q2: ‘Did you receive (or do you plan to receive)
all required doses?‘[Response options: ‘Yes, received all
required doses’, ‘Yes, plan to receive all required doses’,
or ‘No, don't plan to receive all required doses’]. Those
who answered ‘Yes’ to Q1 and ‘Yes, received all required
doses’ to Q2, were classified as being fully vaccinated
(figure 1).
Openness to COVID-
19 vaccine among the unvaccinated:
Among only those who had never received a single dose
of COVID-19 vaccine, the survey asked ‘Once a vaccine to
prevent COVID-19 available to you would you…’ 1) ‘Definitely get a vaccine’; ‘Probably get a vaccine’; ‘Be unsure
about getting a vaccine’; ‘Probably NOT get a vaccine’;
‘Definitely NOT get a vaccine.’ We used participants’
responses to categorise them as vaccine averse (a ‘definitely not’ response), vaccine unsure (a ‘probably not’ or
an ‘unsure’ response) or vaccine accepting (‘Definitely
get a vaccine’ or ‘Probably get a vaccine’).
Key explanatory variables: These included sociodemographic characteristics like gender, age group,
employer (government, private, non-profit organisation,
Agaku IT, et al. Fam Med Com Health 2022;10:e001692. doi:10.1136/fmch-2022-001692

self-
employed/family business, other), household type
(ie, multiple, or single adult household with or without
children) and dwelling (single or multiunit dwelling).
As the survey did not collect information on type of role
(eg, clinical vs support staff), we used highest educational
attainment as a proxy for role.
Statistical analyses
Prevalence estimates with corresponding 95% CIs, for
ever COVID-19 diagnosis and full vaccination status, were
computed for HCWs, overall and by healthcare setting,
highest educational attainment, employer, household
structure, type of housing, number of people living with
respondent in the household, race/ethnicity, gender,
age, annual household income, self-rated financial difficulty and health insurance type. Prevalence estimates
with relative SEs (RSEs) ≥40% were deemed statistically
unreliable. We compared HCWs in the New York metropolitan area vs the rest of the USA in relation to main
study endpoints using two tailed χ2 tests. Using pooled
data of all HCWs nationwide to increase sample size
(n=25 909), two logistic regression models were fitted to
evaluate binary indicators of COVID-19 ever diagnosis
and full vaccination status as functions of key explanatory
variables and control covariates. A third binary logistic
regression model was fitted among all HCWs nationwide
who had not yet received a single dose of the COVID-19
vaccine (n=1872) to evaluate correlates of vaccine uncertainty. Our null hypothesis was that these indicators had
3
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Figure 1 Definition of various COVID-19 vaccine statuses and dispositions, Household Pulse Survey, 21 July 2021 to 11
October 2021.
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RESULTS
In total, 49.7% of HCWs in the New York Metropolitan
area worked in a hospital, 56.1% reported that their
employer was a private organisation, 38.4% were white
and 28.0% reported having a doctoral/professional/
master’s degree. Other characteristics are presented in
table 1.
Ever COVID-19 diagnosis among HCWs in the new York
Metropolitan area and nationally
reported ever COVID-
19 diagnosis
Prevalence of self-
among all HCWs was 20.9% (95% CI 14.3% to 27.5%)
in the New York Metropolitan area and did not differ
significantly from the rest of the country (19.8%,
p=0.736). Within pooled analysis nationwide, the odds of
ever COVID-19 diagnosis were higher among HCWs in
nursing/residential facilities than hospitals (AOR)=1.35,
95% CI 1.13 to 1.62) and among those partially vaccinated
(AOR 1.82, 95% CI 1.36 to 2.43) or unvaccinated (AOR
2.65, 95% CI 2.05 to 3.42) than fully vaccinated. Odds
of ever COVID-
19 diagnosis were lower among those
working in the non-profit than the private sector (AOR
0.82, 95% CI 0.69 to 0.97) and those aged ≥65 years than
18–24 years (AOR 0.57, 95% CI 0.36 to 0.91). Compared
with HCWs who had a doctoral/professional/master’s
degree, the odds of ever COVID-19 diagnosis were higher
among those with an associate degree (AOR 1.49, 95%
CI 1.23 to 1.81), some college but no diploma (AOR
1.44, 95% CI 1.19 to 1.73) and <high school (AOR 2.51,
95% CI 1.35 to 4.66). HCWs ever diagnosed of COVID-19
were more likely to be Hispanic (AOR 1.36, 95% CI 1.09
to 1.71) or black (AOR 1.27, 95% CI 1.03 to 1.57) than
White.
Vaccination profile of HCWs in the New York Metropolitan area
and nationally
Of HCWs in the New York Metropolitan area, 92.3% were
fully vaccinated, significantly higher than the rest of the
country. (86.4%, p=0.005). This difference was driven
by significantly higher vaccination rates for nursing
personnel in the New York Metropolitan area than the
rest of the nation (93.0% vs 80.3%, p=0.010). No significant differences existed for other settings. Pooled multivariable logistic regression analysis revealed that the odds
of being fully vaccinated were significantly lower among
HCWs in nursing facilities than hospitals (AOR 0.79, 95%
CI 0.63 to 0.98) (table 2). Compared with HCWs with
a doctoral/professional/master’s degree, the odds of
being fully vaccinated decreased with decreasing education as follows: college degree (AOR 0.68, 95% CI 0.54
to 0.84), associate degree (AOR 0.35, 95% CI 0.28 to
4

0.44), some college but no diploma (AOR 0.33, 95% CI
0.26 to 0.41), high school diploma (AOR 0.26, 95% CI
0.19 to 0.35) and <high school (AOR 0.37, 95% CI 0.20
to 0.67). HCWs who worked for non-profit organisations
reported 50% higher odds of being fully vaccinated than
those in the private sector (AOR 1.50, 95% CI 1.21 to
1.85). Differences also existed by race/ethnicity, age, US
Census region and household characteristics (table 2).
For example, the odds of being fully vaccinated among
non-Hispanic Asians were two-fold higher compared with
non-Hispanic Whites (AOR 2.19, 95% CI 1.30 to 3.67).
Even though older adults aged ≥65 years had 43% lower
odds of being ever diagnosed of COVID-19 compared
with younger adults aged 18–24 years (AOR 0.57, 95% CI
0.36 to 0.91), no significant differences existed between
the extremes of age in the odds of being fully vaccinated.
By US Census region, whereas no significant differences
existed in the adjusted odds of ever COVID-19 diagnosis
among HCWs, the adjusted odds of being fully vaccinated were significantly lower among those in the South
(AOR 0.58, 95% CI 0.45 to 0.75) and Midwest (AOR 0.59,
95% CI 0.45 to 0.77) compared with the Northeast.
Of the subset of HCWs in the New York Metropolitan area
not fully vaccinated (inclusive of partially vaccinated and
unvaccinated individuals), 41.8% were vaccine unsure,
4.5% planned to get vaccinated for the first time soon,
1.6% had received their first dose but were not planning
to receive the remaining dose, while 52.1% had received
their first dose and planned to receive the remaining
dose (figure 2). Virtually no HCW reported being vaccine
averse. Pooled multivariable analysis of those who had
never received a single vaccine dose revealed that the odds
of being vaccine-unsure were higher among those aged
45–64 and ≥65 years than 18–24 years and those living in
mobile housing or in a one-family house detached from
any other house, when compared with those living in a
multiunit apartment complex (table 3). Compared with
HCWs within hospital settings, odds of being vaccine-
unsure were higher among those working in pharmacies
(AOR 3.67, 95% CI 1.05 to 12.82) but lower among those
working in ambulatory centres (AOR 0.50, 95% CI 0.28 to
0.89). The odds of being vaccine-unsure were also lower
among those working for non-profit organisations than
the private sector (AOR 0.46, 95% CI 0.24to 0.87) and
among blacks than whites (AOR 0.33, 95% CI 0.17 to
0.67).
DISCUSSION
Of HCWs surveyed in the New York Metropolitan area
during 21 July 2021 to 11 October 2021, we found that
92.3% reported being fully vaccinated, and 20.9% had
ever been diagnosed of COVID-19. Like other studies, our
analysis of the national HCW sample revealed that nurses,
individuals living in the South or Midwest, and those with
lower education, all were less likely to be fully vaccinated,
whereas Asians were more likely to be fully vaccinated.10 14
Our contribution to the growing body of evidence is that
Agaku IT, et al. Fam Med Com Health 2022;10:e001692. doi:10.1136/fmch-2022-001692
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no association with key explanatory variables. A two-sided
alpha of 0.05 was used to determine statistical significance. Data were weighted to account for the complex
survey design and yield representative estimates. Analyses
were performed with Stata version 15.

16.2 (92)
4.1 (23)

Nursing and residential healthcare facility

Pharmacy

5

42.0 (204)
42.8 (260)
10.2 (77)

25 to 44

45 to 64

≥65

0.2 (2)

Other

4.9 (14)

0.1 (2)

Transgender

18 to 24

78.3 (426)

Female

Age, years

21.4 (121)

Male

Gender

1.8 (10)

14.7 (82)

Asian, non-Hispanic

Other, non-Hispanic

24.2 (79)

Black, non-Hispanic

 

38.4 (311)

29.5 (80)

≥Four

White, non-Hispanic

21.5 (98)

Three

20.9 (73)

19.2 (106)

Two

Hispanic

22.4 (175)

One

10.4 (47)

Other

7.4 (96)

5.7 (40)

Self-employed or working in family business

None (ie, lives alone)

18.1 (123)

Non-profit organisation including tax exempt and charitable organisations

28.0 (235)

Doctoral/professional/master’s degree
56.1 (288)

23.5 (142)

College degree
9.8 (44)

12.5 (69)

Associate degree

Private company

11.7 (66)

Some College

Government

24.3 (43)

High school graduate or less

Ambulatory healthcare (eg, doctor, dentist or mental health specialist office, outpatient facility, medical and 30.0 (191)
diagnostic laboratory, home healthcare)

*

18.9 (10.9–27.0)

23.9 (12.1–35.7)

*

*

*

22.6 (14.6–30.7)

16.0 (7.3–24.8)

*

*

23.1 (9.6–36.5)

15.4 (8.3–22.6)

36.6 (16.1–57.1)

29.4 (11.7–47.0)

22.0 (10.8–33.3)

16.0 (5.9–26.1)

16.2 (8.4–23.9)

12.1 (5.5–18.6)

*

*

13.2 (4.6–21.8)

24.4 (14.2–34.6)

*

16.2 (9.7–22.7)

10.8 (4.2–17.4)

9.6 (2.4–16.9)

25.9 (7.9–43.8)

41.3 (19.8–62.8)

25.3 (13.9–36.7)

*

13.7 (4.9–22.4)

21.2 (10.7–31.8)

20.9 (14.3–27.5)

Ever diagnosed

Continued

83.6 (68.6–98.5)

91.7 (86.5–96.9)

94.1 (90.5–97.8)

*

*

*

91.3 (87.7–95.0)

95.2 (88.5–100.0)

*

92.9 (85.4–100.0)

96.3 (91.9–100.0)

93.0 (89.4–96.5)

87.0 (75.9–98.0)

95.9 (92.4–99.4)

85.9 (76.1–95.7)

94.2 (86.4–100.0)

90.7 (85.2–96.3)

96.3 (92.9–99.7)

96.5 (91.4–100.0)

97.4 (92.4–100.0)

95.0 (89.4–100.0)

91.7 (87.5–96.0)

82.7 (65.6–99.8)

97.2 (94.6–99.7)

92.6 (87.3–97.9)

84.7 (73.4–95.9)

92.4 (86.5–98.3)

90.3 (80.7–99.9)

93.0 (88.5–97.4)

*

93.0 (86.8–99.1)

91.1 (85.6–96.5)

92.3 (89.1–95.5)

Fully vaccinated
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Race/ethnicity

No of people living with
respondent in household

Employer

Highest educational
attainment

49.7 (249)

Hospital

Healthcare setting

100.0 (555)

Total

All HCWs in the NY
Metropolitan area

% (n)

Categories

Indicator

Table 1 Sociodemographic characteristics and percentage ever diagnosed of COVID-19 as well as the percentage fully vaccinated among healthcare workers in the New
York (NY) Metropolitan area (n=555), Household Pulse Survey, 21 July 2021 to 11 October 2021

Open access
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19.4 (98)

Unknown income

70.4% (431)
2.0% (21)
14.9 (38)
1.1 (4)
9.3 (46)

Medicare, for people 65 and older, or people with certain disabilities

Medicaid, Medical Assistance, or any kind of government-assistance plan for those with low incomes or a
disability

Other insurance

Unknown

11.1% (56)

Unknown housing

Private

36.6 (202)

Multi-unit apartment

2.3% (15)

14.2 (52)

A one-family house attached to one or more houses

Uninsured

37.1 (241)

4.0% (17)

Unknown

1.0 (4)

15.6% (43)

Very difficult

A one-family house detached from any other house

14.6 (62)

Somewhat difficult

Mobile housing

26.5 (144)

A little difficult

39.3 (289)

10.2% (86)

≥2 00 000

Not at all difficult

25.9 (146)

*Unreliable prevalence estimates (relative SEs ≥40%).
HCW, healthcare worker.

Health Insurance Type

Type of housing

Financial difficulty

19.2 (139)

100 000 to 1 99 999

0.5 (2)

Unknown marital status

50 000 to 99 999

9.1 (25)

Single, ≥1 child in household

12.5 (59)

27.0 (135)

Single, no children in household

25 000 to 49 999

3.8 (26)

Widowed/divorced/separated, ≥1 child in household

12.8 (27)

12.2 (77)

Widowed/divorced/separated, no children in household

<25 000

26.3 (143)

Married, ≥1 child in household

Annual household
income, USD

21.2 (147)

Married, no children in household

Household structure

% (n)

Categories

Continued

21.3 (5.7–36.9)

*

50.4 (26.4–74.5)

*

15.3 (9.9–20.6)

*

18.2 (4.9–31.6)

20.2 (6.9–33.4)

27.9 (6.1–49.7)

18.3 (11.1–25.5)

72.0 (25.3–118.8)

*

47.0 (21.8–72.2)

36.8 (18.2–55.5)

15.9 (7.8–23.9)

10.0 (5.2–14.8)

13.1 (4.6–21.6)

*

14.7 (7.5–22.0)

15.5 (6.8–24.1)

27.7 (6.7–48.8)

58.0 (33.0–82.9)

*

39.6 (8.8–70.5)

12.6 (5.9–19.3)

 

39.1 (10.7–67.4)

24.9 (13.7–36.1)

13.0 (5.5–20.5)

Ever diagnosed

87.1 (75.2–99.0)

*

92.9 (85.0–100.0)

76.2 (49.1–100.0)

94.0 (90.5–97.5)

71.1 (38.6–100.0)

89.2 (79.1–99.2)

94.6 (90.0–99.3)

98.7 (96.5–100.0)

88.3 (82.1–94.5)

*

80.3 (56.2–100.0)

95.5 (89.7–100.0)

86.1 (73.6–98.6)

95.7 (91.8–99.6)

92.3 (87.7–96.9)

87.4 (79.7–95.2)

98.4 (95.9–100.0)

95.6 (91.8–99.3)

92.4 (84.6–100.0)

94.3 (87.0–100.0)

86.2 (71.3–100.0)

*

92.9 (84.0–100.0)

95.3 (91.0–99.6)

98.7 (96.1–100.0)

88.9 (76.2–100.0)

89.2 (81.4–96.9)

92.7 (87.2–98.2)

Fully vaccinated

Fam Med Com Health: first published as 10.1136/fmch-2022-001692 on 27 July 2022. Downloaded from http://fmch.bmj.com/ on August 10, 2022 by guest. Protected by copyright.

6

Indicator

Table 1

Open access

7

Age, y

Gender

1.02 (0.85 to 1.23)

1.14 (0.78 to 1.67)

1.07 (0.74 to 1.55)
0.98 (0.66 to 1.46)
0.57 (0.36 to 0.91)*

25–44

45–64

≥65

0.63 (0.23 to 1.73)

Other

 

1.04 (0.40 to 2.73)

Transgender

18–24 (reference category)

1.12 (0.95 to 1.32)

Other, non-Hispanic

 

0.86 (0.64 to 1.17)
1.32 (0.85 to 2.06)

Asian, non-Hispanic

Female

1.27 (1.03 to 1.57)*

Black, non-Hispanic

Male (reference category)

1.36 (1.09 to 1.71)*

1.05 (0.82 to 1.34)

Other

 

0.84 (0.60 to 1.18)

Self-owned or family-owned

Hispanic

0.82 (0.69 to 0.97)*

Non-profit organisation

White, non-Hispanic (reference category)

0.80 (0.62 to 1.03)

Government

2.51 (1.35 to 4.66)*

<High school
 

1.05 (0.81 to 1.37)

High school graduate

Private sector (reference category)

1.44 (1.19 to 1.73)*

Some college

0.018

0.937

0.715

0.375

0.936

0.186

0.215

0.333

0.028

0.007

0.681

0.324

0.020

0.085

0.004

0.710

<0.001

<0.001

*

1.34 (0.81 to 2.19)

1.74 (1.16 to 2.59)*

1.02 (0.70 to 1.49)

 

0.91 (0.40 to 2.09)

1.80 (0.56 to 5.73)

1.01 (0.82 to 1.23)

 

0.69 (0.48 to 0.98)

2.19 (1.30 to 3.67)

1.05 (0.82 to 1.36)

1.00 (0.76 to 1.31)

 

1.25 (0.95 to 1.64)

0.73 (0.50 to 1.05)

1.50 (1.21 to 1.85)*

0.88 (0.66 to 1.19)

 

0.37 (0.20 to 0.67)*

0.26 (0.19 to 0.35)*

0.33 (0.26 to 0.41)*

0.35 (0.28 to 0.44)*

Continued

0.252

0.007

0.900

0.829

0.321

0.955

0.041

0.003

0.681

0.995

0.115

0.091

<0.001

0.424

0.001

<0.001

<0.001

<0.001

0.001

0.821

0.492

0.034

n/a

n/a

 

P value
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Race/ethnicity

Employer

1.49 (1.23 to 1.81)*

Associate degree

0.121

0.163

0.656

0.68 (0.54 to 0.84)*

0.89 (0.76 to 1.05)

Ambulatory healthcare (eg, doctor, dentist or mental health specialist office,
outpatient facility, medical and diagnostic laboratory, home healthcare)

 
0.79 (0.63 to 0.98)*

 

0.92 (0.62 to 1.35)

Pharmacy

0.001

1.13 (0.97 to 1.31)

1.35 (1.13 to 1.62)*

Nursing and residential healthcare facility

 

 

Hospital (reference category)

Highest educational Doctoral/professional/master’s degree (reference category)
attainment
College degree

Type of healthcare
facility

n/a

2.65 (2.05 to 3.42)*

Unvaccinated

<0.001

 
n/a

<0.001

AOR (95% CI)

1.82 (1.36 to 2.43)*

P value

Partially vaccinated

COVID-19
vaccination status

AOR (95% CI)

Fully vaccinated

Fully vaccinated (reference category)

Category

Ever diagnosed

Adjusted ORs with corresponding 95% CIs for factors associated with ever COVID-19 diagnosis and being fully vaccinated among all healthcare workers in the

Indicator

Table 2
US

Open access

Agaku IT, et al. Fam Med Com Health 2022;10:e001692. doi:10.1136/fmch-2022-001692

0.98 (0.76 to 1.25)
0.93 (0.74 to 1.16)
0.94 (0.74 to 1.18)
1.02 (0.83 to 1.26)
0.95 (0.75 to 1.21)

HPS week 37, 1 September 2021–13 September 2021

HPS week 38, 15 September 2021–27 September 2021

HPS week 39, 29 September 2021–11 October 2021

1.21 (0.93 to 1.56)

Unknown housing

HPS week 36, 18 August 2021–30 August 2021

1.14 (0.84 to 1.56)

A one-family house attached to one or more houses

HPS week 35, 4 August 2021–16 August 2021

1.08 (0.88 to 1.32)

A one-family house detached from any other house

 

1.36 (0.90 to 2.05)

Mobile housing†

HPS week 34, 21 July 2021–2 August 2021 (reference category)

 

Multi-unit apartment (reference category)

0.86 (0.68 to 1.08)

West

Note: Regression analysis controlled for all factors listed in table.
(n=25 909), Household Pulse Survey, 21 July 2021–11 October 2021.
*P<0.05.
†Also includes adults living in a vehicle such as a ‘Boat, RV, van, etc’.
HPS, Household Pulse Survey; n/a, not available.

Study period

Housing type

1.06 (0.87 to 1.29)

Midwest

0.63 (0.23 to 1.69)

Unknown marital status
1.01 (0.83 to 1.24)

1.08 (0.78 to 1.50)

Single, ≥1 child in household
 

0.92 (0.71 to 1.18)

Single, no children in household

South

1.34 (1.04 to 1.73) *

Widowed/divorced/separated, ≥1 child in household

Northeast (reference category)

0.026

1.21 (0.95 to 1.53)

Widowed/divorced/separated, no children in household

US census region

0.116

1.18 (0.98 to 1.42)

0.679

0.852

0.582

0.502

0.866

0.155

0.395

0.455

0.140

0.188

0.589

0.891

0.356

0.648

0.497

0.076

 

Married, no children in household (reference category)

Married, ≥1 child in household

P value

Household
structure

AOR (95% CI)

Ever diagnosed

Category

Continued

*

1.32 (0.98 to 1.79)

1.15 (0.91 to 1.47)

0.92 (0.70 to 1.21)

0.99 (0.76 to 1.29)

1.22 (0.92 to 1.62)

 

0.80 (0.60 to 1.08)

1.17 (0.79 to 1.74)

0.93 (0.73 to 1.18)

0.59 (0.39 to 0.88) *

 

0.070

0.245

0.536

0.963

0.166

0.144

0.438

0.558

0.011

0.092

<0.001
0.78 (0.59 to 1.04)

0.59 (0.45 to 0.77)

<0.001
*

0.018

<0.001

0.684

<0.001

0.954

<0.001

P value

0.58 (0.45 to 0.75) *

 

3.43 (1.24 to 9.50) *

0.37 (0.28 to 0.51)

0.94 (0.70 to 1.27)

0.59 (0.43 to 0.80) *

1.00 (0.75 to 1.32)

0.60 (0.48 to 0.75) *

 

AOR (95% CI)

Fully vaccinated
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Indicator

Table 2

Open access

Open access

vaccine-unsure HCWs are more likely to be white, work
in pharmacies and live in single unit housing, whereas
vaccine-accepting HCWs were more likely to be employed
by non-profit organisations, and work in ambulatory care
facilities. The increased likelihood of vaccine uncertainty
among HCWs in pharmacies and nursing facilities is
concerning because of their frequent interactions with
potentially contagious, unscreened individuals within
their work environment.1 17 25 26 Underlying reasons for
vaccine uncertainty among HCWs, including pharmacists,
identified in previous studies have included the perception that pharmaceutical companies may be hiding some
important information on COVID-
19 to promote the
sale of their products, doubts on the reliability and trustworthiness on the COVID-19 vaccine safety and efficacy
data, and concerns about side effects.13 27 Nonetheless,
in our study population, virtually no HCW was outrightly
vaccine-averse, only unsure, suggesting that the underlying reasons for vaccine hesitancy may be modifiable
factors that could be intervened on with tailored interventions to increase vaccine coverage, including boosters.
COVID-19 booster vaccines can strengthen waning immunity, widen the range of immunity against new variants
and increase protection for HCWs.28
Addressing vaccine hesitancy among pharmacy staff is
particularly important given the fact that pharmacies are
a key location for vaccine administration. Vaccine hesitancy among personnel in pharmacies could potentially
hamper effective communication to clients about the
importance of getting vaccinated.
Agaku IT, et al. Fam Med Com Health 2022;10:e001692. doi:10.1136/fmch-2022-001692

Contrary to expectations early in the pandemic that
African American communities would be the most resistant towards COVID-19 vaccines,29 30 non-Hispanic blacks
in our sample reported very high vaccination rates and did
not differ significantly from non-Hispanic whites within
adjusted analysis. In a longitudinal study with monthly
follow-up conducted during December 2020 to June 2021,
vaccine hesitancy decreased more rapidly among black
individuals than among White individuals.31 Similarly,
a US national study examining COVID-
19 vaccination
coverage by race and ethnicity during December 2020–
November 2021, found that whereas Hispanic (47.3%),
non-
Hispanic black (46.3%) adults had lower ≥1 dose
coverage by the end of April 2021 when compared with
non-Hispanic white adults (59.0%), these differences had
disappeared by the end of November 2021.32 These trends
appear to be driven by the observation that Black individuals more rapidly came to believe that vaccines were
necessary to protect their communities.31 Taken together,
achieving progress in reducing disparities in vaccine
uptake therefore requires a nuanced understanding of
risk/protective factors and how underlying patterns and
reasons for vaccine hesitancy may have changed over time.
Understanding the intertwined effects of various individual, interpersonal and environment risk/protective
factors on vaccine hesitancy can better inform targeted,
equity-based interventions. Ensuring the population stays
informed and aware about safety and any concerns related
to adverse events regarding approved vaccines may foster
transparency and improve trust in the vaccines.
9
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Figure 2 Perceptions and attitudes towards COVID-19 vaccines among the subset of healthcare workers not yet fully
vaccinated, by geographical location (overall n=2606), Household Pulse Survey, 21 July 2021 to 11 October 2021.

Open access

Indicator

Category

AOR (95% CI)

P value

Type of healthcare
facility

Hospital (reference category)
Nursing and residential healthcare facility

0.84 (0.38 to 1.86)

0.665

Pharmacy

3.67 (1.05 to 12.82)*

0.042

Ambulatory healthcare (eg, doctor, dentist or mental health
specialist office, outpatient facility, medical and diagnostic
laboratory, home healthcare)

0.50 (0.28 to 0.89)*

0.018

College degree

1.30 (0.48 to 3.52)

0.608

Associate degree

0.75 (0.31 to 1.81)

0.522

Some college

1.25 (0.50 to 3.14)

0.640

High school graduate

0.55 (0.21 to 1.40)

0.210

<High school

0.19 (0.03 to 1.03)

0.054

Government

0.64 (0.22 to 1.86)

0.416

Non-profit organisation

0.46 (0.24 to 0.87)*

0.017

Self- or family-owned practice

0.57 (0.24 to 1.38)

0.214

Other

0.29 (0.13 to 0.61)*

0.001

Hispanic

0.98 (0.43 to 2.25)

0.964

Highest educational
attainment

Employer

Race/ethnicity

Gender

Doctoral/professional/master’s degree (reference category)

Private sector (reference category)

White, non-Hispanic (reference category)
Black, non-Hispanic

0.33 (0.17 to 0.67)*

0.002

Asian, non-Hispanic

0.34 (0.07 to 1.65)

0.180

Other, non-Hispanic

1.35 (0.50 to 3.67)

0.554

1.29 (0.64 to 2.61)

0.473

25–44

2.26 (0.91 to 5.61)

0.078

45–64

3.18 (1.11 to 9.13)*

0.032

≥65

5.25 (1.25 to 22.03)*

0.023

Married, ≥1 child in household

1.08 (0.48 to 2.43)

0.849

Widowed/divorced/separated, no children in household

0.80 (0.27 to 2.36)

0.683

Widowed/divorced/separated, ≥1 child in household

2.03 (0.55 to 7.54)

0.291

Single, no children in household

1.53 (0.59 to 3.96)

0.381

Single, ≥1 child in household

1.04 (0.41 to 2.65)

0.929

South

0.49 (0.19 to 1.24)

0.130

Midwest

1.27 (0.43 to 3.78)

0.662

West

0.45 (0.16 to 1.23)

0.121

Mobile housing†

9.49 (2.27 to 39.69) *

0.002

A one-family house detached from any other house

2.82 (1.37 to 5.80)*

0.005

A one-family house attached to one or more houses
Unknown housing

1.88 (0.65 to 5.46)
3.16 (1.36 to 7.36)*

0.245
0.008

Male (reference category)
Female

Age, years

Household structure

US census region

Housing type

18–24 (reference category)

Married, no children in household (reference category)

Northeast (reference category)

Multi-unit apartment (reference category)

Continued
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Table 3 Adjusted ORs with corresponding 95% CIs for factors associated with vaccine uncertainty among unvaccinated
healthcare workers in the U.S.

Open access

Indicator

Category

Ever COVID-19
diagnosis

No (reference category)

Study period

AOR (95% CI)

P value

Yes

0.75 (0.46 to 1.22)

0.241

Not sure

0.52 (0.05 to 5.01)

0.573

HPS week 35, 4 August 2021–16 August 2021

1.13 (0.52 to 2.48)

0.759

HPS week 36, 18 August 2021–30 August 2021

1.67 (0.75 to 3.71)

0.205

HPS week 37, 1 September 2021–13 September 2021

0.81 (0.34 to 1.90)

0.621

HPS week 38, 15 September 2021–27 September 2021
HPS week 39, 29 September 2021–11 October 2021

1.18 (0.60 to 2.30)
1.52 (0.56 to 4.07)

0.635
0.410

HPS week 34, 21 July 2021–2 August 2021 (reference category)

Note: Regression analysis controlled for all factors listed in table.
(n=1872), Household Pulse Survey, July 2021 to 11 October 2021.
*P<0.05.
†Also includes adults living in a vehicle such as a ‘Boat, RV, van, etc’.
HPS, Household Pulse Survey.

Black and Hispanic HCWs were more likely to be ever
diagnosed of COVID-19 than their white counterparts
even after adjusting for vaccination status and several
sociodemographic characteristics. HCWs of colour are
more likely to serve in communities of colour which typically have smaller facilities, fewer resources (including
personnel), and higher patient load, all of which may
increase risk of exposure and infection to HCWs in
these settings.25 26 33–35 To achieve a positive equity
impact, it will be important to address these constraints
so that communities of colour are better empowered
to respond to current and future public health threats.
Within the context of the current pandemic, there is
also need for comprehensive implementation of both
‘backward tracing’ (identifying sources of infection), as
well as ‘forward tracing’ (identifying contacts) as part of
concerted efforts to break chains of COVID-19 transmission in healthcare settings and the broader community.
The findings in this report are subject to several
limitations. First, self-
reported measures may be
subject to misreporting, including employment setting,
COVID-19 diagnosis and vaccination status. Within the
pooled sample, close to 5% (n=21, 568) did not provide
information on their work setting, and this may have
included some HCWs. There may be selection bias if
there were systematic differences between HCWs who
responded vs those who did not respond. Second, small
sample sizes for some population subgroups resulted in
some imprecise estimates. Third, we did not assess exposure source for those with self-reported ever COVID-19
diagnosis; we are, therefore, not able to differentiate
between HCWs that were exposed in the community vs
exposed at work. Finally, we urge cautious interpretation of our measures of association as they do not imply
causation.
Agaku IT, et al. Fam Med Com Health 2022;10:e001692. doi:10.1136/fmch-2022-001692

CONCLUSION
Of HCWs surveyed in the New York Metropolitan area
during the study period, 92.3% reported being fully vaccinated, and 20.9% had ever been diagnosed of COVID-19.
Pooled analysis of nationwide data revealed that the odds
of ever COVID-19 diagnosis among HCWs varied by vaccination status, sociodemographic characteristics, and type
of healthcare facility. Some options to achieve a positive
equity impact in COVID-19 vaccine uptake among HCWs
could include improving vaccine accessibility, providing
incentives, as well as implementing mandates. As the
need for booster doses becomes readily apparent in the
rapidly evolving COVID-19 landscape, there is need for
more engagement around vaccine hesitancy to better
understand risk/protective factors and how reasons for
vaccine hesitancy may have changed over time. Maintaining high vaccination coverage among HCWs is particularly important to reduce opportunities for transmission
within facilities, especially in settings where the risk of
exposure is high.
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