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Abstract

Introduction

Little is known about the impact of mandated vaccination policies on the primary care clinic

workforce in the United States or differences between rural and urban settings, especially

for COVID-19. With the continued pandemic and an anticipated increase in novel disease

outbreaks and emerging vaccines, healthcare systems need additional information on how

vaccine mandates impact the healthcare workforce to aid in future decision-making.

Methods

We conducted a cross-sectional survey of Oregon primary care clinic staff between October

28, 2021– November 18, 2021, following implementation of a COVID-19 vaccination man-

date for healthcare personnel. The survey consisted of 19 questions that assessed the

clinic-level impacts of the vaccination mandate. Outcomes included job loss among staff,

receipt of an approved vaccination waiver, new vaccination among staff, and the perceived

significance of the policy on clinic staffing. We used univariable descriptive statistics to com-

pare outcomes between rural and urban clinics. The survey also included three open-ended

questions that were analyzed using a template analysis approach.

Results

Staff from 80 clinics across 28 counties completed surveys, representing 38 rural and 42

urban clinics. Clinics reported job loss (46%), use of vaccination waivers (51%), and newly

vaccinated staff (60%). Significantly more rural clinics (compared to urban) utilized medical

and/or religious vaccination waivers (71% vs 33%, p = 0.04) and reported significant impact

on clinic staffing (45% vs 21%, p = 0.048). There was also a non-significant trend toward

more job loss for rural compared to urban clinics (53% vs. 41%, p = 0.547). Qualitative
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analysis highlighted a decline in clinic morale, small but meaningful detriments to patient

care, and mixed opinions of the vaccination mandate.

Conclusions

Oregon’s COVID-19 vaccination mandate increased healthcare personnel vaccination

rates, yet amplified staffing challenges with disproportionate impacts in rural areas. Staffing

impacts in primary care clinics were greater than reported previously in hospital settings and

with other vaccination mandates. Mitigating primary care staffing impacts, particularly in

rural areas, will be critical in response to the continued pandemic and novel viruses in the

future.

Introduction

The COVID-19 pandemic increased demand for healthcare services and created a substantial

strain on healthcare systems [1]. Thus, maintaining a healthy and robust workforce of health-

care personnel (HCP) was prioritized, particularly given the occupational hazard of infection

[1, 2]. Despite safe and effective vaccines against COVID-19 becoming widely available to

HCP and other “frontline workers” in early 2021, vaccination rates remained lower than

desired [3–5]. To increase rates for HCP, individual and organizational level strategies were

implemented [6–10] and many public health policy experts supported COVID-19 vaccination

as a condition of employment [11–15]. In the United State (US), six states, including Oregon,

adopted HCP vaccine mandates to maintain employment in late 2021; seven additional states

mandated vaccination but offered options (e.g., regular testing and masking) for those who

refused vaccination and did not discontinue their employment [16]. Oregon’s mandate

required vaccination for all HCP (including licensed clinicians, support staff, and any person

working in a health care setting). Employ could apply for a religious our medical exemption

from this mandate and be considered on a case-by-case basis by their employer. Individuals

out of compliance with the mandate were placed on leave or had employment terminated [16,

17]. The US Centers for Medicare and Medicaid required vaccination or exemption by early

2022 for all certified providers, including ambulatory care staff [18, 19].

Mandated vaccination as a condition of employment has strong legal and ethical founda-

tions [17]. HCP have been mandated to receive vaccinations or prove immunity for other

infectious diseases, including hepatitis B, influenza, and measles, mumps, and rubella [15, 20].

Influenza vaccination mandates contributed to increased vaccination rates among HCP [7, 8,

21, 22], lower rates of HCP infection [21], and can potentially lead to lower rates of pneumonia

and influenza mortality [23]. Small proportions of job loss (0–3%) were reported after influ-

enza vaccination mandates, but studies were limited to hospital settings. The impacts of non-

COVID-19 vaccination mandates on outpatient personnel, particularly in rural areas, are not

well understood [7, 24].

With regard to COVID-19, vaccination mandates led to minimal job loss in hospitals, reha-

bilitation centers, and home health agencies reported [25]. In Oregon, major hospital systems

reported that vaccination-related job loss impacted <1%-3.5% of employees in the first week

after implementation of a statewide mandate [26]. Little has been reported about the impact of

these mandates on the primary care workforce, despite primary care providing the majority of

healthcare and serving as the frontline for prevention, testing, and treatment of COVID-19

[27]. As COVID-19 vaccine mandates for HCP remain controversial [11, 15, 28–30],

PLOS ONE Impact of the COVID-19 vaccination mandate on the primary care workforce in rural and urban settings

PLOS ONE | https://doi.org/10.1371/journal.pone.0287553 June 27, 2023 2 / 12

collection and analysis, decision to publish, or

preparation of the manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0287553


understanding their impacts on the primary care workforce is important for future policy deci-

sion-making. Rural clinics are of particular interest as they may be prone to amplified work-

force challenges due to geographic isolation, difficulties with recruitment, and smaller

numbers of total staff [31].

To understand the impact of the COVID-19 vaccination mandate for HCP on the primary

care workforce and the differential impact for rural compared to urban clinics, we surveyed

clinicians and staff from primary care clinics across one Western state. Learnings will: 1) eluci-

date the impact of the COVID-19 vaccination mandate in the primary care setting; 2) inform

COVID-19 policy decisions as new pandemic variants of concern and additional boosters or

vaccinations roll out; and 3) provide important information for future novel viruses or pan-

demics. Findings are vital given the critical role primary care plays in supporting vaccine and

virus response.

Methods

Study design and setting

We conducted a cross-sectional mixed-methods survey of clinicians and staff at primary care

clinics across Oregon. The study protocol and survey instrument were approved by the IRB at

Oregon Health & Science University (IRB #23649).

In Oregon, vaccination against COVID-19 became required (as a condition of employment)

for anyone working in a healthcare setting, starting October 18, 2021. Employers were responsi-

ble for enforcement and required to document vaccination or waiver (religious or medical)

with a civil penalty of $500 per violation per day for employers that failed to comply [32].

Study participants

A convenience sample of participants were recruited from the listserv of the Oregon Rural

Practice-based Research Network (ORPRN). ORPRN is an established practice-based research

network of 296 clinics (nearly half of Oregon primary care clinics) [33] that conducts research,

education and quality improvement projects with clinics and communities across the state in

both rural and urban areas [34, 35]. An email to the ORPRN listserv invited primary care clini-

cians and staff to participate in a brief electronic survey regarding the impacts of the recent

vaccination mandate on their clinic. The listserv includes at least one representative from all

296 clinic partners of ORPRN and for some clinics includes multiple representatives that have

participated in prior projects or connected with the network in other ways. The listserv also

includes some ORPRN partners working outside of primary care clinics, however, only pri-

mary care clinic staff were invited to participate in the invitation contained an information

sheet describing the study and explaining that participation was optional. Completion of the

survey implied consent. Listserv recruitment was utilized to maximize representation from

clinics across the state. Individuals received a reminder email two weeks later. Responses were

collected for three weeks total.

Survey instrument

A 19-item survey requested information about clinic size, location, and staff composition, and

multiple choice and open-ended questions about staffing impacts of the vaccination mandate.

The survey also included three open-ended questions. The survey was hosted on REDCap (an

online platform) [36], accessed from an emailed link, and took 5–10 minutes to complete (see

S1 Appendix for complete survey instrument).
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Participants

Clinics were the primary unit of analysis. Surveys were excluded if responses did not contain

information for at least two of the four primary outcomes (listed below), if the clinic name was

absent, or if the organization did not provide primary care (e.g., skilled nursing facility, spe-

cialty care, behavioral health). Most clinics had only one survey respondent, but for 13 clinics

with multiple respondents, a single survey was selected to represent the clinic for quantitative

analyses. The selected survey was the most complete; or if there were multiple complete sur-

veys per clinic, the selected survey came from the clinic manager, medical director, or a physi-

cian/advanced practice provider (APP). The qualitative analysis was conducted at the level of

the individual and clustered responses within each clinic.

Variables

The primary outcomes of interest were the impact of Oregon’s COVID-19 vaccination man-

date on clinic-level job loss (i.e., whether staff were reassigned, put on leave, or had employ-

ment terminated), use vaccination waivers, new vaccination of staff, and the perceived

significance of the mandate on clinic staffing (see S1 Appendix for specific questions). To

account for clinic size in the interpretation of number of staff impacted by job loss, waivers,

and newly vaccinated, we created ratios which divided these outcomes by the reported number

of clinicians in the clinic. For ease and accuracy of reporting by individual respondents, only

the number of clinicians (not total staff) was requested in the survey, and this served as a proxy

for overall clinic size.

Outcomes were stratified by clinic-level rurality. Rural clinics had Rural-Urban Commut-

ing Area (RUCA) codes>4 based on the US Department of Agriculture (USDA) guidance or

were designated by the Oregon Office of Rural Health using methodology previously

employed by our network [37]. Briefly, RUCA codes 1–3 are Metropolitan, 4–5 are Micropoli-

tan, 7–9 are small towns, and 10 are rural areas. The Oregon Office of Rural Health defines

any county not part of a Metropolitan area as rural [38, 39].

Categorical outcomes in rural and urban clinics were compared using a Freeman-Halton

extension of Fisher’s Exact test, given fewer than 100 clinics in our sample. Comparisons were

assessed with two-sample t-tests (continuous) and Mann-Whitney U Test (ordinal). Statistical

significance is reported at p<0.05.

Qualitative analysis

Short answer responses to open-ended questions asking participants to describe the effect of

the COVID-19 vaccination mandate on their clinic staff and clinical care, and other thoughts

they would like to share were entered into ATLAS.ti Windows (Version 9) [40] and analyzed

using a template analysis approach [41]. Five qualitative analysts (MD, EK, NE, NR, CB) read

all responses, took individual analytical memos, and collectively created a coding template

based on key themes. Then three analysts (NE, NR, CB) coded all responses with an a priori

codebook based on template themes. Code-specific review of study data was used to narrow

and refine themes. In addition, a matrix was used to compare responses across role type, rural-

ity, and clinic to explore variation in themes based on those variables. Themes were then dis-

cussed with the broader analytic team until consensus was reached and final themes were

determined.
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Results

143 individuals from 108 clinics returned surveys. Twenty-two surveys (from 13 clinics) were

excluded due to incomplete outcome data and 20 surveys (from 15 clinics) were excluded

because they did not relate to a primary care clinic, leaving a total of 101 complete surveys

from 80 unique clinics (27% clinic-level response rate). Respondents were distributed across

geographic regions of Oregon and represented 28 of 36 counties.

Quantitative results

Table 1 summarizes characteristics of represented clinics which included 34% characterized as

small (1–5 clinicians), 29% medium (6–10 clinicians), and 38% large (>10 clinicians). 79% of

rural clinics and 48% of urban clinics had small and medium-sized clinics. Most responses

came from physicians or APPs: 58% of respondents from rural clinics and 74% from urban

clinics were physicians or APPs. 80% of clinics were hiring prior to the vaccination mandate:

60% of rural clinics and 48% of urban clinics were specifically hiring non-clinician staff.

Table 2 summarizes impacts of the vaccine mandate on staffing, comparing rural and

urban settings. About half of clinics reported losing staff: 53% of rural clinics and 41% of

urban clinics. There was a statistically significant difference in the use of vaccination waivers

(religious or medical) at rural clinics compared to urban clinics (71% versus 33.3%, p<0.004).

Many clinics (60%) reported that staff became newly vaccinated after the statewide mandate.

More rural clinics reported significant (34%) or very significant (11%) impacts compared to

urban clinics (significant = 19% or very significant = 2%; p = 0.04). Ratios demonstrated this

Table 1. Characteristics of participating clinics, stratified by rurality.

Rural n = 38 clinics #

(column %)

Urban n = 42 clinics #

(column %)

Total n = 80 #

(column %)

Clinic size

Small (1–5 clinicians)* 15 (39.5) 12 (28.6) 27 (33.8)

Medium (6–10 clinicians)* 15 (39.5) 8 (19.0) 23 (28.7)

Large (>10 clinicians)* 8 (21.0) 22 (52.4) 30 (37.5)

Staffing needs prior to

mandate

Hiring clinicians (MD/DO/

NP/PA)

10 (26.3) 11 (26.2) 21 (26.2)

Hiring non-clinician staff only 23 (60.5) 20 (47.6) 43 (53.8)

Not hiring 4 (10.5) 10 (23.8) 14 (17.5)

Unsure 1 (2.7) 1 (2.4) 2 (2.5)

Survey respondent role

Physician/Advanced Practice

Provider

22 (57.9) 31 (73.8) 53 (66.3)

Behavioral Health/Social Work 0 (0) 5 (11.9) 4 (5.0)

Nurse/Medical Assistant 7 (18.4) 4 (9.5) 11 (13.8)

Clinic Manager 5 (13.2) 2 (4.8) 7 (8.7)

Other 4 (10.5) 0 (0) 5 (6.2)

*Clinician included any of the following: Behavioral health provider, Community health worker (CHW), Front office

staff, Medical assistant, Medical director or chief medical officer, Nurse (RN, LPN), Nurse practitioner or physician

assistant, Office or clinic manager, Physician- Family Medicine, Physician- Internal Medicine, Physician- Pediatrics,

Physician- Women’s health, Physician-other, Quality improvement specialist, Other

https://doi.org/10.1371/journal.pone.0287553.t001
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same pattern with trends toward more job loss, more waivers, and more new vaccinations in

rural clinics, though only the difference in vaccination waivers achieved statistical significance.

Among 37 clinics reporting job loss as a result of the statewide vaccination mandate, almost

60% reported only 1 or 2 jobs were lost, but 2 of these 37 clinics reported >10 jobs lost: 31%

lost front office positions, 27% lost medical assistants, 13% lost nurses, and 9% lost physicians

or APPs.

Qualitative results

Three major themes emerged in response to open-ended questions regarding clinic impacts of

the vaccination mandate: (1) decline in clinic morale, (2) small but impactful effects on provi-

sion of patient care, and (3) mixed opinions of the vaccination mandate despite broad support

for COVID-19 vaccination.

Decline in clinic morale. While a few clinics saw staff morale improve after the mandate,

the majority of respondents noted increased stress and burnout after the mandate. This was

reported to add to already high stress levels related to general COVID-19 care provision

impacts. Staffing impacts associated with the mandate were most often noted as the greatest

source of stress or morale decline. System-level policy decisions around waiver acceptance

were also an important source of stress, as policies varied widely and were regarded as opaque

to staff.

Table 2. Impacts of COVID-19 vaccine mandate on rural versus urban clinics.

Outcomes Rural Clinics N = 38 Urban Clinics N = 42 Total Clinics N = 80

Categorical & Ordinal Data n (%) n (%) n (%) p-value*
Job loss 0.547

Jobs lost 20 (52.6) 17 (40.5) 37 (46.3)

No jobs lost 16 (42.1) 21 (50.0) 37 (46.3)

Unsure 2 (5.3) 4 (9.5) 6 (7.6)

Waivers <0.004
Staff or clinicians received waivers 27 (71.1) 14 (33.3) 41 (51.3)

No staff or clinicians received waivers 8 (21.0) 19 (45.3) 27 (33.7)

Unsure 3 (7.9) 9 (21.4) 12 (15.0)

Newly vaccinated 0.102
Staff newly vaccinated 27 (71.1) 21 (50.0) 48 (60.0)

No staff newly vaccinated 8 (21.0) 11 (26.2) 19 (23.8)

Unsure 3 (7.9) 10 (23.8) 13 (16.2)

Perceived overall impact on clinic staffing 0.048
No impact 7 (18.4) 21 (50.0) 28 (35)

Minor impact 14 (36.8) 12 (28.6) 26 (32.5)

Significant impact 13 (34.2) 8 (19.0) 21 (26.3)

Very significant impact 4 (10.5) 1 (2.4) 5 (6.3)

Ratios Mean (SD) Mean (SD) Mean (SD) p-value±
Jobs lost per number of clinicians 0.38 (0.76) 0.17 (0.26) 0.27 (0.57) 0.123
Vaccine waivers per number of clinicians 0.99 (1.04) 0.28 (1.00) 0.60 (1.07) 0.013
Staff newly vaccinated per number of clinicians 0.64 (1.68) 0.31 (0.54) 0.45 (1.17) 0.391

* Job losses, waivers, and vaccination compared using Freeman-Holman Extension of Fisher’s Exact Test. Perceived clinic impact compared using Mann-Whitney U

Test.

± Two-sample t-test
# Do not add to 100.0% due to rounding

https://doi.org/10.1371/journal.pone.0287553.t002
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“It has required those of us who remain to work harder, more hours, and try to cover for those
who were terminated. Feelings of overwork, stress and burnout are very high.” -Rural
Physician

Impacts to provision of patient care. Staffing pressures strained clinics’ ability to provide

high-quality patient care. “Everyone has been asked to do more with less,” according to one

respondent. For some clinics, the mandate exacerbated pre-existing staffing shortages to the

extent that they were “no longer able to support well visit, injections, [and] paps [i.e., Papani-

colaou test],” and had “limited [blood pressure] checks, COVID testing.” At other clinics, phy-

sicians and APPs “had to do triage work in addition to seeing patients,” causing “significantly

decreased provider appointments.” Several respondents described increased use of virtual

appointments due to limited support staff in the clinics. A small number of respondents

described a decline in the quality of patient care.

“The loss of our functional staff and the change in our work dynamic has affected the care
that we provide our patients in a way that has negatively impacted not only our staff, hospital,
patients, and morale, but the community as a whole. Living in a rural area, this has had a rip-
pling effect that will not be easily recovered from.” -Rural Clinical Staff

Although most respondents did not report a negative impact in healthcare, they did note

that this “required flexibility among leadership and remaining staff to ensure necessary cover-

age [was] available.”

Mixed opinions of the vaccination mandate. Respondents overwhelmingly noted sup-

port for vaccination against COVID-19, but had mixed thoughts about the mandate.

Responses varied by staff role in the clinics–most physicians and APPs made positive com-

ments about the vaccination mandate, while only about half of non-clinician staff commented

positively. Regardless of their overall impressions of the mandate, a majority of respondents

expressed frustration about its implementation at the local, health system, or state levels. Com-

ments included concerns about communication (“This shows how tricky science communica-

tion can be”), exemptions (“There has been little guidance regarding what level of

accommodation should be provided for those with approved exemptions”) and enforcement

(“I am very discouraged by employers who choose not to enforce it”).

Discussion

Our study found that 60% of clinics reported that staff became newly vaccinated after the

statewide mandate, suggesting that the policy was successful in the primary care setting.

Previous research supports the success of COVID-19 vaccine mandates on increased vacci-

nation in other settings [25, 42, 43]. That said, about half of clinics reported losing staff,

which is problematic for an already strained healthcare system, especially for small clinics

and those in rural areas.

Respondents from rural clinics reported more job loss and more negative perceived staffing

impacts–findings which may relate to clinic size/structure or pre-existing staffing challenges

[44]. These negative impacts may be especially pronounced when sustained acutely during a

time of unprecedented pre-existing healthcare strain. We also found significantly higher use of

vaccination waivers (religious or medical) at rural compared to urban clinics, which suggests a

potential systematic disparity in policy implementation and differences in pre-mandate

regional vaccination rates, which have been reported in rural areas broadly [45]. As the loss of
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staff was not significantly different between rural and urban clinics, but the use of vaccination

waivers was higher in rural clinics, waiver use may have allowed rural clinics to lose fewer staff

than they likely would have without the option. With substantial and compounding impacts

on small and often rural primary care clinics, future vaccine policies for HCP should consider

taking into account setting (i.e., rural vs. urban), increasing the timeline to allow clinics to pre-

pare for implementation, and carefully considering waiver use.

Respondents said that the vaccination mandate contributed to a decline in clinic morale,

had small but impactful effects on patient care, and created tension between support of vacci-

nation and challenges with implementation of the vaccination mandate. A previous study also

reported tension between supporting vaccines in general and implementation of the COVID-

19 vaccine mandate specifically [46]. This tension may be seen with novel viruses and future

vaccinations, as people could view new vaccine products differently than familiar ones. Strate-

gies that provide time to discuss vaccines, address individual concerns, and respect diverse

beliefs may lead to increased acceptance and decreased impact on morale and tensions around

implementation [47]. These specific strategies may also help assuage some common reasons

for vaccination hesitancy among HCP including concerns about safety and efficacy [3], trust

[48], and personal right infringement [49].

We applied observed staffing outcome ratios to a hypothetical medium-sized clinic with

recommended primary care medical home staffing ratios [50] to consider the clinic-level

impacts of the vaccination mandate. This hypothetical medium-sized clinic would have 5 phy-

sicians, 2 APPs, 7 medical assistants, and 7 administrative staff. Based upon the average overall

observed job loss per clinician ratio of 0.27, this medium-sized clinic would have lost approxi-

mately 2 staff (9.5% of staff). Based on the observed proportions of job types lost, this clinic

likely lost a medical assistant and a patient access specialist. A similar hypothetical medium-

sized rural Oregon clinic with the same makeup (based on an average job loss per clinician

ratio of 0.38) would have lost close to 3 jobs (14.3% of staff) after the vaccination mandate, per-

haps 2 medical assistants and a clinic scheduler.

Based on an overall average waiver per clinician ratio of 0.60, the same hypothetical

medium-sized Oregon primary care clinic would have granted 4 vaccination waivers (19% of

staff). A hypothetical rural Oregon clinic with the same make-up (based on an average rural

waiver per clinician ratio of 0.99) would have granted approximately 7 waivers (33.3% of staff).

This example highlights a much higher proportion of job loss in this study (nearly 10%) com-

pared to previous literature noting 0–3% after influenza vaccine mandates [7, 24]. This differ-

ence in job loss may reflect differential acceptability of the COVID-19 vaccine compared to

influenza, differences in hospital-based compared to ambulatory populations, or regional dif-

ferences unique to Oregon. This case example also demonstrates the high prevalence of vacci-

nation waivers, particularly among rural clinics. Because these examples are extrapolated from

averages (overall and among rural clinics), they do not represent the experiences of all Oregon

primary care clinics, which were more variable. In the future, employment data and/or vaccine

registry data may provide a more accurate view of vaccination in this population.

Limitations

This cross-sectional survey study of Oregon primary care clinics and staff in our statewide

practice-based research network rapidly reached clinics from a geographically diverse area.

Response rate was approximately 30% for ORPRN member clinics (80/296) and 11% for all

primary care clinics in Oregon (80/732). By relying on a limited sample from a single time-

point in a single state, it may suffer from selection bias, lack of generalizability outside of Ore-

gon, and findings limited to the survey timepoint immediately after policy implementation. As
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a survey, it may also suffer from recall bias and misclassification, though this is expected to be

non-differential between urban and rural clinics and may simply dilute findings. With widely

varied experiences from a modest number of clinics, the sample may have been underpowered

to detect statistically and clinically significant differences based on rurality; and as an unad-

justed analysis, the association between outcomes and rurality should be interpreted cautiously

as they may reflect an element of confounding, particularly by characteristics unmeasured by

our brief survey. Due to missing outcome data, 14% of responding clinics were excluded. A

comparison of excluded versus included clinics showed that most incomplete surveys came

from rural clinics (11 of 13) and more respondents of incomplete surveys (compared to com-

plete) were clinic managers and not clinicians (see data table in S2 Appendix). This may reflect

differences in the acceptability of this survey among rural clinics and/or administrative staff.

Despite these limitations, study results provide important insights about vaccine policy man-

dates on rural and urban primary care clinics that can be used for future vaccine policy deci-

sion-making.

Conclusions

With the continued pandemic and an anticipated increase in novel disease outbreaks and

emerging vaccines, vaccination policies for HCP should consider potential negative staffing

impacts and strategies to mitigate these effects to preserve healthcare access and avoid com-

pounding rural disparities in care.

Supporting information

S1 Appendix. COVID-19 vaccine mandate primary care impacts survey.

(DOCX)

S2 Appendix. Table comparing incomplete vs. complete surveys.

(DOCX)

Acknowledgments

The authors are very grateful to the staff from clinics across Oregon who took time to share

their experiences and to the Oregon Rural Practice-based Research Network for utilizing their

infrastructure to rapidly and effectively reach diverse clinics across Oregon.

Author Contributions

Conceptualization: Brigit A. Hatch, Erin Kenzie, Nancy Elder, Melinda Davis.

Data curation: Brigit A. Hatch, Erin Kenzie, NithyaPriya Ramalingam, Eliana Sullivan,

Chrystal Barnes.

Formal analysis: Brigit A. Hatch, Erin Kenzie, NithyaPriya Ramalingam, Eliana Sullivan,

Chrystal Barnes, Nancy Elder.

Methodology: Brigit A. Hatch, Erin Kenzie, Nancy Elder.

Project administration: Erin Kenzie.

Supervision: Erin Kenzie.

Validation: Brigit A. Hatch, Erin Kenzie.

Visualization: Brigit A. Hatch, Eliana Sullivan.

PLOS ONE Impact of the COVID-19 vaccination mandate on the primary care workforce in rural and urban settings

PLOS ONE | https://doi.org/10.1371/journal.pone.0287553 June 27, 2023 9 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0287553.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0287553.s002
https://doi.org/10.1371/journal.pone.0287553


Writing – original draft: Brigit A. Hatch, Erin Kenzie.

Writing – review & editing: Brigit A. Hatch, Erin Kenzie, NithyaPriya Ramalingam,

Eliana Sullivan, Chrystal Barnes, Nancy Elder, Melinda Davis.

References
1. Mehta S, Machado F, Kwizera A, et al. COVID-19: a heavy toll on health-care workers. The Lancet

Respiratory Medicine. 2021; 9(3):226–228. https://doi.org/10.1016/S2213-2600(21)00068-0 PMID:

33556317

2. Gouda D, Singh PM, Gouda P, Goudra B. An Overview of Health Care Worker Reported Deaths During

the COVID-19 Pandemic. Journal of the American Board of Family Medicine: JABFM. 2021; 34(Suppl):

S244–s246.

3. Biswas N, Mustapha T, Khubchandani J, Price JH. The Nature and Extent of COVID-19 Vaccination

Hesitancy in Healthcare Workers. Journal of community health. 2021; 46(6):1244–1251. https://doi.org/

10.1007/s10900-021-00984-3 PMID: 33877534

4. Al-Amer R, Maneze D, Everett B, et al. COVID-19 vaccination intention in the first year of the pandemic:

A systematic review. J Clin Nurs. 2022; 31(1–2):62–86. https://doi.org/10.1111/jocn.15951 PMID:

34227179

5. Razzaghi H, Masalovich S, Srivastav A, et al. COVID-19 Vaccination and Intent Among Healthcare Per-

sonnel, U.S. American journal of preventive medicine. 2021. https://doi.org/10.1016/j.amepre.2021.11.

001 PMID: 34965901

6. Finney Rutten LJ, Zhu X, Leppin AL, et al. Evidence-Based Strategies for Clinical Organizations to

Address COVID-19 Vaccine Hesitancy. Mayo Clin Proc. 2021; 96(3):699–707. https://doi.org/10.1016/j.

mayocp.2020.12.024 PMID: 33673921

7. Kitt E, Burt S, Price SM, et al. Implementation of a Mandatory Influenza Vaccine Policy: A 10-Year

Experience. Clin Infect Dis. 2021; 73(2):e290–e296. https://doi.org/10.1093/cid/ciaa782 PMID:

33372217

8. Pitts SI, Maruthur NM, Millar KR, Perl TM, Segal J. A systematic review of mandatory influenza vaccina-

tion in healthcare personnel. American journal of preventive medicine. 2014; 47(3):330–340. https://doi.

org/10.1016/j.amepre.2014.05.035 PMID: 25145618

9. Jarrett C, Wilson R, O’Leary M, Eckersberger E, Larson HJ. Strategies for addressing vaccine hesi-

tancy—A systematic review. Vaccine. 2015; 33(34):4180–4190. https://doi.org/10.1016/j.vaccine.2015.

04.040 PMID: 25896377

10. Schumacher S, Salmanton-Garcı́a J, Cornely OA, Mellinghoff SC. Increasing influenza vaccination cov-

erage in healthcare workers: a review on campaign strategies and their effect. Infection. 2021; 49

(3):387–399. https://doi.org/10.1007/s15010-020-01555-9 PMID: 33284427

11. Klompas M, Pearson M, Morris C. The Case for Mandating COVID-19 Vaccines for Health Care Work-

ers. Ann Intern Med. 2021; 174(9):1305–1307. https://doi.org/10.7326/M21-2366 PMID: 34251905

12. Gostin LO, Salmon DA, Larson HJ. Mandating COVID-19 Vaccines. Jama. 2021; 325(6):532–533.

https://doi.org/10.1001/jama.2020.26553 PMID: 33372955

13. Hagan K, Forman R, Mossialos E, Ndebele P, Hyder AA, Nasir K. COVID-19 vaccine mandate for

healthcare workers in the United States: a social justice policy. Expert Rev Vaccines. 2022; 21(1):37–

45. https://doi.org/10.1080/14760584.2022.1999811 PMID: 34709969

14. Maki DG, Hennekens CH. Health Care Workers Need COVID-19 Vaccination: Clinical, Public Health,

and Ethical Considerations. Am J Med. 2021; 134(12):1437–1439. https://doi.org/10.1016/j.amjmed.

2021.06.030 PMID: 34297977

15. Olick RS, Shaw J, Yang YT. Ethical Issues in Mandating COVID-19 Vaccination for Health Care Per-

sonnel. Mayo Clin Proc. 2021; 96(12):2958–2962. https://doi.org/10.1016/j.mayocp.2021.10.020

PMID: 34863393

16. Foundation KF. State COVID-19 Data and Policy Actions. https://www.kff.org/report-section/state-

covid-19-data-and-policy-actions-policy-actions/. Published 2022. Accessed February 25, 2022, 2022.

17. Lindley MC, Horlick GA, Shefer AM, Shaw FE, Gorji M. Assessing State Immunization Requirements

for Healthcare Workers and Patients. American Journal of Preventive Medicine. 2007; 32(6):459–465.

https://doi.org/10.1016/j.amepre.2007.02.009 PMID: 17533060

18. Rao R, Koehler A, Beckett K, Sengupta S. COVID-19 Vaccine Mandates for Healthcare Professionals

in the United States. Vaccines (Basel). 2022; 10(9). https://doi.org/10.3390/vaccines10091425 PMID:

36146503

PLOS ONE Impact of the COVID-19 vaccination mandate on the primary care workforce in rural and urban settings

PLOS ONE | https://doi.org/10.1371/journal.pone.0287553 June 27, 2023 10 / 12

https://doi.org/10.1016/S2213-2600(21)00068-0
http://www.ncbi.nlm.nih.gov/pubmed/33556317
https://doi.org/10.1007/s10900-021-00984-3
https://doi.org/10.1007/s10900-021-00984-3
http://www.ncbi.nlm.nih.gov/pubmed/33877534
https://doi.org/10.1111/jocn.15951
http://www.ncbi.nlm.nih.gov/pubmed/34227179
https://doi.org/10.1016/j.amepre.2021.11.001
https://doi.org/10.1016/j.amepre.2021.11.001
http://www.ncbi.nlm.nih.gov/pubmed/34965901
https://doi.org/10.1016/j.mayocp.2020.12.024
https://doi.org/10.1016/j.mayocp.2020.12.024
http://www.ncbi.nlm.nih.gov/pubmed/33673921
https://doi.org/10.1093/cid/ciaa782
http://www.ncbi.nlm.nih.gov/pubmed/33372217
https://doi.org/10.1016/j.amepre.2014.05.035
https://doi.org/10.1016/j.amepre.2014.05.035
http://www.ncbi.nlm.nih.gov/pubmed/25145618
https://doi.org/10.1016/j.vaccine.2015.04.040
https://doi.org/10.1016/j.vaccine.2015.04.040
http://www.ncbi.nlm.nih.gov/pubmed/25896377
https://doi.org/10.1007/s15010-020-01555-9
http://www.ncbi.nlm.nih.gov/pubmed/33284427
https://doi.org/10.7326/M21-2366
http://www.ncbi.nlm.nih.gov/pubmed/34251905
https://doi.org/10.1001/jama.2020.26553
http://www.ncbi.nlm.nih.gov/pubmed/33372955
https://doi.org/10.1080/14760584.2022.1999811
http://www.ncbi.nlm.nih.gov/pubmed/34709969
https://doi.org/10.1016/j.amjmed.2021.06.030
https://doi.org/10.1016/j.amjmed.2021.06.030
http://www.ncbi.nlm.nih.gov/pubmed/34297977
https://doi.org/10.1016/j.mayocp.2021.10.020
http://www.ncbi.nlm.nih.gov/pubmed/34863393
https://www.kff.org/report-section/state-covid-19-data-and-policy-actions-policy-actions/
https://www.kff.org/report-section/state-covid-19-data-and-policy-actions-policy-actions/
https://doi.org/10.1016/j.amepre.2007.02.009
http://www.ncbi.nlm.nih.gov/pubmed/17533060
https://doi.org/10.3390/vaccines10091425
http://www.ncbi.nlm.nih.gov/pubmed/36146503
https://doi.org/10.1371/journal.pone.0287553


19. Centers for Medicare & Medicaid Services. Medicare and Medicaid Programs; Omnibus COVID-19

Health Care Staff Vaccination. The United States Government;2021.

20. Ottenberg AL, Wu JT, Poland GA, Jacobson RM, Koenig BA, Tilburt JC. Vaccinating health care work-

ers against influenza: the ethical and legal rationale for a mandate. Am J Public Health. 2011; 101

(2):212–216. https://doi.org/10.2105/AJPH.2009.190751 PMID: 21228284

21. Simberkoff MS, Rattigan SM, Gaydos CA, et al. Impact of mandatory vaccination of healthcare person-

nel on rates of influenza and other viral respiratory pathogens. Infect Control Hosp Epidemiol. 2021:1–5.

22. Blank C, Gemeinhart N, Dunagan WC, Babcock HM. Mandatory employee vaccination as a strategy for

early and comprehensive health care personnel immunization coverage: Experience from 10 influenza

seasons. Am J Infect Control. 2020; 48(10):1133–1138. https://doi.org/10.1016/j.ajic.2020.01.015

PMID: 32238270

23. Carrera M, Lawler EC, White C. Population Mortality and Laws Encouraging Influenza Vaccination for

Hospital Workers. Ann Intern Med. 2021; 174(4):444–452. https://doi.org/10.7326/M20-0413 PMID:

33395343

24. Winston L, Wagner S, Chan S. Healthcare workers under a mandated H1N1 vaccination policy with

employment termination penalty: a survey to assess employee perception. Vaccine. 2014; 32

(37):4786–4790. https://doi.org/10.1016/j.vaccine.2014.06.001 PMID: 24996124

25. White House Report: Vaccination Requirements are Helping Vaccinate More People, Protect Ameri-

cans from COVID-19, and Strengthen the Economy [press release]. Washington, D.C.2021.

26. Manning J. Hundreds on leave or fired over vaccine mandate, but most by far complied. The

Oregonian2021.

27. Westfall JM, Jetty A, Petterson S, Jabbarpour Y. Site of Care for COVID-19-Like Respiratory Illnesses.

The Journal of the American Board of Family Medicine. 2021; 34(Supplement):S26–S28. https://doi.

org/10.3122/jabfm.2021.S1.200204 PMID: 33622813

28. Bardosh K, de Figueiredo A, Gur-Arie R, et al. The unintended consequences of COVID-19 vaccine pol-

icy: why mandates, passports and restrictions may cause more harm than good. BMJ Global Health.

2022; 7(5):e008684. https://doi.org/10.1136/bmjgh-2022-008684 PMID: 35618306

29. Emanuel EJ, Skorton DJ. Mandating COVID-19 Vaccination for Health Care Workers. Annals of Internal

Medicine. 2021; 174(9):1308–1310. https://doi.org/10.7326/M21-3150 PMID: 34328365

30. Senate US. S.J. Res.32. In. Congress.gov2022.

31. Pourat N, Chen X, Lu C, Zhou W, Hoang H, Sripipatana A. Assessing clinical quality performance and

staffing capacity differences between urban and rural Health Resources and Services Administration-

funded health centers in the United States: A cross sectional study. PloS one. 2020; 15(12):e0242844-

e0242844. https://doi.org/10.1371/journal.pone.0242844 PMID: 33290435

32. Public Health Division. COVID-19 vaccination requirement for healthcare providers and healthcare staff

in healthcare settings. In: Authority OH, ed2021.

33. Sullivan E, Zahnd WE, Zhu JM, Kenzie E, Patzel M, Davis M. Mapping Rural and Urban Veterans’ Spa-

tial Access to Primary Care Following the MISSION Act. Journal of General Internal Medicine. 2022; 37

(12):2941–2947. https://doi.org/10.1007/s11606-021-07229-y PMID: 34981345

34. Davis MM, Gunn R, Kenzie E, et al. Integration of Improvement and Implementation Science in Prac-

tice-Based Research Networks: a Longitudinal, Comparative Case Study. J Gen Intern Med. 2021; 36

(6):1503–1513. https://doi.org/10.1007/s11606-021-06610-1 PMID: 33852140

35. Oregon ECHO Network. 2021–22 Annual Report. https://www.oregonechonetwork.org/aboutoen. Pub-

lished 2022. Accessed.

36. Harris PAT R.; Thilke R., Payne J.; Gonzalez N.; Conde J.;. Research and Electronic Data Capture

(REDCap)—A metadata-driven methodology and workflow process for providing translational reearch

informatics support. J Biome Inform. 2009; 42(2):377–381.

37. Gunn R, Ferrara LK, Dickinson C, et al. Human Papillomavirus Immunization in Rural Primary Care.

American Journal of Preventive Medicine.

38. List of Rural Counties And Designated Eligible Census Tracts in Metropolitan Counties https://www.

hrsa.gov/sites/default/files/hrsa/rural-health/resources/forhp-eligible-areas.pdf#:*:text=The%20Office

%20of%20Rural%20Health%20Policy%20has%20funded,More%20information%20on%20RUCAs%

20is%20available%20at%20http:%2F%2Fwww.ers.usda.gov%2Fdata-. Published 2010. Accessed

March 25, 2023, 2023.

39. Center WRHR. Using RUCA Data. https://depts.washington.edu/uwruca/ruca-uses.php. Accessed

November, 2021.

40. ATLAS.ti Scientific Software Development GmbH [ATLAS.ti 9 Windows] (2022) Retrieved from https://

atlasti.com [computer program].

PLOS ONE Impact of the COVID-19 vaccination mandate on the primary care workforce in rural and urban settings

PLOS ONE | https://doi.org/10.1371/journal.pone.0287553 June 27, 2023 11 / 12

https://doi.org/10.2105/AJPH.2009.190751
http://www.ncbi.nlm.nih.gov/pubmed/21228284
https://doi.org/10.1016/j.ajic.2020.01.015
http://www.ncbi.nlm.nih.gov/pubmed/32238270
https://doi.org/10.7326/M20-0413
http://www.ncbi.nlm.nih.gov/pubmed/33395343
https://doi.org/10.1016/j.vaccine.2014.06.001
http://www.ncbi.nlm.nih.gov/pubmed/24996124
https://doi.org/10.3122/jabfm.2021.S1.200204
https://doi.org/10.3122/jabfm.2021.S1.200204
http://www.ncbi.nlm.nih.gov/pubmed/33622813
https://doi.org/10.1136/bmjgh-2022-008684
http://www.ncbi.nlm.nih.gov/pubmed/35618306
https://doi.org/10.7326/M21-3150
http://www.ncbi.nlm.nih.gov/pubmed/34328365
https://doi.org/10.1371/journal.pone.0242844
http://www.ncbi.nlm.nih.gov/pubmed/33290435
https://doi.org/10.1007/s11606-021-07229-y
http://www.ncbi.nlm.nih.gov/pubmed/34981345
https://doi.org/10.1007/s11606-021-06610-1
http://www.ncbi.nlm.nih.gov/pubmed/33852140
https://www.oregonechonetwork.org/aboutoen
https://www.hrsa.gov/sites/default/files/hrsa/rural-health/resources/forhp-eligible-areas.pdf#::text=The%20Office%20of%20Rural%20Health%20Policy%20has%20funded,More%20information%20on%20RUCAs%20is%20available%20at%20http:%2F%2Fwww.ers.usda.gov%2Fdata
https://www.hrsa.gov/sites/default/files/hrsa/rural-health/resources/forhp-eligible-areas.pdf#::text=The%20Office%20of%20Rural%20Health%20Policy%20has%20funded,More%20information%20on%20RUCAs%20is%20available%20at%20http:%2F%2Fwww.ers.usda.gov%2Fdata
https://www.hrsa.gov/sites/default/files/hrsa/rural-health/resources/forhp-eligible-areas.pdf#::text=The%20Office%20of%20Rural%20Health%20Policy%20has%20funded,More%20information%20on%20RUCAs%20is%20available%20at%20http:%2F%2Fwww.ers.usda.gov%2Fdata
https://www.hrsa.gov/sites/default/files/hrsa/rural-health/resources/forhp-eligible-areas.pdf#::text=The%20Office%20of%20Rural%20Health%20Policy%20has%20funded,More%20information%20on%20RUCAs%20is%20available%20at%20http:%2F%2Fwww.ers.usda.gov%2Fdata
https://depts.washington.edu/uwruca/ruca-uses.php
https://atlasti.com
https://atlasti.com
https://doi.org/10.1371/journal.pone.0287553


41. Brooks J, McCluskey S, Turley E, King N. The Utility of Template Analysis in Qualitative Psychology

Research. Qualitative Research in Psychology. 2015; 12(2):202–222. https://doi.org/10.1080/

14780887.2014.955224 PMID: 27499705

42. McGarry BE, Gandhi AD, Syme M, Berry SD, White EM, Grabowski DC. Association of State COVID-

19 Vaccine Mandates With Staff Vaccination Coverage and Staffing Shortages in US Nursing Homes.

JAMA Health Forum. 2022; 3(7):e222363-e222363. https://doi.org/10.1001/jamahealthforum.2022.

2363 PMID: 35983581

43. Howard-Williams M, Soelaeman RH, Fischer LS, McCord R, Davison R, Dunphy C. Association

Between State-Issued COVID-19 Vaccine Mandates and Vaccine Administration Rates in 12 US States

and the District of Columbia. JAMA Health Forum. 2022; 3(10):e223810. https://doi.org/10.1001/

jamahealthforum.2022.3810 PMID: 36306119

44. O’Shea AMJH B.; Shahnazi A.; Sterling R.A.; Wond E.S.; Kaboli P.J. A novel gap staffing metric for pri-

mary care provider staffing and implications for urban and rural clinics. Primary Care Analytics

Team;2021.

45. Shekhar R, Sheikh AB, Upadhyay S, et al. COVID-19 Vaccine Acceptance among Health Care Workers

in the United States. Vaccines (Basel). 2021; 9(2). https://doi.org/10.3390/vaccines9020119 PMID:

33546165

46. Navin MC, Oberleitner LM, Lucia VC, et al. COVID-19 Vaccine Hesitancy Among Healthcare Personnel

Who Generally Accept Vaccines. J Community Health. 2022; 47(3):519–529. https://doi.org/10.1007/

s10900-022-01080-w PMID: 35277813

47. Giannitrapani KF, Brown-Johnson C, Connell NB, et al. Promising Strategies to Support COVID-19

Vaccination of Healthcare Personnel: Qualitative Insights from the VHA National Implementation. Jour-

nal of General Internal Medicine. 2022; 37(7):1737–1747. https://doi.org/10.1007/s11606-022-07439-y

PMID: 35260957

48. Kara Esen B, Can G, Pirdal BZ, et al. COVID-19 Vaccine Hesitancy in Healthcare Personnel: A Univer-

sity Hospital Experience. Vaccines (Basel). 2021; 9(11). https://doi.org/10.3390/vaccines9111343

PMID: 34835274

49. Peterson CJ, Lee B, Nugent K. COVID-19 Vaccination Hesitancy among Healthcare Workers&mdash;

A Review. Vaccines. 2022; 10(6):948.

50. Dipadova PS, J. Health provider mix and staffing ratios. Association of clinicians for the

underserved;2017.

PLOS ONE Impact of the COVID-19 vaccination mandate on the primary care workforce in rural and urban settings

PLOS ONE | https://doi.org/10.1371/journal.pone.0287553 June 27, 2023 12 / 12

https://doi.org/10.1080/14780887.2014.955224
https://doi.org/10.1080/14780887.2014.955224
http://www.ncbi.nlm.nih.gov/pubmed/27499705
https://doi.org/10.1001/jamahealthforum.2022.2363
https://doi.org/10.1001/jamahealthforum.2022.2363
http://www.ncbi.nlm.nih.gov/pubmed/35983581
https://doi.org/10.1001/jamahealthforum.2022.3810
https://doi.org/10.1001/jamahealthforum.2022.3810
http://www.ncbi.nlm.nih.gov/pubmed/36306119
https://doi.org/10.3390/vaccines9020119
http://www.ncbi.nlm.nih.gov/pubmed/33546165
https://doi.org/10.1007/s10900-022-01080-w
https://doi.org/10.1007/s10900-022-01080-w
http://www.ncbi.nlm.nih.gov/pubmed/35277813
https://doi.org/10.1007/s11606-022-07439-y
http://www.ncbi.nlm.nih.gov/pubmed/35260957
https://doi.org/10.3390/vaccines9111343
http://www.ncbi.nlm.nih.gov/pubmed/34835274
https://doi.org/10.1371/journal.pone.0287553

