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Abstract

Background
We conducted in-depth interviews to characterize reasons for COVID-19 vaccine hesitancy in emergency
department (ED) patients and developed messaging platforms that may address their concerns. In this
trial we seek to determine whether provision of these COVID-19 vaccine messaging platforms in EDs will
be associated with greater COVID-19 vaccine acceptance and uptake in unvaccinated ED patients.

Methods
This is a cluster-randomized controlled trial (RCT) evaluating our COVID-19 vaccine messaging platforms
in seven hospital EDs (mix of academic, community, and safety-net EDs) in four US cities. Within each
study site, we randomized 30 one-week periods to the intervention and 30 one-week periods to the control.
Adult patients who have not received a COVID-19 vaccine are eligible with these exclusions: 1) major
trauma, intoxication, altered mental status, or critical illness; 2) incarceration; 3) psychiatric chief
complaint; and 4) suspicion of acute COVID-19 illness. Participants receive an orally administered Intake
survey. During intervention weeks participants then receive three COVID-19 vaccine messaging platforms
(4-minute video, one-page informational �yer and a brief, scripted face-to-face message delivered by ED
physicians and nurses); patients enrolled during non-intervention weeks do not receive these platforms.
Approximately an hour after intake surveys, participants receive a Vaccine Acceptance survey during
which the primary outcome of acceptance of the COVID-19 vaccine in the ED is ascertained. The other
primary outcome of receipt of a COVID-19 vaccine within 32 days is ascertained by electronic health
record review and phone follow-up. To determine whether provision of vaccine messaging platforms is
associated with a 7% increase in vaccine acceptance and uptake, we will need to enroll 1290 patients.

Discussion
Highlighting the di�culties of trial implementation during the COVID-19 pandemic in acute care settings,
our novel trial will lay the groundwork for delivery of public health interventions to vulnerable populations
whose only health care access occurs in EDs.

Trial Status:
We began enrollment in December 2021 and expect to continue through 2022.

Conclusions
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Toward addressing vaccine hesitancy in vulnerable populations who seek care in EDs, our cluster-RCT
will determine whether implementation of vaccine messaging platforms is associated with greater
COVID-19 vaccine acceptance and uptake in unvaccinated ED patients.

Background
COVID-19 illness has led to over 915,000 deaths in the United States (US) as of February 15, 2022.1

SARS-CoV-2 vaccines are a powerful tool for mitigating the risk of acute COVID-19 illness and its’
sequelae during the COVID-19 pandemic. Efforts to mitigate the risk of COVID-19 illness by vaccination
are predicated on broad acceptance of vaccines by a substantial majority of the population to achieve
herd immunity.2,3 Vaccine hesitancy (unwillingness to receive a COVID-19 vaccine) has persisted as a
major barrier to reaching this target in the US, with approximately 15% of national online survey
respondents saying that they would not get a COVID-19 vaccine in the spring of 2021.4,5

The major limitation of most prior investigations of COVID-19 vaccine hesitancy is that they have been
primarily conducted online or by telephone,4–8 a sampling method that may miss medically underserved
and disadvantaged populations and may not re�ect the attitudes of patients during true healthcare
encounters.9–11 The emergency department (ED) setting has been commonly described by policymakers
as “the safety net of the safety net”.12 With approximately 140 million visits in the US annually, EDs serve
as the primary (and often only) health care access point for up to a �fth of the population that includes a
number of vulnerable groups - immigrants, persons experiencing homelessness, the impoverished, and
the uninsured, many of whom fall into high-risk categories for poor outcomes from COVID-19
infection.13–20 Minorities, especially African Americans and Latinos, also receive disproportionately high
amounts of primary healthcare access through EDs.16–20 Broad, equitable COVID-19 vaccine delivery to
vulnerable populations is a critical public health need that EDs are thus uniquely positioned to address.

With these principles in mind, we previously conducted the Rapid Evaluation of COVID-19 Vaccination in
Emergency Departments for Underserved Patients (REVVED UP) study, consisting of surveys of medically
underserved populations during ED visits at 15 geographically representative EDs across the US.21 We
found that patients whose primary health care access occurs in EDs had greater vaccine hesitancy and
particular health care access barriers, needs, and perceptions about vaccines that require speci�c review
beyond traditional (non-ED user) community engagement techniques.

The premise underlying this research (PROmotion of COvid-19 VA(X)ccination in the Emergency
Department – PROCOVAXED) is that efforts toward equitable distribution of the COVID-19 vaccine,
vaccination-based herd immunity, and prevention of disease in high-risk, vulnerable populations must go
where these vulnerable populations go for care – the ED. In the �rst speci�c aim toward the goal of
decreasing COVID-19 vaccine hesitancy and increasing vaccine uptake in vulnerable ED populations, we
conducted in-depth qualitative interviews of vaccine hesitant ED patients whose primary health care
access occurs in EDs. Through these interviews, we gained actionable insight regarding reasons for
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COVID-19 vaccine hesitancy and other barriers to vaccination, the role of trusted messengers, and speci�c
messaging to address hesitancy. We then used these �ndings to develop population-speci�c COVID-19
vaccine (PROCOVAXED) messaging platforms (videos, informational �yers, and scripts for face-to-face
ED provider messaging) that addressed their speci�c COVID-19 vaccine concerns.

The objectives of this trial are to determine 1) whether implementation of PROCOVAXED trusted
messaging platforms in EDs is associated with increased COVID-19 vaccine acceptance (the converse of
vaccine hesitancy) in ED patients at the time of their ED visit; and 2) whether implementation of
PROCOVAXED platforms in EDs is associated with increased COVID-19 vaccine uptake in unvaccinated
ED patients (30 to 32 days after their index ED visit). Our central study hypothesis is that Implementation
of PROCOVAXED messaging platforms in EDs will be associated with greater COVID-19 vaccine
acceptance and uptake in unvaccinated ED patients. Herein, we present our trial’s rationale, methodology,
and study procedures.

Design
This is a cluster-randomized controlled trial (RCT) of implementation of our multimedia COVID-19
messaging platforms in seven hospital EDs (mix of academic, community, and safety net EDs) in four US
cities: 1) San Francisco, CA: Zuckerberg San Francisco General Hospital [ZSFGH] and UCSF Medical
Center – Parnassus; 2) Philadelphia: Thomas Jefferson University Hospital, Methodist Hospital and
Jefferson Torresdale Hospital; 3) Seattle, WA: Harborview Medical Center; and 4) Durham, NC: Duke
University Medical Center.

Rationale for Cluster Design
Our primary goal with this research is to determine whether implementation of PROCOVAXED as an ED-
site level intervention results in greater acceptance and uptake of COVID-19 vaccines in vulnerable ED
populations. Each site sees approximately 125–250 patients per day and applying or not applying the
intervention (delivery of PROCOVAXED messaging) under an individual patient randomization scheme in
this high work�ow, rapid patient turnover ED environment is less practical and would likely result in
extensive cross-contamination between intervention and control arms. Therefore, randomization by
weeks at sites and removal of the intervention from the site completely during speci�ed time periods of
non-intervention was considered to be the optimal approach. Although a single switch of the intervention
at each site (i.e., stepped-wedge trial design) is easier to enact, changes in general population attitudes
over time limiting the validity of this trial method. We expect changes in baseline acceptance of the
COVID-19 vaccine over time, which would likely introduce substantial bias toward or against the
intervention. These practical and methodological bene�ts of the week unit cluster RCT far outweigh the
smaller sample size and easier analysis with an individual patient unit RCT or a stepped-wedge design.

Randomization Plan
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Randomizations are computer-based pseudo-random sequences of seven-day (one week) periods. Within
each of the seven study sites, we randomized 30 one-week periods to the intervention group and 30 one-
week periods to the control group to ensure equal allocation to control and intervention settings. We
strati�ed sequences by study week period so that three centers will be in the control condition for one
week and four centers will be in the experimental condition for one week, or vice versa in a Latin square
design. This is intended to minimize the effect of secular trends on the comparison of the intervention.
We generated a 60-week study calendar based on this randomization scheme. To maintain masking of
allocation, sites are noti�ed of their treatment assignment for the next week no more than three days prior
to that week.

Study Enrollment Procedures
Practical budget considerations and limits on research personnel in patient care areas during the COVID-
19 pandemic preclude 24/7 study enrollment and delivery of the study intervention. Thus, we will enroll a
convenience sample of patients across all study sites, approaching all potentially eligible adult patients
who present to study EDs during 6 to 10-hour weekday blocks, typically beginning at approximately 09:00
and continuing to approximately 17:00. Sites have leeway to choose their preferred daytime enrollment
block periods, as long as those blocks remain consistent between study arms throughout the study.
Research staff avoid telling providers whether this is an intervention versus control period.

All sites have ED dashboards that include patient age, chief complaint and COVID vaccination status.
Research staff review these dashboards, query ED providers regarding suitability for the study and
approach patients who potentially meet inclusion/exclusion criteria. We include adult (> 17 years of age)
patients presenting to study sites according to the following inclusion criteria: 1) not already vaccinated
for SARSCOV2; 2) able to provide informed consent; 3) �uent in English or Spanish (inclusion of Spanish
speakers will only occur at three sites that have Spanish-speaking research staff); and 4) anticipated
ability to complete study intervention in ED, i.e., able to watch the short video. We exclude patients with
the following characteristics: 1) inability to participate in a survey because of major trauma, intoxication,
altered mental status, or critical illness; 2) in police custody or incarceration; 3) psychiatric chief
complaint or on psychiatric hold; 4) medical reason (as per the ED provider or patient) that they cannot
receive a COVID-19 vaccine (e.g., instructed by their primary physician that they should not receive a
COVID-19 vaccine); and 5) suspicion of acute COVID-19 illness with any of the following constituting
suspicion: cough, fever, myalgias, shortness of breath, sore throat, chest pain and patient or provider
declaration of suspicion of acute COVID-19. Of note, given that many patients are receiving COVID-19
testing for surveillance reasons (e.g., routine admission testing), performance of a COVID-19 test itself is
not an automatic exclusion. However, if a COVID test returns a positive result, the patient is excluded.

For potential study patients, we deliver scripted verbal consent for two short study surveys (the Intake
Survey [see Additional File 1] and the Vaccine Acceptance Survey [see Additional File 2 & 3]) in a manner
that we have used with numerous other ED survey studies, including those that have addressed COVID-19
vaccine hesitancy.21 Considering that the intervention (COVID-19 vaccine messaging) is entirely
educational and �rmly a part of standard best-practice ED care (COVID-19 messaging is currently enacted
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in EDs across the US), only verbal consent is required. Patients are informed that they will not be
compensated for participation.

Survey Administration
For patients agreeing to the above surveys and meeting inclusion/exclusion criteria, the Intake Survey is
administered to assess demographics and other study subject characteristics. All surveys are delivered
orally - research staff read questions to the participants in their preferred language and record responses.

Approximately one hour after the Intake Survey, the Vaccine Acceptance Survey is administered. Although
we are using an hour as our general guide for this Vaccine Acceptance Survey, we expect variability in
patients’ visit time and care plans in the ED (e.g., patients may be undergoing procedures or away from
their rooms for x-rays precluding the survey at one hour). Therefore, research staff can conduct this
survey anytime between 30 minutes and six hours after the Intake survey. The Vaccine Acceptance
Survey for Intervention [see Additional File 2] arm participants assesses whether the messaging
platforms affected their views on getting a COVID-19 vaccine. The Vaccine Acceptance Survey for Non-
Intervention [see Additional File 3] arm participants asks whether anyone delivered messages about
COVID-19 vaccines to them in the ED. The last question in the Vaccine Acceptance Survey in both arms of
the study is “Would you accept the COVID vaccine in the emergency department today if your doctor
asked you?”

For all subjects saying “No” to the question “Would you accept the Covid vaccine in the emergency
department today if your doctor asked you?”, research staff ask if they can contact them by phone and
review their electronic health records (EHR) in a month for follow up, with options to agree to both phone
calls and EHR review, only phone call (no EHR review), only EHR review (no phone call). If the participant
agrees to follow-up, then the CRC will obtain the relevant full written informed consent, including separate
HIPAA document agreements. They then ask subjects for their best phone number(s) to reach them for a
follow-up phone call. They also ask for 1-month follow up in those subjects who said “Yes” to accepting
the COVID-19 vaccine in the ED but did not it in the ED.

Study Intervention
The intervention consists of three COVID-19 messaging platforms that were developed by our team in the
�rst phase of this work, using �ndings from qualitative interviews focused on understanding vaccine
hesitancy and on potential methods to addressing this hesitancy.

1. Videos: Short (approximately 4-minute) Public Service Announcement type videos that are presented
on an electronic tablet. We have developed �ve versions; all with the same wording in the message,
but each with a different pair of physician messengers:

a. African American physicians

b. Latinx physicians, English version

c. Latinx physicians, Spanish version



Page 8/17

d. Mixed race physicians

e. White physicians

2. Printed materials: One-page information �yer. We have developed �ve versions; all with the same
format and wording/captions in the �yer, but each with different pictures of patients receiving the
vaccine and health care providers administering the vaccines.

a. Predominantly African American patients and providers

b. Predominantly Latinx, English version patients and providers

c. Predominantly Latinx, Spanish version patients and providers

d. Mixed race patients and providers

e. Predominantly White patients and providers

3. Face-to-face messaging: A short (<1 minute) scripted message printed on a sheet of paper and
delivered by one of the patient’s providers in the ED (physician, nurse or mid-level practitioner). 

At the end of the Intake Survey, research staff ask patients if they are willing to watch a short video about
COVID-19 vaccines. If they agree to watch the video, research staff show them a video on the electronic
tablet. After �nishing with the video (or after refusal to watch the video), the research staff ask the patient
if they would like to see an informational �yer about COVID-19 vaccines. If the patient agrees, then staff
hand the patient the �yer. Staff then ask the subject if they may return in approximately an hour for the
Vaccine Acceptance Survey. After leaving the participant’s room, staff ask one of the patient’s primary
providers (doctor, mid-level practitioner, or nurse) to deliver the COVID-19 face-to-face vaccine message,
using the scripted message.

We deliver messaging from our platform libraries in patients’ preferred language (English or Spanish
only). In our previous qualitative interviews, patients reported preferences for ideal vaccine messengers
as being congruent with their race and ethnicity. Thus, research staff match videos and informational
�yers with subjects’ declared ethnic and racial characteristics declared during the Intake Survey (e.g.,
Latinx messenger on video with Latinx subject). All surveys and interventions are delivered in real-time
patient visits in site EDs, during waiting times such that they do not interfere with patient care.

Description of Usual Care
Study procedures during Control Period (Non-Intervention) blocks are identical to procedures in
Intervention blocks with the exception that patients are not given the Intervention. Randomization to the
control group does not in any way preclude delivery of vaccine messaging by ED providers, and research
staff are not telling providers to avoid delivering vaccine messaging. During control group weeks, ED
providers are free to practice their usual practice of delivering or not delivering vaccine messaging.

The anticipated �ow of the study during Control Period Blocks is summarized in Fig. 2.

Provider Noti�cation of COVID-19 Vaccine Acceptance



Page 9/17

At this time, all of our EDs have the capability of administering COVID-19 vaccines in some manner, and
we expect that this vaccine availability will continue for at least the �rst six months of the trial. The last
question in the Vaccine Acceptance Survey in both arms of the study is “Would you accept the COVID
vaccine in the emergency department today if your doctor asked you?” When a participant says they will
accept the vaccine, research staff ask the patient if they can notify the patient’s providers that they said
they will accept the vaccine. They also ask the participant if research staff can check to see if they
receive the vaccine in the ED. Other than this question and noti�cation, research staff do not push that
they get vaccinated. They do not provide any counseling and do not tell patients whether they qualify for
a COVID-19 vaccine in the ED.

When patients agree to the vaccine and agree that research staff can notify the ED providers of vaccine
acceptance, research staff notify the provider of vaccine acceptance. We are clarifying with providers that
we have not reviewed their medical history, indications and contraindications to COVID-19 vaccination.
Research staff emphasize with both patient and provider that it is up to the provider to determine whether
the patient can receive the vaccine in the ED (research staff are merely informing providers that the
patient would accept it if offered). Staff later check with the provider and patient to see if the patient
received the COVID-19 vaccine in the ED.

Data entry and management
We manage data using REDCap, hosted by the core site (UCSF), for secure data entry and management.
Research staff have the option of inputting survey responses to the REDCap database on iPads in real
time or using paper surveys (and later inputting into REDCap). For study subjects who have consented to
phone and EHR follow-up, separate �les linking patient identi�ers (medical record numbers and phone
numbers) to unique study ID numbers are housed at individual study sites in �les, separate from other
study data. We developed a detailed data dictionary to ensure consistent standards across sites and to
reduce missing or erroneous data using the REDcap data quality tool.

Primary Outcomes and Ascertainment
Our primary outcome of acceptance of a COVID-19 vaccine in the ED is ascertained in both arms of the
study by the question in the Vaccine Acceptance Survey, “Would you accept the COVID vaccine in the
emergency department today if your doctor asked you?”: “Yes” to this question = acceptance; “No” or
“Unsure” = non-acceptance.

Our primary outcome of COVID-19 vaccine uptake 32 days after their index ED visit is ascertained via 1)
con�rmation of receipt of a COVID-19 vaccine during their index ED visit, 2) review of EHR for receipt of a
COVID-19 vaccine at 28 days, and 3) phone follow-up at 28 to 32 days - response to the question “Have
you received a COVID-19 vaccine since you were in the Emergency Department?

Statistical approach
This is a superiority trial in which we seek to verify our central study hypothesis that provision of
PROCOVAXED will result in greater acceptance and uptake of the COVID-19 vaccine. Following the
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recommendations of Hussey and Hughes22,23, our statistical analyses will focus on comparing the
vaccine uptake rates during intervention periods and control periods using mixed effects logistic models.
The outcomes of interest are the binary indicators of whether a patient will accept the COVID-19 vaccine (
“Will you accept the COVID-19 vaccine if it was offered to you” – yes/no) and whether they have received
a COVID-19 vaccine (uptake - yes/no) upon follow-up at 30 to 32 days. Models will include a random
center effect to accommodate potential within-center characteristics (e.g., case mix, demographics), as
well as terms for time and intervention. Hypothesis tests will focus on the statistical signi�cance of the
intervention indicator. We will �t the mixed effects models using maximum likelihood and routines in
Stata.

We will test our primary hypothesis and analyze outcomes according to the study arm (index visit in
intervention time period vs control time period) to which patients were allocated, regardless of whether
they received PROCOVAXED messaging platforms or not – an intention to treat analysis. We will also
conduct a per-protocol analysis, in which we assess results that would occur if they actually did or did not
receive PROCOVAXED messaging (e.g., viewed the video clip given to them) during their index visit
(ascertained by direct questioning in the Vaccine Acceptance Survey). When compared to the primary
analysis, the per-protocol analysis will allow us to dissect the reasons for success (or failure) in
demonstrating improved vaccine acceptance and uptake with PROCOVAXED. For example, if we �nd
better acceptance and uptake in the per protocol analysis and not in the intention to treat allocation
analysis, we would subsequently seek ways to improve delivery of PROCOVAXED messaging. Conversely,
if both analyses fail to improve acceptance, then the PROCOVAXED intervention truly fails and other
efforts to improve delivery would not be indicated.

In addition to the effects on total vaccine acceptance, we will also examine the effect of PROCOVAXED
on acceptance in patient sub-groups, especially African Americans, Latinos and patients who lack
primary care (as determined by direct questioning). We will additionally stratify outcomes by study site
(representing different regions of the country and different communities), age, gender, race/ethnicity, as
well as patient-level experience characteristics, such as having had COVID-19.

We will also analyze data from Intervention group Vaccine Acceptance Survey assessing participants’
views on the vaccine messaging platforms. This data includes opinions on which platforms were helpful
in promoting vaccine acceptance and feedback on improving the platforms.

Sample Size Considerations
The sample size calculations for this research are governed by testing the hypothesis that
implementation of a trusted messenger informational program will be associated with increased
acceptance and uptake of COVID-19 vaccines in unvaccinated ED patients. Considering the commonality
of hesitancy (non-acceptance), the high bene�t of increasing acceptance and the negligible risk of the
intervention (a trusted messaging program), even a small effect size of increased acceptance would be a
clinically important difference. By investigator consensus and in consultation with a panel of health
policy experts, we have determined that vaccine messaging platforms would be clinically useful if they
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increased acceptance by 7%. Similarly, with the same considerations of negligible risk, we determined
that these platforms would be useful with an effect size on vaccine uptake of 7%.

Our sample size calculations accommodate the randomization of clusters design consisting of one-week
periods (PROCOVAXED platform weeks versus non-intervention weeks) to the intervention at each of
seven sites. To avoid period effects, we will assign sites using a Latin square design S2. We base the
sample size calculation on the comparison of the proportion of patients who accept the vaccine between
the PROCOVAXED and usual care time periods using standard formulae for individual randomization. We
have veri�ed that these sample sizes are conservative by simulation of data using a mixed random
effects model.

When our protocol was originally written in February 2021, vaccines were not widely available and the
degree of baseline vaccine acceptance was unknown. We therefore calculated sample sizes for a wide
range of vaccine acceptance and uptake rates with a plan to measure these in the non-intervention
(control) group during the �rst month of the trial. After the �rst month of the study, we estimated that our
baseline vaccine acceptance and uptake rates (without intervention) will be approximately 15%. With this
baseline uptake rate of 15%, we �nd that at an alpha = 0.05 level and a power of at least 0.9, we will need
to enroll 1,290 patients (645 in each arm) in the study to detect the difference of interest (a setting in
which the vaccine acceptance rate will increase by 7% in PROCOVAXED weeks). With this same baseline
15% rate of uptake and the same speci�cations for power, we will need to enroll 1,290 patients (645 in
each arm) to detect a vaccine uptake difference of 7%. Thus, our target enrollment for this
implementation trial is 1290 subjects across all sites.

In terms of total projected time for enrollment, we expect enrollment of four subjects per site per week at
the seven sites, or 28 enrollees per week. We therefore expect to attain our target enrollment of 1290
subjects in approximately 46 weeks.

Early Termination of Study Monitoring Committee (ETSMC)
In our study we seek to determine whether implementation of COVID-19 vaccine messaging platforms in
the ED result in greater COVID-19 vaccine acceptance and uptake in unvaccinated ED patients. One of the
primary goals of the data safety and monitoring boards for most studies is to prevent the ongoing use of
unsafe treatments. This safety goal does not apply to this study for the following reasons: 1) We are not
delivering a drug or other physical intervention in this trial; the intervention is vaccine messaging. 2) We
are not testing or measuring the safety of any drug or therapy – COVID-19 vaccines have undergone
rigorous testing in multiple other studies; 3) The intervention (vaccine messaging) is an accepted and
highly recommended public health intervention in all patient care settings; 4) Randomization to non-
intervention week does not preclude delivery of vaccine messaging by providers. Providers are unaware
of treatment arms during the study, and we are not telling providers to avoid delivering vaccine
messaging. During non-intervention weeks, providers are free to practice their usual practice of delivering
or not delivering vaccine messaging; 5) We are not telling patients that they qualify for the COVID-19
vaccine in the ED. We are only asking this question: “Would you accept the COVID vaccine in the
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emergency department today if your doctor asked you?”; and 6) We are not prescribing or ordering
vaccines in study patients. We are merely informing ED providers that their patient would accept the
vaccine if they were offered it in the ED. We are emphasizing with providers that we have not reviewed
their medical history, indications and contraindications to COVID vaccination. The decision as to whether
they would offer or give the vaccine is entirely left up to the ED provider.

Given the above-described rationale about safety, there remain two primary considerations with regard to
stopping the trial before sample size enrollment in this study:

1) Decreased vaccine acceptance or decreased vaccine uptake in the intervention arm – It is possible that
the intervention may increase vaccine hesitancy (decrease vaccine acceptance and uptake) and that this
ineffectiveness could be determined statistically before full patient enrollment. Under this circumstance,
continuation of the trial would therefore be futile and not ethically justi�ed.

2) Superior e�cacy of the intervention – Conversely, it is also possible that the intervention may clearly
improve vaccine acceptance and uptake before full sample size enrollment. In this case, continuation of
the study in the non-intervention arm would no longer be justi�ed.

To assess for either of the two early termination scenarios, we have established a three-person ETSMC to
conduct a blinded interim analysis at the one-quarter, one half, and three-quarter points of study
enrollment (after enrollment of 323, 645, and 977 patients). We will provide the ETSMC a detailed
algorithm with clearly identi�ed criteria for this early termination assessment.

Site Orientation and Manual of Operating Procedures
We developed orientation materials to familiarize the ED Sites with the study protocol. Each site employs
one or more RCs, who report to the site principal investigator (PI) and are responsible for day-to-day study
implementation. We developed and disseminated a manual of operating procedures (MOP) with standard
personnel training methods, including education kits with scripts, summary cards, and PowerPoint
presentations to assist coordinators in the orientation of site clinicians and other staff to our study
protocol. We convened videoconference calls to review this summary and develop plans for optimization
of study procedures to improve usability and work�ow. We continue to update the MOP to re�ect changes
in study procedures.

We reviewed study implementation procedures with sites individually and at group conferences prior to
study intitiation. We conducted walk-through sessions of work�ow on hypothetical study subjects in both
Intervention and Non-intervention study arms. We continue to re�ne procedures with updates delivered to
site PIs and research staff during weekly videoconferences. We maintain a study hotline during primary
study hours and encourage study personnel to contact the PI and Central Study Coordinator for all issues
and queries.

We implement rigorous methods for clinical trial quality assurance and performance improvement,
including: 1) systematic review of enrollment logs, 2) quarterly audits of random samples of data for
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accuracy and missing elements, and 3) structured review of protocol deviations or violations. The Central
Study Coordinator prepares monthly summary report cards, tabulating individual site quality assurance
metrics for review during scheduled Steering Committee calls. The study PI discusses site-speci�c data
with site PIs individually and summarizes these data collectively during Steering Committee calls, with
prompt dissemination of plans for process improvement.

Discussion
Emergency departments provide both acute care and vital public health services to large swaths of the US
population, especially disadvantaged populations who lack primary care. In our previous research, we
identi�ed a critical need to address COVID-19 vaccine hesitancy and uptake in vulnerable populations
who primarily seek care in the ED. In this trial we seek to address the critical need for COVID-19 vaccine
messaging and access, testing the hypothesis that implementation of COVID-19 messaging platforms in
EDs will improve vaccine acceptance and uptake in unvaccinated ED patients.

Expected Key Results
In addition to determining whether implementation of COVID-19 messaging platforms in EDs improves
vaccine acceptance and uptake in the general population of unvaccinated ED patients, we will assess the
e�cacy of messaging platforms in a number of other subpopulations. Given that PROCOVAXED
messaging may work for some patient sub-groups and not others, these additional analyses will guide
targeted messaging. Data on participants’ views regarding the three different messaging platforms will
guide future modi�cations of vaccine messaging.

Strengths and Limitations
Our research is particularly innovative in a number of ways, and may set a new paradigm for public
health interventions to vulnerable populations, including messaging for other vaccinations like in�uenza,
through the ED. The sheer number of ED visits across the country afford our research very high impact. If
our intervention increases vaccine acceptance and uptake in 7% of vaccine hesitant patients, this could
potentially lead to the delivery of tens of thousands of COVID-19 vaccines to people who would not
otherwise get vaccinated.

Perhaps our greatest limitation in this research is the limited pool of unvaccinated patients over time in
our EDs. When we began this work in December 2020 to March 2021, vaccine hesitancy was expressed
by over 40% of the populations in our EDs. As of January 2022, national and local efforts have led to very
high rates of vaccine uptake in our cities, ranging from 85 to 94%. While emphasizing that high
vaccination rate is a great thing, we now have a limited pool of unvaccinated patients in our EDs, who
may be particularly steadfast in their views and resistance to COVID-19 vaccine messaging.

Our work highlights the di�culties of performing an RTC during a pandemic in the acute care setting
where most acutely ill COVID-19 patients receive care – the ED. Surges in the pandemic, particularly with
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the Omicron variant, may make enrollment di�cult. At our study sites as many as a third of all patients in
the ED during January 2022 were either under suspicion for COVID-19 or tested positive for COVID-19 in
the absence of symptoms; these patients therefore were excluded from consideration for the study.
Additionally, the surge has led to substantial ED boarding of admitted patients, in turn leading to major
decreases in patient turnover in the ED. These factors may lead to much slower enrollment and longer
time to reach our sample size than originally anticipated.

Research sta�ng to conduct the in-person study procedures in the ED also presents signi�cant
challenges. While all research staff have received COVID-19 vaccines and boosters, research team safety
and avoiding undue exposure are top priorities. With high levels of acute COVID-19 infections and need
for quarantine protocols among clinical and research staff at our institutions during surges, we expect
that there will be days in which we will not be able to conduct the study.

Trial Status
All study procedures were approved by the UCSF Committee on Human Research as a central institutional
review board (protocol #21-34004; initial approval 4/27/21, �nal revision approved 12/2/21), with multi-
site reliance mechanisms in place at the non-UCSF sites. We have registered our trial in the
Clinicaltrials.gov depository (https://clinicaltrials.gov/ct2/show/NCT05142332). We began enrollment on
December 6, 2021. Unless early termination criteria are met, we expect to continue enrollment through
December 2022.

Conclusions
We have identi�ed a critical need for messaging to address COVID-19 vaccine hesitancy in ED patients. At
seven safety net emergency departments, the PROCOVAXED cluster-RCT will test the hypothesis that
Implementation of PROCOVAXED messaging platforms in EDs will be associated with greater COVID-19
vaccine acceptance and uptake in unvaccinated ED patients.

Declarations
Ethics approval and consent to participate: UCSF IRB Review Board # 21-34004

Consent for publication: Not applicable

Availability of data and materials: available upon request

Competing interests: The authors report no con�icts of interest.

Funding: This project was funded by NIAID RO1 AI166967-01

Authors' contributions: 

Study concept and design: All authors



Page 15/17

Acquisition, analysis, or interpretation of data: All authors

Drafting of the manuscript: RR, DG

Critical revision of the manuscript for important intellectual content: All authors

Statistical analysis: DG, RR

References
1. Centers for Disease Control and Prevention. COVID-19 Cases, Deaths, and Trends in the U.S | CDC

COVID Data Tracker. Published March 28, 2020. Accessed February 15,
2022.https://covid.cdc.gov/covid-data-tracker/#cases_casesper100klast7days

2. Yadegari I, Omidi M, Smith SR. The herd-immunity threshold must be updated for multi-vaccine
strategies and multiple variants. Sci Rep. 2021 Nov 26;11(1):22970. doi: 10.1038/s41598-021-
00083-2. PMID: 34836984; PMCID: PMC8626504.

3. Frederiksen LSF, Zhang Y, Foged C, Thakur A. The Long Road Toward COVID-19 Herd Immunity:
Vaccine Platform Technologies and Mass Immunization Strategies. Front Immunol. 2020;11:1817.
Published 2020 Jul 21. doi:10.3389/�mmu.2020.01817.

4. Szilagyi PG, Thomas K, Shah MD, et al. National Trends in the US Public’s Likelihood of Getting a
COVID-19 Vaccine—April 1 to December 8, 2020. JAMA. Published online December 29, 2020.
doi:10.1001/jama.2020.26419.

5. Siegler AJ, Luisi N, Hall EW, et al. Trajectory of COVID-19 Vaccine Hesitancy Over Time and
Association of Initial Vaccine Hesitancy With Subsequent Vaccination. JAMA Netw Open.
2021;4(9):e2126882. doi:10.1001/jamanetworkopen.2021.26882

�. Reiter  PL , Pennell  ML , Katz  ML .  Acceptability of a COVID-19 vaccine among adults in the United
States: how many people would get vaccinated?   Vaccine. 2020;38(42):6500-6507.
doi:10.1016/j.vaccine.2020.08.043.

7. Gramlich J, Funk C. Black Americans face higher COVID-19 risks, are more hesitant to trust medical
scientists, get vaccinated. Fact Tank, Pew Research Center. June 4, 2020.
https:// www.pewresearch.org/fact-tank/2020/06/04/black-americans-face-higher-covid-19-risks-
are-morehesitant-to-trust-medical-scientists-get-vaccinated/ 

�. Fisher  KA , Bloomstone  SJ , Walder  J , Crawford  S , Fouayzi  H , Mazor  KM .  Attitudes toward a
potential SARS-CoV-2 vaccine: a survey of U.S. adults.  Ann Intern Med. 2020;173(12):964-973.
doi:10.7326/M20-3569.

9. Greiner Sa� A, Reyes C, Jesch E, Steinhardt J, Niederdeppe J, Skurka C, Kalaji M, Scolere L, Byrne S.
Comparing in person and internet methods to recruit low-SES populations for tobacco control policy
research. Soc Sci Med. 2019 Dec;242:112597. doi: 10.1016/j.socscimed.2019.112597. Epub 2019
Oct 11. PMID: 31670216; PMCID: PMC7047999.



Page 16/17

10. McMorris BJ, Petrie RS, Catalano RF, Fleming CB, Haggerty KP, Abbott RD. Use of web and in-person
survey modes to gather data from young adults on sex and drug use: an evaluation of cost, time, and
survey error based on a randomized mixed-mode design. Eval Rev. 2009 Apr;33(2):138-58. doi:
10.1177/0193841X08326463. Epub 2008 Nov 24. PMID: 19029360; PMCID: PMC2652511.

11. Bonevski B, Randell M, Paul C, Chapman K, Twyman L, Bryant J, Brozek I, Hughes C. Reaching the
hard-to-reach: a systematic review of strategies for improving health and medical research with
socially disadvantaged groups. BMC Med Res Methodol. 2014 Mar 25;14:42. doi: 10.1186/1471-
2288-14-42. PMID: 24669751; PMCID: PMC3974746.

12. Kellermann AL, Hsia RY, Yeh C, Morganti KG. Emergency care: then, now, and next. Health Aff
(Millwood). 2013;32(12):2069-2074. doi:10.1377/hlthaff.2013.0683

13. Lane BH, Mallow PJ, Hooker MB, Hooker E. Trends in United States emergency department visits and
associated charges from 2010 to 2016. Am J Emerg Med. 2020;38(8):1576-1581.
doi:10.1016/j.ajem.2019.158423

14. Trends in Emergency Department Visits - HCUP Fast Stats. Accessed January 27, 2021.
https://www.hcup-us.ahrq.gov/faststats/NationalTrendsEDServlet 

15. Weber EJ, Showstack JA, Hunt KA, Colby DC, Callaham ML. Does lack of a usual source of care or
health insurance increase the likelihood of an emergency department visit? Results of a national
population-based study. Ann Emerg Med. 2005;45(1):4-12. doi:10.1016/j.annemergmed.2004.06.023

1�. Data Finder - Health, United States - Products. Published March 31, 2020. Accessed January 28,
2021. https://www.cdc.gov/nchs/hus/contents2017.htm

17. Walls CA, Rhodes KV, Kennedy JJ. The emergency department as usual source of medical care:
estimates from the 1998 National Health Interview Survey. Acad Emerg Med. 2002 Nov;9(11):1140-5.
doi: 10.1111/j.1553-2712.2002.tb01568.x. PMID: 12414462.

1�. Arnett MJ, Thorpe RJ Jr, Gaskin DJ, Bowie JV, LaVeist TA. Race, Medical Mistrust, and Segregation in
Primary Care as Usual Source of Care: Findings from the Exploring Health Disparities in Integrated
Communities Study. J Urban Health. 2016 Jun;93(3):456-67. doi: 10.1007/s11524-016-0054-9.
PMID: 27193595; PMCID: PMC4899337.

19. Tang N, Stein J, Hsia RY, Maselli JH, Gonzales R. Trends and characteristics of US emergency
department visits, 1997-2007. JAMA. 2010 Aug 11;304(6):664-70. doi: 10.1001/jama.2010.1112.
PMID: 20699458; PMCID: PMC3123697.

20. Wilson KM, Klein JD. Adolescents who use the emergency department as their usual source of care.
Arch Pediatr Adolesc Med. 2000;154(4):361-365. doi:10.1001/archpedi.154.4.361

21. Rodriguez RM, Torres JR, Chang AM, and the REVVED UP Investigators. The Rapid Evaluation of
COVID-19 Vaccination in Emergency Departments for Underserved Patients Study. Ann Emerg Med.
2021 May 31:S0196-0644(21)00436-4. doi: 10.1016/j.annemergmed.2021.05.026.

22. Hussey MA and Hughes JP. (2007). Design and analysis of stepped wedge cluster randomized trials.
Contemporary Clinical Trials 28:182–191.

23. Searle SR, McCulloch CE. Generalized, linear and mixed models. Wiley; 2001.



Page 17/17

Figures

Figure 1

Intervention Blocks Study Flow

Figure 2

Control Period Blocks Study Flow
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