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Abstract

Background: COVID-19 has spread worldwide since late 2019, with an unprecedented case count and death toll globally.
Health care personnel (HCP), first responders, and other essential and frontline workers (OEWs) are at increased risk of
SARS-CoV-2 infection because of frequent close contact with others.

Objective: The Arizona Healthcare, Emergency Response, and Other Essential Workers Study (AZ HEROES) aims to examine
the epidemiology of SARS-CoV-2 infection and COVID-19 illness among adults with high occupational exposure risk. Study
objectives include estimating the incidence of SARS-CoV-2 infection in essential workers by symptom presentation and
demographic factors, determining independent effects of occupational and community exposures on incidence of SARS-CoV-2
infection, establishing molecular and immunologic characteristics of SARS-CoV-2 infection in essential workers, describing the
duration and patterns of real-time reverse transcription–polymerase chain reaction (rRT-PCR) positivity, and examining postvaccine
immunologic response.

Methods: Eligible participants include Arizona residents aged 18 to 85 years who work at least 20 hours per week in an
occupation involving regular direct contact (ie, within 3 feet) with others. Recruitment goals are stratified by demographic
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characteristics (50% aged 40 years or older, 50% women, and 50% Hispanic or American Indian), by occupation (40% HCP,
30% first responders, and 30% OEWs), and by prior SARS-CoV-2 infection (with up to 50% seropositive at baseline). Information
on sociodemographics, health and medical history, vaccination status, exposures to individuals with suspected or confirmed
SARS-CoV-2 infection, use of personal protective equipment, and perceived risks are collected at enrollment and updated through
quarterly surveys. Every week, participants complete active surveillance for COVID-like illness (CLI) and self-collect nasal
swabs. Additional self-collected nasal swab and saliva specimens are collected in the event of CLI onset. Respiratory specimens
are sent to Marshfield Laboratories and tested for SARS-CoV-2 by rRT-PCR assay. CLI symptoms and impact on work and
productivity are followed through illness resolution. Serum specimens are collected every 3 months and additional sera are
collected following incident rRT-PCR positivity and after each COVID-19 vaccine dose. Incidence of SARS-CoV-2 infections
will be calculated by person-weeks at risk and compared by occupation and demographic characteristics as well as by seropositivity
status and infection and vaccination history.

Results: The AZ HEROES study was funded by the US Centers for Disease Control and Prevention. Enrollment began on July
27, 2020; as of May 1, 2021, a total of 3165 participants have been enrolled in the study. Enrollment is expected to continue
through December 1, 2021, with data collection continuing through at least April 2022, contingent upon funding.

Conclusions: AZ HEROES is unique in aiming to recruit a diverse sample of essential workers and to prospectively follow
strata of SARS-CoV-2 seronegative and seropositive adults. Survey results combined with active surveillance data on exposure,
CLI, weekly molecular diagnostic testing, and periodic serology will be used to estimate the incidence of symptomatic and
asymptomatic SARS-CoV-2 infection, assess the intensity and durability of immune responses to natural infection and COVID-19
vaccination, and contribute to the evaluation of COVID-19 vaccine effectiveness.

International Registered Report Identifier (IRRID): DERR1-10.2196/28925

(JMIR Res Protoc 2021;10(6):e28925) doi: 10.2196/28925
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Introduction

COVID-19, caused by the betacoronavirus SARS-CoV-2, has
spread worldwide since late 2019, with at least 80 million
confirmed cases and 1.8 million deaths reported globally in the
year since discovery of the virus [1].

COVID-like illness (CLI) includes symptoms of fever or chills,
cough, shortness of breath, sore throat, diarrhea, muscle aches,
and loss of smell or taste [2]. Outbreak reports and mass testing
initiatives suggest that a substantial proportion of individuals
who test positive have no symptoms [3-6]. However, the
proportion of confirmed cases with true asymptomatic infection
is likely overestimated due to incomplete symptom assessment,
inadequate follow-up to accurately classify presymptomatic
individuals, and potential misclassification of those with
previously unrecognized infection as asymptomatic [7].
Immigrant, racial and ethnic minority, and low-income
communities have experienced a disproportionate burden of
SARS-CoV-2 infections [8]. Severity of illness also differs by
sociodemographic characteristics, with older adults and those
with underlying health conditions at the highest risk of severe
outcomes and death [9]. Optimizing public health responses
requires further scientific study to estimate the incidence of
infection, severity of illness, and variable immune response in
sociodemographically diverse communities at high risk for
infection [10].

Individuals in certain occupations are at increased risk of
SARS-CoV-2 infection because of frequent close contact with
others, including health care personnel (HCP), first responders,
and other essential and frontline workers (OEWs). Recent
studies highlight the elevated risk of exposure and infection

among HCP [11-13], with more severe outcomes experienced
by racial and ethnic minority HCP [14,15]. Less evidence exists,
however, on transmission risks and severity of illness among
OEWs [16,17]. First responders face a variety of exposures,
including entering the homes of people with unknown disease
status and performing aerosol-generating procedures, such as
resuscitation [18]. Other essential and/or frontline occupational
sectors with potentially high SARS-CoV-2 exposure include
schools and childcare, agriculture and food production, energy,
water and wastewater, retail (eg, grocery stores and warehouses),
trades (eg, construction and plumbing), and nonprofits and social
service organizations [19-21].

Prospective monitoring of symptomatic and asymptomatic
infection is necessary to assess the combined epidemiological,
immunological, and clinical impact of COVID-19 among
essential workers [22]. Recent studies suggest that SARS-CoV-2
immunoglobulins M, G, and A (IgM, IgG, and IgA) are detected
in various combinations in variable numbers of individuals in
the first 2 weeks of infection, with IgG detected in most subjects
after 14 days [23-25]. Although antibody response peaks at 16
to 42 days postinfection [23-26], and IgM and IgA levels
decline, levels of IgG against the spike protein remain stable;
protective immunity of at least 6 months has been measured,
and much longer immunity is anticipated based on previous
studies of coronaviruses—up to 17 years for SARS-CoV-1—and
other acute viral infections [27-29]. Factors associated with
variable immune response, including neutralizing (no infection),
protective (mild to asymptomatic infection), or enhanced (severe
symptoms) [30,31], are not yet fully understood for
SARS-CoV-2.
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The US Food and Drug Administration (FDA) has authorized
the distribution of the first COVID-19 vaccines under
Emergency Use Authorization (EUA), and the US Centers for
Disease Control and Prevention (CDC) has recommended
prioritization of vaccination for HCP, first responders, and OEW
populations [32,33]. However, there is limited knowledge of
vaccine intent and hesitancy among essential workers and of
vaccine efficacy among those who were seropositive for
SARS-CoV-2 prior to vaccination.

The Arizona Healthcare, Emergency Response, and Other
Essential Workers Study (AZ HEROES) will follow a cohort

of 4000 essential workers who are demographically
representative of Arizona and stratified by prior exposure to
SARS-CoV-2, such that about half are seronegative and half
seropositive. The study affords researchers the opportunity to
assess multiple knowledge gaps regarding the epidemiology
and immunology of SARS-CoV-2 infections among a diverse
statewide sample of essential workers with high exposure
potential. AZ HEROES has also been expanded to evaluate
immune parameters and incidence of SARS-CoV-2 infection
following COVID-19 vaccination in previously seronegative
and seropositive individuals (Table 1).

Table 1. Primary and secondary objectives for the AZ HEROESa study of SARS-CoV-2 infection and immunity in a statewide cohort of essential
workers stratified by seronegative and seropositive cohorts.

Objectives per cohortType of objective

Seropositive cohortcSeronegative cohortb

Primary •• Establish molecular and immunologic characteristics of
SARS-CoV-2 infection in essential workers

Estimate incidence of SARS-CoV-2 infection in essential
workers by symptom presentation and demographic fac-
tors • Describe the duration and patterns of rRT-PCRd positiv-

ity• Estimate the relative risk of infection with SARS-CoV-
2 versus influenza during influenza season • Describe levels of total antibodies, neutralizing antibod-

ies, and other immune parameters over time• Determine independent effects of occupational and
community exposures on incidence of SARS-CoV-2 in-
fection

• Examine postvaccine immunologic response in those
previously infected

Secondary •• Describe severity and impact of illness on essential
workers

Examine the role of knowledge, attitudes, and practices
related to SARS-CoV-2 in exposures and incident infec-
tion • Examine predictors of severe disease among those natu-

rally infected with SARS-CoV-2• Identify predictors of vaccine hesitancy and uptake by
occupation • Estimate incidence of SARS-CoV-2 reinfection

• Compare incidence of infection in vaccinated vs unvac-
cinated essential workers

• Assess predictors of vaccine hesitancy and uptake among
those with history of natural infection

aAZ HEROES: Arizona Healthcare, Emergency Response, and Other Essential Workers Study.
bIncludes person-time contributed by individuals enrolled as seronegative who do not become naturally infected during the study and person-time
contributed by individuals enrolled as seronegative before becoming infected during the study.
cIncludes person-time contributed by individuals enrolled with prior evidence—viral or serologic—of SARS-CoV-2 infection and person-time contributed
by individuals enrolled as seronegative after becoming naturally infected during the course of the study.
drRT-PCR: real-time reverse transcription–polymerase chain reaction.

Methods

Study Design
AZ HEROES is a prospective cohort study with the goal of
following 4000 essential workers, including 2000 seronegative

and 2000 seropositive—defined as evidence of SARS-CoV-2
infection by serologic testing—individuals throughout the state
of Arizona (Figure 1). The study duration is planned for July
2020 through April 2022.
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Figure 1. AZ HEROES flow of activities for baseline, follow-up, and event-based surveys and serology occurring in the context of weekly rRT-PCR
testing and text-based symptom surveillance. AZ HEROES: Arizona Healthcare, Emergency Response, and Other Essential Workers Study; rRT-PCR:
real-time reverse transcription–polymerase chain reaction.

Setting
The state of Arizona has 7.2 million people residing in 15
counties and 22 sovereign American Indian communities. Nine
of Arizona’s counties are designated as rural [34], although the
majority of the population resides in the greater Phoenix and
Tucson metropolitan areas. Arizona has large minority
populations, with 32% Hispanic and 5% American Indian
populations [35].

Participants

Eligibility Criteria
Eligible participants include Arizona residents aged 18 to 85
years who currently work at least 20 hours per week in an
occupation involving regular direct contact (ie, within 3 feet)
with others, assessed at the participant level. We have
intentionally chosen a broad occupational category for frontline
and essential workers in order to capture the full breadth of
occupations that cannot socially distance when conducting their
work [36], as well as an inclusive age range because 13.9% of
the Arizona workforce is over the age of 65 years [37]. The
occupations are categorized as HCP, first responders, or OEWs.
HCP include clinical providers and support staff in inpatient,
outpatient, or residential settings. First responders include
firefighters, emergency medical services, law enforcement,
border patrol, and correctional officers. OEWs include workers
in the following sectors: education, agriculture and food
processing, public and other transportation services, solid waste
collection, warehouse and delivery, utilities, government and
community-based services, childcare, information technology,
environmental services, and hospitality. All participants must
have access to a smartphone or internet-connected computer, a
mailing address, and the ability to speak or write English or
Spanish. Exclusion criteria include receipt of a COVID-19
vaccine prior to enrollment, although we continue to follow
participants who are vaccinated during the study. The majority

of the cohort of the HCP and first responders were recruited
prior to vaccine availability.

Recruitment Strategy
In order to enroll 4000 participants as quickly as possible, we
have employed a multipronged recruitment strategy. First, we
are recruiting from ongoing Arizona-based COVID-19 testing
activities, such as university-driven antibody and saliva testing
initiatives and serology surveillance conducted by the state
health department in selected occupations (eg, nursing homes
and correctional facilities). Second, we have partnered with
community-based COVID-19 cohorts to recruit participants.
The selected cohorts are low-touch and send periodic surveys
to participants with little to no overlap in scope. For the testing
and existing cohort populations, we directly contact individuals
that indicate they would be willing to be contacted for future
research. Third, the study accepts self-referrals, so we have
developed a marketing strategy to increase general study
awareness through press releases, targeted recruitment to
occupations, and social media.

All recruitment and enrollment activities are conducted remotely
utilizing a virtual call-center platform and REDCap (Research
Electronic Data Capture) [38] to ensure staff and participant
safety. Direct recruitment is conducted via phone and email.
Participants are given the option to complete a self-screening
questionnaire survey that is emailed to them or to complete a
screening interview over the phone. Once deemed eligible and
the participant is interested in the study, an electronic consent
form is emailed to participants to review and sign electronically
through REDCap.

Sampling targets are based on the employment demographics
of Arizona, and we seek to enroll essential workers in the
following proportions: 50% from 18 to 40 years old and 50%
between 41 and 85 years old, 50% women, and 50% Hispanic
or American Indian. By occupation, we seek to enroll 40% HCP,
30% first responders, and 30% OEWs. These sampling
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breakdowns are presented in Table 2. Our goal is to enroll these
proportions in both seronegative and seropositive specimens
(Table 2). As specified targets are met, recruitment and

enrollment priorities will shift to underenrolled groups and to
replace individuals that become COVID-19 positive throughout
the study (Figure 2).

Table 2. Enrollment strata for age, race, ethnicity, and occupation with minimum enrollment targets for participants in the AZ HEROESa study.

Other frontline and essen-

tial workersb (n=1200), n

First responders
(n=1200), n

Health care person-
nel (n=1600), n

Sex (target %)Age group and race or ethnicity (target %)

18 to 39 years (50%)

152152200Female (50%)White and Non-Hispanic (50%)

152152200Male (50%)

152152200Female (50%)Hispanic or Native American (50%)

152152200Male (50%)

40 to 85 years (50%)

152152200Female (50%)White and Non-Hispanic (50%)

152152200Male (50%)

152152200Female (50%)Hispanic or Native American (50%)

152152200Male (50%)

aAZ HEROES: Arizona Healthcare, Emergency Response, and Other Essential Workers Study.
bIncludes frontline personnel who interact with the public as well as personnel who work in close proximity to each other (eg, call centers, warehouses,
agriculture, and food processing).

Figure 2. Participants who enroll as seronegative will switch to the seropositive cohort during the course of the study if they become infected as
confirmed by rRT-PCR or serology prior to vaccination. rRT-PCR: real-time reverse transcription–polymerase chain reaction.

Enrollment
Upon enrollment, participants are asked to complete a baseline
questionnaire that collects information about sociodemographic
characteristics; health status and behaviors; occupational
exposure, tailored to the occupational category; history with
and attitudes toward COVID-19; and influenza vaccination

history during 2020-2021 and the previous five seasons (Table
3). Participants are asked to schedule a blood draw (40 mL)
within 5 days of enrollment at a laboratory facility in their area
in order to complete their baseline serology; a box of
self-collection respiratory supplies are shipped to them so they
can begin their active surveillance.
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Table 3. Information sources and timing of collection for key variables through surveys, the bidirectional text platform, and specimen collection.

Specimen submissionActive surveillance textsSurveysCollected information

Event

baseda
QuarterlyWeeklyOff

schedule
Monthly
(rotating)

WeeklyEvent

baseda
Follow-
up

Base-
line

Screen

Demographics

✓bAge and gender

✓Race or ethnicity

✓Date of birth

✓Education and income

✓✓Household composition

✓✓✓Occupation information

Health and medical history

✓✓✓Overall health

✓✓Sleep quality

✓Tobacco history

✓Comorbidities and medications

✓Height and weight

✓✓Pregnancy

✓Influenza infection

✓✓✓Vaccine knowledge and attitudes

SARS-CoV-2 infection

✓rRT-PCRc pre-enrollment

✓✓rRT-PCR postenrollment

✓Serology pre-enrollment

✓✓Serology postenrollment

✓✓✓Occupational exposure

✓✓✓Community exposure

✓✓✓✓✓✓Symptoms

✓✓Illness duration and recovery

✓✓Illness severity and impact

Vaccination

✓Influenza, history

✓Influenza, current

✓✓SARS-CoV-2, intent

✓✓SARS-CoV-2, 2020-2021

aEvents include acute illness, recovery, and vaccination, which prompt additional study follow-up.
bCheckmarks indicate the information was collected at the indicated time and by the indicated method.
crRT-PCR: real-time reverse transcription–polymerase chain reaction.

Active Surveillance
As part of active surveillance for incident SARS-CoV-2
infection, all participants provide weekly self-collected
mid-turbinate nasal swabs appropriate to test for SARS-CoV-2
and influenza, during the influenza season. Upon enrollment,
study participants are provided with information that the study
duration could be up to 2 years, but initial expectations are for

at least 36 weeks of weekly self-collected respiratory specimens.
If an individual experiences CLI, they are asked to collect an
additional respiratory specimen on the date of onset of the first
CLI symptom. Weekly and illness kits are differentiated by
color so participants know which to take and so study staff can
track supplies. Respiratory specimens are analyzed utilizing the
CDC-designated reference laboratory for real-time reverse
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transcription–polymerase chain reaction (rRT-PCR) assay
testing. Specimens are tested and results obtained 2 to 5 days
from collection. If participants receive a positive test result,
trained study staff contact participants to provide CDC guidance
on quarantine practices and warning signs requiring medical
care as well as to answer any questions they may have.

AZ HEROES staff prepare and distribute self-collection kits to
the study participants, including detailed paper and video
instructions. The laboratory provides feedback on specimens
that were unable to be tested because of participant error in
collection or shipping of the sample (eg, leaking or missing
required components). This feedback is utilized to re-educate
participants.

Enrolled participants participate in active surveillance via
weekly surveys, explained in detail in the Data Collection
section.

Data Collection

Overview
Active surveillance for acute illness is conducted throughout
the study period. Participants are prompted to begin surveillance
in the week following study enrollment and completion of the
baseline survey. Each week, all participants are contacted via
text message on their predesignated surveillance day (described
in detail below). At the end of each text message exchange, the
participant is reminded to collect a weekly specimen on their
assigned day for collection.

Active Surveillance Surveys
As a part of active surveillance, participants are contacted
weekly via secure SMS text messages, via Twilio, asking them
two standardized questions about their general health status and
presence of CLI symptoms. Twilio is a text messaging service
that can read and write into the study REDCap database and
customize questions based on participant responses. In addition
to the two standardized questions, each week they receive one
of four sets of rotating questions about changes in their
occupational SARS-CoV-2 exposure, community and household
exposure, and attitudes and beliefs surrounding COVID-19 risk.
Any individual who indicates CLI in a weekly survey, or by
contacting AZ HEROES staff directly, completes additional
information via a mobile-friendly webform, including the
participant’s symptoms, self-reported severity, duration,
self-reported medical treatment, function during and after illness,
and details about the resolution of their illness.

Self-reported Data
Participants who indicate they have experienced CLI in the last
7 days are moved to an acute illness monitoring flow, where
they are instructed to collect and ship an acute illness kit and
complete additional questions about their illness episode.
Individuals can also be placed into the acute illness monitoring
flow by notifying study staff that they are ill. Participants remain
in the acute illness arm until they self-report that their illness
has resolved. Before returning to the weekly active surveillance
flow, participants complete a recovery survey in which they
confirm duration of illness and answer questions about atypical
symptoms, productivity loss, and use of health services.

Participants continue to take weekly respiratory specimens
throughout their acute illness monitoring.

Vaccine Information
Participants are asked a series of questions to assess their
knowledge, attitudes, and practices (KAPs) related to
SARS-CoV-2 vaccination in the enrollment and/or follow-up
survey to capture the information prior to vaccination. Similar
to previous KAP studies of influenza vaccines [39,40],
participants are asked how much they know about the
COVID-19 vaccines, if they received the vaccine, their intention
to receive one if they have not, how safe and effective they think
the vaccines are, and how likely they are to get sick if they do
not receive a vaccine.

Through partnerships with state and county health departments,
we track the timing and distribution of COVID-19 vaccines to
know when they will be available to individuals within the
study.

To capture vaccination information, participants are periodically
asked if they have been vaccinated. If they have not, they
indicate if they plan to be vaccinated in the upcoming 8 weeks,
indicating how many weeks. The form is re-sent in 8 weeks if
the participant indicates that they do not know when they will
be vaccinated. Once vaccinated, participants complete a brief
webform including date of vaccination, vaccine manufacturer,
and order in sequence (eg, first or second) for vaccines requiring
multiple doses. State Immunization Information System
registries will be used as a backup to capture vaccine
information about individuals who do not share the information
with the study via text message, and for confirmation and
completeness on individuals who do receive the vaccine.
Participants consent to having their vaccination verified upon
enrollment.

Laboratory Methods

Respiratory Specimens

Participants are asked to self-collect a respiratory specimen each
week of the study period. Sampling kits are provided to all study
participants, which include collection and shipping supplies for
8 weeks of collections, along with illustrated instructions on
how to properly collect and ship their respiratory specimens.
Study staff track the use of specimen kits and ship
replenishments to participants as needed. Each week, regardless
of symptoms, participants collect an anterior mid-turbinate nasal
swab on both nares, using a flocked swab or equivalent, and
place it into a tube containing viral transport media (VTM). If
participants experience CLI, they use an acute illness kit, which
consists of materials to collect a nasal swab in VTM and a saliva
specimen in a saliva collection tube. All specimens are shipped
with a cold pack, using priority overnight express shipping to
a CDC-designated laboratory following International Air
Transport Association guidelines [41]. Upon receipt by the
laboratory, specimens are aliquoted and analyzed for
SARS-CoV-2 using an rRT-PCR method [42] under FDA EUA.
Remaining aliquots are maintained for additional analysis,
banking, or long-term storage.
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Blood Specimens

All participants contribute 40 mL of whole blood at enrollment,
at 11- to 13-week intervals, and following positive rRT-PCR
or vaccination events. Participants can submit specimens at
participating laboratories closest to the participant’s residence
or work. If a participant does not develop symptoms, but
SARS-CoV-2 is detected in a weekly specimen, participants
are instructed to submit a blood sample approximately 4 weeks
following the date of first rRT-PCR detection; if the participant
experiences CLI within 2 weeks of virus detection, they are
instructed to submit a blood sample 4 weeks after initial
symptom onset. If the participant has a convalescent blood
specimen drawn prior to another planned repeat blood collection,
the scheduling of the following blood collections will be 11 to
13 weeks following the convalescent draw. Participants who
receive the COVID-19 vaccine during the study period are asked
to provide a blood specimen 14 to 21 days after each dose of
the vaccine—with the first postvaccination blood draw collected
prior to the second vaccination dose, if relevant—and then every
11 to 13 weeks as described above. Information on adverse
events and symptoms related to vaccination will be collected
retrospectively after participants receive both doses of the
vaccine.

Whole blood is collected and processed using CDC guidelines
for serum collection [43]. The serum specimens are divided into
aliquots labeled with the same study ID and specimen ID on all
tubes, and an aliquot ID unique to each tube. All specimens are
stored at −70 °C or colder prior to SARS-CoV-2 antibody
analysis or long-term storage. At the University of Arizona, the
serum is tested for antibodies against the receptor binding
domain of the spike protein and verified with the S2 domain of
S protein antibodies, as previously described [24], using the
FDA EUA test (ID 201116). This testing at study entry is used
to ensure correct placement of AZ HEROES participants into
seronegative or seropositive groups.

Data Collection and Security
Most research activities occur through electronic
communications (ie, email, text, and internet-based surveys),
telephone contacts, or via postal or express mail, minimizing
direct contact between study staff and participants. All surveys
are self-administered by participants on a computer or
smartphone. Surveys can also be administered by telephone or
mail should participants be unable or become unwilling to access
them online. Participant information given to study staff via
phone or email conversation is entered and stored in the
REDCap database by study staff. Alternatively, data are
imported into the REDCap database from Twilio for participant
responses to text surveillance or by direct participant response
into the REDCap database.

Data Management

REDCap

A study database is maintained in REDCap. Tracking databases
with patient identifiers and contact information are securely
kept according to the University of Arizona standard operating
procedures with respect to cybersecurity, privacy, patient
confidentiality, and compliance with applicable patient privacy

regulations. Any study-related documents with personal
identifiers are stored in a locked cabinet in lockable offices on
campus. All study-related documents and specimens contain a
unique identifier for each participant. Data entry forms provide
some quality assurance using logic and range checks as well as
automated skip patterns. The research team performs additional
data quality checks on a weekly basis, including assessments
of missing data. Laboratory results are entered directly into the
REDCap study database from the study reference laboratory,
including results from rRT-PCR assays and serologic assays.
If a reference laboratory is not able to enter data directly, the
laboratory is provided with a laboratory results reporting
template that is then merged with study data using the specimen
ID.

Twilio

Twilio is a cloud-based communications platform that allows
for automated text messaging chains to be sent to study
participants. It is used to send weekly and illness monitoring
questions to participants. Participant responses are stored in
Twilio until sent as a batch to the REDCap database once per
day.

Statistical Considerations

Power Analysis

Our goal is to recruit 4000 participants, split evenly between
seronegative and seropositive individuals. Among the
seronegative cohort, we estimated that a sample of more than
852 participants is required to achieve 80% power (α=.05) to
detect a true incidence of SARS-CoV-2 infection of 4%; the
enrolled cohort exceeds this sample estimate at the drafting of
this report. Thus, we expect to be sufficiently powered to make
overall estimates and estimates by two-level strata, such as age,
sex, or HCP versus others. Power estimation for COVID-19
vaccine effectiveness (VE) was performed using Monte Carlo
simulation to generate survival time over 12 months based on
varying vaccine coverage—with quarterly increases in two-dose
vaccine coverage from 0% to 80% among HCP, 70% for first
responders, and 30% for OEWs—and varying SARS-CoV-2
incidence rate, from 0.67% to 1.42% monthly attack rate, using
the equations proposed by Austin and a Cox marginal model
[44]. Based on 1000 simulations, with 2000 participants in the
seronegative stratum, the study is estimated to have over 80%
power to detect a true VE of 75%. If the data are pooled with
similar studies using common methodologies to a total of 5000
subjects, the combined analysis is estimated to have 99% power
to detect a true VE of 75% using the same assumptions.

Data Analysis

To estimate the incidence of SARS-CoV-2 infection and the
corresponding 95% confidence intervals in essential workers,
we will fit negative binomial regression models with person-time
at risk as an offset. We will examine incidence of
rRT-PCR–confirmed infections by occupation, symptom
presentation, close contact exposure, and demographic variables.
Logistic regression and negative binomial models will be used
to estimate the risk of infection in different occupational groups.
In the logistic regression model, we will include the
log-transformed person-weeks as the offset. The model will
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then be adjusted by symptom presentation, demographic factors,
study site, and health care utilization. The VE (1 − confirmed
cases of COVID-19 illness per 1000 person-weeks among
vaccinated essential workers ÷ confirmed cases of COVID-19
illness per 1000 person-weeks among unvaccinated essential
workers × 100%) with 95% confidence interval will be estimated
by a negative binomial regression model. The potential
confounders, such as study site and previously seropositive
status, will be included in the model. We will apply nonlinear
mixed models to describe individual and group mean trajectories
in neutralizing antibody titers over time. We will classify and
identify subgroups of cases by self-reported clinical severity,
health care utilization, occupational and community exposures,
and duration of symptoms. These models will help elucidate
the patterns of serologic immunity.

Ethical Considerations
This study was reviewed and approved by the Arizona
Department of Health and the University of Arizona Institutional
Review Boards (IRBs) (see Code of Federal Regulations, Title
45, Part 46.114 [45]). The CDC and the Arizona Department
of Health Services (ADHS) IRBs have reviewed the project.
The ADHS IRB has approved the project and the CDC IRB
deferred to the University of Arizona IRB. The College of Public
Health at the University of Arizona houses all IRB and required
study documentation. All participants complete informed
consent electronically through the REDCap study database
system. Research staff verify that participants understand key
study activities, are aware of risks, and agree to participate prior
to countersigning to confirm consent. Participants receive the
results of their weekly and illness COVID-19 tests as well as
the results of their antibody testing.

Results

The AZ HEROES study was funded by the CDC. Enrollment
began on July 27, 2020; as of May 1, 2021, a total of 3165
participants have been enrolled in the study. Enrollment is
expected to continue through December 1, 2021, with data
collection continuing through at least April 2022, contingent
upon funding.

Discussion

Overview
Submission of weekly and CLI-onset swabs for SARS-CoV-2
rRT-PCR testing by AZ HEROES study participants is a high
priority, as it allows researchers to estimate incidence of
symptomatic and asymptomatic COVID-19. Currently, interest
in receiving weekly nasal swab testing is high, with participants

considering regular testing to be a substantial benefit, given
high SARS-CoV-2 transmission rates in the community. When
transmission rates in the community drop, or seropositivity
increases due to natural infection or vaccination, this testing
may be perceived by the study participants as more of a burden
than a benefit. To maintain submission at acceptable rates at
later time points in the study, monetary incentives have been
included in the protocol. Methods for participant engagement
through newsletters and reminders from study staff continue to
evolve as the pandemic unfolds.

Strengths
One strength of the study is the inclusion of 4000 individuals
with substantial occupational exposure to SARS-CoV-2 owing
to their work as HCP, first responders, and OEWs. Additionally,
the enrolled population will be generally representative of the
racial and ethnic demographics of Arizona, which ensures
inclusion of high-risk groups, such as Hispanic and American
Indian communities, previously found to be at increased risk
for COVID-19 [8]. The longitudinal cohort study design allows
for ongoing consistent and comprehensive symptom assessment,
exposure assessment, and examination of KAPs related to
SARS-CoV-2 infection and vaccination. Further, the serial blood
sampling component of the study enables us to fully examine
variations in immune response to infection and vaccination.

Limitations
This study has several limitations. First, the ability to generalize
trends related to infection incidence, disease severity, and
immunologic response in our population of essential workers
will likely be biased by the healthy worker effect. Second, the
information retrieved from participants is principally
self-reported or self-collected, which might introduce recall
bias, particularly if participants do not complete rRT-PCR
specimen collection and surveys consistently. Third, there may
be a sampling bias related to the requirement that participants
utilize computers and phones to complete surveys. Finally, not
meeting enrollment targets and/or the length of the study period
(1 year) may hamper the ability to assess reinfection rates, for
example, because immunity for SARS-CoV-2 might last for
more than 1 year.

Conclusions
In conclusion, the design, recruitment, enrollment, and research
activities of the AZ HEROES study provide a unique
opportunity to improve our understanding of the incidence of
SARS-CoV-2 infection, disease course, antibody and vaccine
response, and KAPs among essential workers in the state of
Arizona.
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