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Abstract

Background Demands on health systems due to COVID-19 are substantial, but drivers of healthcare utilization are
not well defined in non-severe SARS-CoV-2 infections. Among a prospective cohort of frontline workers from July
2020 to February 2023, we assessed predictors of healthcare utilization during SARS-CoV-2 infection.

Methods Weekly specimens tested via real-time reverse transcriptase polymerase chain reaction analysis. Participants
reported sociodemographic, health status information, and illness experience information. Primary outcome was
healthcare utilization during SARS-CoV-2 infection. Predictors included sociodemographic characteristics, baseline
health status, and measures of illness severity. Multivariable logistic regression was utilized to generate odds ratios for
predictors of healthcare utilization.

Results 1,923 SARS-CoV-2 infections (1,276 first infections and 647 reinfections from 4,208 participants): 1221 (63.5%)
individuals were between 40 and 65 years old; 1115 (58.0%) were female; 449 (23.3%) were Hispanic and 1305 (67.9%)
non-Hispanic White. 294 (15.3%) individuals sought medical care during first infection, 106 (5.5%) during reinfection.
Sociodemographic and baseline health characteristics were not associated with healthcare utilization during
infections from any variant for first infections, while age (OR 1.04, 95%Cl 1.01-1.07) was during Omicron reinfection.

In first infection, number of symptoms (OR 1.16, 95%Cl 1.00-1.36 in Origin/Alpha, OR 1.12, 95%Cl 1.00-1.49 in Delta,
OR 1.09, 95%Cl 1.01-1.16 in Omicron), number of days spent in bed (OR 1.13, 95%CI 1.02-1.33 in Origin/Alpha, OR
1.23,95%Cl 1.00-1.59 in Delta, OR 1.12, 95%Cl 1.03-1.22 in Omicron), and illness duration (OR 1.01, 95%Cl 1.00-1.04

in Origin/Alpha, OR 1.01, 95%CI 1.00-1.03 in Delta, OR 1.01, 95%Cl 1.00-1.02 in Omicron) were related to healthcare
utilization for all variants. Number of days in bed (OR 1.12, 95%Cl 1.01-1.27), illness duration (OR 1.01, 95%Cl 1.00-1.02),
and hours of work missed (OR 2.24, 95%Cl 1.11-4.74) were positively associated with healthcare utilization during
Omicron reinfection.
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Conclusion The main factors associated with healthcare utilization for SARS-CoV-2 infection were symptom severity
and duration. Practices and therapeutics aimed at decreasing these factors would be most helpful in easing the

burden on health systems.
Keywords COVID-19, Healthcare utilization, Public health

Background

The COVID-19 pandemic has placed an unprecedented
demand on the United States’ (US) health care system
and continues to be substantial burden nationally. Since
August 2020, 5.9 million people in the US were admitted
to hospitals for COVID-19 [1]. Further, nearly half of US
adults have either delayed or avoided accessing routine
medical care [2]. Utilization of the healthcare system by
individuals with non-severe COVID-19 illness has not
been well documented. In order to adequately prepare for
future pandemics and the ongoing COVID-19 epidemic,
it is important to understand drivers of healthcare utili-
zation during mild-to-moderate respiratory illnesses like
COVID-19. While the risk of death from the Omicron
(B.1.1.529) variant is lower than previous variants, the
overall number of cases, emergency department visits,
and hospital admissions is higher [3, 4]. Healthcare uti-
lization and COVID-19 outcomes are not uniform, and a
better understanding of patients who may require addi-
tional care following SARS-CoV-2 infection is important
[5].

Differences by age, race, ethnicity, gender, underly-
ing medical conditions, and insurance status have been
found in rates of delaying or avoidance of medical care,
with differences also manifesting in overall healthcare
utilization for both hospitalized and non-hospitalized
patients once medical care is sought [6—8]. Non-White
individuals, men, and uninsured individuals were more
likely to delay or avoid care; and older individuals,
women, those with higher BMI, former smokers, and
individuals with a greater number of pre-existing condi-
tions were all associated with higher healthcare utiliza-
tion. As health systems have struggled to provide care
during the pandemic, quality of care for African Ameri-
can and Hispanic patients has dropped, [9-11] while
their rate of hospitalization has increased [12]. A better
understanding of differences between sociodemographic
characteristics and illness-related factors that influence
healthcare utilization can help inform resource allocation
and ongoing health service needs — of particular impor-
tance during surges in COVID-19 and periods of high
healthcare utilization.

The Arizona Healthcare Emergency Response and
Other Essential Workers Surveillance (AZ HEROES)
Study is a longitudinal cohort study of 4,000 essential
workers in Arizona [13]. The primary objective of this
paper is to examine healthcare utilization for essential
workers who experienced SARS-CoV-2 infection during

the study period. We examined predictors of healthcare
utilization and differences by sociodemographic charac-
teristics, health status, and illness experience.

Methods

Study design and population

The AZ HEROES study began in July 2020 as a longi-
tudinal, prospective cohort funded by the Centers for
Disease Control and Prevention (CDC), recruiting over
4200 essential workers in Arizona [13]. Data collected
through February 8, 2023 were included in this analy-
sis. Enrollment groups included healthcare personnel,
first responders, and other essential workers across the
state of Arizona who worked a minimum of 20 hours per
week and had regular close-contact exposure to cowork-
ers or the public. All study participants provided written
informed consent, and the study protocol was reviewed
and approved by the University of Arizona IRB (reference
number 2,006,729,444) and the CDC.

Data collection

Upon enrollment, participants completed a survey in
which they self-reported sociodemographic informa-
tion (including gender, age, race/ethnicity, education,
household income, and occupation), health informa-
tion (including medical conditions, height and weight,
tobacco use, and daily medications use), and SARS-
CoV-2 infection history. Each week, participants com-
pleted text message surveys and reported onset of
COVID-like symptoms — including fever, chills, cough,
shortness of breath, sore throat, diarrhea, muscle aches,
or a change in smell or taste [13, 14].

Participants submitted self-collected mid-turbinate
nasal swabs each week of study participation. If par-
ticipants experienced an onset of illness with COVID-
like symptoms outside their regular swab collection,
they completed an additional illness swab. Both weekly
and illness swabs were tested by Marshfield Clinical
Research Laboratories (Marshfield, WI, USA) via quali-
tative reverse-transcriptase-polymerase-chain-reaction
(RT-PCR) assays to detect the presence of SARS-CoV-2.
Whole-genome sequencing was completed on specimens
positive for SARS-CoV-2 with a cycle threshold value <30
(the number of cycles required for the fluorescent sig-
nal to cross the threshold or exceed background level) to
determine variant. Specimens positive for SARS-CoV-2
but ineligible for sequencing — those with a cycle thresh-
old=30 - variant predominance was assigned using the
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date of infection and which variant accounted for more
than 50% of infections according to CDC data [15].

Participants who reported symptoms during weekly
surveillance, submitted an illness swab, or submit-
ted any sample that was positive for SARS-CoV-2, were
prompted to complete an acute illness survey, an illness
update survey (if the illness lasts longer than one week),
and a final illness survey when symptoms resolved [13,
14] The illness surveys gather information on illness
symptoms, severity (e.g. number of hours of work missed
and number of days spent at least half in bed), medical
utilization, and illness duration.

Beginning in December 2020, participants were
prompted to report uptake of the COVID-19 vaccine.
Participants received a survey at least every eight weeks
until reporting a completed two-dose series. Beginning
in September 2021, participants who had completed
their initial series at least eight weeks prior began receiv-
ing a survey to report COVID-19 boosters. Participants
received the survey at least every eight weeks throughout
the duration of the study period to be able to report addi-
tional booster shots, with participants completing their
initial series during this time also asked about boost-
ers. Study staff confirmed vaccination doses and dates
in post-infection calls to participants. Vaccination was
verified by participant-provided vaccination cards and
the Arizona State Immunization Information System, as
available. Vaccination status at infection was derived by
comparing their date of infection to the dates of all vac-
cinations, if available.

Analysis

Participants who did not test positive for SARS-CoV-2
during the study period were excluded from analysis. The
primary outcome was healthcare utilization during the
course of a SARS-CoV-2 infection. Healthcare utilization
was defined as accessing medical care from an emergency
department, hospital, outpatient clinic, telehealth, or
other medical care setting — as self-reported by partici-
pants. Healthcare utilization was derived using answers
to all surveys completed by the participant during the
course of their illness. The SARS-CoV-2 infection was
defined as the period between onset of symptoms or pos-
itive SARS-CoV-2 test result (whichever came first) until
the cessation of symptoms and a self-reported health of
90% normal health or better. First SARS-CoV-2 infection
was defined as those from participants who entered the
study reporting no prior SARS-CoV-2 infection, and the
first in-study positive. Reinfection SARS-CoV-2 infection
was all in-study positive infections for a participant who
entered the study having had a prior SARS-CoV-2 infec-
tion, or all in-study positive infections after the first for
participants entering the study having no prior SARS-
CoV-2 infection. Infections were deemed “reinfections”
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if at least 90 days had elapsed since the date of last posi-
tivity for any variant, or at least 45 days if the infections
were two different variants.

Independent variables included sociodemographic
characteristics (age, gender, race/ethnicity, and educa-
tion), occupation category, vaccination status at time of
infection, SARS-CoV-2 variant of infection (presumed
or confirmed), health characteristics (number of chronic
conditions, body mass index (BMI), smoking status, and
number of daily medications), and illness characteristics
(number of symptoms, work missed, days spent in bed,
and illness duration). These variables were chosen a pri-
ori based on previous literature [6-8] or their believed
theoretical association with healthcare utilization.

Statistical analysis

Independent variables listed previously were stratified
by healthcare utilization and type of SARS-CoV-2 infec-
tion (first or reinfection). Pearson’s chi-squared tests
and Fisher’s exact tests were used to determine unad-
justed differences between hospital utilization groups
with statistical significance based on p-values<0.025 to
account for a Bonferroni correction for multiple com-
parisons. For the main analysis, multivariable logistic
regression models with robust standard errors [16] were
used to identify factors associated with healthcare utili-
zation. Multivariable models were stratified by variant to
account for differences in the timing of variant predomi-
nance and adjusted for all independent variables of inter-
est. All assumptions of the logistic regression models
were checked, and none were found to be violated. Statis-
tical significance was based on 95% confidence intervals
(95% CI). All statistical analyses were completed using R,
version 4.1.2 (2021, R Foundation for Statistical Comput-
ing, Vienna, Austria).

Results

Participant characteristics

Between July 2020 and February 2023, a total of 1,923
SARS-CoV-2 infections occurred in 4,208 AZ HEROES
participants; 1,276 (66%) were first infections and 647
(34%) were reinfections (Table 1). Over 74% (n=945) of
first infections were from the Omicron variant. At the
time of infection in nearly half (n=612, 48%) of these
infections, the participant was booster-vaccinated,
approximately one quarter were unvaccinated or vac-
cinated with their initial series only (n=301, 24% and
n=320, 25% respectively), and only 3% (n=43) were par-
tially vaccinated (received only one dose of a non-John-
son & Johnson vaccine). 62% (n=801) were 40—65 years
of age, 58% (n="745) were female, 69% (n=877) were non-
Hispanic White, and 22% (n=285) were Hispanic. Par-
ticipants were relatively evenly split between healthcare
personnel (n=481, 38%), first responder (n=324, 25%),
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| § and other essential worker (n=471, 37%). The majority of
§ § § § the cohort did not report presence of any chronic condi-
a |v v o tions (n=837, 66%) and approximately half did not report
5 g taking any daily medications (n=629, 49%).
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3 § “g ‘qc: T:j § (p=0.01), was more likely in females (p<0.001), health-
o S ¢ =38 care personnel and other frontline/essential work-
2 g :% ‘; g g E ers were more likely than first responders (p=0.004)
5 2 nS 2§ @ and increased as the number of medications increased
= s 8.2 £ Egi (p=0.01). Participants with higher numbers of symptoms
S 8o s g3 5§32 :
5 < sEcgs ey 3 (p<0.001), more hours of work missed (sz.Ol), more
£ 5} g = é % % g_ g -§ £3 days spent in bed (p<0.00}), and longer 1llr}ess duration
S 7 2R 893§ ¢ (p<0.001) were also more likely to seek medical care dur-
- & 2 35825588538 ing their reinfections. No differences were identified by
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In adjusted models for first SARS-CoV-2 infections,
the only factors associated with healthcare utilization
from any variant of infection were the number of illness
symptoms, number of days spent at least half in bed, and
illness duration (Table 2). Participants who tested posi-
tive for SARS-CoV-2 during the Origin/Alpha variant
predominance were 16% more likely to seek care for each
illness symptom they had (OR 1.16, 95% CI 1.00-1.36).
For every day they spent at least half of the day in bed,
they were 13% more likely to seek care (OR 1.13, 95% CI
1.02-1.33), and for each additional day that their illness
lasted, they were 1% more likely to seek care (OR 1.01,
95% CI 1.00-1.04).

In first infections from the Delta variant, participants
were 12% more likely to seek medical care for every ill-
ness symptom they experienced (OR 1.12, 95% CI 1.00-
1.49). For every day they spent at least half in bed, they
were 23% more likely to seek medical care (OR 1.23, 95%
CI 1.00-1.59), and for each additional day that their ill-
ness lasted, they were 1% more likely to seek care (OR
1.01, 95% CI 1.00-1.03).

If the first infection was from the Omicron variant,
participants were 9% more likely to seek medical care for
each additional illness symptom (OR 1.09, 95% CI 1.01—
1.16), 12% more likely to seek care for each additional
day they spent at least half in bed (OR 1.12, 95% CI 1.03—
1.22), and 1% more likely to seek care for each additional
day that their illness lasted (OR 1.01, 95% CI 1.00-1.02).

There were additional characteristics associated with
higher medical utilization during Omicron variant rein-
fections compared to first infections from Origin/Alpha
or Delta variants (Table 3). Participants were 4% more
likely to seek medical care for each year older they were
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(OR=1.04, 95% CI 1.01-1.07). Unlike first positives,
there was no difference by number of illness symptoms,
but participants were 124% more likely to seek care for
each hour of work missed (OR=2.24, 95% CI 1.11-4.74),
12% more likely for each day spent in bed (OR=1.12,
95% CI 1.01-1.27), and 1% more likely for each addi-
tional day that the illness lasted (OR=1.01, 95% CI
1.00-1.02). Adjusted models for Origin/Alpha and Delta
reinfections were not able to be calculated due to limited
observations.

Discussion

This study examined healthcare utilization during first
SARS-CoV-2 infection and reinfections in a large, diverse
cohort of frontline and essential workers in Arizona from
July 2020 through February 2023. The prospective nature
of the study allowed for a unique comparison of health-
care utilization throughout the course of the pandemic in
workers across an entire state, and to examine drivers of
utilization for both first positives as well as reinfections.
While overall healthcare utilization, and the subsequent
strain on healthcare resources, has been greater during
the COVID-19 pandemic than other recent pandemics,
[17] the overall healthcare utilization rate amongst this
cohort was relatively small. This is likely due to the over-
all healthy worker make-up of study participants and the
high rates of vaccination in the cohort.

Influenced by conflicting previous literature that found
SARS-CoV-2 reinfection contributed additional risk of
death, hospitalization, and sequelae, [18] or not, [19, 20]
the current analysis was stratified according to whether
the SARS-CoV-2 infection was the participant’s first
infection or a repeat infection. During first SARS-CoV-2

Table 2 Factors associated with healthcare utilization in 1276 first SARS-CoV-2 infection during enrollment in AZ HEROES

Characteristic

Origin/Alpha first infection

Delta first infection Omicron first infection

n=210 n=121 n=945

OR? 95% CIP OR 95% Cl OR 95% Cl
Vaccination status at infection 0.76 0.33-1.64 0.98 0.49-2.02 1.12 0.88-143
Age 1.00 0.96-1.05 1.02 0.95-1.1 1.02 0.99-1.04
Gender 1.26 0.53-3.00 0.15 0.03-0.67 0.88 057-1.36
Race/Ethnicity 1.00 0.99-1.00 1.00 0.99-1.01 1.00 0.99-1.01
Education 0.65 0.29-1.47 1.81 0.46-7.91 1.20 0.75-2.00
Occupation category 1.00 0.56-1.78 0.75 0.31-1.79 0.91 0.72-1.13
# of chronic conditions 1.79 091-3.64 376 0.92-17.57 1.07 0.79-1.44
Body mass index 1.00 0.93-1.07 1.25 0.94-1.51 1.03 0.98-1.07
Smoking status (tobacco and vaping) 0.76 0.24-22 144 0.89-12.79 1.20 0.75-1.90
# of daily medications 091 0.61-1.33 0.68 0.35-1.21 1.16 0.98-1.38
# of illness symptoms 1.16* 1.00-1.36 1.12* 1.00-1.49 1.09* 1.01-1.16
# of hours of work missed 2.64 0.70-13.32 217 0.59-16.35 1.36 0.83-2.25
# of days spent at least half in bed 1.13* 1.02-1.33 1.23* 1.00-1.59 1.12* 1.03-1.22
lliness duration (# of days) 1.01* 1.00-1.04 1.01* 1.00-1.03 1.01* 1.00-1.02

a. OR=odds ratio, calculated with multivariable logistic regression models with robust standard errors. Models adjusted for all listed characteristics

b. CI=Confidence Interval

* statistically significant
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Table 3 Factors associated with healthcare utilization in 599 Omicron SARS-CoV-2 reinfection during enrollment in AZ HEROESa

Characteristic

Omicron reinfection

n=599

ORP 95% CI°
Vaccination status at infection 0.99 0.76-1.31
Age 1.04* 1.01-1.07
Gender 045 0.21-0.91
Race/Ethnicity 1.00 0.98-1.01
Education 1.78 091-38
Occupation category 144 0.87-2.02
# of chronic conditions 0.77 045-1.3
Body mass index 1.03 0.98-1.09
Smoking status (tobacco and vaping) 0.63 0.27-1.39
# of daily medications 1.25 0.97-161
# of illness symptoms 1.06 0.96-1.18
# of hours of work missed 2.24* 1.11-4.74
# of days spent at least half in bed 1.12*% 1.01-1.27
lliness duration (# of days) 1.01* 1.00-1.02

a. Odds ratios for the 26 Origin/Alpha reinfections and 22 Delta reinfections unable to be calculated due to limited observations and model convergence issues

b. OR=0dds Ratio, calculated with multivariable logistic regression models with robust standard errors. Models adjusted for all listed characteristics

c. Cl=Confidence Interval

* statistically significant

infection, we found participants infected with the Omi-
cron variant had the lowest rate of healthcare utilization
of all variants, which has not been the case with the gen-
eral population [3, 4]. This was not the case in our cohort
during reinfections, where individuals were most likely
to seek care from Omicron reinfections. While this is in
line with trends found in the wider public, this should be
interpreted with caution as the number of reinfections
from the Origin/Alpha or Delta variants in our cohort is
limited. First infections and reinfections occurring with
younger individuals, men, those with fewer chronic con-
ditions, lower BMI, shorter illness, as well as fewer daily
medications, illness symptoms, number of hours work
missed, and number of days spent in bed all had lower
rates of healthcare utilization. As nearly all of these are
markers of better health or less severe illness, it would
be expected that they would be associated with lower
rates of healthcare utilization. In contrast to some previ-
ous findings, [18] the current analysis found lower rates
of healthcare utilization for reinfections compared to
first infections. It is unclear whether this might be due
to differences in underlying participant characteristics —
particularly age, gender, and race/ethnicity — or smaller
geographic area of the current study population, or some
other reason.

In adjusted models for first infections, we found no
difference in healthcare utilization by vaccination sta-
tus, sociodemographic characteristics, or participant
baseline health characteristics by any variant of infec-
tion. The main drivers of healthcare utilization found in
our analysis of first infections were related to the severity
and duration of illness. Increasing number of symptoms,

number of days spent at least half in bed, and duration of
illness were associated with higher medical utilization in
all variants of first infection.

In adjusted models for reinfection from the Omicron
variant, increased age, hours of work missed, days spent
in bed, and illness duration were all positively associ-
ated with healthcare utilization. Despite the relatively
modest effect sizes of the ORs, their cumulative impact
on healthcare can be contextualized by the incremen-
tal risk posed from single symptoms, number of hours
work missed, number of days spent in bed, number of
days of illness, and year of age. Given the wide distribu-
tion of these variables within the cohort, they represent
a meaningful difference. While the literature examining
overall healthcare utilization rates during the COVID-
19 pandemic has been well established, [21-24] specific
examinations on factors related to utilization in the wake
of SARS-CoV-2 infection is not nearly as robust.

This study is subject to several limitations. First,
because participants are all from the state of Arizona,
there may be limited generalizability, though there was
wide distribution by several sociodemographic and
health characteristics. Second, the study population was
of overall good health, and individuals willing to com-
plete weekly nasal swabs and participate in a long pro-
spective cohort may not be generalizable to the overall
population. Third, all healthcare utilization was self-
reported. It is possible that there were some individu-
als who did not report care that they received and may
have been misclassified, though each participant had at
least two opportunities to report any medical care they
may have received. Fourth, the final illness survey was
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administered upon the cessation of symptoms. It is pos-
sible that some participants may have experienced a
relapse in health and may have received medical care fol-
lowing their final illness survey.

Conclusions

The AZ HEROES cohort allowed for a unique examina-
tion of the drivers of healthcare utilization throughout
the different variants of the COVID-19 pandemic. Our
findings suggest that efforts to ease the strain on health-
care systems might best be focused on decreasing symp-
tom number and severity, and that efforts focused on
increasing messaging to specific populations defined by
sociodemographic characteristics might be less impact-
ful. Continued efforts to encourage vaccination in order
to decrease symptom severity [25-27] would seem help-
ful in decreasing, as would continued research into the
development of antiviral treatments that show promise
in reducing healthcare utilization when administered to
SARS-CoV-2-positive patients at risk of severe disease
but are experiencing mild to moderate symptoms at the
time of administration [28].
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