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Abstract

Protective behaviors such as mask wearing and physical distancing are critical to slow the
spread of COVID-19, even in the context of vaccine scale-up. Understanding the variation in
self-reported COVID-19 protective behaviors is critical to developing public health messag-
ing. The purpose of the study is to provide nationally representative estimates of five self-
reported COVID-19 protective behaviors and correlates of such behaviors. In this cross-sec-
tional survey study of US adults, surveys were administered via internet and telephone.
Adults were surveyed from April 30-May 4, 2020, a time of peaking COVID-19 incidence
within the US. Participants were recruited from the probability-based AmeriSpeak® national
panel. Brief surveys were completed by 994 adults, with 73.0% of respondents reported
mask wearing, 82.7% reported physical distancing, 75.1% reported crowd avoidance,
89.8% reported increased hand-washing, and 7.7% reported having prior COVID-19 testing.
Multivariate analysis (p critical value .05) indicates that women were more likely to report
protective behaviors than men, as were those over age 60. Respondents who self-identified
as having low incomes, histories of criminal justice involvement, and Republican Party affili-
ation, were less likely to report four protective behaviors, though Republicans and individu-
als with criminal justice histories were more likely to report having received COVID-19
testing. The majority of Americans engaged in COVID-19 protective behaviors, with low-
income Americans, those with histories of criminal justice involvement, and self-identified
Republicans less likely to engage in these preventive behaviors. Culturally competent public
health messaging and interventions might focus on these latter groups to prevent future
infections. These findings will remain highly relevant even with vaccines widely available,
given the complementarities between vaccines and protective behaviors, as well as the
many challenges in delivering vaccines.
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Introduction

The United States is currently experiencing the largest COVID-19 epidemic in the world with
20% of the world’s cases and the most COVID-19 deaths [1]. Clear disparities in COVID-19
infection and death rates exist within the US, with African Americans and Hispanic popula-
tions experiencing greater disease burden than other racial/ethnic groups [2]. COVID-19 data
from several countries reflects a higher case fatality rate for elderly populations [3]. Evidence
suggests an association between COVID-19 rates and lower income likely associated with mul-
tiple factors including low income, criminal justice involvement (CJI), substance use disorders
(SUD), particularly opioid use disorder (OUD), overpopulated and poor housing conditions,
dwelling in multigenerational homes, use of public transport, and higher rates of comorbidities
[4-8].

Various public health agencies including the WHO [9] and Centers for Disease Control
and Prevention [10] have issued guidance on proven COVID-19 protective behaviors to com-
plement vaccine implementation [11]. Recommended COVID-19 protective behaviors include
physical distancing, use of face coverings, avoidance of large gatherings, and basic hand
hygiene measures, among other measures to prevent transmission such as COVID-19 testing
[9, 12].

Despite these calls for COVID-19 protective behaviors, little is known about uptake of these
practices, and how these behaviors vary by demographic and other individual and community
characteristics [13]. It is unclear, for example, whether a growing recognition of inequities in
COVID-19 transmission and mortality has translated into effective protective behaviors, par-
ticularly within populations facing the greatest risks. Such information is critical to identifying
gaps in prevention, and may help to identify individuals and communities for further engage-
ment and focused public health messaging.

This analysis explores these questions by investigating protective behaviors in a national
sample of the US adult population. We use a national probability-based survey linked to aggre-
gate level data on COVID-19 hotspots and state adopted non-pharmaceutical interventions
(NPIs) related to COVID-19. In particular, we explore prevalence of COVID-19 protective
behaviors and individual and contextual-level correlates of protective behaviors and NPIs
across the US, particularly among subgroups of greatest vulnerability.

Methods

Survey data were collected from a cross-sectional sample of 994 US adults drawn from Amer-
iSpeak®), a probability-based non-institutionalized panel of over 45,000 panel members
designed to be representative of the US household population. Randomly selected households
were sampled using area probability and address-based sampling, with known selection proba-
bilities from the NORC National Sample Frame [14]. Sampled households are then contacted
by US mail, telephone, and face-to-face interviewers to capture hard-to-reach respondents.
For this paper, our sample of 994 participants provided good statistical precision. With a
design effect of 1.8, based on a margin of error for a 50% statistic (the most conservative case)
at 95% confidence level our statistical precision is +/- 4.2%.

The panel provides sample coverage of approximately 97% of the US household population.
Prior methodology comparisons indicate that the resulting AmeriSpeak sample broadly repli-
cates the US Census American Community Survey sample on key demographic measures,
including sex, age, race/ethnicity, education, marital status, employment, income, region, and
home Internet access [15, 16]. The annual panel retention rate is 85% [17]. AmeriSpeak panel’s
weighted household recruitment rate, which includes a second stage of recruitment for initial
non-responders to capture harder-to-reach populations, is 37%, one of the highest for
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comparable panels [16]. This study was carried out in accordance with the approval that the
research team received from the NORC at the University of Chicago Institutional Review
Board (IRB00000967), under its Federal-wide Assurance (FWA00000142). Voluntary and
informed consent was obtained from all participants either by the participant checking a time-
stamped box online for those completing the web version of the survey or consenting verbally
for those completing a survey by phone (with a NORC interviewer checking a box on the sur-
vey form for the participant and initialing and dating when consent was received).

Measures

Dependent variables. Five key COVID-19 protective behaviors. Respondents were queried
about their COVID-19 protective behaviors to include: “Wearing a mask when leaving home,”
“Keeping a 6-foot radius when interacting with people you do not live with,” “Limiting interac-
tions with others to groups of 10 or less” and “Washed/sanitized hands more than usual.”
Respondent were also asked if they had been tested (no/yes) for COVID-19. COVID-19 related
items were taken from NIH’s PhenX Toolkit COVID-19 Protocols, specifically from the work
of Cawthon and colleagues [18].

Independent variables. Respondent-level background variables. Age was collected as a
continuous variable and categorized as 18-30, 31-59, and 60 and older. We measured biologi-
cal sex (Female = 0 and Male = 1), race/ethnicity (non-Hispanic White was used as the refer-
ence category, hereafter White), non-Hispanic Black (Black), non-Hispanic Other/Mixed
(Other/Mixed), non-Hispanic Asian (Asian), Hispanic, years of education (No college at
all = 0, at least some college = 1), employment (not employed = 0 and employed = 1), income
(below state median income = 0 and above state median income = 1), personal lifetime history
of CJI (yes/no to a self-reported conviction for a misdemeanor or felony crime or incarceration
in jail or prison), personal lifetime history of non-medical opioid use (yes/no to use of opioids
or prescription pain medication illicitly obtained or used in a way not prescribed by a doctor)
and self-reported political party affiliation (Democrat, lean Democrat, don’t lean/independent
party or other, lean Republican, Republican).

Local contextual variables. Based on the respondent’s home address we measured the US
Census region of the respondent’s home (South [referent], Northeast, Midwest, and West).
Next, we included a county-level dichotomous COVID-19 hotspot variable based on whether
the county was identified as an emerging statistical hotspot for all days during the survey
period. Specifically, we implemented Local Indicators of Spatial Association (LISA) analyses
[19-21] on population adjusted 7-day average new confirmed COVID-19 cases, to detect clus-
ters of contiguous counties that were statistically similar in having high 7-day average new
COVID-19 case rates. We used a conditional permutation approach for inference, with 999
Monte Carlo permutations and a pseudo p-value threshold of 0.05. A hotspot cluster thus cor-
responds to counties that had high rates, and were surrounded by counties with high rates, rel-
ative to the rest of the country (Exhibit 4). We used USAFacts [22] data for COVID-19 case
rates, and GeoDa statistical software for LISA calculation [23].

We included a state policy count measure indicating whether the state implemented one or
more NPI policies (i.e., requirements that residents stay home, ban on gatherings, requirement
that residents wear face coverings, restrictions on restaurants, requirement that businesses
close.)

Analytic plan. Multivariable logistic regression models were conducted for each outcome
(face covering, social distancing, hand hygiene, limited gatherings, and COVID-19 testing).
Variables were selected for inclusion in the multivariable models based on a priori hypotheses
about their relationships with COVID-19 protective behaviors and all variables were retained
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regardless of statistical significance. All analyses (p critical value set at .05) used data weighted
to national census benchmarks, taking into account selection probabilities (balanced by sex,
age, education, race/ethnicity, and region)[17] and non-response (using a response propensity
approach calculating the conditional probability that a particular respondent completed the
survey given observed covariates) [24]. Missing data were handled with listwise deletion. Anal-
yses were conducted using IBM SPSS Statistics Software Version 27.0.1.

Results
Sample description

The survey was completed by 994 of those invited from the larger AmeriSpeak panel (24%)
with 17 respondents (2%) excluded from the analysis due to missing data, producing a final
sample of 977 respondents. AmeriSpeak has been designed to address response rate and sam-
pling issues through sample weights and non-response adjustments [16, 25-27]. Participants
(498 female and 479 male) aged 18-89 were included in all analyses. Sociodemographic char-
acteristics are summarized in Table 1. Thirty-eight percent of respondents lived in the South,
18% in the Northeast, 20% in the Midwest, and 24% in the West. About 11% of the sample
(11.4%) experienced CJI and 7% had a personal experience with opioid misuse. On average,
participants’ states of residence had about five (5.2) COVID-19-related safeguard practices in
place at the time of the survey.

COVID-19 protective behaviors. COVID-19 testing was infrequent at the time of the
survey (April 30 and May 4, 2020); only 7.7% of respondents reported having been tested and
of those a 10.0% positivity rate.

As seen in Fig 1, average survey responses by county were mapped across all protective
behaviors reviewed within the continental United States. The lack of COVID-19 testing is
clear, in contrast with multiple other measures more often taken by survey respondents. Most
counties indicate hand-washing as a key measure used, regardless of location, when viewed in
aggregate. Six-feet social distancing, avoiding social contact, avoiding groups of 10 or more,
and wearing a mask all have spatially heterogeneous patterns at the county-scale that vary by
location.

Almost all respondents reported taking at least one protective behavior to reduce COVID-
19 risk. As seen in Table 2, 73% reported that they wore face coverings when out in public;
83% reported that they maintained distancing of six feet or greater; 75% reported that they
stayed in groups of ten or less. About 90% of the respondents reported that they washed hands
more than usual. While 54% report using all four prevention measures to reduce COVID-19
risk (Table 2), more than two-thirds of the respondents who report one of the measures tended
to report a second prevention measure. For example, more than two-thirds of those who
reported using face coverings also reported using physical distancing (67%), and good hand
hygiene (70%) and those who reported using physical distancing also reported staying in
groups of 10 or less (68%) and good hand hygiene (77%).

As seen in Table 3, controlling for other factors, face covering was markedly more common
among older respondents 60 and over compared to younger respondents 18-30 years old
(adjusted odds ratio (AOR) = 2.55, 95% CI, 1.53-4.24), and was significantly less likely among
men (AOR = 0.59, 95% CI, 0.43-0.83). When compared to Whites, reporting a Hispanic iden-
tity (AOR = 1.68, 95% CI, 1.03-2.74) or affiliating with the Democratic Party (AOR = 3.15,
95% CI, 2.04-4.87) was independently associated with face coverings. Those with CJI histories
were less likely (AOR = 0.42, 95% CI, 0.26-0.68) to report use of face coverings.

Social distancing was more common among older respondents 31-59 (AOR = 2.70, 95%
CI, 1.69-4.30), and those age 60 and over (AOR = 4.80, 95% CI, 2.68-8.62) compared to
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Table 1. Characteristics of adult respondents, April 30-May 4, 2020 (n = 977).

% (95% CI)

Age

18-30 22.0% (19.4, 24.6)

31-59 48.3% (45.1,51.4)

60+ 29.8% (26.9, 32.7)
Male 49.0% (45.8,52.1)
Race/ethnicity*

White 62.8% (59.7, 65.98)

Hispanic 16.9% (14.6,19.3)

Black 11.8% (9.8,13.9)

Asian, non-Hispanic 3.5% (2.3,4.7)

Other/Two or more 5.0% (3.6,6.4)
Census region respondent resides

Northeast 17.6% (15.2, 20.0)

Midwest 20.6% (18.1,23.2)

South 37.8% (34.8, 40.8)

West 24.0% (21.3,26.7)
Educational attainment

< HS graduate 9.9% (8.0,11.8)

HS graduate or equivalent 27.7% (24.8, 30.5)

Some college 27.8% (24.9, 30.6)

BA or above 34.7% (31.7,37.7)
Employment Status

Not working-on temporary layoff from a job 1.0% (0.4,1.7)

Not working-looking for work 9.4% (7.6,11.2)

Not working-retired 17.6% (15.2, 20.0)

Not working-disabled 6.9% (5.3,8.4)

Not working-other 10.0% (8.1,11.9)

Working-as a paid employee 47.4% (44.3, 50.5)

Working-self-employed 7.7% (6.0,9.4)
Household Income

<$25,000 21.4% (18.8,23.9)

$25,000-$49,999 25.1% (22.4,27.8)

$50,000-$84,999 23.5% (20.8, 26.1)

$85,000-$149,999 21.5% (18.9, 24.0)

$150,000+ 8.5% (6.9, 10.4)
Opioid Misuse and Criminal Justice History

Opioid use® (% yes) 7.0% (5.4, 8.6)

Criminal justice involvement® (% yes) 11.4% (9.4,13.3)
COVID-19 Cases

Presence of a COVID Hotspot, AdjustedCl 10.2% (8.3,12.1)
Prevention Policies

State Policy Counts® (Mean, SD) 5.15 (0.77) (5.1,5.2)
COVID-19 testing

Tested 7.7% (6.0,9.3)

Positive (of those tested) 10.0% (3.1,16.8)
Political Party Affiliation

Democrat 33.9% (30.9, 36.9)

(Continued)
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Table 1. (Continued)

% (95% CI)
Lean Democrat 10.6% (8.7,12.5)
Neither/Don’t Lean/Independent 18.3% (15.9, 20.8)
Lean Republican 11.3% (9.3,13.3)
Republican 25.9% (23.1, 28.6)

# Race categories are mutually exclusive.

® Opioid misuse is defined in the survey as ever used opioids illicitly obtained or used in a way not prescribed by a
doctor.

¢ Criminal justice involvement is defined as convicted of any misdemeanor or felony crime and/or incarcerated in jail
or prison.

4 Whether the county identified as a hotspot during the survey period. A hotspot was defined as having a high
number of daily cases in the county and surrounded by counties with a high number of cases based on daily new
cases adjusted for population size.

¢ Number of state policies related to COVID implemented prior to April 30, 2020 period.

https://doi.org/10.1371/journal.pone.0259257.t001
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Fig 1. Average survey response by county for five COVID-19 prevention acts. Only counties with survey respondents in the continental US are shown.
While survey responses were binary (Agree = 1, Does not agree = 0), results are averaged at the county-scale.

https://doi.org/10.1371/journal.pone.0259257.9001
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Table 2. Overlap of protective practices among respondents.

Protective Practice (No. (%))

Face Covering Social Distance Groups 10 or Less Hand Hygiene
731 (73.1) 828 (82.7) 753 (75.1) 899 (89.8)
Face Covering
Social Distance
Groups 10 Or Less
Hand Hygiene 641 (63.9) 575 (57.4) Face Covering
Face covering 566 (56.5) Social Distance
Social Distance 642 (64.0) Groups 10 or Less
Face Covering + Social Distance + Groups 10 or Less + Hand Hygiene 543 (54.2)

The number and percent of respondents self-reporting one protective practice is shaded light blue, two protective behaviors is shaded blue, and three protective

behaviors is shaded grey. The number and percent of respondents self-reporting all four protective behaviors is shaded orange.

https://doi.org/10.1371/journal.pone.0259257.t1002

younger respondents 18-30 years old. In addition, Black race (AOR = 0.37, 95% CI, 0.21-
0.67), incomes below their state median (AOR = 0.52, 95% CI, 0.34-0.79), CJI history
(AOR =0.31,95% CI, 0.18-0.54), non-medical opioid use (AOR = 2.39, 95% CI, 1.03-5.54)
and affiliation with the Democratic Party (AOR =7.19, 95% CI, 4.02-12.88), were all associ-
ated with social distancing.

COVID-19 testing was significantly independently associated with Black race (AOR = 3.00,
95% CI, 1.42-6.32), Asian race (AOR = 3.94, 95% CI, 1.26-12.37), incomes below their state
median (AOR = 1.98, 95% CI, 1.09-3.61), individuals with justice involvement histories
(AOR =6.09, 95% CI, 3.24-11.45) and Democratic Party affiliation (AOR = 0.37, 95% ClI,
0.18-0.77).

Discussion

US adults report high uptake of at least some COVID-19 protective behaviors, though uptake
of multiple measures at once was more modest. Respondents reported low overall rates of
COVID-19 testing. This finding was expected, given the strong geographic clustering of
COVID-19 cases at this phase of the pandemic and the limited availability of testing
nationwide.

Demographic characteristics, economic and social circumstance, and political values are all
associated with specific protective behaviors. Older respondents and respondents affiliating
with the Democratic Party reported higher uptake of such practices (similar to a convenience
sample study done early in the pandemic in the US that examined political affiliation)[13];
while more marginalized populations such as individuals with CJI histories and those with
lower income reported fewer protective behaviors. Those with prior CJI histories and lower
incomes might have lower reported use of protective behaviors because of the nature of their
employment. These may also reflect less access to prevention resources. These patterns may
also reflect broader vulnerabilities such as crowded housing or vulnerability to homelessness.

CJI populations and respondents with Republican political affiliation were more likely to
have been COVID-19 tested. Individuals with CJI experience may have been more likely to be
tested due to involuntary confinement with others, congregate living in jails and prisons or
due to contact with community-based system that required such testing. Republican political
affiliation may have used COVID-19 testing as an alternative to other preventive behaviors
such as the use of face coverings, which are less acceptable among this sub-population.

Diverse demographic factors, including age and gender, have been found to affect the gen-
eral adoption of public health preventive practices [28, 29]. In a Kaiser study, men were less
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Table 3. Multivariable logistic regression for COVID-19 preventive behaviors.

Wear Mask when Maintain Six Feet of Limit Interactions to Groups | Wash Hands More Respondent Tested for
Leaving Home Distance from Others of 10 or Less Often than Usual COVID-19

(n=963) (n =963) (n =962) (n =963) (n=953)

AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI)

Age

18-30 (reference)

31-59

0.79 (0.52, 1.20)

2.70 (1.70, 4.30)***

0.86 (0.56, 1.30)

0.92 (0.51, 1.67)

1.40 (0.72, 2.73)

60+ 2.55 (1.53, 4.24)** 4.80 (2.68, 8.62)"** 1.20 (0.73, 1.96) 2.05 (0.96, 4.36) 0.68 (0.28, 1.65)
Sex

Male 0.60 (0.43, 0.83)** 0.91 (0.61, 1.35) 0.62 (0.44, 0.85)** 1.14 (0.69, 1.86) 0.69 (0.40, 1.19)
Race®

White (reference)

Black 0.92 (0.55, 1.54) 0.37 (0.21, 0.67)** 0.41 (0.25, 0.68)*** 0.55 (0.27, 1.10) 3.00 (1.42, 6.32)**

Other/Mixed 1.87(0.85, 4.11) 1.20 (0.49,2.95) 1.26 (0.56, 2.81) 0.24 (0.11, 0.53)*** 2.41 (0.84, 6.88)

Asian 1.14 (0.47, 2.75) 0.84 (0.29, 2.44) 1.30 (0.49, 3.48) 0.81(0.19, 3.41) 3.94 (1.26, 12.37)*

Hispanic 1.68 (1.02, 2.74)* 0.97 (0.55, 1.71) 0.45 (0.29, 0.70)*** 2.48 (1.00, 6.18) 1.91 (0.86, 4.22)
Education

Some college or
above

1.10 (0.78, 1.55)

0.87 (0.58, 1.31)

1.17 (0.83, 1.65)

2.59(1.56, 4.32)"**

0.62 (0.35, 1.07)

Income

Below state median
income

0.49 (0.34, 0.70)***

0.52 (0.34, 0.79)**

0.57 (0.40, 0.81)**

0.63(0.37, 1.08)

1.98 (1.09, 3.61)*

Employment
Employed 1.52 (1.07, 2.16)* 1.24 (0.82, 1.86) 1.16 (0.82, 1.54) 1.47 (0.88, 2.46) 1.15 (0.66, 2.02)
Opioid Misuse
Historyb
Yes 1.28 (0.67, 2.43) 2.39 (1.03, 5.54)" 0.75 (0.41, 1.39) 0.71 (0.30, 1.69) 1.11 (0.46, 2.68)
Criminal Justice
History®
Yes 0.42 (0.26, 0.68)*** 0.31 (0.18, 0.54)*** 1.04 (0.63, 1.71) 0.45 (0.24, 0.84)* 6.09 (3.24, 11.45)***
State Policy Count? 1.11 (0.97, 1.25) 0.95 (0.81,1.12) 1.08 (0.94, 1.23) 1.07 (0.90, 1.28) 1.11 (0.88, 1.39)
US Region
South (reference)
Northeast 2.42 (1.30, 4.50)** 1.67 (0.80, 3.48) 0.80 (0.45, 1.42) 1.53 (0.56, 4.21) 0.83 (0.31, 2.24)
Midwest 0.98 (0.65, 1.49) 1.32 (0.78, 2.22) 1.06 (0.68, 1.67) 0.60 (0.33, 1.09) 1.12 (0.54, 2.32)
West 0.92 (0.60, 1.43) 1.11 (0.65, 1.89) 0.73 (0.47, 1.12) 0.63 (0.32, 1.25) 1.31 (0.62, 2.76)

Emerging COVID-19
Hotspot®

Yes 0.64 (0.32, 1.28) 0.75(0.33,1.71) 1.36 (0.68, 2.69) 0.71(0.24,2.11) 1.34 (0.45, 3.98)
Political Affiliation

Republican
(reference)

Democrat 3.15 (2.04, 4.87)"+* 7.19 (4.02, 12.88)"** 2.19 (1.39, 3.43)"* 3.40 (1.65, 6.98)"* 0.37 (0.18, 0.77)"*

Lean Democrat

3.12 (1.68, 5.81)"**

6.04 (2.72, 13.40)***

131 (0.72, 2.37)

2.04(0.81, 5.13)

0.25 (0.08, 0.84)"

Don’t Lean/
Independent

1.46 (0.92, 2.33)

2.18 (1.27,3.72)**

0.76(0.47, 1.21)

1.17 (0.61, 2.24)

0.50 (0.23, 1.08)

Lean Republican

1.33 (0.79, 2.26)

1.56 (0.85, 2.86)

1.02 (0.59, 1.76)

1.17 (0.55, 2.50)

0.71 (0.30, 1.65)

(Continued)
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Table 3. (Continued)

Wear Mask when
Leaving Home

(n=963)
AOR (95% CI)
Nagelkerke’s R 0.19

Maintain Six Feet of Limit Interactions to Groups | Wash Hands More Respondent Tested for
Distance from Others of 10 or Less Often than Usual COVID-19
(n =963) (n =962) (n =963) (n=953)
AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI)
0.24 0.135 0.19 0.19

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval.

“p<.05
“p<.01
#p < .001.

* Race categories were mutually exclusive.

® Opioid misuse is defined in the survey as ever used opioids/prescription pain medication illicitly obtained or used in a way not prescribed by a doctor.

¢ Criminal justice involvement is defined in the survey as convicted of any misdemeanor or felony crime and/or incarcerated in jail or prison.

4 Number of state policies related to COVID-19 implemented prior to April 30, 2020 period.

¢ Whether the county identified as a hotspot all days during the survey period. A hotspot was defined as having a high number of daily cases in the county and

surrounded by counties with a high number of cases based on daily new cases for every day, adjusted for population size.

https://doi.org/10.1371/journal.pone.0259257.t1003

likely to report taking prevention actions [30]. A study of Turkish adults found that younger
people, females, and those with higher education reported more preventive behaviors [31].

This study’s US sample displayed a slightly different pattern. Older respondents reported
higher rates of protective behaviors, perhaps reflecting early and clear public awareness of the
sharp age gradients in COVID-19 morbidity and mortality. We found no consistent relation-
ship between education and protective behaviors. However, we found that females were more
likely to use facial coverings and restrict themselves to groups of 10 or less.

Individuals with OUD are particularly vulnerable to COVID-19 infection and worse out-
comes from the disease, including hospitalization and death [7]. We did not find a clear rela-
tionship between opioid use and COVID-19 protective behaviors (other than physical
distancing) despite clear relationships between OUD and accessing healthcare, restrictions on
substitution therapy during COVID-19, increased risk of life-threatening withdrawals, and
limitations on obtaining support due to the shuttering of treatment centers [32].

A model to help with building on our results in future research are socio-physical models.
Socio-physical models have been used to interpret the interactions of complex social systems
such as public opinions, behavior of crowds and collective decision making [33]. Socio-physi-
cal models suggest that the COVID-19 protective behaviors examined in our study may be
shaped, at least in part, by social influence [33]. That is, individuals are likely to be influenced
by others they interact with and are more likely to adopt similar behavior or attitudes as those
around them [33]. This could explain some of our results such as political affiliation, with
Democrats likely spending more time around other Democrats which helps reinforce their
adoption of COVID-19 protective behaviors. Future research should consider using social net-
work analysis to study smaller networks than our national study. Such research would assess if
and how the COVID-19 protective behaviors documented in our study are interrelated within
social networks, as documented in Litwin and Levinsky’s research with an older population
[34] and as suggested by socio-physical model theory.

Building on ‘vaccination game’ research, which gives a mathematical framework to account
for this interrelated behavior not only for epidemiologic dynamics but also for the voluntary
mitigation risk behavior of individuals who face pandemics [35], can also be useful in future
work. Kabir, Risa and Tanimoto provided an excellent recent example of using a game model,
combining the mathematical models of epidemiology with evolutionary game theory, to study
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mask wearing during the COVID-19 pandemic [36]. Kabir and colleagues quantify how people
wearing masks directly benefit the wearer and brings advantage to other people during a pan-
demic, based on a social learning process that accounts for the risk of infection and mask wear-
ing intangible costs. The work of Kabir and colleagues reveals a diverse and rich social
dilemma structure and sociological dimension to mask wearing. Our study did not have the
data to explore this dimension but future research should consider examining this further.

Other next steps based on our research include using tailored and community-specific
engagement to assist with the deployment of COVID-19 prevention interventions. This is crit-
ically important given that Black/African Americans, Hispanic/Latinx community members
and other minoritized populations historically have either had limited or delayed access to pre-
vention interventions [37, 38]. These communities may harbor longstanding mistrust in health
care and government institutions which represents an additional barrier to COVID-19 vacci-
nation [38]. Striking differences in self-reported protective practices by party identification
underscore the need for culturally competent public health messaging that crosses partisan
divides [39].

Study limitations

This analysis did not allow for causal or other temporal inferences with cross-sectional data.
Our data were also collected during a particular early period in the COVID-19 pandemic and
patterns of protective practices may have shifted over time. While fifteen percent of our sample
reported histories of either opioid misuse or CJI, our household study did not include individ-
uals presumably at the highest risk (e.g., those currently incarcerated). We also lack measures
of COVID protective behaviors and risk-factors among individuals with current or very recent
histories of CJI involvement or opioid use; something that will be examined in detail through
the NIH’s RADx-UP initiative [40]. We also did not have a more detailed measure of political
affiliation capturing more extreme ideologies (e.g., "far right", "far left"), and therefore might
have failed to capture more extreme behaviors regarding adoption of COVID-19 prevention
guidance.

As with other household surveys, this study displayed a modest response rate. Nevertheless,
the AmeriSpeak panel’s response rate of 37% is one of the highest for comparable national
probability-based household panels [16]. We weighted the data to national census bench-
marks, taking into account selection probabilities and addressed possible non-response bias
with statistical weights and non-response adjustments.

While social desirability and other response biases are possible in our self-report survey,
reliable and valid estimates of risky behaviors is possible with surveys [41], including with
COVID-19 [18]. Moreover, relatively economical, rapid turn-around national household sur-
veys such as AmeriSpeak can be complemented with more extensive and costly efforts to
achieve more granular understanding of individual behaviors and survey responses, as well as
to investigate the circumstances, behaviors, and beliefs of severely-vulnerable Americans and
others who are not effectively reached through surveys.

Conclusion

Our data suggest that most American adults have adopted at least some protective behaviors to
reduce the risk of COVID-19 transmission and infection. We also find uneven take-up of such
measures. Younger adults, low-income respondents, those with CJI histories, and those identi-
fying themselves as Republican were less likely to report protective behaviors. These findings
are important for prevention. They will remain highly relevant as vaccines become available,
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given the complementarities between vaccines and protective behaviors, as well as the many
challenges in delivering vaccines.

We found little relationship between the emergence of local hotspots or state public health
policies with respondents’ protective behaviors. Low prevalence of protective behaviors may
have accelerated local disease spread. One or both of these factors may have necessitated more
aggressive state measures. Alternatively, respondents’ protective behaviors may not be very
responsive to local public policies and epidemiological conditions.

At this writing, millions of Americans are starting to receive COVID-19 vaccines. However,
vaccines alone may be insufficient to halt the current pandemic, at least in the near term [42],
which means that we will need to continue to further understand barriers to prevention behav-
iors (e.g., masking and distancing) and testing associated with reducing the spread of COVID-
19. More specifically, the nation will still require an effective COVID-19 prevention toolkit to
slow disease spread. This toolkit must include existing recommended protective behaviors,
COVID-19 testing, renewed contact tracing efforts designed in light of previous efforts, along-
side evidence-based measures to promote vaccine uptake. Public health messaging must be
designed and focused to achieve cultural competence across a diverse range of communities
and populations that differ in their sociodemographic make-up, cultural and political identi-
ties. The public health community faces a key challenge to identify culturally competent mes-
saging, delivered through trusted messengers, to promote and reinforce both vaccination and
evidence-based protective behaviors.

Throughout, nationally representative surveys can help accomplish these tasks. Such
research can help monitor how protective behaviors and vaccine hesitance vary across the US,
particularly among those groups at greatest risk. It can also assist in the development of
focused epidemiological surveillance, and the testing of public health messaging and other
COVID-19 prevention interventions.
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