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Abstract 

Background Individuals with high social vulnerability index (SVI) have poorer outcomes with COVID-19. Masking 
reduces transmission of COVID-19 among children, but how SVI plays a role in masking behavior is unknown. We 
aimed to measure the association of SVI with masking adherence among children during the COVID-19 pandemic.

Methods We conducted a multi-site, prospective syndromic surveillance study among children aged 2 – 17 years 
in the Southeastern United States by daily electronic surveys which solicited symptoms of COVID-19-like illness, 
infection with or exposure to SARS-CoV-2, masking habits, and any receipt of COVID-19 vaccines. Parents/guardians 
submitted surveys for their children; adolescents 13 years and older could opt to submit their own surveys. Multivari-
able and univariate linear models were used to measure the associations of different predictors such as SVI with mask-
ing adherence.

Results One thousand four hundred sixty-one children from 6 states and 55 counties predominately from North 
and South Carolina were included in the analysis. Most children in the cohort were 5 – 11 years old, non-Hispanic 
White, from urban counties, and with low-moderate SVI. Overall masking adherence decreased over time, and older 
children had higher masking adherence throughout the study period compared with younger children. Children 
who resided in urban counties had greater masking adherence throughout the study period than those who resided 
in suburban or rural counties. Masking adherence was higher among children with both low and medium SVI 
than those with high SVI.

Conclusions Despite being at risk for more severe outcomes with COVID-19, children with high SVI had lower levels 
of masking adherence compared to those with low SVI. Our findings highlight opportunities for improved and tar-
geted messaging in these vulnerable communities.
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Background
During the COVID-19 pandemic, the Centers for Disease 
Control and Prevention (CDC) and World Health Organ-
ization recommended masking to mitigate the transmis-
sion of SARS-CoV-2 infection [1, 2]. Mask mandates are 
associated with a decrease in spread of infection at both 
local and state level [3]. Despite evidence supporting 
masking, mandating masks among children, particularly 
in schools, is controversial [4]. While the prevalence of 
masking mandates has decreased as the pandemic has 
evolved, masking is still a measure that vulnerable popu-
lations can take to reduce their risk of infection.

Several studies have demonstrated that individuals with 
high social vulnerability index (SVI), which leverages 
United States Census data to describe social vulnerability 
of counties and tracts based on social factors such as pov-
erty, housing, and access to transportation, are at greater 
risk for increased morbidity and mortality with COVID-
19 [5–7]. Racial and ethnic disparities in the severity of 
COVID-19 and multisystem inflammatory syndrome in 
children (MIS-C) are well established [8, 9]. Immuniza-
tion, the other major mechanism to mitigate acquisition 
and transmission of SARS-CoV-2 infection, is also vari-
able based upon SVI; adults and children from counties 
with higher SVIs are less likely to be immunized against 
COVID-19 [10]. Barriers to immunizations among fami-
lies with higher SVI include health literacy and financial 
and transportation limitations. However, the association 
of SVI and masking behavior, particularly among chil-
dren, is less clear.

Because of the known disparities of COVD-19 out-
comes in children with high SVI, it is critical for public 
health officials to understand the impact of risk-reducing 
interventions, like immunization and masking. Factors 
associated with masking are more multi-faceted than 
those associated with immunization. Psychosocial fac-
tors such as racial and ethnic identity, community norms, 
and political connotations of masking may play a role in 
masking behavior [11, 12]. Understanding patterns in 
masking behavior among children during a pandemic can 
help public health officials allocate resources and target 
educational interventions in high-risk areas with lower 
masking prevalence. We measured the prevalence of 
masking adherence among children enrolled in a syndro-
mic surveillance study in the Southeastern United States.

Methods
The COVID-19 Community Research Partnership 
(CCRP) is a multi-site, prospective study combining 
electronic symptom surveillance with at-home longitu-
dinal serological and virological surveillance in adults 
and children [13, 14]. The pediatric arm of the study 
included children 2 – 17  years of age. Children were 

enrolled through large healthcare systems serving popu-
lations predominantly in North and South Carolina, from 
April 2 through June 24, 2021. The study was approved 
by a centralized Institutional Review Board. Participants 
were recruited through email, public-facing advertise-
ment, and in-person engagements. Community-based 
partnerships were used to recruit minorities at commu-
nity events, through churches, and ethnic grocery stores. 
During enrollment, participants or parents/guardians 
of participants provided informed consent to symptom 
surveillance alone or symptom surveillance and at-home 
serological and virological testing; adolescents 13  years 
and older provided assent. Participants self-reported 
demographic data and health history including prior his-
tory of SARS CoV-2 infection at enrollment. Daily elec-
tronic surveys developed and administered by Oracle 
Corporation (Redwood, CA, USA) solicited symptoms 
of COVID-19-like illness, infection with or exposure to 
SARS-CoV-2, masking habits, and any receipt of COVID-
19 vaccines. Parents/guardians submitted surveys for and 
conducted at-home tests on their children; adolescents 
13 years and older could opt to submit their own surveys. 
Further details of the study protocol were previously 
published [15]. Syndromic surveillance was completed on 
December 31, 2021.

We included in the analysis participants who submit-
ted surveys consistently, defined as survey submission at 
least once per week for at least 12  weeks consecutively. 
Participants’ home addresses were securely geocoded 
and associated with a census tract and corresponding 
CDC SVI [16]. If a child lived with more than one car-
egiver with different residences, we used the address of 
the caregiver who enrolled the child, with the stipulation 
that the child lives at least part-time with this caregiver. 
The CDC SVI data included the overall SVI score as well 
as RPL_THEMES, which is an overall tract summary 
ranking variable of four themes related to social vulner-
ability: socioeconomic status, household composition 
and disability, minority status and language, and housing 
type and transportation. Participants from census tracts 
that did not have an associated RPL_THEMES value 
were excluded from the analysis. Participant SVI data 
were categorized into tertiles of nearly equal number of 
observations.

Masking adherence was defined as wearing a mask 
when interacting with people outside of the household. 
We used a binary scale of adherent or non-adherent to 
masking. Adherence to masking was captured by partici-
pants responding in the survey that they masked “all of 
the time” or “some of the time” if they “interacted closely 
(within 6 feet) with people outside of [their] immediate 
household.” Adherence was calculated as the proportion 
of time during survey enrollment that participants wore 
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a mask when interacting with people outside of their 
household. The primary outcome of interest was the 
reported masking adherence over time and the associa-
tions of race/ethnicity, age, sex, rurality of residence, and 
SVI. Rurality was determined by the participant’s county 
of residence, which was defined as rural, suburban, or 
urban, based upon population density [15, 17]. Summary 
statistics were completed to describe the study cohort. 
Multivariable and univariate linear models were used 
to explore the associations of different predictors with 
masking adherence. Univariate analysis was conducted 
for each of the above variables. Multivariable models 
were fit with univariate predictors with statistical signifi-
cance defined as a p-value ≤ 0.05. All analyses were con-
ducted in Python version 3.8 and R version 4.0.1.

Results
A total of 3,310 pediatric participants were enrolled in 
the study. Of those, 12 were excluded because of missing 
RPL_THEMES data. Of the remaining 3,298 participants, 
1,873 participants were excluded due to not answering 
the survey for at least 12 consecutive weeks. Therefore, 
a total of 1,461 pediatric participants met inclusion cri-
teria for analysis, with the mean participant reporting 
4.9 times per week and the median participant reporting 
5 times per week. Participants came from 6 states and 
55 counties. The majority of children were from North 
Carolina (n = 1,296, 88.7%) and South Carolina (n = 158, 
10.8%), with lower representation from Virginia (n = 4, 
0.3%) and one participant each from Florida, Illinois, and 
Mayland. Most children were 5 – 11 years of age (47%), 
non-Hispanic White (80.2%), and from urban counties 
(54.7%) (Table 1). More than 70% of the cohort had a SVI 
value between 0.0007 and 0.441, reflecting low-moderate 
social vulnerability (Table 1).

The overall percentage of participants who were adher-
ent to masking started at a maximum of nearly 50% at 
the beginning of the study and then decreased to a mini-
mum of 39% at week 10 and ended at 43% at the end of 
the study (Fig. 1). Children aged 5 – 17 years had higher 
masking adherence throughout the study compared 
to children aged 2 – 4 (Fig.  2). The univariate analysis 
revealed a 1.04% (95% confidence interval [CI] 0.72, 1.36) 
increase in masking adherence with each year of increase 
in age. The multivariable analysis, which adjusted 
for race, ethnicity, sex, rurality of residence, and SVI, 
revealed a 1.07% (95% CI 0.76, 1.39) increase in mask-
ing adherence with each year of increase in age. Masking 
adherence was not statistically different among differ-
ent racial/ethnic groups or between male and female sex 
(Figs. 3 and 4).

Children who resided in urban counties had greater 
masking adherence throughout the study than those who 

resided in suburban or rural counties, with a difference 
of 6.70% (CI 3.68, 9.72) and 8.55% (CI 4.22, 12.9) by uni-
variate analysis, respectively, and a difference of 7.08% 
(CI 4.08, 10.1) and 5.60% (CI 0.66, 10.5) by multivariable 
analysis, respectively (Fig. 5). Although there was no dif-
ference detected in masking adherence between children 
with low and medium SVI, the masking adherence was 
higher among children with either low or medium SVI 
than those with high SVI (Fig. 6). Children with the low-
est SVI had 8.06% (CI 4.56, 11.6) and 6.09% (CI 2.23, 9.96) 
higher masking adherence than those with the highest 
SVI by univariate and multivariate analyses, respectively.

Discussion
In our multi-site, prospective CCRP study, we measured 
patterns associated with masking adherence among chil-
dren during the COVID-19 pandemic. Overall masking 
adherence decreased slightly across the study period. We 
suspect this was due to public messaging on masking 
guidance changing over time as well as pandemic fatigue, 
which refers to the decline in adherence to infection 
prevention guidelines secondary to pandemic-related 
emotional burnout [18, 19]. Masking adherence was 
also lower among the youngest age group, who may be 

Table 1 Characteristic of pediatric participants in syndromic 
surveillance

a Low: SVI in range (0.0007, 0.2]
b Medium: SVI in range (0.2, 0.44]
c High: SVI in range (0.44, 0.984]

Overall (N = 1461)

Sex
 Female 766 (52.4%)

 Male 695 (47.6%)

Age (years)
 2–4 259 (17.7%)

 5–11 686 (47.0%)

 12–17 516 (35.3%)

Race/Ethnicity
 Non-Hispanic White 1171 (80.2%)

 Non-Hispanic Other 129 (8.8%)

 Non-Hispanic Black 85 (5.8%)

 Hispanic 76 (5.2%)

Rurality of County of Residence
 Urban 799 (54.7%)

 Suburban 483 (33.1%)

 Rural 179 (12.3%)

Social Vulnerability
  Lowa 557 (38.1%)

  Mediumb 483 (33.1%)

  Highc 421 (28.8%)
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more behaviorally reticent to wear masks or need more 
guidance from adults to readjust their masks [20]. Chil-
dren who resided in rural and suburban counties exhib-
ited lower masking adherence than those who resided in 
urban settings, a finding that is supported by previously 
published studies [21, 22]. Our study adds to the litera-
ture by demonstrating masking differences among chil-
dren based upon their SVI. Children in our cohort with 
the highest SVI had the lowest masking adherence.

Prior studies have established that social factors can 
contribute negatively to health outcomes. Higher SVI is 
associated with greater risks of childhood obesity, asthma 
exacerbations, and cardiovascular disease [23–25]. 
During the pandemic, similar associations were found 
between SVI and COVID-19 outcomes. One ecologi-
cal study measuring the effect of SVI on the incidence 
of COVID-19 in Louisiana between March and August 
2020 found a 52% higher risk of SARS-CoV-2 infection in 
census tracts with higher levels of SVI even after adjust-
ing for population density [5]. In addition to greater risk 
of infection, higher SVI was also associated with greater 
risk of mortality from COVID-19 [6]. To assess sever-
ity of outcomes in children, another study utilized data 
from the Overcoming COVID-19 registry and found 
that children with high SVI had 2.03 times greater odds 

of developing MIS-C than those with low SVI, and those 
with moderate SVI had 1.88 greater odds of developing 
MIS-C than those with low SVI [26]. Although Black and 
Hispanic children have higher SVI and higher rates of 
MIS-C, SVI was associated with a greater likelihood of 
MIS-C even after adjusting for racial, ethnic, and other 
demographic factors [26]. This association of SVI and 
severe outcomes from COVID-19 highlights the role 
socioeconomic stress may play in the dysregulation of the 
immune system’s response to SARS-CoV-2. Individuals 
from lower socioeconomic status often have barriers to 
food security, shelter, and access to health care (particu-
larly preventative health care), which can all negatively 
impact the clinical outcomes after infection.

The association of high SVI with poor COVID-19 
outcomes indicates the need to better understand and 
optimize infection prevention interventions in this vul-
nerable pediatric population. Early in the pandemic, 
adults with higher SVI were less able to adhere to stay-
at-home recommendations [27]. These individuals are 
more likely to have essential jobs without work-from-
home options and fewer resources to sustain a house-
hold without working. In turn, children from the same 
households as these caregivers were also at increased 
risk for acquiring infection. Because factors outside 

Fig. 1 Overall masking adherence
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of their control can prevent individuals with high SVI 
from adhering to social distancing precautions, efforts 
to prevent transmission of infection should be focused 
on immunization and masking in this population.

Our study findings of lower masking adherence 
among children with higher SVI echo vaccine uptake 
within these communities. Several studies have dem-
onstrated lower COVID-19 vaccine uptake among 
individuals with higher SVI during the pandemic [28]. 
Unfortunately, efforts to increase vaccination sites 
in settings with high vulnerability populations have 
not mitigated this disparity in immunization against 
COVID-19 [28]. Pediatric-specific efforts to increase 
vaccine uptake were also associated with persistent 

disparities based upon SVI. After 11  weeks of imple-
menting a national pediatric vaccine program on 
November 1, 2021, 54% of providers were established 
in high SVI areas, but the two dose vaccine series was 
completed by only 13.7% of the population in these 
high SVI areas, compared to 21.7% in low SVI areas 
[29]. Reasons for this disparity include parental vac-
cine hesitancy and discordance in messaging regard-
ing vaccine information in the community. In addition 
to improving messaging by collaborating with trusted 
stakeholders in communities to address parental con-
cerns regarding immunization, addressing disparities 
in masking adherence is also vital to further reduce the 
burden of infection in high-risk communities.

Fig. 2 Masking adherence by age
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Our findings of lower rates of masking among children 
with higher SVI is crucial as this infection prevention 
measure is being underutilized in the population most 
at risk for severe outcomes from COVID-19. Although 
immunization decreases the risk of severe outcomes of 
COVID-19, including MIS-C, improving masking adher-
ence can reduce SARS-CoV-2 transmission. A prospec-
tive nested case–control CCRP study in adults revealed 
that lack of masking adherence was associated with 49% 

higher odds of acquiring SARS-CoV-2 infection during 
November 2020 – October 2021 than consistently mask-
ing [30]. This association persisted despite participant 
immunization status, underscoring the additive value 
of masking during periods with high risk of infection 
transmission.

Lower rates of masking among children with higher 
SVI highlights the need to improve messaging and allo-
cation of resources in their communities. One qualitative 

Fig. 3 Masking adherence by race/ethnicity
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study which utilized a focus group of North Carolina 
residents to understand motivations and barriers to 
masking demonstrated that the desire to protect oneself 
and others against infection was a key driver in masking 
adherence [31]. Another focus group study from Canada 
found that despite their desire to adhere to guidelines 
backed by scientific evidence, inconsistent public health 
messaging and lack of clear rationales behind masking 
caused confusion and mistrust towards healthcare pro-
fessionals, leading to reduction in masking adherence 
[32]. Developing focus groups with parents and caregiv-
ers from predominantly high SVI regions can be targeted 
for future studies to determine how to tailor messag-
ing to improve masking adherence in children from this 
vulnerable population. Furthermore, ensuring high SVI 
regions have abundant access to high-quality masks can 
also assist in optimizing masking adherence and reduc-
tion in transmission of infection [33].

Our study addresses a gap in the literature regarding 
the relationship between masking behavior and SVI, 

especially in children. Strengths of the study include a 
large sample size covering a wide region in the South-
east United States, which ranks lower than the rest of 
the country in healthcare status and outcomes among 
individuals [34]. The prospective nature of our surveil-
lance study also allowed us to assess changes in indi-
vidual masking patterns over time as the pandemic 
evolved.

Limitations of our study include the use of calen-
dar time for trending changes in masking adherence. 
Because heterogeneity exists in the start and stop dates 
for follow-up of participants in our study, the role 
of masking policies in masking adherence cannot be 
incorporated into the analysis. However, in general, our 
study took place during the Delta variant phase, when 
the CDC recommended that everyone, regardless of 
their vaccination status, wear a mask indoors in areas 
with high prevalence of COVID-19. Because our study 
is limited to the Delta variant phase, we did not address 
masking adherence during the Omicron variant phase, 

Fig. 4 Masking adherence by sex
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which was associated with increased transmissibility 
of the virus. Additionally, we classified our high SVI 
population as children from the tertile range of 0.4 – 
0.8, which is a less granular approach compared to the 
quartile ranges utilized by the CDC, which defines high 
SVI as > 0.75 and moderately high SVI as 0.5 – 0.75 
[35]. Our inclusion criteria of only individuals who con-
sistently responded to the survey also adds an element 
of selection bias to our study, as those who responded 
may have a higher degree of masking compliance (i.e., 
be more engaged in following policies and public health 
measures). Additionally, our definition of masking 
adherence allows a level of subjectivity from the survey 
respondent as individual thresholds for “some of the 
time” likely vary among participants. Finally, our find-
ings cannot be generalized to regions outside of North 

and South Carolina or communities with a high den-
sity of minority populations. Although we enhanced 
recruitment efforts of minority children, our study 
still underrepresented minority children, including 
those with higher SVI [36]. Future studies should aim 
to enrich the enrollment of minority children to better 
understand masking patterns in this group. Addition-
ally, further qualitative studies to better understand the 
reasons behind masking adherence would be helpful to 
inform interventions to improve masking rates among 
vulnerable populations.

Conclusions
Children with higher SVI have lower masking adherence 
and should be the target of public health interventions to 
improve the uptake of infection prevention measures in 

Fig. 5 Masking adherence by rurality of county of residence
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populations at greatest risk for infection and poor out-
comes secondary to infection. Ongoing surveillance of 
infection, vaccination, and masking patterns would be 
helpful to continue protecting the most vulnerable popu-
lations in the post-pandemic era.
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