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ABSTRACT During September to December 2021, school mask policies to mitigate 
SARS-CoV-2 transmission varied throughout the US. We compared infection-induced 
seroprevalence estimates and estimated seroconversion among children residing in 
areas with and without school mask requirements. We estimated infection-induced 
seroprevalence among children in three age groups (5–17, 5–11, and 12–17 years) 
in areas with and without school district mask requirements for two time points: 
September 1–30, 2021 and December 15, 2021 to January 14, 2022. Robust Poisson 
regression models estimated population seroconversion over the semester among 
initially seronegative children. Permutation tests assessed for significant differences in 
the estimated population seroconversion due to incident infections by school district 
mask policy. Residing in an area with no school mask requirement was associated with 
higher infection-induced seroprevalence among children aged 5–17 years (adjusted 
prevalence ratio [aPR] = 1.18, 95% confidence interval [CI]: 1.10, 1.26), and those aged 
5–11 years (aPR) = 1.21, 95% CI: 1.10, 1.32) and those aged 12–17 years (aPR = 1.16, 
95% CI: 1.07, 1.26), compared with areas requiring masks in school. Estimated population 
seroconversion during the semester was also significantly higher among children in 
districts without mask policies than those with school mask requirements among all age 
groups (5–17 years: 23.7% vs 18.1%, P < 0.001; 5–11 years: 6.4% vs 4.5%, P = 0.002;12–17 
years: 27.2% vs 21.0%, P < 0.001). During the U.S. Fall 2021 semester, areas with school 
mask requirements had lower infection-induced seroprevalence and an estimated lower 
proportion of seroconversion due to incident infection among school-aged children 
compared with areas without school mask requirements; causality cannot necessarily be 
inferred from these associations.

IMPORTANCE During the U.S. Fall 2021 school semester, the estimated proportion 
of previously uninfected school-aged children who experienced a first infection with 
SARS-CoV-2 was lower in areas where public school district policies required masks for 
all staff and students compared with areas where the school districts had no mask 
requirements. Because children are more likely than adults to experience asymptomatic 
or mild SARS-CoV-2 infections, the presence of infection-induced antibodies is a more 
accurate measure of infection history than clinical testing. The proportion of children 
with these antibodies (i.e., seroprevalence) can improve our understanding of SARS-
CoV-2 by detecting more infections and eliminating potential bias due to local testing 
and reporting practices. Enhanced robustness of surveillance for respiratory infections 
in children, including records of mitigation policies in communities and schools, as well 
as seroprevalence data, would establish a better evidence base for policy decisions and 
response measures during future respiratory outbreaks.
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D uring the COVID-19 pandemic, the U.S. educational system faced unprecedented 
challenges. Initially, school districts adopted virtual learning as an infection control 

strategy. By the start of the 2021–2022 school year (typically August or September), 
many U.S. school districts had reinstated in-person learning. The Delta variant of 
SARS-CoV-2, known to be more infectious than prior strains (1), was the predominant 
variant at that time. To mitigate SARS-CoV-2 spread, districts adopted varying measures, 
including mask requirements.

Masks have been a central mitigation measure in many settings to prevent the 
transmission of SARS-CoV-2 (2), which spreads through respiratory droplets and aerosols 
(3). Proper use of high-quality masks has been shown to reduce the level of detectable 
droplets and aerosols (3), lowering the risk of transmission. Mask-wearing has also been 
associated with a substantially reduced risk of transmission after close contact (4). In the 
school setting, where effective social distancing is not always possible, facemasks have 
been shown to help lower the risk of in-school transmission according to case report 
data and studies with frequent testing (5–9).

Many studies examining mask policies and COVID-19 transmission in schools are 
limited by their reliance on COVID-19 case report data. A lower proportion of infec
tions in the pediatric populations are detected by case reporting than in adult popula
tions, due in part to the increased proportion of asymptomatic or mild infections (10). 
Data on the proportion of the pediatric population with SARS-CoV-2 antibodies (i.e., 
seroprevalence) can improve understanding of the incidence of SARS-CoV-2 infection 
and eliminate potential bias due to local testing and reporting practices (11).

The objective of this study was to examine the effectiveness of mask requirements 
during the Fall 2021 semester in K-12 schools by (i) comparing infection-induced 
seroprevalence among school-aged children in areas where school districts required 
masks throughout September to November 2021 to areas where there were no school 
mask requirements and (ii) to compare the estimated population seroconversion of 
children in districts requiring masks to those in districts with no mask requirements.

MATERIALS AND METHODS

Mask policy data

Mask policy data for school districts throughout the United States were collected 
daily through survey results and web scraping (8, 12). Each included school district 
was classified by the type of school mask policy in place from September 1, 2021 to 
November 30, 2021 (school policy classification period). During this period, 98% of data 
reports from school districts showed in-person learning. For this analysis, districts with 
consistent school mask policies that required masks for all students and staff through
out the study period were classified as “full mask.” Those that did not implement any 
mask requirement during the study period were classified as “no mask.” Districts with 
policies that required masks for some but not all individuals, and those with policies that 
changed during the study period, were classified as “partial mask” districts.

Seroprevalence data

Data from the Nationwide Commercial Laboratory Survey (NCLS) were used to pro
duce infection-induced seroprevalence estimates. NCLS partnered with three commer
cial laboratory networks that collected convenience samples of deidentified residual 
blood specimens to test for SARS-CoV-2 infection-induced antibodies throughout the 
United States (50 states, Washington, DC, and Puerto Rico). Specimens were originally 
collected for clinical screening or testing unrelated to the assessment of COVID-19 
infection. All commercial laboratories tested blood specimens with the Roche Elecsys 
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anti-nucleocapsid [anti-N] pan-immunoglobulin assay, which has an estimated mean 
time to sero-reversion of approximately 2 years after initial infection (13). Anti-N 
antibodies are only produced in response to previous infection, not in response to any 
vaccination authorized or approved for use in the U.S. Antibody results were reported in 
4-week collection periods. Full NCLS study methods are described elsewhere (14).

To assess the effects of mask policies in K-12 schools over the U.S. Fall 2021 semes
ter, we limited the analysis to specimens drawn from persons aged 5–17 years during 
two time periods: initial seroprevalence assessment period (September 1–30, 2021) and 
end-semester assessment period (December 15 to January 14, 2022). Thirty-day time 
periods for seroprevalence assessment were selected to have an adequate sample size 
to estimate seroprevalence. The initial seroprevalence assessment period represents the 
earliest 30-day period of data available during the U.S. Fall 2021 academic semester. The 
end-semester assessment period was selected to initiate 15 days after the conclusion of 
the school policy classification period, since 99.5% of persons who had been infected 
on the last day of school policy classification period would have developed detectable 
anti-N antibodies by that date (15).

Patient consent statement

This activity was reviewed by the U.S. Centers for Disease Control and Prevention (CDC) 
and was conducted consistent with applicable federal law and CDC policy (e.g., 45 
C.F.R. part 46; 21 C.F.R. part 56; 42 U.S.C. §241(d), 5 U.S.C. §552 a, 44 U.S.C. §3501 et 
seq.). Informed consent was waived as data were de-identified and Health Insurance 
Portability and Accountability Act (HIPAA)-compliant.

Geographic catchment and weighting of data

School districts with at least one mask policy data point during the school policy 
classification period were eligible for the analysis, which included 14,368 individual 
school districts within 11,459 unique zip code tabulation areas (ZCTAs). School district-
level mask policy data were aggregated by ZCTA since seroprevalence data by school 
district were not available. ZCTAs with no data for school mask policy (n = 503) were 
excluded. We excluded two sets of mixed or partial ZCTAs: (i) those containing more than 
one school district where those districts fell within differing school mask categories (n = 
1,176) and (ii) those containing school districts classified in the “partial mask” group (n = 
2,545).

Among 7,235 ZCTAs eligible for inclusion, 1,892 unique ZCTAs had available 
seroprevalence data (n = 5,214 specimens); 1,317 ZCTAs were in the full mask group and 
575 ZCTAs were in the no mask group (Fig. S1). Initial seroprevalence data were available 
from 1,285 of these ZCTAs (n = 2,694 specimens); the median number of specimens 
included per ZCTA was 1 (range: 1–24). End-semester seroprevalence data were available 
from 1,323 ZCTAs (n = 2,520 specimens); the median number of specimens included per 
ZCTA was 1 (range: 1–27). Data from these ZCTAs comprised the full analytic data set (Fig. 
S2). We compared demographics, case rates, and vaccine rates between the analytic data 
set of 1,892 ZCTAs and all 33,120 ZCTAs in the United States (Table S1).

A smaller data set used for sensitivity analysis consisted of 716 ZCTAs that had data 
for both seroprevalence assessment time points: 529 ZCTAs where school district(s) 
had full mask policies (n = 2,673 specimens), and 187 ZCTAs where school districts 
had no mask policies (n = 841 specimens). (Fig. S1). In the sensitivity analysis, the 
median number of specimens included per ZCTA was two for the initial seroprevalence 
assessment (range: 1–27) and two for the end-semester seroprevalence assessment 
(range: 1–24).

Survey weights were calculated to adjust for differences in age, sex, and metro status 
between the analytic data set and the U.S. population. Metro status was defined as metro 
or non-metro based on the U.S. Department of Agriculture’s Rural-Urban Continuum 
Codes (metro 1–3, non-metro 4–9) (16). Weighting is performed at the national and 
jurisdictional levels using raking techniques (17). Weighting accounted for multiple 
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dimensions to ensure that the weighted distributions mirror the national and state 
distributions even for samples selected with non-probability sampling methods.

Analysis

We first conducted a bivariate analysis to explore the relationship between mask policy 
group and seroprevalence. Using Pearson’s χ2 test, we compared the weighted seropreva
lence between groups at the initial and end-semester assessment time periods.

Next, we applied Poisson regression models with robust variance estimation, robust 
Poisson regression (18–20), to examine the association between school mask policy 
status and seroprevalence, pooling specimens from the initial and end-of-semester 
assessment periods. The model employed identical survey weights to those utilized 
in the bivariate analysis. The outcome variable was individual-level seropositivity. 
Covariates included individual-level covariates (age and sex), area-level covariates 
(Census region, county-level urbanicity), ZCTA-level covariates (majority race/ethnicity, 
education, and poverty-level from the 2020 U.S. Census American Community Survey 
5-year estimates), a variable representing time-period (initial or end-semester), county-
level vaccination rate (21), and cumulative case incidence rate (22) for each time 
period according to CDC data. All covariates were categorical except for two continu
ous measures: vaccination rate and cumulative case incidence. Similar to a previous 
study, we defined the ZCTA-level main racial or ethnic group as Hispanic or Latino, 
non-Hispanic Black, or non-Hispanic White based on a threshold of 60% population (23). 
If any of these groups reach this threshold, they become the majority. If not, a combi
nation of Hispanic and Black populations exceeding 60% defines the majority, other
wise it’s labeled as "other.” The county-level vaccination rate represents the cumulative 
proportion of individuals vaccinated since the onset of the pandemic; these rates were 
stratified by two age groups (5–11 years and 12–17 years) and two periods (September 
and December 2021). The county-level cumulative case incidence rate represents the 
cumulative proportion of reported cases accumulated across all age groups from the 
inception of the pandemic until September and December 2021.

Marginal means calculated from the fitted Poisson regression models were used as 
estimates of the proportions of seropositivity by time period and mask policy status, 
assuming all other covariates are the same across these strata. The estimated propor
tions of seropositivity were then used to estimate the proportion of individuals who 
underwent seroconversion between the two assessment periods by mask policy status, 
which is defined as the estimated proportion of people among the population that was 
seronegative at the initial seroprevalence assessment period who seroconverted during 
the study period (hereafter referred to as estimated population seroconversion) (24). 
The estimated population seroconversion provides valuable insights into the dynamics 
of seropositive transitions by accounting for variations in the initial seropositivity rates 
and proportion of the population still susceptible to seroconversion within both the 
full mask and no mask groups. The estimated population seroconversion over the study 
period by group was calculated by subtracting the proportion of seropositive specimens 
in the initial assessment period from the proportion of seropositive specimens in the 
end-semester assessment period and dividing this difference by the estimated propor
tion of seronegative specimens at the initial assessment period as seen in formula (1). In 
other words, this refers to the estimated proportion of initially seronegative specimens 
that transitioned to seropositive during the semester.

(1)Estimated population seroconversion = Proportion of  seropositivityDec −  Proportion of  seropositivitySep
Proportion of  seronegativitySep

Finally, we employed robust (non-parametric) permutation tests (25) to assess 
differences in the estimated population seroconversion between the full mask and no 
mask groups. We chose a non-parametric test so as not to assume an approximately 
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normal distribution of the outcome. To ensure statistical reliability, we randomly sampled 
(without replacement) possible permutations of mask policy status.

We conducted these analyses for the combined age group (5–17 years) and 
separately for two sub-groups (5–11 years and 12–17 years) to assess differential effects 
by age. Analyses were repeated within the sensitivity data set to determine if results were 
robust to restriction of the data set to ZCTAs, which had seroprevalence data available at 
both the initial and end-semester time points.

All analyses were performed using R (Version 4.2.2, Posit). All tests of statistical 
significance were two-sided, and the alpha level was set at 5%.

RESULTS

The initial estimated infection-induced seropositivity among people aged 5–17 years 
residing in “no mask” ZCTAs was 47%, which increased to an end-semester seropreva
lence of 62%. Initial 5- to 17-year-old seropositivity in “full mask” ZCTAs was 35%, 
increasing to an end-semester seroprevalence of 47% (Table 1; Fig. 1). Notably, at the 
beginning of the study period, each group had a different proportion that was sero
negative (i.e., had the potential to seroconvert). Model-based estimates in September 
indicated that 56% of the no mask group and 62.5% of the full mask group were 
seronegative (Table 2). This represents the respective proportions of people in the no 
mask and full mask groups who were initially at risk of infection, as they had not yet 
developed infection-induced antibodies against SARS-CoV-2.

A robust Poisson regression analysis, which used data from the combined study 
periods (September 1–30, 2021 and December 15, 2021 to January 14, 2022) and 
adjusted for time period and individual, area-level, and ZCTA-level covariates showed 
that on average, children in no mask policy ZCTAs had significantly higher infection-
induced seroprevalence compared with those in full mask policy ZCTAs [adjusted 
prevalence ratio (aPR) = overall: 1.18, 95% CI: 1.10–1.26; 5–11 year olds: 1.21, 1.10–
1.32; 12–17 years olds: 1.16, 1.07–1.26 (Tables 4–6)]. Additionally, several covariates 
were significantly associated with seroprevalence. For example, a 10% point increase 
in county-level vaccination rate was associated with lower seroprevalence (aPR = 0.97, 
95% CI: 0.95–0.99) and a 10% increase in county-level cumulative case incidence was 
associated with higher seroprevalence (aPR = 1.24, 95% CI:1.11–1.38) (Table 4). A 
permutation test adjusting for individual, area-level, and ZCTA-level covariates found 
significant differences in estimated population seroconversion (P value < 0.001) in these 
groups. An estimated 23.7% of the initially seronegative population in the no mask 
group seroconverted by the end-semester seroprevalence assessment; an estimated 
18.1% seroconverted in the full mask group (Table 2).

Differences in estimated population seroconversion were also significantly different 
by mask policy in both age sub-groups studied. Among children aged 5–11 years, the 
estimated population seroconversion in the no mask group was 6.4%, whereas that 
in the full mask group was 4.5%; P = 0.002) (Table 2). Children and adolescents aged 
12–17 years had an estimated population seroconversion of 27.2% in “no mask” ZCTAs 
compared with an estimated population seroconversion of 21.0% in “full mask” areas (P < 
0.001) (Table 2). In the sensitivity analysis restricted to ZCTAs that were included at both 
seroprevalence assessment time points (n = 716) (Table 3), the difference in estimated 
population seroconversion between “no mask” ZCTAs completed to “full mask” areas was 
significant for the entire sample and children aged 5–11 years and not significant for the 
those who are 12–17 years old.

When compared with the U.S. population, our sample exhibited a lower percentage 
of white individuals and a more urban composition. Furthermore, our sample was 
concentrated in the Northeast and South and in counties that, on average, had higher 
proportions of individuals under the age of 18 compared with national data. Effect sizes 
generally indicated small effects, even where differences were significant among the 
large sample size. There was a moderate effect size for COVID vaccination rates, which 
were higher in the analytic data set than national data (Table S1).
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DISCUSSION

During the Fall 2021 school semester in the United States, ZCTAs with consistent full 
mask policies for all students and staff had lower seroprevalence than ZCTAs with 
no school mask requirement at both the initial and end-semester time points. The 
observed associations are likely multi-factorial, including school mask policies, current 
and previous mitigation measures outside of the school context, and the level of 
community adherence to those measures and vaccination recommendations.

Our analysis examined population seroconversion in school-age children due 
to incident infection during the U.S. fall 2021 semester and found greater estima
ted population seroconversion in children from districts without mask requirements 
compared to those with mask mandates for students and staff. Significant estimated 
seroconversion differences were also found across both age groups. The robustness of 

FIG 1 SARS-CoV-2 infection-induced seroprevalence among specimens from individuals aged 5–17 years collected in ZCTAs with a full school mask policy and in 

ZCTAs with no school mask policy during September 1–30, 2021 and December 15, 2021 to January 14, 2022. Note: These descriptive statistics of seroprevalence 

is estimated with survey weights adjusting for age, sex, and metro status. Lines represent 95% confidence interval (CI).

TABLE 2 Estimated seroconversion rates by age and mask policy, September to December 2021

Full mask (N = 3,849) No mask (N = 1,365) P valueb

(permutation)Model estimated
seroprevalencec

Estimated population
seroconversiona

Model estimated
seroprevalence

Estimated population
seroconversiona

September December September December

Overall 37.46% 48.76% 18.07% 44.03% 57.31% 23.73% <0.001
5–11 years 41.15% 43.81% 4.51% 49.67% 52.87% 6.37% 0.002
12–17 years 40.14% 52.69% 20.97% 46.50% 61.05% 27.19% <0.001
aEstimated population seroconversion was calculated by formula (1). The proportion of seronegative children in September was calculated as one minus the seroprevalence.
bPermutation test evaluated whether the difference of estimated population seroconversion between full and no mask groups is significant.
cRobust Poisson regression was applied to estimate marginal means of seroprevalence by full and no mask groups in two time periods. The list of variables used in the model 
is described in Tables 4–6.
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these findings is supported by the consistent findings of sensitivity analyses for the 
overall population studied and both age groups in a subset of ZCTAs for which more 
complete data over time are available.

The results from multiple studies related to SARS-CoV-2 and mask adherence or 
policies in schools that relied on case report data or disease incidence data (5, 26–32) 
are consistent with our findings that areas with mask requirements, on average, had 
lower rates of previous SARS-CoV-2 infection and/or lower rates of incident infections 
compared with community incidence or schools with no mask requirement. Studies 
of the effects of mask policies using seroprevalence data are important because case 
reports and disease incidence data are known to underestimate the actual number of 
COVID-19 cases (10, 33–35), especially in children. One analysis revealed an estimated 
2–3 undetected infections per reported case among all ages, but an estimated 5–9 
undetected infections per reported case among the pediatric population of the same 
states (10). There is limited literature on the use of pediatric seroprevalence data to 
evaluate the effectiveness of mask policies. One previous study in Sweden was consistent 
with our finding of lower seroprevalence in students with mask wear requirements (36).

Although full mask policies were associated with less estimated population serocon
version among the infection-naïve school-age population in our study, mask policies 

TABLE 3 Permutation test results for sensitivity analysis

Full mask (N = 2,673) No mask (N = 841) P valueb

(permutation)Model estimated
seroprevalencec

Estimated population
seroconversiona

Model estimated
seroprevalence

Estimated population
seroconversiona

September December September December

Overall 36.61% 49.77% 20.76% 40.19% 54.64% 24.16% 0.061
5–11 yrs 38.02% 45.02% 11.29% 43.89% 51.97% 14.39% 0.082
12–17 yrs 40.63% 56.43% 26.62% 43.03% 59.76% 29.37% 0.339
aEstimated population seroconversion was calculated by formula (1). The proportion of seronegative kids in September was calculated as one minus the seroprevalence.
bPermutation test evaluated whether the difference of estimated population seroconversion between full and no mask groups is significant.
cRobust Poisson regression was applied to estimate marginal means of seroprevalence by full and no mask groups in two time periods. The list of variables used in the model 
is described in Tables 4 to 6.

TABLE 4 Covariate-adjusted associations between school mask policy and SARS-CoV-2 infection-induced 
seroprevalence among individuals aged 5–17 years during the combined study periods (September 1–30, 
2021 and December 15, 2021 to January 14, 2022)a

Prevalence ratios (PR) 95% CI

Mask policy: No vs Full 1.18 1.10 1.26
Time period: December vs September 1.30 1.21 1.40
Gender: Female vs Male 1.01 0.95 1.07
Region: Midwest vs Northeast 1.22 1.11 1.33
Region: South vs Northeast 1.12 1.01 1.24
Region: West vs Northeast 0.98 0.88 1.09
Race: NH Black vs NH White 1.36 1.23 1.50
Race: Hispanic vs NH White 1.04 0.86 1.26
Race: Hispanic and Black vs NH White 1.35 1.20 1.51
Race: Other vs NH White 1.10 1.02 1.18
Urbanicity: Non-urban vs Urban 0.97 0.91 1.03
Age: 12–17 years vs 5–11 years 1.18 1.08 1.30
Poverty Level: Above vs Below median 1.02 0.95 1.09
Education Level: High vs Low 0.79 0.73 0.86
County-level Vaccination Rate 0.97 0.95 0.99
County-level Cumulative Case Incidence 1.24 1.11 1.38
aPoisson regression models with robust variance estimation model were applied to estimate the association 
between school mask policy status and seroprevalence, adjusting for individual-level covariates (age and sex), 
area-level covariates (Census region, county-level urbanicity), ZCTA-level majority race/ethnicity, education and 
poverty-level, time-period, and the county-level vaccination rate and cumulative case incidence. All the covariates 
are categorical except vaccination rate and cumulative case incidence, which were included as continuous 
measures.
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are one among many factors influencing the extent of COVID-19 transmission among 
school-age children. A study in Belgium found a statistically significant association 
between the detection of SARS-CoV-2 antibodies and the implementation of mitiga
tion strategies among students and staff members. Although the suite of mitigation 
measures in this study included a requirement that students wear masks, the effect 
of masks alone could not be conclusively determined, highlighting the importance of 
multifaceted mitigation strategies within the school context (37). Some studies suggest 

TABLE 5 Covariate-adjusted associations between school mask policy and SARS-CoV-2 infection-induced 
seroprevalence among individuals aged 5–11 years during the combined study periods (September 1–30, 
2021 and December 15, 2021 to January 14, 2022)a

Prevalence ratios (PR) 95% CI

Mask Policy: No vs Full 1.21 1.10 1.32
Time Period: December vs September 1.06 0.93 1.22
Gender: Female vs Male 1.01 0.94 1.10
Region: Midwest vs Northeast 1.35 1.18 1.55
Region: South vs Northeast 1.24 1.07 1.43
Region: West vs Northeast 1.12 0.95 1.32
Race: NH Black vs NH White 1.38 1.19 1.60
Race: Hispanic vs NH White 0.88 0.67 1.16
Race: Hispanic and Black vs NH White 1.38 1.22 1.57
Race: Other vs NH White 1.01 0.91 1.13
Urbanicity: Non-urban vs Urban 0.99 0.90 1.08
Poverty Level: Above vs Below median 1.02 0.91 1.14
Education Level: High vs Low 0.77 0.68 0.88
County-level Vaccination Rate 1.09 1.03 1.15
County-level Cumulative Case Incidence 1.36 1.15 1.61
aPoisson regression models with robust variance estimation model were applied to estimate the association 
between school mask policy status and seroprevalence, adjusting for individual-level covariates (age and sex), 
area-level covariates (Census region, county-level urbanicity), ZCTA-level majority race/ethnicity, education and 
poverty-level, time-period, and the county-level vaccination rate and cumulative case incidence. All the covariates 
are categorical except vaccination rate and cumulative case incidence, which were included as continuous 
measures.

TABLE 6 Covariate-adjusted associations between school mask policy and SARS-CoV-2 infection-induced 
seroprevalence among individuals aged 12–17 years during the combined study periods (September 1–30, 
2021 and December 15, 2021 to January 14, 2022)a

Prevalence ratios (PR) 95% CI

Mask Policy: No vs Full 1.16 1.07 1.26
Time Period: December vs September 1.31 1.22 1.42
Gender: Female vs Male 1.01 0.95 1.07
Region: Midwest vs Northeast 1.14 1.04 1.26
Region: South vs Northeast 1.05 0.93 1.18
Region: West vs Northeast 0.90 0.82 0.99
Race: NH Black vs NH White 1.34 1.20 1.49
Race: Hispanic vs NH White 1.18 0.98 1.43
Race: Hispanic and Black vs NH White 1.26 1.07 1.47
Race: Other vs NH White 1.17 1.07 1.28
Urbanicity: Non-urban vs Urban 0.96 0.90 1.02
Poverty Level: Above vs Below median 1.04 0.96 1.12
Education Level: High vs Low 0.80 0.74 0.87
County-level Vaccination Rate 0.96 0.93 0.99
County-level Cumulative Case Incidence 1.24 1.09 1.41
aPoisson regression models with robust variance estimation model were applied to estimate the association 
between school mask policy status and seroprevalence, adjusting for individual-level covariates (age and sex), 
area-level covariates (Census region, county-level urbanicity), ZCTA-level majority race/ethnicity, education and 
poverty-level, time-period, and the county-level vaccination rate and cumulative case incidence. All the covariates 
are categorical except vaccination rate and cumulative case incidence, which were included as continuous 
measures.

Research Article Microbiology Spectrum

October 2024  Volume 12  Issue 10 10.1128/spectrum.00691-24 9

https://doi.org/10.1128/spectrum.00691-24


that in-school transmission is overall a lower risk factor for SARS-CoV-2 outbreaks in 
schools than community-related transmission (38–40). Overall, the use of masks as part 
of a layered approach, which includes other non-pharmaceutical interventions (i.e., 
handwashing and social distancing), is known to be more effective at reducing the 
transmission of infectious diseases. Therefore, it is advisable to reference public health 
recommendations at the local, state, and federal levels regarding not only mask usage 
but also other mitigation strategies.

Limitations

The findings in this study are subject to several limitations related to sampling, 
demographic and geographic adjustments, time periods, and factors for which 
consistent data were not available or could not be incorporated. First, our study used 
seroprevalence data from the NCLS, which only includes children with blood drawn 
during clinical visits and therefore may be more likely to include children with ready 
access to care and those with more frequent need for medical care. However, a 
previous analysis of patterns of pediatric seroprevalence within NCLS found that national 
estimates likely approximated seroprevalence in the U.S. pediatric population seeking 
well-child care (41). In addition, our geographical catchment area included only ZCTAs 
with the availability of both consistent school mask policy data and seroprevalence 
data among school-age children, which may limit generalizability. Finally, the use of 
non-longitudinal specimen samples during the two study periods (initial and final 
assessment) meant that the same children did not contribute samples at both time 
points; hence, population seroconversion was estimated rather than directly calculated.

Second, we could not adjust for person-level race and ethnicity, since these demo
graphics were unavailable from commercial laboratory data. We mitigated this limitation 
by adjusting for county-level sociodemographic variables. Analytically, we could not 
adjust for all possible geographic clustering. Random effects were not included in the 
model because the likelihood ratio test showed no significant variation in outcome 
variables across ZCTA areas.

Third, some positive serology tests during the final seroprevalence assessment period 
could be from infections that occurred outside the school policy classification period, 
including during holiday gatherings or travel. However, the inclusion of school holidays 
in the final seroprevalence assessment period would tend to bias results toward the null, 
especially given the inclusion of community incidence in the model.

Fourth, some data points, not consistently available for all ZCTAs, were excluded 
from the analysis. This includes mask policies in private schools and the proportion of 
children attending them, potentially introducing bias if private and public schools differ 
in policy. We were also unable to include the proportion of area children who were 
home-schooled or electively participating in remote learning. The ecologic design of 
this study also did not allow us to account for other SARS-CoV-2 mitigation strategies in 
the community or the school, the rigor of enforcement of these measures, the level of 
adherence to school mask policies, or the number of individuals who may have chosen 
to wear masks in the school setting where there was not a requirement. Lack of data 
on these factors limits our ability to determine the extent to which school mask policies 
influenced SARS-CoV-2 transmission in the school setting. However, it is notable that 
both nonadherence to mask policies and voluntary mask wear in districts where it was 
not required would bias results toward the null. The significance of the findings despite 
several limitations that would bias toward the null is notable.

Finally, although the comparison of our analytic data set to the general U.S. popula
tion yielded significant results, it is crucial to acknowledge the limitations in generaliza
bility due to the relatively small sample size. Therefore, these findings should be seen as 
indicative rather than definitive, emphasizing the need for further research to validate 
and expand upon our results.
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Conclusion

During the U.S. Fall 2021 semester, blood specimens from children residing in ZCTAs 
with consistent full mask policies for all students and staff had lower seroprevalence 
than specimens in ZCTAs with no mask requirement, both initially and at the end of the 
semester. Additionally, an estimated lower proportion of initially seronegative children 
in these areas seroconverted over the semester, overall, and among both younger and 
older age groups. These findings contribute additional evidence that, as part of a layered 
strategy, masks can be an important intervention for mitigating the transmission of 
SARS-CoV-2 in schools (42). Mask wearing is one mitigation strategy among other priority 
prevention strategies, including promoting equitable access to vaccination, optimizing 
ventilation, physical and social distancing, staying home when sick, and enhancing 
hygiene practices (43). Future pediatric surveillance for respiratory infections would be 
enhanced by more complete records of mitigation policies in communities and schools, 
as well as by accounting for the limitations of surveillance based on routine clinical 
testing through robust seroprevalence data.
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