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eMethods 
 
 
State policy date determination 
The research team tracked state policy decisions through the systematic collection of policy statements from 
states’ websites beginning 3/23/2020. State policies and recommendations for SARS-CoV2 testing were 
abstracted independently by two separate study team members using a standardized extraction form and 
compared to ensure accuracy of policies and dates. Uncertainties were sent to the principal investigator for 
independent arbitration. Study team members reviewed each state weekly. 
 
Reviewers specifically captured dates of enactment for policies relating to school closure, stay at home/shelter 
in place orders, non-essential business closures, restaurant closures, and prohibition of gatherings >10 people. 
Some states enacted policies on a county by county basis or enacted policies for subpopulations (e.g., stay at 
home order for seniors only). For the purposes of our analyses, we included the date at which polices were 
enacted across the entire state.  
 
Reopening: Some states began loosening restrictions in the last week of April, during the study period. Given 
the presumed lag for non-school NPIs (12 days for incidence and 22 days for mortality – eFigure 1), the effects 
of reopening would fall outside of the study period. For this reason, reopening was not included in the models. 
Additionally, reopening was generally incremental with early actions being more restrictive than baseline 
activities prior to the pandemic. For example, most stay at home orders were lifted to “safe at home” advisories 
encouraging residents to remain at home. Restaurants opened with outside dining or limited capacity. So, any 
effects of reopening prior to the end of the study would be small and bias the results to the null (associated 
effects with school closure would have a smaller effect size).  
 
Outliers 
We examined outcome data for outliers, defined as a mortality rate in top 1% of all days in all states and an 
observed rate that was more than 4 times the expected rate from the generalized linear model. We found three 
daily counts of mortality which met our outlier criteria. We cross-referenced these three data points with the 
state’s website as well as other publicly available mortality counts. Two of three data points were not consistent 
with other sources; the third matched other publicly available mortality counts. We therefore replaced these two 
values with imputed values for death by replacing the observed outlier values with the modeled values. 
 
Additional information on time lag selection for analysis 
Incidence: We used the best available estimates to determine when school-based exposure could be expected to 
lead to changes in incidence and associated mortality (eFigure1). For the primary lag, we assumed time from 
exposure to symptom onset of five days (interquartile range [4,7]).1 Given the early emphasis (and some state 
restrictions2-10) on limiting testing to hospitalized individuals, we elected to model the time to diagnosis as the 
time between symptom onset and hospitalization (7 days, interquartile range [3,9]).11 For school closure, given 
the low documented prevalence of COVID-19 in children, we included an additional four day time period for a 
child to infect an adult, assuming a child exposed at school could expose an adult prior to symptom onset and 
within four days. We considered 3 days for the child to expose an adult for the minimum lag and 5 days for the 
maximum lag. Therefore, our lags for incidence are: 
Primary (using medians): 4 days for child to infect adult + 5 days for adult to develop symptoms + 7 days to 
diagnosis = 16 days 
Minimum (using lower value of interquartile range): 3 days for child to infect adult + 4 days for adult to 
develop symptoms + 3 days to diagnosis = 10 days 
Maximum (using upper value of interquartile range): 5 days for child to infect adult + 7 days for adult to 
develop symptoms + 9 days to diagnosis = 21 days 
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Mortality: We initially selected a time lag of 24 days from school closure to death based on a small case series 
describing in hospital death from seniors in Seattle, as it was the best available data at the initiation of the 
study.12 However, more recently, in a larger and prospectively collected dataset, with over 500 patients assigned 
to placebo arm of a randomized controlled trial, an estimated median time from symptom onset to mortality of 
17 days.13 While median and interquartile range are not explicitly reported in the publication, based on 
presented survival data, we considered a range from 13 to 21 days. Therefore, our lags for mortality are: 
Primary (using medians): 4 days for child to infect adult + 5 days for adult to develop symptoms + 17 days to 
death = 26 days 
Minimum (using lower value of interquartile range): 3 days for child to infect adult + 4 days for adult to 
develop symptoms + 13 days to death = 20 days 
Maximum (using upper value of interquartile range): 5 days for child to infect adult + 7 days for adult to 
develop symptoms + 21 days to death = 33 days 
 
Model construction and covariates 
We considered all covariates as having potential differences in intercept except the four non-school state 
policies as none of the potential effects would have occurred on the day that schools closed due to the lag until 
they would have had an effect. We also did not consider the testing rate as having differences in intercept as all 
states had the lowest category of testing on the day that schools closed. We considered all covariates as 
potential interactions with school closure. The selection of the covariates through stepwise regression was 
applied independently for the intercept, pre-school closure (during the lag), post-school closure (after the lag) 
periods as the factors associated with incidence and mortality likely vary prior to as compared with after school 
closure. For example, the association of age of the population with our outcomes may be different (or not 
significant) in the period before school closure (during the lag) compared with the post-school closure period 
(after the lag). Thus, the inclusion of a covariate in the pre-school closure (during the lag) period would not 
dictate the inclusion of that covariate in the post-school closure (after the lag) period, and vice versa. 
 
Additional non-pharmacologic interventions (NPIs) enacted: We considered four state policy covariates: stay at 
home/shelter in place orders, non-essential business closure, restaurant closure, and prohibition of gatherings of 
more than 10 people. Each of these policies were modeled as a dichotomous (0 before lag, 1 after) time-varying 
covariate on the time of implementation plus a time lag to account for the time that the policies need to take 
effect (12 days for incidence, 22 days for mortality—eFigure 1). 
 
Testing Rate per 1,000 residents: For each day in the study period, we calculated a testing rate as the 
cumulative number of tests performed divided by the state population. Testing numbers were obtained through 
the COVID tracking project.14 We categorized each day on a scale of 1 to 10 depending on testing rate for the 
state. A score of 1 represented a testing rate of <0.1 tests per 1,000 residents within the state. A score of 2 
represented a testing rate between 0.1 and < 5 tests per 1,000 residents; score of 3 represented a testing rate 
between 5 and < 10 tests per 1,000 residents; a score of 4 represented a testing rate between 10 and <15 tests per 
1,000 residents; and so forth, such that a score of 10 represents a testing rate of at least 40 tests per 1,000 
residents. A state’s testing category changed over time as more testing was performed. For example, Alabama 
was categorized as a 1 before 3/28, a 2 from 3/28 until 4/12, a 3 from 4/13 until 4/21, a 4 from 4/22 until 4/25, a 
5 from 4/26 until 5/4, and a 6 from 5/4 until the end of the follow up period. For analysis, testing categories 
were collapsed into categories 1-3, 4-5, and 6 or more, due to only a small number of state-days with a testing 
category >6. 
 
Age: As any effects of school closure would theoretically be greater in states with more school-aged children 
(and COVID-19 diagnosis is lowest in this age group), we included the percentage of state population < 15 
years old. Disease incidence and mortality for COVID-19 are highest in the elderly. As we also included the 
number of nursing home residents within the state, we included the percentage of residents 65 years and older, 
but we subtracted the small percentage who are living in nursing homes. So that, “percentage of state population 
>65 years” actually represents (number of residents within the state age >65 years – number of nursing home 
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residents)/state population. As the number of nursing home residents per state is <1% of the state population 
misclassification due to some nursing home residents being <65 years of age would be minimal. Age variables 
were obtained through American Community Survey (ACS).15 
 
Nursing home residents: Given the number of nursing home outbreaks and high fatality numbers in nursing 
homes, we included the number of nursing home residents per 1,000 people living in the state as a covariate. 
These data are from 2017 and were obtained from the Kaiser Family Foundation.16 
 
Obesity: As obesity is a risk factor for COVID-19 hospitalization,11 we included the percentage of the state’s 
population with a body mass index (BMI) >30 as a covariate. These data were obtained from the CDC’s 
Behavioral Risk Factor Surveillance System.17 
 
Urban Density: Recognizing that both overall population density and percentage of people living in crowded 
areas are important to disease spread, we included data from ACS to account for both population density and 
the percentage of the population living in urban areas by calculating the number of urban residents per square 
mile.15 We categorized states as having <50 urban residents per square mile, >50-<100 urban residents per 
square mile, >100-<150 urban residents per square mile, and >150 urban residents per square mile.  
 
Social vulnerability index: The CDC publishes a nationwide social vulnerability index (SVI) which assesses a 
community’s preparedness for a natural disaster or illness outbreak by accounting for socioeconomic status, 
household composition, disability status, race and ethnicity composition, English proficiency, housing type, and 
transportation access18 The SVI is reported at the county level to allow national rankings. We used county 
population size to calculate a weighted average SVI at the state level. Higher scores indicate better 
preparedness. 
 
Estimating absolute differences associated with school closure and differences between quartiles of states 
Estimating absolute effects associated with school closure: 
To estimate the absolute effects associated with school closure, we estimated the incidence and mortality, 
separately, in the post-school closure (after the lag) period assuming schools had not closed and compared it 
with the modeled incidence and mortality with school closure. We estimated incidence and mortality in the 
post-school closure (after lag) period if schools had not closed using two approaches.  
 
First, we modeled continued exponential growth by removing the school closure effect from our negative 
binomial models, such that the exponential increases in cases and deaths during the pre-school closure (during 
the lag) continued at the same rate during the post-school closure (after lag) period. Second, we modeled linear 
growth in outcomes from the end of the pre-school period (i.e., end of lag) as a conservative estimate of 
unfettered change in outcomes during the post-school closure (after lag) period. We used the slope of the line 
tangential to the exponential curve (i.e., the derivative) at the end of the lag (day 16 for incidence and day 26 for 
mortality) and projected this sloped line to the end of the 6 week study period. For incidence this slope was 1.22 
cases per 100,000 people per day; for mortality the slope was 0.073 deaths per day per 100,000 people.  
 
Under the assumptions of both exponential and linear growth, we estimated the number of cases and deaths per 
100,000 in the post-school closure (after lag) period if schools remained open. We then subtracted the estimated 
numbers of cases and deaths per 100,000 with schools closed during the same time period. The post-school 
closure period includes 26 days (days 17-42) for incidence and 16 days (days 26-42) for mortality. 
 
We repeated the calculations for the linear estimates for states by quartile of cumulative incidence at the time of 
school closure. Slopes for incidence (in cases per 100,000 per day) by quartile were: lowest quartile 1.1, second 
lowest quartile 1.33, second highest quartile 0.97, highest quartile 1.42; slopes for mortality (in deaths per 
100,000 per day) were: lowest quartile 0.077, second lowest quartile 0.087, second highest quartile 0.054, 
highest quartile 0.074). 
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The exponentiated model likely over-estimates the absolute effects associated with school closure, as states or 
cities would likely enact other NPIs to prevent infinite exponential growth. Even in the absence of policy-driven 
NPIs, people would likely make personal decisions to restrict their exposure in the setting of a large outbreak. 
The linear approach, however, likely underestimates the absolute effects associated with school closure. Neither 
COVID-19 incidence nor mortality changes in a linear manner but rather an exponential one; assuming linear 
growth is one way to conservatively estimate the minimal effects associated with NPI actions.  
 
Estimating absolute differences in outcomes based on the timing of school closure: 
To estimate the difference in number of cases and number of deaths based on when schools closed, we 
calculated the number of cases and deaths per 100,000 in the post-school closure (after the lag) period (26 days 
for incidence, 16 days for mortality) for a state in the lowest quartile and a state in the highest quartile. The 
attributes of this hypothetical state are based on the average effects for all covariates. The only difference 
between the hypothetical state in the lowest quartile and the hypothetical state in the highest quartile is the 
cumulative incidence at the time of school closure. 
 
 
Interpreting relative changes associated with  school closure  
 
The COVID-19 incidence in the pre-school closure period (during the lag) increased by 265% each week. In the 
post-school period, this 265% increase is reduced by the effects associated with school closure and other post-
school closure effects such as the percent of a state’s population over 65 years old or nursing home residents per 
1,000 state population. The resulting post-school closure change per week is the adjusted composite change, 
which accounts for these three factors (expected increase in cases/mortality, the changes associated with school 
closure, and the changes associated with other non-school related factors).  
 
The adjusted relative change associated with school closure is -61.5% per week. This value is interpreted as a 
decline of 61.5% of what the incidence would have been without school closure. Put another way, a decline of 
61.5% is equivalent to 38.5% of the projected value without school closure. So, per week, the incidence is 
38.5% of what it would have been had schools not closed.  
 
Model formulas 
Incidence 
We used interrupted time-series analyses to compare the daily change in COVID-19 incidence before and after 
school closure. We explored interactions between school closure and all included covariates. Given the large 
number of covariates considered, we created a parsimonious using a stepwise regression approach. 
 
Below is the final effects model for COVID incidence after applying stepwise regression inclusion/exclusion 
criteria. Definitions indicated by (*) are effects that pertain to the main research questions. 
 
 

𝑙𝑛 𝐸 𝑌 𝑙𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛  
𝛽  
𝜏  

𝛽 ∙ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑙𝑑𝑒𝑟 𝑡ℎ𝑎𝑛 65 𝑦  
𝛽 ∙ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑢𝑛𝑑𝑒𝑟 15 𝑦  

𝛽 ∙ 𝑆𝑜𝑐𝑖𝑎𝑙 𝑣𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥  
𝛽 ∙ 𝑡  
𝛽 𝜏 ∙ 𝑡  
𝛽 𝛼 ∙ 𝑡  
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𝛽 𝜆 ∙ 𝑡  
𝛽 𝛿 ∙ 𝑡  
𝛽 𝜔 ∙ 𝑡  
𝛽 ∙ 𝑡  
𝛽 𝜏 ∙ 𝑡  
𝛽 𝛼 ∙ 𝑡  
𝛽 𝜆 ∙ 𝑡  
𝛽 𝜔 ∙ 𝑡  
𝛽 𝛽 ∙ 𝑡  
𝛽 𝛽 ∙ 𝑡  

 
 
𝑌=daily number of COVID cases in state 𝑖 
𝑡 : Number of days before or after school closure, 𝑡 0 on day of school closure 
𝑡 : Number of days after 16-day lag period, 𝑡 0 for period between school closure and end of lag period 
𝛽 :  model intercept 
𝜏 , 𝑗 1,2,3,4: class effect of quartile of cumulative COVID burden at school closure  
𝛽 :  direct effect of % of population over 65 years old 
𝛽 :  direct effect of % of population under 15 years old 
𝛽 :  direct effect of social vulnerability index 
𝛽 :  direct effect of time before interruption of school closure (e.g. “pre” slope) 
𝛽 𝜏 , 𝑗 1,2,3,4: interaction effect of quartile of cumulative COVID burden at school closure and time before 

interruption of school closure 
𝛽 𝛼 ,𝑘 1,2,3:   interaction effect of testing category and time before interruption of school closure, where 𝛼  

is the class effect of testing category 
𝛽 𝜆 , 𝑙 1,2,3,4: interaction effect of urban density class and time before interruption of school closure, where 

𝜆  is the class effect of urban density class 
𝛽 𝛿 ,𝑚 0,1: interaction effect of restaurant closure and time before interruption of school closure, where 𝛿  

is the class effect of restaurant closure + 12-day lag  
𝛽 𝜔 ,𝑛 0,1: interaction effect of shelter-in-place order and time before interruption of school closure, where 

𝜔  is the class effect of shelter-in-place order + 12-day lag  
*𝛽 :  direct effect of time after interruption of school closure (e.g. “post” slope) 
*𝛽 𝜏 , 𝑗 1,2,3,4: ∶ interaction effect of quartile of cumulative COVID burden at school closure and time after 
interruption of school closure 
𝛽 𝛼 ,𝑘 1,2,3: interaction effect of testing category and time after interruption of school closure, where 𝛼  is 

the class effect of testing category 
𝛽 𝜆 , 𝑙 1,2,3,4: interaction effect of urban density class and time after interruption of school closure, where 𝜆  

is the class effect of urban density class  
𝛽 𝜔 ,𝑛 0,1: interaction effect shelter-in-place order and time after interruption of school closure, where 𝜔  

is the class effect of shelter-in-place order + 12-day lag 
𝛽 𝛽 : interaction effect of % of population over 65 years old and time after interruption of school closure 
𝛽 𝛽 : interaction effect of nursing home residents per 1,000 population and time after interruption of school 

closure, where 𝛽  is the direct effect of time nursing home residents per 1000 population 
 
 
 
Mortality 
Below is the final effects model for COVID mortality after applying stepwise regression inclusion/exclusion 
criteria. Effect definitions are listed below. Definitions indicated by (*) are effects that pertain to the main 
research questions. 
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𝑙𝑛 𝐸 𝑌 𝑙𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛  

𝛽  
𝜏  

𝛽 ∙ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 65 𝑦 𝑎𝑛𝑑 𝑜𝑙𝑑𝑒𝑟  
𝛽 ∙ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑢𝑛𝑑𝑒𝑟 15 𝑦  

𝛽 ∙ 𝑆𝑜𝑐𝑖𝑎𝑙 𝑣𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥  
𝛽 ∙ 𝑡  
𝛽 𝜏 ∙ 𝑡  
𝛽 𝜆 ∙ 𝑡  
𝛽 𝛿 ∙ 𝑡  
𝛽 ∅ ∙ 𝑡  
𝛽 𝜔 ∙ 𝑡  
𝛽 𝛽 ∙ 𝑡  
𝛽 𝛽 ∙ 𝑡  
𝛽 𝛽 ∙ 𝑡  
𝛽 ∙ 𝑡  
𝛽 𝜏 ∙ 𝑡  
𝛽 𝜆 ∙ 𝑡  
𝛽 𝛿 ∙ 𝑡  
𝛽 𝜔 ∙ 𝑡  

𝑌=daily number of COVID deaths in state 𝑖 
𝑡 : Number of days before or after school closure, 𝑡 0 on day of school closure 
𝑡 : Number of days after 26-day lag period, 𝑡 0 for period between school closure and end of lag period 
𝛽 :  model intercept 
𝜏 , 𝑗 1,2,3,4: class effect of quartile of cumulative COVID burden at school closure  
𝛽 :  direct effect of % of population over 65 years old 
𝛽 :  direct effect of % of population under 15 years old 
𝛽 :  direct effect of social vulnerability index 
𝛽 :  direct effect of time before interruption of school closure (e.g. “pre” slope) 
𝛽 𝜏 , 𝑗 1,2,3,4: interaction effect of quartile of cumulative COVID burden at school closure and time before 

interruption of school closure 
𝛽 𝜆 ,𝑘 1,2,3,4: interaction effect of urban density class and time before interruption of school closure, where 

𝜆  is the class effect of urban density class 
𝛽 𝛿 , 𝑙 0,1: interaction effect of restaurant closure and time before interruption of school closure, where 𝛿  is 

the class effect of restaurant closure + 22-day lag  
𝛽 ∅ , 𝑚 0,1: interaction effect of mass gathering restrictions and time before interruption of school closure, 

where ∅  is the class effect of restrictions on mass gatherings + 22-day lag 
𝛽 𝜔 ,𝑛 0,1: interaction effect of shelter-in-place order and time before interruption of school closure, where 

𝜔  is the class effect of shelter-in-place order + 22-day lag  
𝛽 𝛽 : interaction effect of % of population over 65 years old and time before interruption of school closure 
𝛽 𝛽 : interaction effect of % of population under 15 years old and time before interruption of school closure 
𝛽 𝛽 : interaction effect of nursing home residents per 1,000 population and time before interruption of school 

closure, where 𝛽  is the direct effect of time nursing home residents per 1000 population 
*𝛽 :  direct effect of time after interruption of school closure (e.g. “post” slope) 
*𝛽 𝜏 , 𝑗 1,2,3,4: ∶ interaction effect of quartile of cumulative COVID burden at school closure and time after 
interruption of school closure 
𝛽 𝜆 ,𝑘 1,2,3,4: interaction effect of urban density class and time after interruption of school closure, where 

𝜆  is the class effect of urban density class  
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𝛽 𝛿 , 𝑙 0,1: interaction effect of restaurant closure and time before interruption of school closure, where 𝛿  is 
the class effect of restaurant closure + 22-day lag  

𝛽 𝜔 ,𝑛 0,1: interaction effect shelter-in-place order and time after interruption of school closure, where 𝜔  
is the class effect of shelter-in-place order + 22-day lag 
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eTable 1. Dates of non-pharmacologic interventions (NPIs) by state 
 

 
State 

Date of school 
closure 

Date of stay at 
home/shelter in 

place order 

Date of non-
essential business 

closure 
Date of restaurant 

closure 

Date of prohibition 
of gatherings of >10 

people 
Alabama 3/19/20 4/3/20 3/27/20 3/19/20 3/27/20 
Alaska 3/16/20 3/28/20 3/28/20 3/18/20 3/24/20 
Arizona 3/16/20 3/31/20 3/31/20 3/31/20 3/16/20 
Arkansas 3/17/20 N/A N/A 3/19/20 3/26/20 
California 3/19/20 3/19/20 3/19/20 3/16/20 3/16/20 
Colorado 3/23/20 3/26/20 3/26/20 3/17/20 3/19/20 
Connecticut 3/17/20 3/23/20 3/23/20 3/16/20 3/26/20 
Delaware 3/16/20 3/24/20 3/24/20 3/16/20 3/24/20 
Florida 3/17/20 4/3/20 4/3/20 3/20/20 4/3/20 
Georgia 3/18/20 4/3/20 4/3/20 4/3/20 3/24/20 
Hawaii 3/16/20 3/25/20 3/25/20 3/17/20 3/17/20 
Idaho 3/23/20 3/25/20 3/25/20 3/25/20 3/19/20 
Illinois 3/17/20 3/21/20 3/21/20 3/16/20 3/21/20 
Indiana 3/19/20 3/24/20 3/23/20 3/16/20 3/23/20 
Iowa 3/16/20 N/A 3/26/20 3/17/20 3/17/20 
Kansas 3/17/20 3/28/20 3/28/20 3/28/20 3/24/20 
Kentucky 3/16/20 3/26/20 3/26/20 3/16/20 3/26/20 
Louisiana 3/13/20 3/23/20 3/23/20 3/16/20 3/23/20 
Maine 3/15/20 4/1/20 3/25/20 3/18/20 3/18/20 
Maryland 3/16/20 3/30/20 3/23/20 3/16/20 3/19/20 
Massachusetts 3/16/20 3/24/20 3/24/20 3/17/20 3/24/20 
Michigan 3/16/20 3/24/20 3/24/20 3/16/20 3/24/20 
Minnesota 3/18/20 3/27/20 3/27/20 3/17/20 3/27/20 
Mississippi 3/19/20 4/3/20 3/24/20 4/3/20 3/24/20 
Missouri 3/23/20 4/6/20 N/A N/A 3/23/20 
Montana 3/16/20 3/26/20 3/26/20 3/20/20 3/24/20 
Nebraska 3/16/20 N/A N/A 3/19/20 4/3/20 
Nevada 3/15/20 3/31/20 3/20/20 3/20/20 3/24/20 
New Hampshire 3/16/20 3/27/20 3/27/20 3/16/20 3/23/20 
New Jersey 3/18/20 3/21/20 3/21/20 3/21/20 3/21/20 
New Mexico 3/16/20 3/23/20 3/23/20 3/19/20 3/19/20 
New York 3/18/20 3/22/20 3/22/20 3/16/20 3/23/20 
North Carolina 3/16/20 3/30/20 3/30/20 3/17/20 3/30/20 
North Dakota 3/16/20 N/A N/A 3/20/20 3/30/20 
Ohio 3/17/20 3/23/20 3/23/20 3/15/20 3/23/20 
Oklahoma 3/17/20 N/A N/A 3/25/20 3/17/20 
Oregon 3/16/20 3/23/20 N/A 3/17/20 3/23/20 
Pennsylvania 3/16/20 4/1/20 3/19/20 3/16/20 3/17/20 
Rhode Island 3/23/20 3/28/20 3/28/20 3/16/20 3/22/20 
South Carolina 3/15/20 4/6/20 3/31/20 3/17/20 3/23/20 
South Dakota 3/16/20 N/A N/A N/A 3/23/20 
Tennessee 3/20/20 3/31/20 3/31/20 3/23/20 3/23/20 
Texas 3/19/20 3/31/20 4/2/20 3/20/20 3/19/20 
Utah 3/16/20 3/27/20 N/A 3/18/20 3/18/20 
Vermont 3/18/20 3/25/20 3/25/20 3/17/20 3/21/20 
Virginia 3/16/20 3/30/20 N/A 3/24/20 3/24/20 
Washington 3/17/20 3/23/20 3/25/20 3/16/20 3/23/20 
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State 

Date of school 
closure 

Date of stay at 
home/shelter in 

place order 

Date of non-
essential business 

closure 
Date of restaurant 

closure 

Date of prohibition 
of gatherings of >10 

people 
West Virginia 3/16/20 3/24/20 3/24/20 3/17/20 3/16/20 
Wisconsin 3/18/20 3/25/20 3/25/20 3/17/20 3/17/20 
Wyoming 3/19/20 N/A N/A 3/19/20 3/20/20 
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eTable 2. Multivariablea Model for Daily COVID-19 incidence 
 
Model 
Component 

Factor Estimate (95% CI) p-value 

Intercept 
(Point 
estimate of 
daily 
incidence on 
date of 
school 
closure) 
 
 
 
 
 
 
 
 

Quartile of 
cumulative 
incidence of 
COVID-19 at 
time of school 
closure  

Lowest quartile 2.0 (1.5, 2.6) 

<0.001 

Second lowest quartile 2.9 (2.2, 3.9) 

Second highest quartile 3.2 (2.4, 4.2) 

Highest quartile 6.1 (4.6, 8.2) 

Percentage of state population <15 years -13.3% (-23.4%, -1.8%)b 0.025 
Percentage of state population >65 years -13.1% (-23.0%, -2.0%)b 0.023 

Social vulnerability index 0.82% (-0.03%, 1.7%)b 0.06 

Adjusted 
relative 
change per 
week in pre-
school 
closure 
period 
(during lag, 
days 1-16) 
 
 
 
 
 
 
 

Overall relative increase 264.8% (230.6%, 302.6%) <0.001 
Quartile of 
cumulative 
incidence of 
COVID-19 at 
time of school 
closure 

Lowest quartile 387.1% (326.9%, 455.8%) 

<0.001 

Second lowest quartile 339.4% (284.5%, 402.0%) 

Second highest quartile 240.0% (199.7%, 285.8%) 

Highest quartile 143.5% (117.1%, 173.1%) 

Stay at 
home/shelter 
in place order 

Yes 244.8% (210.4%, 283.0%) 
0.008 

No 286.0% (246.2%, 330.4%) 

Restaurant 
closure 

Yes 242.4% (210.7%, 277.4%) 
<0.001 

No 288.7% (249.6%, 332.2%) 

Testing rate 
(per 1,000 
residents) 

< 10  214.7% (196.8%, 233.7%) 
0.007 > 10 and <20  267.2% (229.8%, 308.8%) 

> 20  320.3% (229.2%, 436.6%) 

Urban density 
(urban 
residents per 
sq. mile) 

<50  201.8% (169.1%, 238.3%) 

<0.001  
50-100  253.9% (211.7%, 301.9%) 
100-150  232.4% (187.6%, 284.2%) 
150+  399.1% (344.0%, 460.9%) 

Adjusted 
relative 
change per 
week in pre-
school 
closure 
period (after 
lag, days 17-
42) 

Overall effect associated with school closure -61.5% (-70.7%, -49.4%) <0.001 

Quartile of 
cumulative 
incidence of 
COVID-19 at 
time of school 
closure 

Lowest quartile -71.8% (-79.2%, -61.8%) 

<0.001 

Second lowest quartile -66.2% (-75.1%, -54.0%) 

Second highest quartile -54.7% (-66.2%, -39.1%) 

Highest quartile -49.3% (-61.8%, -32.6%) 

< 10  -48.5% (-59.8%, -34.1%) 0.002 
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Model 
Component 

Factor Estimate (95% CI) p-value 

 
 

Testing rate 
(per 1,000 
residents) 
 

> 10 and <20  -62.7% (-72.0%, -50.2%) 

> 20  -70.3% (-81.2%, -53.1%) 

Stay at 
home/shelter 
in place order 

Yes -59.3% (-69.1%, -46.6%) 
0.20 

No -63.6% (-73.0%, -50.9%) 

Percentage of state population > 65 years -3.4% (-4.8%, -2.0%)c <0.001 
Number of nursing home residents per 1,000 
people 

6.8% (4.9%, 8.7%) <0.001 

Urban density 
(urban 
residents per 
sq. mile) 
  

<50  -53.2% (-64.6%, -38.1%) 

0.017  
50-100  -63.5% (-73.0%, -50.6%) 
100-150  -55.6% (-67.6%, -39.2%) 

150+  -71.1% (-78.6%, -60.9%) 

a The following variables were not retained from stepwise regression: from the intercept: nursing home 
residents per 1,000 people, percentage of state population with obesity, urban density; from the pre-school 
closure period: non-essential business closure, prohibition of gatherings greater than 10 people, percentage of 
state population <15 years, percentage of state population >65 years, number of nursing home residents per 
1,000 people, percentage of state population with obesity, social vulnerability index; from the post-school 
closure period: non-essential business closure, prohibition of gatherings greater than 10 people, restaurant 
closure, percentage of state population < 15 years, percentage of state population with obesity, social 
vulnerability index.   
b Percent change in the intercept for a one unit increase in percent population or in social vulnerability index 
(on a 1 to 100 point scale) 
c Represents the additional change for each 1 increase in percent over 65 years from the overall effect 
associated with school closure 
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eTable 3. Estimated absolute differences between school closure and schools remaining open, exponential 
modela 
 

 Average stateb,c where 
schools remained open 

 
Number (95% CI) 

Average stateb,c where 
schools closed 

 
Number (95% CI) 

Total number of casesd Pre-school closure period 
(during lag, days 1-16) 

37.0 
(30.5, 45.0) 

37.0 
(30.5, 45.0) 

Post-school closure 
period (after lag, days 
17-42) 

 
5711.6 

(3400.2, 9635.9) 

214.8 
(175.0, 263.7) 

Difference in incidence during the 26 post-lag days 
between school closure and schools remaining open 

 
5,496.8  

(3178.9, 9429.1) 

---- 

Total number of deathse Pre-school closure period 
(during lag, days 1-26) 

3.2 
(2.9, 3.5) 

3.2 
(2.9, 3.5) 

Post-school closure 
period (after lag, days 
27-42) 

47.1 
(38.5, 57.6) 

6.8  
(5.8,7.9) 

Difference in death during the 16 post-lag days 
between school closure and schools remaining open 

40.3 
(31.8, 50.8) 

---- 

 
a Projection based on continued exponential increase from pre-school closure (during lag) period 
b State with all characteristics set to the mean value for all covariates retained in the model  
c Cumulative incidence at the time of school closure for state is set to the mean  
d Adjusted for all model components retained in incidence model (intercept: percentage of state population <15 
years, percentage of state population >65 years, and social vulnerability index; pre-school closure: stay at 
home/shelter in place order, restaurant closure, testing rate per 1,000 residents, and urban density; post-school 
closure: testing rate per 1,000 residents, stay at home/shelter in place order, percentage of state population >65 
years, number of nursing home residents per 1,000 people, and urban density) 
e Adjusted for all model components retained in mortality model (intercept: percentage of state population <15 
years, percentage of state population >65 years, and social vulnerability index; pre-school closure: stay at 
home/shelter in place order, prohibition of gatherings greater than 10 people, restaurant closure, percentage of 
state population <15 years, percentage of state population >65 years, number of nursing home residents per 
1,000 people, and urban density; post-school closure: restaurant closure, number of nursing home residents per 
1,000 people, and urban density). 
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eTable 4. Sensitivity analyses with varying time lag for incidence and mortality 
 

Num
ber 
of 

days 
in lag 

Incidence Mortality 
Adjusted 
relative 

change per 
week pre-

school 
closure 

 
Point 

Estimate 
(95% CI) 

Adjusted 
relative 

change per 
week post- 

Point 
Estimate 
(95% CI) 

Additional change per week associated with school 
closure by quartile of COVID-19 cumulative 

incidence at time of school closure 

Adjusted 
relative 

change per 
week pre-

school 
closure 

 
Point 

Estimate 
(95% CI) 

Adjusted 
relative 

change per 
week post- 

school 
closure 

 
Point 

Estimate 
(95% CI) 

Additional change per week associated with school 
closure by quartile of COVID-19 cumulative 

incidence at time of school closure 

Lowest 
quartile 

 
Point 

Estimate 
(95% CI) 

Second 
lowest 

quartile 
 

Point 
Estimate 
(95% CI) 

Second 
highest 
quartile 

 
Point 

Estimate 
(95% CI) 

Highest 
quartile 

 
Point 

Estimate 
(95% CI) 

Lowest 
quartile 

 
Point 

Estimate 
(95% CI) 

Second 
lowest 

quartile 
 

Point 
Estimate 
(95% CI) 

Second 
highest 
quartile 

 
Point 

Estimate 
(95% CI) 

Highest 
quartile 

 
Point 

Estimate 
(95% CI) 

10 
266%  

(231%,305%) 
-63%  

(-72%,-51%) 
-73%  

(-80%,-63%) 
-67%  

(-76%,-55%) 
-56%  

(-67%,-41%) 
-51%  

(-63%,-35%) 
      

11 
266%  

(231%,305%) 
-62%  

(-71%,-50%) 
-72%  

(-80%,-62%) 
-67%  

(-75%,-55%) 
-55%  

(-66%,-39%) 
-50%  

(-62%,-33%) 
      

12 
267%  

(232%,305%) 
-62%  

(-71%,-50%) 
-72%  

(-79%,-62%) 
-67%  

(-75%,-55%) 
-54%  

(-66%,-39%) 
-50%  

(-62%,-33%) 
      

13 
268% 

(233%,307%) 
-62%  

(-71%,-50%) 
-72%  

(-79%,-62%) 
-67%  

(-75%,-55%) 
-54%  

(-66%,-39%) 
-50%  

(-62%,-33%) 
      

14 
268% 

(233%,306%) 
-62%  

(-71%,-50%) 
-72%  

(-80%,-62%) 
-67%  

(-76%,-55%) 
-55%  

(-67%,-40%) 
-50%  

(-62%,-33%) 
      

15 
266% 

(232%,305%) 
-61%  

(-71%,-49%) 
-72%  

(-79%,-62%) 
-66%  

(-75%,-54%) 
-54%  

(-66%,-38 %) 
-49%  

(-62%,-33%) 
      

16 
265%  

(231%, 303%) 
-62%  

(-71%,-49%) 
-72%  

(-79%,-62%) 
-66%  

(-75%,-54%) 
-55%  

(-66%,-39%) 
-49%  

(-62%,-33%) 
      

17 
259% 

(225%,296%) 
-61%  

(-71%,-49%) 
-72%  

(-79%,-61%) 
-66%  

(-75%,-54%) 
-55%  

(-66%,-39%) 
-49%  

(-62%,-32%) 
      

18 
256% 

(223%,293%) 
-62%  

(-71%,-50%) 
-72%  

(-79%,-62%) 
-67%  

(-76%,-55%) 
-56%  

(-67%,-41%) 
-50%  

(-62%,-33%) 
      

19 
252% 

(219%,288%) 
-62%  

(-71%,-51%) 
-72%  

(-80%,-62%) 
-67%  

(-76%,-55%) 
-56%  

(-67%,-41%) 
-50%  

(-63%,-34%) 
      

20 
248% 

(215%,284%) 
-63%  

(-72%,-51%) 
-72%  

(-80%,-63%) 
-67%  

(-76%,-55%) 
-57%  

(-68%,-42%) 
-50%  

(-63%,-34%) 
491% 

(180%,1147%) 
-60% 

(-69%,-48%) 
-67% 

(-76%,-56%) 
-64% 

(-73%,-50%) 
-54% 

(-66,-38.4%) 
-55% 

(-65%,-41%) 

21 
245% 

(213%,281%) 
-63%  

(-72%,-51%) 
-73%  

(-80%,-63%) 
-68%  

(-76%,-56%) 
-57%  

(-68%,-42%) 
-50%  

(-63%,-34%) 
464% 

(167%,1087%) 
-61%  

(-70%,-50%) 
-68%  

(-76%,-57%) 
-65%  

(-74%,-52%) 
-55%  

(-67%,-41%) 
-56%  

(-66%,-43%) 

22 
      487% 

(180%,1129%) 
-59%  

(-68%,-47%) 
-66%  

(-75%,-54%) 
-63%  

(-73%,-49%) 
-53%  

(-65%,-37%) 
-54%  

(-64%,-40%) 

23 
      456% 

(165%,1063%) 
-57%  

(-67%,-44%) 
-64%  

(-73%,-51%) 
-60%  

(-71%,-46%) 
-51%  

(-63%,-35%) 
-52%  

(-63%,-38%) 

24    
   429% 

(153%,1005%) 
-59%  

(-68%,-46%) 
-65%  

(-74%,-53%) 
-61%  

(-72%,-48%) 
-53%  

(-65%,-38%) 
-53%  

(-64%,-40%) 

25    
   396% 

(137%,936%) 
-59%  

(-68%,-47%) 
-65%  

(-74%,-53%) 
-61%  

(-71%,-47%) 
-54%  

(-65%,-38%) 
-54%  

(-64%,-40%) 

26    
   377% 

(128%,895%) 
-58%  

(-68%,-46%) 
-64%  

(-73%,-52%) 
-61%  

(-71%,-47%) 
-54%  

(-65%,-39%) 
-53%  

(-63%,-40%) 

27    
   414% 

(147%,969%) 
-56%  

(-66%,-44%) 
-62%  

(-71%,-49%) 
-58%  

(-69%,-44%) 
-52%  

(-64%,-37%) 
-51%  

(-62%,-37%) 

28    
   304% 

(94%,743%) 
-56%  

(-66%,-44%) 
-62%  

(-71%,-50%) 
-59%  

(-69%,-44%) 
-52%  

(-64%,-37%) 
-51%  

(-62%,-38%) 
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Num
ber 
of 

days 
in lag 

Incidence Mortality 
Adjusted 
relative 

change per 
week pre-

school 
closure 

 
Point 

Estimate 
(95% CI) 

Adjusted 
relative 

change per 
week post- 

Point 
Estimate 
(95% CI) 

Additional change per week associated with school 
closure by quartile of COVID-19 cumulative 

incidence at time of school closure 

Adjusted 
relative 

change per 
week pre-

school 
closure 

 
Point 

Estimate 
(95% CI) 

Adjusted 
relative 

change per 
week post- 

school 
closure 

 
Point 

Estimate 
(95% CI) 

Additional change per week associated with school 
closure by quartile of COVID-19 cumulative 

incidence at time of school closure 

Lowest 
quartile 

 
Point 

Estimate 
(95% CI) 

Second 
lowest 

quartile 
 

Point 
Estimate 
(95% CI) 

Second 
highest 
quartile 

 
Point 

Estimate 
(95% CI) 

Highest 
quartile 

 
Point 

Estimate 
(95% CI) 

Lowest 
quartile 

 
Point 

Estimate 
(95% CI) 

Second 
lowest 

quartile 
 

Point 
Estimate 
(95% CI) 

Second 
highest 
quartile 

 
Point 

Estimate 
(95% CI) 

Highest 
quartile 

 
Point 

Estimate 
(95% CI) 

29    
   430% 

(156%,999%) 
-55%  

(-64%,-42%) 
-61%  

(-70%,-48%) 
-56%  

(-67%,-42%) 
-51%  

(-63%,-35%) 
-50%  

(-61%,-36%) 

30    
   412% 

(147%,961%) 
-55%  

(-65%,-43%) 
-61%  

(-71%,-49%) 
-57%  

(-68%,-42%) 
-51%  

(-63%,-36%) 
-50%  

(-61%,-37%) 

31    
   393% 

(138%,922%) 
-57%  

(-66%,-45%) 
-63%  

(-72%,-51%) 
-58%  

(-69%,-44%) 
-53%  

(-64%,-39%) 
-52%  

(-62%,-39%) 

32    
   376% 

(130%,886%) 
-59% 

(-68%,-48%) 
-65% 

(-73%,-54%) 
-61% 

(-71%,-48%) 
-56% 

(-67%, -43%) 
-55% 

(-64%,-42%) 

33    
   373% 

(129%,877%) 
-60% 

(-68%,-49%) 
-66% 

(-74%,-55%) 
-61% 

(-71%,-48%) 
-57% 

(-67%,-43%) 
-55% 

(-65%,-42%) 

Bolded values are estimates used for primary analysis 
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eTable 5. Multivariablea model for COVID-19 mortality 
 
Model 
Component 

Factor Estimate (95% CI) p-value 

Intercept 
(Point 
estimate of 
daily 
mortality on 
date of 
school 
closure) 
 
 
 
 
 
 
 
 
 

Quartile of 
cumulative 
incidence of 
COVID-19 at 
time of school 
closure 

Lowest quartile 0.07 (0.04, 0.10) 

<0.001 
Second lowest quartile 0.08 (0.05, 0.12)  

Second highest quartile 0.07 (0.05, 0.11)  

Highest quartile 0.14 (0.09, 0.22)  

Percentage of state population <15 years -27.3% (-41.7%, -9.4%)b 0.005 
Percentage of state population >65 years -27.5% (-41.3%, -10.5%)b 0.003 

Social vulnerability index 1.8% (0.4%, 3.2%) b 0.01 

Adjusted 
relative 
change per 
week in pre-
school 
closure 
period 
(during lag, 
days 1-26) 
 
 
 
 
 
 
 
 
 

Relative increase 376.6% (128.3%, 894.8%)c <0.001 
Quartile of 
cumulative 
incidence of 
COVID-19 at 
time of school 
closure 

Lowest quartile 471.7% (171.0%, 1105.9%)c 

<0.001 
Second lowest quartile 441.3% (155.8%, 1045.4%)c 

Second highest quartile 354.1% (116.5%, 852.6%)c 

Highest quartile 267.1% (78.3%, 655.9%)c 

Stay at 
home/shelter 
in place order 

Yes 382.4% (131.4%, 905.9%) 
0.126 

No 370.8% (125.2%, 884.1%) 

Prohibition of 
gatherings 
>10 people 

Yes 364.2% (122.5%, 868.4%) 
0.007 

No 389.2% (134.1%, 922.4%) 

Restaurant 
closure 

Yes 342.8% (111.9%, 825.3%) 
<0.001 

No 412.9% (145.8%, 970.2%) 
Percentage of state population < 15 years -2.5% (-4.8%, -0.1%)d 0.041 
Percentage of state population >65 years -1.9% (-3.9%, 0.1%)d 0.064 
Number of nursing home residents per 1,000 
people 

6.2% (3.4%, 9.0%) <0.001 

Urban density 
(urban 
residents per 
sq. mile) 
  

<50  321.9% (100.5%, 787.8%) 

<0.001 
50-100  350.8% (114.9%, 845.4%) 
100-150  321.2% (101.9%, 779.0%) 

150+  544.0% (208.3%, 1245.4%) 

Adjusted 
relative 
change per 
week in post-

Overall effect associated with school closure -58.3% (-67.5%, -46.4%) <0.001 

Quartile of 
cumulative 
incidence of 

Lowest quartile -64.1% (-73.0%, -52.2%) 

0.036 Second lowest quartile -60.6% (-70.8%, -47.0%) 

Second highest quartile -54.2% (-65.5%, -39.2%) 
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Model 
Component 

Factor Estimate (95% CI) p-value 

school 
closure 
period (after 
lag, days 27-
42) 
  
 
 
 
 
 
 
 
 

COVID-19 at 
time of school 
closure 

Highest quartile -53.1% (-63.5%, -39.9%) 

Restaurant 
closure 

Yes -52.3% (-62.0%, -40.1%) 
0.012 

No -63.5% (-73.2%, -50.3%) 
Number of nursing home residents per 1,000 
people 

-3.5% (-7.9%, 1.2%)e 0.138 

Urban 
density(urban 
residents per 
sq. mile) 
  

<50  -49.8% (-61.3%, -34.9%) 

<0.001 

50-100  -60.7% (-69.8%, -48.8%) 
100-150  -49.2% (-61.8%, -32.3%) 

150+  -69.7% (-77.7%, -59.0%) 

a The following variables were not retained from stepwise regression: from the intercept – number of nursing 
home residents per 1,000 people, percentage of state population with obesity, urban density; from the pre-school 
closure period – non-essential business closure, testing rate, percentage of state population with obesity, social 
vulnerability index; from the post-school closure period – testing rate, stay at home/shelter in place order, non-
essential business closure, prohibition of gatherings of greater than 10 people, percentage of state population 
<15 years, percentage of state population >65 years, percentage of state population with obesity, social 
vulnerability index.  
b Percent change in the intercept for a one unit increase in percent population or in social vulnerability index 
(on a 1 to 100 point scale) 
c Values in table 2 are different as table 2 represents composite pre-school change including both age variables 
and number of nursing home residents 
d Represents the additional change for each 1 increase in either the percentage under 15 years or over 65 years 
from the overall relative increase pre-school closure 
e Represents the additional change for each 1 increase in number of nursing home residents per 100,000 from 
the overall effect associated with school closure 
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eFigure. Modeled time lag to allow time for potential effects from policy to occur 
 
Lag estimates constructed from best available data regarding COVID-19 timeline. When available, we used 
interquartile ranges to develop minimum and maximum ranges.  
 
a Estimated from the days until adult gets symptoms 
b Based on a median of 5 days from infection to symptom on set with an interquartile range of 4 to 71 
c  Based on a median of 7 days from symptom onset until hospitalization with an interquartile range of 3 to 911 
d Based on an estimated median of 8 days from symptom onset until death with an estimated range from 13 to 
2113 
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