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One sentence summary
Adults aged 20-49 are a main driver of the COVID-19 epidemic in the United States; yet, in areas with resurging
epidemics, opening schools will lead to more COVID-19-a ributable deaths, so more targeted interven ons in the
20-49 age group could bring epidemics under control, avert deaths, and facilitate the safe reopening of schools.

Summary
Following ini al declines, in mid 2020, a resurgence in transmission of novel coronavirus disease (COVID-19) has
occurred in the United States and parts of Europe. Despite the wide implementa on of non-pharmaceu cal interven ons, it is s ll not known how they are impacted by changing contact pa erns, age and other demographics.
As COVID-19 disease control becomes more localised, understanding the age demographics driving transmission
and how these impacts the loosening of interven ons such as school reopening is crucial. Considering dynamics
for the United States, we analyse aggregated, age-speciﬁc mobility trends from more than 10 million individuals
and link these mechanis cally to age-speciﬁc COVID-19 mortality data. In contrast to previous approaches, we
link mobility to mortality via age speciﬁc contact pa erns and use this rich rela onship to reconstruct accurate
transmission dynamics. Contrary to anecdotal evidence, we ﬁnd li le support for age-shi s in contact and transmission dynamics over me. We es mate that, un l August, 63.4% [60.9%-65.5%] of SARS-CoV-2 infec ons in
the United States originated from adults aged 20-49, while 1.2% [0.8%-1.8%] originated from children aged 0-9.
In areas with con nued, community-wide transmission, our transmission model predicts that re-opening kindergartens and elementary schools could facilitate spread and lead to addi onal COVID-19 a ributable deaths over
a 90-day period. These ﬁndings indicate that targe ng interven ons to adults aged 20-49 are an important considera on in hal ng resurgent epidemics and preven ng COVID-19-a ributable deaths when kindergartens and
elementary schools reopen.

1

Introduc on

In 2020 a novel pathogen, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in Hubei
Province, China [1]. Spread within China occurred in January 2020 and the resultant disease was named COVID19. Following worldwide spread, the implementa on of large-scale non-pharmaceu cal interven ons has led to
sustained declines in the number of reported SARS-CoV-2 infec ons and deaths. However since mid June, the
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daily number of reported COVID-19 cases has re-surged in the United States, surpassing 40,000 daily reported
cases on June 26 [2], and increasing daily cases are beginning to be reported in Europe [3]. Demographic analyses of reported cases have suggested that individuals aged 20 − 49 may be driving the re-surging epidemic [4, 5].
Here, we use detailed, longitudinal, and age-speciﬁc popula on mobility and COVID-19 mortality data to es mate
how non-pharmaceu cal interven ons, changing contact intensi es interplay, age and other factors have led to
resurgent disease spread. We iden fy the popula on age groups driving SARS-CoV-2 spread in 35 U.S. states,
the District of Columbia and New York City through August 23, 2020, and quan fy the likely impact of school reopening on case and death counts under the scenario that transmission from the age groups that primarily drive
transmission con nues uninterrupted.
Similar to many other respiratory diseases, the spread of SARS-CoV-2 occurs primarily through close human contact, which, at a popula on level, is highly structured [6]. Prior to the implementa on of COVID-19 interven ons,
contacts concentrated among individuals of similar age, were highest among school-aged children, and also common between children and their parents, and middle-aged adults and the elderly [7]. Since the beginning of the
pandemic, these contact pa erns have changed substan ally [8, 9, 10]. In the United States, the Berkeley Interpersonal Contact Study suggests that in late March 2020 a er stay-at-home orders were issued, the average
number of daily contacts made by a single individual, also known as contact intensity, dropped to four or fewer
contacts per day [10]. Data from China indicate that infants and school-aged children had almost no contact to
similarly aged children in the ﬁrst weeks a er stay-at-home orders, and reduced contact intensi es with older
individuals [8]. However, detailed age-speciﬁc popula on-level contact and mobility data have remained scarce,
especially longitudinally, and this has impeded a be er understanding of the age-speciﬁc sources driving COVID19 transmission.

2

Results

Fine scale mobility trends across the United States
We compiled a na onal-level, aggregate mobility data set using cell phone data from >10 million individuals with
Foursquare’s loca on technology, Pilgrim [11], which leverages a wide variety of mobile device signals to pinpoint the me, dura on, and loca on of user visits to loca ons such as shops, parks, or universi es. Unlike the
popula on-level mobility trends published by Google from cell phone geoloca on data [12], the data are disaggregated by age. User visits were analyzed from February 1, 2020, aggregated, and projected to es mate for each
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state and two metropolitan areas daily foot traﬃc for individuals aged 18 − 24, 25 − 34, 35 − 44, 45 − 54, 55 − 64,
and 65+ years. To obtain age-speciﬁc mobility trends, the data were divided by the corresponding averages in the
baseline period February 3 - February 9, 2020 per age band and state or metropolitan area (see Supplementary
Material S1).
Across the US as a whole, the mobility trends indicate substan al ini al declines in extra-household visits (loca on
an individual spends me at that is not the primary residence) followed by a subsequent rebound for all age groups
(Figure 1A; see also Supplementary Figure S12). During the ini al phase of the epidemic, trends declined most
strongly among individuals aged 18-24 years across almost all states and metropolitan areas, and subsequently
tended to increase most strongly among individuals aged 18-24 in the majority of states and metropolitan areas
(Supplementary Figure S1), consistent with re-opening policies for restaurants, night clubs, and other venues [13].
Yet, by the last observa on week August 15, 2020 - August 21, 2020, the data suggest mobility levels con nue to
be below those observed in the baseline period February 3 to February 9, 2020, in most states and metropolitan
areas (Figure 1B). In addi on, considering both the ini al decline and subsequent rebound, our data indicate that
mobility levels among individuals aged < 35 years have not increased signiﬁcantly above those observed among
individuals aged 35-44, and that as of August 2020 there have been no signiﬁcant shi s in the rela ve levels of
mobility between age groups (Figure 1A-B, and Supplementary Figure S13).
Mobile phone signals are challenging to analyse, owing e.g. to daily ﬂuctua ons in the user panel providing loca on data, imprecise geoloca on measurements, and changing user behaviour [14]. We cross-validated the
inferred mobility trends against age-speciﬁc mobility data from a second mobile phone intelligence provider,
Emodo. This second data set also showed no evidence for signiﬁcant shi s in rela ve mobility levels between age
groups (see Supplementary Material S1), leading us to hypothesize that the resurgent epidemics in the United
States may not be a result of changes in the contribu on of diﬀerent age groups to SARS-CoV-2 transmission.

Bayesian semi-mechanis c contact and infec on model to characterise age-speciﬁc SARSCov-2 transmission
To test this hypothesis, we incorporated the mobility data into a Bayesian contact-and-infec on model that describes
me-changing contact and transmission dynamics at state and metropolitan area-level across the United States
(see Supplementary Figure S2 and Supplementary Text S3). For the me period prior to changes in mobility trends,
we used data from pre-COVID-19 contact surveys [6], and each state or metropolitan area’s age composi on and
popula on density to predict contact intensi es between individuals grouped in 5-year age bands. On weekends,
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Figure 1: Mobility trends, and es mated me evolu on of contact intensi es in the United States. (A) Na onal,
longitudinal mobility trends for individuals aged 18-24, 25-34, 35-44, 45-54, 55-64, 65+, rela ve to the baseline
period February 3 to February 9, 2020. The ver cal dashed lines show the dip and rebound dates since when
mobility trends began to decrease and increase, which were es mated from the me series data. (B) 1-week
average of age-speciﬁc mobility trends between August 15, 2020 - August 21, 2020 across the United States. (C)
Inferred me evolu on of contact intensi es in California.
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contact intensi es between school-aged children are lower than on weekdays, while inter-genera onal contact
intensi es are higher. In the model, the observed age-speciﬁc mobility trends of Figure 1 are then used to es mate in each loca on (state or metropolitan area) daily changes in age-speciﬁc contact intensi es for individuals
aged 15 and above. We assumed that the eﬀect of the observed mobility trends on changing contact intensi es
was the same across age groups. For younger individuals, for who mobility trends are not recorded, contact intensi es during school closure periods were set to es mates from two contact surveys conducted post lockdown [9,
8]. In turn, the contact intensi es are used to es mate the rate of SARS-CoV-2 transmission, and subsequently
infec ons and deaths.
An important feature of SARS-CoV-2 transmission is that similarly to other coronaviruses but unlike pandemic
inﬂuenza [15], suscep bility to SARS-CoV-2 infec on increases with age [8, 16, 17]. Here, we used contact tracing
data from Hunan province, China [8] to specify lower suscep bility to SARS-CoV-2 infec on among children aged
0-9, and higher suscep bility among individuals aged 60+, when compared to the 10-59 age group. Previously
infected individuals are assumed to be immune to re-infec on within the 6-month analysis period, consistent with
moun ng evidence for sustained an body responses to SARS-CoV-2 an gens [18].
In the United States, COVID-19 epidemic trajectories diﬀer substan ally across loca ons and over me, and apart
from mobility trends, other factors such as adherence to social distancing guidelines and consistent face mask use
contribute to the extent to which spread of SARS-CoV-2 is limited [19, 20]. Thus, and following earlier work [21],
the model incorporates random eﬀects in space and me to allow for unobserved factors that could modulate
disease-relevant behaviour and contact pa erns.

Age groups sustaining SARS-CoV-2 spread in the United States
To disentangle the contribu on of diﬀerent age groups to onward infec on, we recorded age-speciﬁc, COVID-19a ributed mortality data from 40 U.S. states, the District of Columbia and New York City since March 15, 2020
(Supplementary Text S2 and [22]). Then, we ﬁ ed the contact-and-infec on model in a Bayesian framework to
the mobility trends and the mortality me series data from 35 U.S. states, the District of Columbia and New York
City with at least 300 COVID-19-a ributed deaths. Kansas was excluded due to atypical mobility trend data, giving
a total of 5,579 observa on days. The es mated disease dynamics closely reproduced the age-speciﬁc COVID-19
death counts (Supplementary Figure S3).
Figure 2 illustrates the model ﬁts for New York City, Florida, California, and Arizona, showing that the inferred
epidemic dynamics diﬀered markedly across states and metropolitan areas. In New York City, the epidemic accel-
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es for New York City, California, Florida and Arizona. (le ) Ob-

served cumula ve COVID-19 mortality data (dots) versus posterior median es mates (line) and 95% credible intervals (ribbon). The ver cal line indicates the collec on start date of age-speciﬁc death counts. (middle) Es mated
number of infec ous individuals by age (posterior median). (right) Es mated age-speciﬁc eﬀec ve reproduc on
number, posterior median (line) and 95% credible intervals (ribbon).
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erated for at least 4 weeks since the 10th cumula ve death and un l age-speciﬁc reproduc on numbers started to
decline, resul ng in an epidemic of large magnitude as shown through the es mated number of infec ous individuals (Figure 2, mid column). Subsequently, we ﬁnd that reproduc on numbers for all age groups were controlled
to below one except a two-week period in June (Figure 2, rightmost column), resul ng in a steady decline of infecous individuals. In Florida, we es mate reproduc on numbers remained above one for individuals aged 20-49,
and in June increased substan ally above one for individuals aged 10-64, resul ng in a moderate ini al decline
in infec ous individuals followed by a peak in the number of infec ous individuals in late July, and subsequent
decline. In California, we es mate that reproduc on numbers for individuals aged 35-49 remained above one
throughout the pandemic, and in June increased to above one for individuals aged 20-64, resul ng in a similar but
less marked increase in infec ous individuals when compared to Florida. In Arizona, we es mate reproduc on
numbers remained above one for individuals aged 10-49, and fell below one in August, resul ng in a sustained
increase in infec ous individuals un l August, and subsequent decline. More detailed situa on analyses for all
loca ons are presented in Supplementary Text S7.
Figure 3 summarises the epidemic situa on for all states and metropolitan areas evaluated. Children aged 0-9 and
adults aged 65+ consistently had the lowest es mated reproduc on numbers, and these typically remained below
one since mobility trends began to decline in March 2020 (Supplementary Table S1), which is consistent with the
low contact intensi es from these age groups during school closure periods. By August 17, 2020, the es mated
reproduc on number across all loca ons evaluated was above one only for individuals aged 35-49 (1.10 [1.041.17]), and close to one for individuals aged 10 − 19 or 20 − 34 (Supplementary Table S2). This suggests that
targeted interven ons to these age groups, and in par cular adults aged 35-49, could bring resurgent COVID-19
epidemics under control.
To quan fy the contribu on of each age group to onward transmission, we also considered the reconstructed
transmission ﬂows, because reproduc on numbers es mate the number of secondary infec ons per infected
individual, and the number of infec ous individuals varies by age as a result of age-speciﬁc suscep bility gradients
and age-speciﬁc contact exposures. Cumula ng over me and across all loca ons evaluated, we es mate that
the percent contribu on to onward spread was 35.4% [34.2%-36.5%] from individuals aged 35-49, compared
to 1.3% [0.8%-2.0%] from individuals aged 0-9, 10.1% [9.2%-11.0%] from individuals aged 10-19, 28.3% [26.9%29.5%] from individuals aged 20-34, 18.6% [18.1%-19.2%] from individuals aged 50-64, 5.5% [3.7%-8.1%] from
individuals aged 65-79 age group, and 0.6% [0.4%-0.9%] from individuals aged 80+ (Table 1). Supplementary
Figure S4 compares the contribu ons of each age group to SARS-Cov-2 transmission against the popula on age
composi on in each state. Over me, the model es mates that the mean age of new SARS-CoV-2 infec ons has
been remarkably constant, showing that shi s in age-speciﬁc transmission dynamics are not required to explain
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Figure 3: Time evolu on of es mated age-speciﬁc SARS-CoV-2 transmission dynamics in the United States. Each
panel shows for the corresponding loca on (state or metropolitan area) the es mated posterior probability that
the daily eﬀec ve reproduc on number from individuals stra ﬁed in 7 age groups were below. Darker colours
indicate low probability that reproduc on numbers were below one. Colour codes on the right associated each
loca on to one ﬁve characteris c pa erns of disease spread in the United States.
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Age of infected individuals (years)
Loca on

[0 − 9]

Alabama

1.1% [0.6%-2.0%]

Alaska
Arizona

[10 − 19]

[20 − 34]

[35 − 49]

[50 − 64]

4.4% [3.5%-6.0%] 24.4% [22.3%-26.7%] 40.8% [38.1%-43.1%] 22.4% [21.5%-23.2%]

-

-

-

-

-

1.2% [0.6%-2.2%] 11.9% [10.9%-13.1%] 30.6% [29.0%-32.0%] 32.7% [31.3%-33.8%] 17.4% [16.8%-17.8%]
-

-

-

-

[65 − 79]

80+

6.0% [3.9%-9.1%] 0.6% [0.4%-0.9%]
-

-

5.6% [3.7%-8.4%] 0.6% [0.4%-0.9%]

Arkansas

-

California

1.0% [0.6%-1.7%]

9.5% [8.5%-10.5%] 28.8% [27.1%-30.4%] 35.5% [34.2%-36.5%] 19.6% [18.8%-20.3%]

5.0% [3.3%-7.6%] 0.5% [0.4%-0.8%]

Colorado

1.4% [0.8%-2.3%] 11.4% [10.5%-12.1%] 28.2% [26.2%-30.0%] 34.2% [32.9%-35.2%] 17.3% [16.9%-17.7%]

6.6% [4.3%-10.3%] 0.7% [0.4%-1.0%]

-

-

Connec cut

1.5% [0.9%-2.5%]

6.2% [5.4%-7.0%] 22.5% [20.6%-24.3%] 33.0% [31.3%-34.4%] 26.3% [25.3%-27.3%]

9.3% [6.4%-13.3%] 1.1% [0.7%-1.5%]

Delaware

1.0% [0.5%-2.0%]

6.9% [6.0%-8.1%] 28.4% [26.5%-30.1%] 34.0% [32.4%-35.4%] 22.2% [21.3%-22.9%]

6.7% [4.4%-10.1%] 0.6% [0.4%-0.9%]

District of Columbia 1.2% [0.6%-2.4%]

5.3% [4.9%-5.7%] 44.1% [42.3%-45.6%] 32.9% [31.9%-33.7%] 12.3% [12.0%-12.6%]

3.7% [2.5%-5.5%] 0.4% [0.3%-0.6%]

Florida

0.8% [0.5%-1.4%] 11.6% [10.7%-12.5%] 29.6% [28.1%-30.8%] 33.5% [32.3%-34.5%] 18.2% [17.8%-18.5%]

5.7% [3.7%-8.6%] 0.6% [0.4%-0.9%]

Georgia

0.6% [0.4%-1.0%]

6.3% [4.1%-9.6%] 0.6% [0.4%-1.0%]

Hawaii

10.8% [9.4%-12.5%] 27.8% [26.0%-29.3%] 34.9% [33.3%-36.2%] 18.7% [17.9%-19.5%]

-

-

-

-

-

-

-

Idaho

0.6% [0.3%-1.3%]

7.4% [5.3%-10.5%] 26.3% [23.3%-28.8%] 35.4% [33.0%-37.5%] 21.1% [19.1%-23.0%]

8.2% [5.2%-12.8%] 0.8% [0.5%-1.2%]

Illinois

2.0% [1.2%-3.4%]

9.6% [8.7%-10.4%] 25.4% [23.6%-27.0%] 35.3% [33.9%-36.5%] 20.5% [19.7%-21.1%]

6.3% [4.1%-9.5%] 0.7% [0.5%-1.0%]

Indiana

1.3% [0.8%-2.3%]

6.4% [5.5%-7.5%] 25.2% [23.0%-27.1%] 36.8% [35.1%-38.2%] 22.2% [21.2%-23.0%]

7.2% [4.7%-10.9%] 0.8% [0.5%-1.1%]

Iowa

1.4% [0.7%-2.8%]

3.7% [3.1%-5.2%] 22.5% [19.7%-25.5%] 40.6% [38.0%-42.7%] 22.9% [21.7%-23.9%]

7.6% [5.0%-11.6%] 0.8% [0.6%-1.2%]

Kansas

-

-

-

-

-

-

-

Kentucky

1.0% [0.5%-1.9%]

5.7% [4.7%-7.5%] 26.7% [24.4%-28.9%] 38.1% [36.0%-40.0%] 21.6% [20.4%-22.5%]

6.0% [3.9%-9.2%] 0.6% [0.4%-0.9%]

Louisiana

1.1% [0.7%-1.8%]

10.0% [9.0%-11.0%] 26.9% [25.2%-28.6%] 34.1% [32.5%-35.5%] 20.5% [19.7%-21.2%]

6.6% [4.4%-9.7%] 0.7% [0.5%-1.0%]

Maine

-

-

-

-

-

-

-

Maryland

1.6% [0.9%-2.7%]

5.7% [5.1%-6.5%] 24.7% [22.9%-26.7%] 37.7% [36.1%-38.9%] 23.4% [22.5%-24.2%]

Massachuse s

1.6% [0.9%-2.6%]

5.3% [4.6%-6.1%] 22.9% [20.7%-25.1%] 33.6% [31.5%-35.3%] 24.6% [23.7%-25.6%] 10.7% [7.3%-15.1%] 1.2% [0.8%-1.7%]

Michigan

1.3% [0.8%-2.3%]

8.5% [7.6%-9.5%] 28.1% [26.2%-29.6%] 33.2% [31.8%-34.3%] 21.3% [20.6%-21.9%]
-

-

-

-

6.1% [4.0%-9.1%] 0.7% [0.4%-1.0%]

6.7% [4.4%-10.3%] 0.7% [0.5%-1.0%]

Minnesota

-

Mississippi

1.1% [0.6%-1.8%]

7.3% [6.0%-9.1%] 26.8% [25.3%-28.3%] 38.2% [36.0%-40.2%] 20.6% [19.7%-21.4%]

5.3% [3.6%-7.9%] 0.5% [0.4%-0.8%]

-

-

Missouri

1.4% [0.8%-2.5%]

6.7% [5.6%-8.1%] 24.4% [21.8%-26.9%] 37.6% [35.5%-39.4%] 22.3% [21.2%-23.3%]

6.7% [4.3%-10.3%] 0.7% [0.5%-1.1%]

Montana

-

-

-

-

-

Nebraska

-

-

-

-

-

-

-

-

-

Nevada

1.5% [0.8%-2.8%] 14.4% [13.5%-15.2%] 30.7% [29.0%-32.1%] 31.7% [30.7%-32.4%] 15.4% [14.9%-15.8%]

New Hampshire

1.7% [0.7%-3.7%]

4.6% [3.8%-6.0%] 22.7% [20.1%-25.5%] 36.4% [34.1%-38.1%] 24.9% [23.8%-25.9%]

8.4% [5.5%-13.1%] 0.8% [0.5%-1.2%]

New Jersey

1.8% [1.1%-2.8%]

9.6% [8.8%-10.4%] 26.2% [24.8%-27.4%] 33.7% [32.5%-34.7%] 21.5% [20.8%-22.1%]

6.5% [4.4%-9.3%] 0.7% [0.5%-1.1%]

New Mexico

1.9% [1.0%-3.7%] 12.0% [11.0%-13.3%] 28.9% [27.1%-30.4%] 33.8% [32.3%-35.1%] 17.3% [16.7%-17.8%]

5.3% [3.4%-8.1%] 0.5% [0.3%-0.8%]

New York

-

-

-

-

-

5.6% [3.7%-8.6%] 0.6% [0.4%-0.8%]

-

-

New York City

0.9% [0.6%-1.4%]

7.7% [7.2%-8.2%] 31.3% [29.5%-32.9%] 33.5% [32.4%-34.5%] 19.6% [19.0%-20.2%]

6.1% [4.1%-8.8%] 0.7% [0.5%-1.0%]

North Carolina

1.2% [0.6%-2.3%]

4.7% [3.9%-6.1%] 23.7% [21.3%-26.1%] 39.2% [36.9%-41.0%] 22.2% [21.2%-23.0%]

7.9% [5.2%-12.3%] 0.8% [0.5%-1.2%]

North Dakota

-

-

-

-

-

Ohio

-

-

-

-

-

-

-

-

-

Oklahoma

1.0% [0.5%-1.8%]

7.0% [5.6%-9.1%] 28.1% [25.7%-30.3%] 37.8% [35.4%-40.0%] 19.5% [18.4%-20.4%]

5.8% [3.8%-8.9%] 0.6% [0.4%-0.9%]

Oregon

0.8% [0.4%-1.6%]

8.1% [6.9%-9.8%] 27.3% [24.9%-29.7%] 36.3% [34.3%-38.1%] 19.7% [18.5%-20.7%]

6.8% [4.4%-10.6%] 0.6% [0.4%-1.0%]

Pennsylvania

2.1% [1.3%-3.5%]

6.1% [5.4%-6.8%] 24.8% [22.9%-26.6%] 35.5% [33.7%-36.8%] 22.9% [22.0%-23.7%]

7.5% [4.9%-11.4%] 0.8% [0.5%-1.2%]

Rhode Island

1.5% [0.8%-2.8%]

3.2% [2.6%-4.0%] 21.1% [18.1%-24.2%] 35.8% [33.4%-37.5%] 26.6% [25.1%-27.9%] 10.4% [6.9%-15.5%] 1.2% [0.8%-1.7%]

South Carolina

0.6% [0.3%-1.1%]

South Dakota

8.3% [6.8%-10.5%] 29.1% [27.6%-30.4%] 36.6% [34.2%-38.6%] 19.2% [18.5%-19.8%]

-

-

-

-

-

5.4% [3.5%-8.3%] 0.5% [0.3%-0.8%]
-

-

Tennessee

0.6% [0.3%-1.3%]

7.5% [5.9%-10.0%] 27.4% [25.1%-29.6%] 37.2% [34.5%-39.4%] 20.3% [19.0%-21.2%]

6.2% [4.1%-9.6%] 0.6% [0.4%-0.9%]

Texas

1.2% [0.7%-2.0%] 11.6% [10.3%-13.0%] 28.5% [26.8%-29.9%] 34.9% [33.6%-36.2%] 18.1% [17.4%-18.9%]

5.0% [3.3%-7.5%] 0.6% [0.4%-0.8%]

Utah

1.2% [0.5%-2.6%]

3.3% [2.1%-5.1%] 0.4% [0.2%-0.6%]

Vermont

8.7% [6.9%-11.9%] 28.7% [25.9%-31.5%] 41.3% [37.4%-44.4%] 16.2% [14.7%-17.2%]

-

-

-

-

-

Virginia

1.4% [0.8%-2.4%]

Washington

0.7% [0.5%-1.2%] 11.7% [10.5%-12.7%] 30.6% [28.5%-32.1%] 31.5% [30.2%-32.3%] 17.8% [17.2%-18.4%]

West Virginia
Wisconsin
Wyoming

4.5% [3.9%-5.5%] 24.4% [22.3%-26.4%] 39.4% [37.6%-40.8%] 23.1% [22.1%-24.0%]

1.4% [0.8%-2.6%]

-

-

All loca ons

1.2% [0.8%-1.8%]

All loca ons

12.1%

-

-

-

6.8% [5.8%-8.1%] 24.3% [21.8%-26.8%] 34.9% [32.9%-36.4%] 23.0% [21.9%-24.0%]
-

-

-

-

9.9% [9.2%-10.7%] 28.3% [26.9%-29.5%] 35.1% [34.0%-36.0%] 19.1% [18.6%-19.6%]

-

-

6.3% [4.1%-9.6%] 0.7% [0.4%-1.0%]
7.0% [4.5%-10.9%] 0.7% [0.4%-1.0%]
-

-

8.4% [5.4%-13.1%] 0.9% [0.6%-1.3%]
-

-

5.6% [3.7%-8.5%] 0.6% [0.4%-0.9%]

Percent of popula on
13.1%

20.6%

19.2 %

19.2%

12.1%

3.7%

Table 1: Es mated cumulated contribu on of age groups to SARS-CoV-2 transmission un l August 17, 2020.
Posterior median es mates for the United States, and each loca on (state or metropolitan area), along with 95%
credible intervals.
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heterogeneous and resurgent disease dynamics across the United States (Supplementary Figures S5 and S6).

School opening scenarios
The epidemic situa on could change as schools re-open across the United States in August and September, 2020,
especially in areas with resurgent, community-wide transmission primarily from adults. Re-opening kindergartens
and elementary schools for children aged 0-11 are a na onal priority [23]. We thus focused on school opening
scenarios in which children aged 0-11 return to engage in typical contact pa erns with their peers and older individuals, while mobility levels, reproduc on numbers, and the transmission poten al of all other age groups
were kept ﬁxed as inferred by the end of August 2020 for the forecast period. We assumed disease transmission
from and to children aged 0-11 is reduced by 50% due to face mask use and other non-pharmaceu cal interven ons [19], considering also the range 0%-80%. The scenarios were evaluated over 90 days and contrasted to
con nued school closure scenarios. Across all 37 states and metropolitan areas evaluated, we es mate by November 24, 2020 a 253.7% [199.3%-366.9%] increase in infec ons among children aged 0-11, and 24 [13, 42] excess
COVID-19 a ributable deaths among children aged 0-11, resul ng in pediatric COVID-19 a ributable mortality ﬁgures that are similar to pediatric inﬂuenza-like mortality (Table S4). The forecasts further es mate 6,181 [3,286,
11,925] excess COVID-19 a ributable deaths in the total popula on, which is a 12.6% [7.4%-22.7%] increase compared to the con nued school closure scenario, by November 24, 2020 (Table S4). In the central analysis, the
predicted excess COVID-19 a ributable deaths are concentrated in areas with resurgent epidemics, most notably
Texas, California and Florida, and few addi onal COVID-19 a ributable deaths are predicted in areas where reproduc on numbers from individuals aged 20 − 49 are below one or close to one (Figure S7). We emphasise that
the predic ons depend on the assumed level of transmission reduc ons in kindergartens and elementary schools,
with no substan al increases in COVID-19 deaths when transmission from and to children aged 0-11 is reduced
by 66% or more, and substan al increases in COVID-19 a ributable deaths in most states and metropolitan areas
when transmission from and to children aged 0-11 is not reduced due to pre-cau onary measures (Figures S8-S10,
Tables S5-S7).

Limita ons
The ﬁndings of this study need to be considered in the context of the following limita ons. First, we rely on
limited data from two contact surveys performed in the United Kingdom and China to characterise contact patterns from and to younger individuals during school closure periods [9, 8]. We explored the impact of higher
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inter-genera onal contact intensi es involving children during school closure periods, and in these analyses the
es mated contribu on of children aged 0-9 to onward spread un l August 2020 remained below 2% (Supplementary Material S6). Second, while COVID-19 deaths are considered a more robust measure of SARS-CoV-2 spread
than reported cases due to the high propor on of asymptoma c cases [24], epidemiologic models are sensi ve to
assump ons on the infec on fatality ra o (IFR) that relates infec ons to deaths. We reconsidered a recent metaanalysis of es mates from large-scale seroprevalence studies [25], and found greater uncertainty associated with
IFR es mates for individuals below age 40 (Supplementary Text S3). Using these uncertainty ranges in the model,
we es mate greater COVID-19 burden among individuals below age 40, and we are able to match data from several sero-prevalence surveys conducted by the Centers for Disease Control and Preven on [26] (Supplementary
Table S3 and Supplementary Text S5). Third, we cannot rule out that the observed me evolu on of age-speciﬁc
COVID-19 a ributable deaths is also consistent with models that predict substan al age-shi s in transmission dynamics. However, in this case age-shi s in mobility levels are also expected, and we found no evidence for such
changes in two independent mobility trend data sets. We further compared model outputs to the number of daily
reported COVID-19 cases in each state and metropolitan area, and ﬁnd that the ra o of es mated, actual cases
to reported cases decreases substan ally over me (Supplementary Text S7). This suggests that increased tes ng
and increased awareness and test-seeking of individuals aged 20-49 could explain the observed shi s in the age
composi on of reported cases over the past months [4, 5, 3, 27], because infec ons among younger individuals
are more frequently associated with no or mild symptoms than in older individuals [17, 28]. Fourth, the COVID19 epidemic is more granular than considered in our spa al modelling approach. Substan al heterogeneity in
disease transmission exists at county level [29], and our situa on analyses by state and metropolitan areas need
to be interpreted as averages. Fi h, the contact and infec on model also falls short to account for popula on
structure other than age, such as household se ngs, where a ack rates have been es mated to be substanally higher than in non-household se ngs [30]. It is possible that we over-es mated the impact of re-opening
kindergartens and elementary schools on transmission dynamics. In line with this possibility, contact tracing in
elementary schools and further data from countries that have re-opened schools have provided no evidence for
substan al transmission in schools, nor increased community-level infec on rates [23, 31], although most reports
stem from loca ons with no resurgent epidemics.

3

Conclusions

This study provides evidence that the resurgent COVID-19 epidemics in the United States are driven by adults aged
20-49. By August 17, 2020, an es mated 62.7% [60.1%-65.1%] of SARS-CoV-2 infec ons originated from adults
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aged 20-49 whereas less than 2% originated from children aged 0-9. We ﬁnd heterogeneity in age-speciﬁc reproduc on numbers across loca ons, with highest reproduc on numbers from individuals aged 35-49, followed by
individuals aged 20-34. We ﬁnd no evidence for substan al shi s in contact and transmission dynamics between
age groups over me. This suggests that working adults who need to support themselves and their families have
been driving the resurging epidemics in the United States. Re-opening kindergartens and elementary schools is
essen al, but are predicted to facilitate the spread of SARS-Cov-2 in areas with sustained community-wide transmission from adults. This study indicates that targe ng interven ons at adults aged 20-49 could bring resurgent
epidemics under control, avert deaths, and facilitate the safe re-opening of schools.

4

Data

The na onal-level, aggregate mobility data used in this study are described in Supplementary Text S1. The agespeciﬁc COVID-19 a ributable mortality data used in this study are described in Supplementary Text S2.

5

Methods

The contact-and-infec on model and further methods are described in Supplementary Text S3.

6

Loca on-speciﬁc COVID-19 situa on reports

Detailed situa on reports for the 37 states and metropolitan areas evaluated in this study are in Supplementary
Text S7.

7

Comparison to external contact data and COVID-19 seroprevalence data

To gain further insights into the model outputs, we reviewed data from contact surveys during the pandemic, and
from several large-scale COVID-19 seroprevalence surveys in the United States. The model outputs are compared
to the data from contact surveys in Supplementary Text S4, and to the COVID-19 seroprevalence survey data in
Supplementary Text S5.
DOI: https://doi.org/10.25561/82551
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Sensi vity analyses

Sensi vity analyses are presented in Supplementary Text S6.

9

Acknowledgements

This study was supported by the Imperial College COVID-19 Response Fund, the Imperial College Research Compu ng Service DOI:10.14469/hpc/2232, the Bill & Melinda Gates Founda on, and the EPSRC through the EPSRC
Centre for Doctoral Training in Modern Sta s cs and Sta s cal Machine Learning at Imperial and Oxford, the UK
Medical Research Council under a concordat with the UK Department for Interna onal Development, the NIHR
Health Protec on Research Unit in Modelling Methodology and Community Jameel. We would like to thank Microso and Amazon for providing cloud compu ng services.

Contributors
OR conceived the study. AG, SM, SF, SB, NF, OR oversaw the study. MM, DH, SBe, ST, YC, McM, MH, HZ, ABe, OR
oversaw and performed data collec on. MM, ABl, XX, OR lead the analysis. VCB, HC, SF, JIH, TM, AG, HJTU, MV,
SW, SM contributed to the analysis. All authors discussed the results and contributed to the revision of the ﬁnal
manuscript.

Contributors, Imperial College COVID-19 Response Team
We would like to thank the Imperial College COVID-19 Response Team for their insigh ul comments, Kylie E C
Ainslie, Marc Baguelin, Adhiratha Boonyasiri, Olivia Boyd, Lorenzo Ca arino, Laura V Cooper, Zulma Cucunubá,
Gina Cuomo-Dannenburg, Bimandra Djaafara, Ilaria Doriga , Sabine L van Elsland, Richard FitzJohn, Katy A M
Gaythorpe, Lily Geidelberg, William D. Green, Arran Hamlet, Wes Hinsley, Ben Jeﬀrey, Edward Knock, Daniel Laydon, Gemma Nedja -Gilani, Pierre Nouvellet, Kris V Parag, Igor Siveroni, Hayley A Thompson, Robert Verity, Caroline E. Walters, Haowei Wang, Yuanrong Wang, Oliver J Watson, Peter Winskill, Charles Whi aker, Patrick GT
Walker, Christl A. Donnelly, Lucy Okell, Sangeeta Bha a, Nicholas F. Brazeau, Oliver D Eales, David Haw, Natsuko
Imai, Elita Jauneikaite, John Lees, Andria Mousa, Daniela Olivera, Jane a Skarp, Lilith Whi les
DOI: https://doi.org/10.25561/82551

Page 14

17 September 2020

Imperial College COVID-19 Response Team

Data sharing
The COVID-19 mortality data used in this study are available on GitHub, https://github.com/ImperialCollegeLondon/
US-covid19-agespecific-mortality-data, under the Crea ve Commons A ribu on 4.0 Interna onal Public License. Code and further data are available on Github, https://github.com/ImperialCollegeLondon/
covid19model, under the MIT License.

Declara on of interests
SB acknowledges the Na onal Ins tute for Health Research (NIHR) BRC Imperial College NHS Trust Infec on and
COVID themes, the Academy of Medical Sciences Springboard award and the Bill and Melinda Gates Founda on.
OR reports grants from the Bill & Melinda Gates Founda on during the conduct of the study.

References
[1] Qun Li et al. “Early transmission dynamics in Wuhan, China, of novel coronavirus–infected pneumonia”. In:
New England journal of Medicine (2020).
[2] Johns Hopkins University. “COVID-19 Dashboard”. Available at https://coronavirus.jhu.edu/map.
html. 2020.
[3] European Center for Disease Preven on and Control. “Coronavirus disease 2019 (COVID-19) in the EU/EEA
and the UK – eleventh update: resurgence of cases”. Available at https://www.ecdc.europa.eu/en/
publications-data/rapid-risk-assessment-coronavirus-disease-2019-covid-19-eueeaand-uk-eleventh. 2020.
[4] Florida Division of Emergency Management. “Coronavirus: characteris cs of Florida resident cases”. Available at https://www.floridadisaster.org/covid19/covid-19-data-reports/. 2020.
[5] Maine Center for Disease Control & Preven on. “Maine COVID-19 summary”. Available at https://www.
maine.gov/dhhs/mecdc/infectious-disease/epi/airborne/coronavirus/data.shtml. 2020.
[6] Joël Mossong et al. “Social contacts and mixing pa erns relevant to the spread of infec ous diseases”. In:
PLoS Med 5.3 (2008), e74.

DOI: https://doi.org/10.25561/82551

Page 15

17 September 2020

Imperial College COVID-19 Response Team

[7] Thang Hoang et al. “A Systema c Review of Social Contact Surveys to Inform Transmission Models of Closecontact Infec ons”. In: Epidemiology 30.5 (Sept. 2019), pp. 723–736.

: https://doi.org/10.1097/

ede.0000000000001047.
[8] Juanjuan Zhang et al. “Changes in contact pa erns shape the dynamics of the COVID-19 outbreak in China”.
In: Science (2020).
[9] Christopher I. Jarvis et al. “Quan fying the impact of physical distance measures on the transmission of
COVID-19 in the UK”. In: BMC Medicine 18 (124 2020).
[10] Dennis M. Feehan and Ayesha Mahmud. “Quan fying interpersonal contact in the United States during the
spread of COVID-19: ﬁrst results from the Berkeley Interpersonal Contact Study”. In: medrXiv (2020).
[11] Waksman, A. “Phones, Lambdas and the Joy of Snap-to-Place Technology”. Available at https://enterprise.
foursquare . com / intersections / article / phones - lambdas - and - the - joy - of - snap - to place-techn/. 2018.
[12] Google LLC. “COVID-19 Community Mobility Reports”. Available at https://www.google.com/covid19/
mobility. 2020.
[13] J. C. Lee et al. “See How All 50 States Are Reopening (and Closing Again)”. In: (2020).

: https://www.

nytimes.com/interactive/2020/us/states-reopen-map-coronavirus.html.
[14] Nathalie E. Williams et al. “Measures of Human Mobility Using Mobile Phone Records Enhanced with GIS
Data”. In: PLOS ONE 10.7 (July 2015), pp. 1–16.

: https : / / doi . org / 10 . 1371 / journal . pone .

0133630.
[15] Roy M Anderson et al. “Epidemiology, transmission dynamics and control of SARS: the 2002–2003 epidemic”. In: Philosophical Transac ons of the Royal Society of London. Series B: Biological Sciences 359.1447
(2004), pp. 1091–1105.
[16] Edward Goldstein, Marc Lipsitch, and Muge Cevik. “On the eﬀect of age on the transmission of SARS-CoV2 in households, schools and the community”. In: medRxiv (2020).

: https://www.medrxiv.org/

content/early/2020/07/28/2020.07.19.20157362.
[17] Nicholas G Davies et al. “Age-dependent eﬀects in the transmission and control of COVID-19 epidemics”. In:
Nature Medicine 26 (2020), pp. 1205–1211.
[18] Anita S Iyer et al. “Dynamics and signiﬁcance of the an body response to SARS-CoV-2 infec on”. In: medRxiv
(2020).

: https://www.medrxiv.org/content/early/2020/07/20/2020.07.18.20155374.

[19] Derek K Chu et al. “Physical distancing, face masks, and eye protec on to prevent person-to-person transmission of SARS-CoV-2 and COVID-19: a systema c review and meta-analysis”. In: The Lancet (2020).
DOI: https://doi.org/10.25561/82551

Page 16

17 September 2020

Imperial College COVID-19 Response Team

[20] Kylie EC Ainslie et al. “Evidence of ini al success for China exi ng COVID-19 social distancing policy a er
achieving containment”. In: Wellcome Open Research 5 (2020).
[21] H Unwin et al. “Report 23 - State-level tracking of COVID-19 in the United States: A subna onal analysis
with future scenarios”. In: Imperial College London COVID-19 reports (2020).
[22] Imperial College London COVID-19 Response Team. “COVID-19 Age speciﬁc Mortality Data Repository”.
Available at https://github.com/ImperialCollegeLondon/US-covid19-agespecific-mortalitydata. 2020.
[23] Meira Levinson, Muge Cevik, and Marc Lipsitch. “Reopening Primary Schools during the Pandemic”. In: New
England Journal of Medicine 383 (2020), pp. 981–985.
[24] Enrico Lavezzo et al. “Suppression of a SARS-CoV-2 outbreak in the Italian municipality of Vo’”. In: Nature
(2020), pp. 1–5.
[25] Andrew T Levin et al. “Assessing the age speciﬁcity and infec on fatality rates for COVID-19: systema c
review, meta-analysis, and public policy implica ons”. In: medRxiv (2020).

: https://www.medrxiv.

org/content/early/2020/08/14/2020.07.23.20160895.
[26] Fiona P. Havers et al. “Seroprevalence of An bodies to SARS-CoV-2 in 10 Sites in the United States, March
23-May 12, 2020”. In: JAMA Internal Medicine (July 2020).

: https://doi.org/10.1001/jamainternmed.

2020.4130.
[27] Centers for Disease Control and Preven on. “Transcript for the CDC Telebrieﬁng Update on COVID-19, June
25, 2020”. In: (2020).

: https : / / www . cdc . gov / media / releases / 2020 / t0625 - COVID - 19 -

update.html.
[28] Yang Liu et al. “Associa on between age and clinical characteris cs and outcomes of COVID-19”. In: European Respiratory Journal 55.5 (2020).
[29] W. Messner and S.E. Payson. “Varia on in COVID-19 outbreaks at the US state and county levels”. In: Public
Health 187 (2020), pp. 15 –18.

: 0033-3506.

[30] Qin-Long Jing et al. “Household secondary a ack rate of COVID-19 and associated determinants in Guangzhou,
China: a retrospec ve cohort study”. In: The Lancet Infec ous Diseases (2020).
[31] European Center of Disease Preven on and Control. “COVID-19 in children and the role of school se ngs
in COVID-19 transmission”. Available at https://www.ecdc.europa.eu/en/publications- data/
children-and-school-settings-covid-19-transmission. 2020.

DOI: https://doi.org/10.25561/82551

Page 17

17 September 2020

Imperial College COVID-19 Response Team

Supplementary Tables and Figures

DOI: https://doi.org/10.25561/82551

Page 18

17 September 2020

Imperial College COVID-19 Response Team

Age of infec ous individuals (years)
Loca on

Epidemiological

Overall [0 − 9] [10 − 19] [20 − 34] [35 − 49] [50 − 64] [65 − 79]

80+

All loca ons

99.7

100.0

94.2

76.4

0.1

100.0

100.0 100.0

Alabama

99.9

100.0

100.0

94.8

0.0

100.0

100.0 100.0

-

-

-

-

-

-

100.0

100.0

99.8

99.9

80.7

100.0

Alaska
Arizona

-

-

Arkansas

-

-

-

-

-

-

99.7

100.0

86.9

26.7

0.0

100.0

100.0 100.0

Colorado

100.0

100.0

100.0

100.0

1.1

100.0

100.0 100.0

Connec cut

100.0

100.0

100.0

100.0

100.0

100.0

100.0 100.0

Delaware

100.0

100.0

100.0

100.0

25.2

100.0

100.0 100.0

District of Columbia

100.0

100.0

100.0

99.9

99.8

100.0

100.0 100.0

Florida

100.0

100.0

94.2

81.3

16.8

100.0

100.0 100.0

Georgia

99.9

100.0

85.8

85.7

2.0

100.0

100.0 100.0

-

-

-

-

-

-

-

15.1

100.0

66.0

4.5

0.0

18.9

100.0 100.0

Illinois

100.0

100.0

100.0

100.0

9.9

100.0

100.0 100.0

Indiana

100.0

100.0

100.0

99.4

0.0

100.0

100.0 100.0

99.8

99.0

100.0

99.6

0.0

99.7

100.0 100.0

-

-

-

-

-

-

Kentucky

92.1

100.0

99.6

13.2

0.0

99.7

100.0 100.0

Louisiana

99.5

100.0

90.2

94.7

26.2

99.9

100.0 100.0

-

-

-

-

-

-

Maryland

100.0

100.0

100.0

100.0

1.0

100.0

Massachuse s

100.0

100.0

100.0

100.0

32.4

100.0

100.0 100.0

Michigan

100.0

100.0

100.0

98.8

3.6

100.0

100.0 100.0

Kansas

Maine

-

-

Idaho

Iowa

-

100.0 100.0

California

Hawaii

classiﬁca on

-

-

-

-

-

-

-

-

-

100.0 100.0

Minnesota

-

-

-

-

-

-

Mississippi

100.0

100.0

100.0

99.5

25.4

100.0

100.0 100.0

Missouri

98.4

99.8

99.9

88.1

0.0

98.3

100.0 100.0

Montana

-

-

-

-

-

-

-

-

-

Nebraska

-

-

-

-

-

-

-

-

-

97.3

99.9

4.3

34.0

11.3

100.0

100.0 100.0
100.0 100.0

Nevada

-

-

New Hampshire

100.0

92.5

100.0

100.0

41.9

100.0

New Jersey

100.0

100.0

100.0

100.0

98.9

100.0

100.0 100.0

New Mexico

100.0

94.9

55.1

92.5

0.0

100.0

100.0 100.0

-

-

-

-

-

-

New York City

New York

100.0

100.0

100.0

100.0

89.6

100.0

100.0 100.0

-

-

North Carolina

100.0 100.0

-

-

91.9

99.9

100.0

40.1

0.0

97.1

North Dakota

-

-

-

-

-

-

-

-

-

Ohio

-

-

-

-

-

-

-

-

-

69.5

100.0

88.7

24.4

0.0

98.0

100.0 100.0

Oklahoma
Oregon

5.8

100.0

24.1

0.2

0.0

44.2

100.0 100.0

Pennsylvania

99.8

98.9

100.0

96.7

0.0

99.7

100.0 100.0

Rhode Island

100.0

100.0

100.0

100.0

41.1

100.0

100.0 100.0

99.5

100.0

97.5

36.7

0.0

100.0

100.0 100.0

South Carolina

-

-

-

-

-

-

Tennessee

South Dakota

54.9

100.0

78.9

1.0

0.0

99.0

100.0 100.0

Texas

95.9

100.0

66.0

66.9

1.7

99.9

100.0 100.0

Utah

21.9

98.5

81.0

19.5

0.0

99.9

100.0 100.0

-

-

-

-

-

-

100.0

100.0

100.0

99.5

0.0

100.0

100.0 100.0

67.8

100.0

7.7

7.6

0.1

95.2

100.0 100.0

-

-

-

-

-

-

Wisconsin

96.4

100.0

100.0

58.9

0.0

95.2

Wyoming

-

-

-

-

-

-

Vermont
Virginia
Washington
West Virginia

-

-

-

-

-

-

-

-

-

100.0 100.0
-

-

-

Table S1: Posterior probability that the weekly age-speciﬁc reproduc on number is smaller than 1, as of the
week star ng on August 17, 2020. Posterior mean es mates for each loca on (state or metropolitan area) and
age group in percent. Epidemiologic classiﬁca ons are: all age-speciﬁc reproduc on numbers consistently < 1 in
last 4 weeks (•), reproduc on numbers > 1 a er a minimum 4-week period of reproduc on numbers < 1 for all
age groups (•), reproduc on numbers > 1 from ages 35-49 in last 4 weeks, and no period minimum 4-week period
of reproduc on numbers < 1 (•), reproduc on numbers > 1 from ages 35-49 and other age groups in last 4 weeks,
and no period minimum 4-week period of reproduc on numbers < 1 (•).

DOI: https://doi.org/10.25561/82551

Page 19

17 September 2020

Imperial College COVID-19 Response Team

Age of infec ous individuals (years)
Loca on

Overall

[0 − 9]

[10 − 19]

[20 − 34]

[35 − 49]

[50 − 64]

[65 − 79]

80+

All loca ons

0.91 [0.86-0.97] 0.58 [0.52-0.64] 0.93 [0.86-1.02] 0.98 [0.92-1.05] 1.10 [1.04-1.17] 0.85 [0.80-0.91] 0.50 [0.45-0.57] 0.26 [0.24-0.30]

Alabama

0.90 [0.84-0.96] 0.56 [0.43-0.72] 0.68 [0.59-0.81] 0.94 [0.86-1.01] 1.16 [1.09-1.23] 0.87 [0.81-0.93] 0.48 [0.42-0.54] 0.25 [0.22-0.28]

Alaska
Arizona
Arkansas

-

-

-

-

-

-

-

-

0.81 [0.73-0.87] 0.51 [0.38-0.65] 0.88 [0.79-0.97] 0.90 [0.81-0.97] 0.96 [0.88-1.04] 0.74 [0.68-0.80] 0.44 [0.39-0.50] 0.23 [0.21-0.26]
-

-

-

-

-

-

-

-

California

0.96 [0.93-0.99] 0.60 [0.49-0.73] 0.97 [0.92-1.02] 1.01 [0.97-1.05] 1.15 [1.11-1.19] 0.91 [0.87-0.95] 0.50 [0.45-0.56] 0.26 [0.24-0.29]

Colorado

0.86 [0.83-0.89] 0.65 [0.52-0.80] 0.86 [0.82-0.91] 0.89 [0.85-0.92] 1.04 [1.01-1.09] 0.80 [0.76-0.85] 0.55 [0.49-0.62] 0.28 [0.25-0.32]

Connec cut

0.71 [0.68-0.75] 0.55 [0.41-0.70] 0.55 [0.52-0.60] 0.71 [0.68-0.76] 0.89 [0.86-0.94] 0.76 [0.73-0.81] 0.51 [0.46-0.56] 0.27 [0.25-0.30]

Delaware

0.82 [0.78-0.86] 0.53 [0.39-0.69] 0.74 [0.70-0.82] 0.91 [0.87-0.96] 1.02 [0.97-1.06] 0.80 [0.76-0.84] 0.46 [0.41-0.52] 0.24 [0.22-0.27]

District of Columbia 0.78 [0.74-0.84] 0.45 [0.32-0.61] 0.70 [0.66-0.77] 0.89 [0.84-0.96] 0.92 [0.87-0.97] 0.64 [0.60-0.70] 0.42 [0.38-0.49] 0.22 [0.19-0.25]
Florida

0.86 [0.78-0.94] 0.49 [0.39-0.59] 0.91 [0.81-1.02] 0.96 [0.87-1.05] 1.04 [0.95-1.14] 0.79 [0.72-0.86] 0.47 [0.42-0.54] 0.25 [0.22-0.28]

Georgia

0.90 [0.84-0.96] 0.43 [0.35-0.51] 0.94 [0.85-1.05] 0.96 [0.89-1.03] 1.07 [1.01-1.14] 0.84 [0.78-0.89] 0.52 [0.47-0.58] 0.27 [0.25-0.30]

Hawaii

-

-

-

-

-

-

-

-

Idaho

1.08 [0.93-1.23] 0.49 [0.36-0.67] 0.96 [0.79-1.17] 1.13 [0.98-1.30] 1.32 [1.14-1.51] 1.07 [0.91-1.25] 0.68 [0.55-0.84] 0.35 [0.29-0.43]

Illinois

0.83 [0.81-0.86] 0.71 [0.58-0.86] 0.83 [0.80-0.86] 0.86 [0.83-0.89] 1.02 [0.99-1.06] 0.80 [0.77-0.84] 0.48 [0.44-0.53] 0.26 [0.23-0.28]

Indiana

0.90 [0.86-0.95] 0.65 [0.52-0.81] 0.75 [0.70-0.82] 0.93 [0.88-0.98] 1.12 [1.07-1.19] 0.88 [0.83-0.94] 0.54 [0.48-0.61] 0.28 [0.25-0.32]

Iowa

0.93 [0.90-0.97] 0.72 [0.52-0.95] 0.66 [0.62-0.75] 0.92 [0.86-0.98] 1.20 [1.15-1.26] 0.92 [0.88-0.97] 0.56 [0.50-0.63] 0.29 [0.26-0.33]

Kansas

-

-

-

-

-

-

-

-

Kentucky

0.97 [0.92-1.01] 0.60 [0.44-0.79] 0.82 [0.74-0.95] 1.03 [0.97-1.09] 1.20 [1.14-1.26] 0.92 [0.87-0.98] 0.51 [0.45-0.58] 0.27 [0.24-0.30]

Louisiana

0.84 [0.74-0.96] 0.47 [0.37-0.58] 0.88 [0.73-1.06] 0.90 [0.78-1.03] 1.04 [0.92-1.16] 0.82 [0.72-0.92] 0.50 [0.43-0.58] 0.26 [0.23-0.30]

Maine

-

-

-

-

-

-

-

-

Maryland

0.83 [0.80-0.86] 0.65 [0.51-0.82] 0.68 [0.65-0.72] 0.86 [0.82-0.89] 1.04 [1.01-1.08] 0.83 [0.80-0.86] 0.46 [0.41-0.50] 0.24 [0.22-0.27]

Massachuse s

0.81 [0.75-0.85] 0.60 [0.44-0.77] 0.63 [0.59-0.69] 0.80 [0.75-0.86] 1.01 [0.95-1.07] 0.84 [0.79-0.90] 0.60 [0.55-0.66] 0.32 [0.29-0.35]

Michigan

0.86 [0.82-0.91] 0.63 [0.51-0.76] 0.78 [0.73-0.84] 0.94 [0.89-0.99] 1.05 [1.00-1.11] 0.84 [0.79-0.89] 0.51 [0.45-0.58] 0.27 [0.24-0.30]

Minnesota

-

-

-

-

-

-

-

-

Mississippi

0.82 [0.74-0.89] 0.49 [0.39-0.62] 0.76 [0.66-0.87] 0.88 [0.80-0.97] 1.03 [0.94-1.12] 0.77 [0.70-0.84] 0.41 [0.36-0.47] 0.22 [0.19-0.25]

Missouri

0.95 [0.92-0.99] 0.67 [0.52-0.87] 0.83 [0.77-0.92] 0.97 [0.91-1.02] 1.21 [1.15-1.26] 0.94 [0.89-1.00] 0.55 [0.49-0.62] 0.29 [0.26-0.33]

Montana

-

-

-

-

-

-

-

-

Nebraska

-

-

-

-

-

-

-

-

Nevada

0.92 [0.84-1.00] 0.68 [0.51-0.88] 1.09 [0.99-1.21] 1.02 [0.93-1.11] 1.05 [0.97-1.14] 0.80 [0.73-0.87] 0.53 [0.47-0.60] 0.27 [0.24-0.31]

New Hampshire

0.81 [0.73-0.87] 0.78 [0.53-1.09] 0.67 [0.61-0.76] 0.81 [0.72-0.89] 1.01 [0.91-1.09] 0.80 [0.72-0.87] 0.51 [0.43-0.59] 0.26 [0.23-0.30]

New Jersey

0.77 [0.72-0.81] 0.49 [0.38-0.61] 0.75 [0.71-0.80] 0.84 [0.80-0.89] 0.94 [0.89-0.99] 0.75 [0.71-0.79] 0.46 [0.42-0.51] 0.24 [0.22-0.27]

New Mexico

0.90 [0.87-0.93] 0.80 [0.60-1.04] 1.00 [0.96-1.04] 0.97 [0.94-1.01] 1.08 [1.04-1.11] 0.80 [0.76-0.84] 0.47 [0.42-0.53] 0.24 [0.22-0.28]

New York

-

-

-

-

-

-

-

-

New York City

0.77 [0.70-0.86] 0.36 [0.28-0.45] 0.73 [0.64-0.85] 0.83 [0.74-0.93] 0.94 [0.85-1.03] 0.76 [0.69-0.84] 0.49 [0.43-0.55] 0.26 [0.23-0.29]

North Carolina

0.98 [0.94-1.01] 0.68 [0.52-0.87] 0.76 [0.72-0.86] 1.01 [0.96-1.05] 1.23 [1.19-1.28] 0.96 [0.91-1.00] 0.60 [0.54-0.67] 0.31 [0.28-0.35]

North Dakota

-

-

-

-

-

-

-

-

Ohio

-

-

-

-

-

-

-

-

Oklahoma

0.98 [0.88-1.08] 0.54 [0.41-0.71] 0.89 [0.74-1.07] 1.04 [0.93-1.16] 1.21 [1.09-1.33] 0.90 [0.81-0.99] 0.52 [0.44-0.61] 0.27 [0.23-0.31]

Oregon

1.06 [0.98-1.14] 0.55 [0.40-0.72] 1.04 [0.94-1.15] 1.12 [1.04-1.20] 1.28 [1.19-1.38] 1.01 [0.92-1.11] 0.62 [0.54-0.72] 0.31 [0.27-0.36]

Pennsylvania

0.90 [0.85-0.96] 0.79 [0.64-0.97] 0.73 [0.68-0.78] 0.94 [0.88-1.00] 1.14 [1.06-1.21] 0.90 [0.83-0.96] 0.53 [0.47-0.61] 0.28 [0.25-0.32]

Rhode Island

0.79 [0.75-0.82] 0.63 [0.47-0.83] 0.53 [0.50-0.58] 0.76 [0.71-0.80] 1.01 [0.96-1.05] 0.84 [0.80-0.88] 0.56 [0.51-0.61] 0.29 [0.27-0.32]

South Carolina

0.92 [0.86-0.98] 0.46 [0.36-0.57] 0.88 [0.78-1.00] 1.01 [0.94-1.08] 1.13 [1.06-1.21] 0.85 [0.79-0.91] 0.48 [0.42-0.55] 0.25 [0.22-0.28]

South Dakota

-

-

-

-

-

-

-

-

Tennessee

1.00 [0.95-1.04] 0.49 [0.36-0.65] 0.95 [0.84-1.07] 1.07 [1.01-1.13] 1.22 [1.16-1.29] 0.93 [0.88-0.99] 0.56 [0.50-0.64] 0.29 [0.26-0.33]

Texas

0.93 [0.85-1.01] 0.60 [0.48-0.74] 0.98 [0.87-1.10] 0.98 [0.89-1.07] 1.10 [1.01-1.20] 0.87 [0.79-0.95] 0.50 [0.44-0.57] 0.26 [0.23-0.30]

Utah

1.01 [0.98-1.04] 0.71 [0.50-0.97] 0.95 [0.87-1.07] 1.02 [0.96-1.07] 1.25 [1.20-1.31] 0.91 [0.87-0.96] 0.43 [0.38-0.49] 0.23 [0.20-0.25]

Vermont

-

-

-

-

-

-

-

-

Virginia

0.93 [0.90-0.95] 0.66 [0.53-0.83] 0.68 [0.65-0.75] 0.95 [0.92-0.99] 1.16 [1.13-1.20] 0.92 [0.89-0.96] 0.51 [0.46-0.57] 0.27 [0.24-0.30]

Washington

0.98 [0.90-1.06] 0.33 [0.29-0.37] 1.07 [0.97-1.16] 1.06 [0.98-1.14] 1.14 [1.04-1.24] 0.92 [0.84-1.02] 0.64 [0.55-0.75] 0.33 [0.28-0.38]

West Virginia
Wisconsin
Wyoming

-

-

-

-

-

-

-

-

0.96 [0.92-1.00] 0.68 [0.51-0.87] 0.83 [0.78-0.91] 0.99 [0.94-1.05] 1.18 [1.13-1.25] 0.95 [0.90-1.01] 0.61 [0.54-0.69] 0.32 [0.28-0.36]
-

-

-

-

-

-

-

-

Table S2: Es mated age-speciﬁc weekly eﬀec ve reproduc on number, as of the week star ng on August 17,
2020. Posterior median es mates for each loca on (state or metropolitan area) and age group, along with 95%
credible intervals.
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Age of infec ous individuals (years)
Loca on

Overall

[0 − 9]

Alabama

13.68 [9.61-19.10]

2.12 [1.17-3.83]

Alaska
Arizona

24.61 [19.11-31.41]

[10 − 19]

-

[50 − 64]

[65 − 79]

80+

6.57 [4.49-9.49] 17.42 [12.27-24.14] 23.35 [16.39-32.15] 15.64 [10.82-21.98]

10.84 [6.61-17.99]

7.35 [4.49-12.20]

-

[20 − 34]

-

[35 − 49]

-

-

3.73 [2.18-6.39] 20.32 [15.82-25.37] 34.30 [26.61-43.19] 36.87 [28.64-46.30] 25.99 [19.84-33.37] 18.00 [12.01-28.03]

-

-

11.95 [7.93-18.87]

Arkansas

-

-

-

-

-

-

-

California

9.21 [6.24-13.01]

1.28 [0.70-2.24]

6.69 [4.57-9.46]

11.76 [8.01-16.60]

13.67 [9.32-19.23]

10.04 [6.78-14.31]

7.62 [4.47-12.67]

4.77 [2.81-7.93]

Colorado

9.82 [6.37-14.10]

1.69 [0.91-2.95]

7.99 [5.23-11.31]

12.11 [7.89-17.26]

14.06 [9.12-20.03]

9.90 [6.36-14.22]

9.02 [5.11-15.53]

6.27 [3.57-10.75]

-

Connec cut

28.67 [17.54-39.65]

5.83 [3.18-9.75]

16.17 [9.79-23.25] 33.75 [20.81-46.56] 41.97 [26.44-56.26] 33.12 [20.19-45.79] 28.75 [15.95-46.88]

17.68 [9.55-29.99]

Delaware

17.34 [10.64-25.26]

2.88 [1.44-5.42]

11.03 [6.77-16.14] 23.83 [14.80-34.01] 27.20 [16.84-38.62] 18.79 [11.41-27.54]

12.99 [7.02-22.40]

9.17 [4.92-15.91]

District of Columbia 26.89 [19.96-35.46]

5.38 [3.12-9.15] 17.09 [12.43-23.18] 34.52 [25.68-44.97] 35.92 [26.99-46.48] 26.05 [19.12-34.76] 22.50 [14.26-35.41]

14.74 [9.24-23.70]

Florida

20.16 [14.32-27.30]

2.95 [1.72-5.01] 18.19 [13.03-24.31] 29.06 [20.74-38.90] 30.36 [21.70-40.31] 20.26 [14.28-27.57]

13.92 [8.62-22.51]

7.92 [4.89-12.96]

Georgia

14.68 [10.16-19.74]

1.50 [0.86-2.49]

13.33 [8.02-21.41]

9.94 [5.96-16.01]

Hawaii

11.10 [7.69-15.07] 19.25 [13.42-25.75] 21.18 [14.89-28.17] 15.46 [10.73-20.85]

-

-

-

-

-

-

-

5.34 [2.72-8.90]

0.53 [0.23-1.11]

3.14 [1.63-5.27]

7.05 [3.67-11.63]

8.42 [4.29-13.98]

6.19 [3.11-10.52]

4.91 [2.24-9.71]

3.41 [1.56-6.68]

Illinois

17.02 [12.47-23.58]

3.54 [2.07-6.13]

12.66 [9.19-17.46] 21.37 [15.63-29.32] 25.57 [18.74-34.82] 18.18 [13.21-25.21]

14.56 [9.20-23.91]

9.21 [5.84-15.26]

Indiana

11.43 [6.34-17.02]

1.84 [0.88-3.48]

6.50 [3.64-9.97]

12.86 [7.07-19.40]

10.20 [5.08-17.71]

6.58 [3.25-11.48]

7.61 [4.61-11.19]

1.30 [0.66-2.55]

3.32 [2.01-4.98]

9.22 [5.65-13.46]

13.30 [8.06-19.44]

8.91 [5.35-13.15]

6.98 [3.73-12.11]

3.94 [2.10-6.87]

-

-

-

-

-

-

-

-

Kentucky

5.41 [3.20-7.98]

0.76 [0.37-1.45]

3.08 [1.83-4.58]

7.17 [4.28-10.51]

8.78 [5.19-13.06]

5.93 [3.48-8.85]

4.34 [2.25-7.46]

2.80 [1.45-4.81]

Louisiana

25.41 [17.60-33.69]

3.79 [2.23-6.31] 18.94 [13.07-25.25] 32.71 [22.69-43.06] 38.04 [26.84-49.00] 27.87 [19.12-36.89] 22.15 [13.21-35.15]

15.57 [9.26-25.15]

Idaho

Iowa
Kansas

Maine

-

-

Maryland

16.88 [11.71-23.58]

3.23 [1.84-5.65]

Massachuse s

27.82 [14.80-39.87] 5.92 [2.86-10.31]

Michigan

-

14.40 [8.08-21.54] 18.17 [10.14-26.91]

-

-

-

-

-

9.56 [6.45-13.55] 20.95 [14.44-28.91] 26.25 [18.31-35.97] 19.05 [13.08-26.65]

14.19 [8.48-23.51]

9.62 [5.73-16.09]

15.08 [7.66-22.67] 30.64 [16.27-43.73] 40.43 [22.06-55.38] 31.79 [16.79-45.04] 30.61 [14.82-51.19]

19.07 [8.99-33.52]

11.27 [7.77-15.64]

2.02 [1.16-3.53]

Minnesota

-

-

Mississippi

22.74 [16.98-29.81]

3.49 [2.07-5.73]

Missouri

5.90 [3.34-8.93]

0.96 [0.46-1.84]

3.59 [2.08-5.49]

7.40 [4.26-11.10]

9.66 [5.51-14.55]

6.56 [3.72-9.99]

4.86 [2.46-8.64]

Montana

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2.58 [1.42-4.81] 14.94 [10.81-20.26] 21.31 [15.20-29.39] 21.45 [15.29-29.64] 14.74 [10.38-20.63]

12.31 [7.63-20.27]

8.86 [5.53-14.58]

4.10 [1.71-9.13]

2.53 [1.06-5.62]

Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
New York City
North Carolina

15.50 [11.00-21.44]
4.63 [2.23-9.01]

7.85 [5.38-10.99] 14.97 [10.29-20.68] 17.27 [11.95-23.79]

-

11.93 [8.23-16.56]

9.24 [5.48-15.43]

-

-

-

13.63 [9.78-18.64] 30.28 [22.60-39.22] 36.62 [27.88-46.76] 25.61 [19.05-33.64] 17.81 [11.26-28.20]

12.91 [8.16-20.66]

-

1.01 [0.38-2.53]

2.39 [1.15-4.73]

-

5.70 [2.78-11.02]

-

7.50 [3.60-14.42]

4.96 [2.38-9.67]

5.80 [3.44-9.66]

3.02 [1.54-5.37]
-

32.24 [24.37-40.30] 6.51 [4.04-10.11] 24.07 [18.16-29.92] 42.21 [31.99-51.91] 45.94 [35.23-55.79] 34.58 [25.84-43.29] 28.21 [18.11-42.90] 17.71 [11.21-27.70]
11.22 [8.33-15.28]

2.32 [1.28-4.13]

-

-

32.26 [23.50-40.74]

9.24 [6.90-12.42] 15.57 [11.58-20.97] 17.65 [13.10-23.93]
-

-

-

11.27 [8.32-15.37]

7.69 [4.88-12.39]

4.98 [3.19-8.05]

-

-

-

4.64 [2.87-7.33] 22.93 [16.86-28.82] 39.86 [29.22-50.40] 44.84 [33.30-55.40] 35.78 [26.14-45.11] 29.96 [18.20-44.31] 18.87 [11.26-28.86]

7.12 [5.07-9.92]

1.14 [0.63-2.08]

3.55 [2.51-5.03]

8.77 [6.28-12.12]

11.42 [8.17-15.80]

8.02 [5.70-11.21]

6.49 [3.98-10.75]

North Dakota

-

-

-

-

-

-

-

Ohio

-

-

-

-

-

-

-

-

6.00 [3.83-8.89]

0.75 [0.39-1.40]

3.57 [2.27-5.32]

8.04 [5.19-11.78]

9.92 [6.35-14.57]

6.64 [4.23-9.83]

4.92 [2.76-8.58]

3.08 [1.73-5.36]

4.34 [2.48-6.60]

5.04 [2.83-7.70]

3.57 [1.99-5.47]

2.68 [1.34-4.78]

1.68 [0.85-2.98]

15.46 [7.93-24.93] 19.81 [10.16-31.46]

13.56 [6.84-22.03]

10.45 [4.79-19.74]

6.06 [2.75-11.49]

Oklahoma

3.34 [1.90-5.08]

0.43 [0.20-0.84]

2.38 [1.37-3.60]

Pennsylvania

12.36 [6.25-19.97]

2.82 [1.21-5.55]

7.05 [3.52-11.67]

Rhode Island

16.76 [10.20-25.25]

3.43 [1.73-6.22]

7.28 [4.32-11.49] 17.97 [10.96-27.12] 26.27 [16.18-38.37] 19.88 [11.99-29.78]

13.28 [9.17-18.46]

1.58 [0.89-2.74]

9.37 [6.44-13.23] 18.74 [13.01-25.77] 21.13 [14.63-29.05]

-

-

-

8.94 [6.62-12.27]

0.99 [0.56-1.82]

5.93 [4.27-8.27]

Oregon

South Carolina
South Dakota
Tennessee

4.40 [2.72-7.28]
-

18.20 [9.99-32.07]

10.54 [5.70-18.96]

13.92 [9.54-19.42]

9.44 [5.75-15.37]

6.63 [4.05-10.81]

-

-

-

11.99 [8.84-16.26] 13.97 [10.34-18.96]

9.52 [7.00-13.01]

7.30 [4.65-11.92]

4.86 [3.13-7.95]

2.48 [1.46-4.23] 14.08 [10.49-18.73] 23.97 [17.94-31.82] 26.87 [20.21-35.37] 20.26 [15.04-27.18] 16.30 [10.49-25.84]

11.86 [7.63-18.94]

-

-

Texas

18.40 [13.76-24.54]

Utah

5.21 [3.50-7.42]

0.64 [0.32-1.23]

3.14 [2.10-4.59]

6.64 [4.49-9.40]

8.82 [5.85-12.51]

6.37 [4.21-9.11]

4.29 [2.57-7.13]

-

-

-

-

-

-

-

-

Virginia

7.68 [4.64-11.28]

1.29 [0.66-2.37]

3.80 [2.34-5.64]

9.34 [5.72-13.52]

12.28 [7.47-17.83]

8.90 [5.35-13.01]

6.63 [3.57-11.45]

4.37 [2.36-7.57]

Washington

7.02 [4.32-10.14]

0.72 [0.39-1.25]

5.96 [3.72-8.55]

9.28 [5.76-13.41]

9.79 [6.07-14.18]

7.19 [4.41-10.47]

6.32 [3.35-10.95]

4.19 [2.24-7.21]

-

-

-

-

-

-

-

-

Wisconsin

5.06 [3.31-7.14]

0.88 [0.47-1.61]

3.10 [2.04-4.41]

6.41 [4.21-9.07]

7.95 [5.19-11.20]

5.50 [3.56-7.78]

4.64 [2.69-7.82]

2.75 [1.60-4.59]

Wyoming

-

-

-

-

-

-

-

-

Vermont

West Virginia

3.06 [1.83-5.07]

Table S3: Cumula ve age-speciﬁc a ack rates, as of August 23, 2020. Posterior median es mates are shown in
percent, along with 95% credible intervals.
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Popula on

Excess SARS-CoV-2 infec ons, COVID-19 a ributable deaths, Excess COVID-19 a ributable deaths, Excess COVID-19 a ributable deaths, Excess SARS-CoV-2 infec ons, COVID-19 a ributable deaths, Excess COVID-19 a ributable deaths, Excess COVID-19 a ributable deaths,
re-opening scenario
closure scenario
re-opening scenario
re-opening scenario
re-opening scenario
closure scenario
closure scenario
closure scenario
(percent increase)
(number)
(diﬀerence)
(percent increase)
(percent increase)
(number)
(diﬀerence)
(percent increase)

All loca ons

253.7% [199.3%-366.9%]

16 [10, 26]

24 [13, 42]

144.6% [113.9%-199.6%]

34.3% [19.7%-65.1%]

48,460 [36,142, 67,760]

6,181 [3,286, 11,925]

12.6% [7.4%-22.7%]

Alabama

210.0% [161.2%-331.2%]

0 [0, 1]

0 [0, 1]

118.9% [91.9%-171.4%]

30.0% [14.0%-72.6%]

959 [648, 1,436]

103 [44, 239]

10.6% [4.9%-24.3%]

-

-

-

-

-

-

-

-

218.1% [168.2%-344.7%]

1 [0, 2]

1 [0, 2]

90.2% [63.6%-140.0%]

27.8% [13.0%-69.2%]

1,718 [1,092, 2,543]

127 [44, 371]

7.4% [3.2%-18.6%]

Arkansas

-

-

-

-

-

-

-

-

California

252.8% [194.2%-385.6%]

2 [1, 4]

3 [1, 7]

162.7% [128.9%-232.9%]

37.8% [19.2%-81.2%]

6,657 [5,054, 8,958]

1,060 [514, 2,285]

15.8% [8.1%-32.5%]

Colorado

228.2% [166.7%-377.3%]

0 [0, 1]

0 [0, 1]

113.0% [85.4%-173.0%]

41.2% [19.2%-96.0%]

102 [70, 154]

13 [5, 33]

12.8% [6.1%-28.3%]

Connec cut

307.4% [222.7%-520.5%]

0 [0, 1]

0 [0, 1]

85.6% [61.5%-136.2%]

51.1% [24.3%-121.3%]

14 [8, 22]

1 [0, 3]

8.1% [3.8%-18.2%]

Delaware

247.8% [184.4%-417.6%]

0 [0, 1]

0 [0, 1]

110.8% [83.2%-171.3%]

36.3% [15.7%-93.2%]

32 [18, 55]

3 [1, 10]

10.3% [4.3%-25.1%]

District of Columbia

345.2% [242.2%-643.3%]

0 [0, 1]

0 [0, 1]

134.4% [93.5%-225.9%]

55.8% [22.2%-157.1%]

12 [6, 22]

2 [0, 6]

14.0% [5.5%-37.4%]

Florida

205.4% [168.2%-284.9%]

2 [1, 4]

2 [1, 5]

102.8% [76.4%-141.6%]

23.0% [12.1%-47.6%]

7,189 [4,850, 10,948]

527 [210, 1,311]

7.3% [3.6%-15.4%]

Georgia

206.8% [175.2%-267.0%]

1 [0, 1]

1 [0, 2]

119.8% [96.2%-153.0%]

18.4% [10.0%-35.0%]

2,623 [1,848, 3,886]

168 [74, 357]

6.3% [3.4%-11.7%]

-

-

-

-

-

-

-

Idaho

163.0% [135.5%-228.6%]

0 [0, 1]

0 [0, 1]

130.6% [102.9%-174.0%]

14.3% [6.1%-35.1%]

793 [283, 2,197]

56 [15, 177]

6.9% [3.0%-16.5%]

Illinois

361.3% [238.8%-711.8%]

0 [0, 1]

0 [0, 1]

156.4% [108.9%-275.6%]

76.0% [34.5%-200.2%]

370 [289, 481]

80 [35, 201]

21.5% [10.1%-51.5%]

Indiana

305.2% [215.6%-540.9%]

0 [0, 1]

0 [0, 1]

164.5% [120.1%-265.1%]

54.4% [25.6%-133.3%]

376 [266, 556]

70 [29, 174]

18.4% [8.7%-41.0%]

Iowa

258.3% [173.9%-519.8%]

0 [0, 1]

0 [0, 1]

151.8% [108.7%-269.9%]

50.7% [20.4%-150.0%]

233 [159, 350]

44 [16, 127]

18.5% [7.6%-50.5%]

-

-

-

-

-

-

-

-

Kentucky

226.0% [169.6%-377.7%]

0 [0, 1]

0 [0, 1]

148.9% [116.5%-226.7%]

34.5% [15.3%-88.1%]

396 [268, 602]

57 [23, 151]

14.3% [6.4%-35.3%]

Louisiana

232.7% [185.6%-331.2%]

0 [0, 1]

0 [0, 1]

108.9% [72.6%-160.9%]

27.1% [13.9%-56.2%]

831 [499, 1,578]

64 [21, 198]

7.6% [3.6%-16.3%]

Alaska
Arizona

Hawaii

Kansas

Maine

-

-

-

-

-

-

-

-

-

Maryland

372.4% [246.7%-747.9%]

0 [0, 1]

0 [0, 1]

163.1% [114.9%-287.0%]

71.7% [31.6%-199.0%]

205 [156, 270]

42 [17, 107]

20.2% [9.1%-49.8%]

Massachuse s

334.2% [231.5%-605.7%]

0 [0, 1]

0 [0, 1]

133.8% [91.7%-223.6%]

62.2% [29.1%-152.7%]

242 [173, 354]

36 [13, 95]

14.6% [6.7%-34.0%]

Michigan

253.3% [186.8%-424.9%]

0 [0, 1]

0 [0, 1]

126.3% [94.3%-195.8%]

43.3% [20.5%-103.1%]

239 [169, 359]

33 [13, 85]

13.6% [6.6%-30.7%]

Minnesota

-

-

-

-

-

-

-

Mississippi

219.3% [172.0%-322.8%]

0 [0, 1]

0 [0, 1]

93.8% [67.4%-139.2%]

28.0% [13.9%-61.4%]

626 [422, 976]

47 [18, 124]

7.5% [3.6%-16.6%]

Missouri

243.7% [173.7%-422.9%]

0 [0, 1]

0 [0, 1]

153.2% [115.6%-243.6%]

43.4% [19.3%-109.4%]

513 [366, 747]

89 [37, 230]

17.3% [7.9%-40.8%]

Montana
Nebraska

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Nevada

214.8% [155.9%-353.2%]

0 [0, 1]

1 [0, 2]

126.4% [90.8%-194.8%]

35.1% [15.2%-86.0%]

1,088 [694, 1,767]

151 [55, 395]

13.9% [5.9%-32.8%]

New Hampshire

242.7% [156.3%-566.2%]

0 [0, 1]

0 [0, 1]

100.1% [61.8%-200.6%]

54.4% [18.8%-197.1%]

14 [6, 29]

2 [0, 9]

14.2% [4.7%-45.6%]

New Jersey

347.2% [253.3%-573.0%]

0 [0, 1]

0 [0, 1]

122.3% [87.9%-192.7%]

51.9% [25.3%-118.4%]

167 [121, 239]

19 [7, 48]

11.2% [5.4%-24.5%]

New Mexico

253.2% [163.3%-514.5%]

0 [0, 1]

0 [0, 1]

133.6% [91.0%-239.9%]

59.0% [23.7%-168.2%]

196 [147, 263]

44 [17, 118]

22.2% [9.0%-58.3%]

New York

-

-

-

-

-

-

-

New York City

315.6% [255.4%-441.6%]

0 [0, 1]

0 [0, 1]

118.8% [81.6%-175.7%]

31.4% [16.5%-64.9%]

102 [64, 178]

7 [2, 20]

6.7% [3.2%-14.2%]

North Carolina

263.1% [187.3%-466.8%]

1 [0, 1]

1 [0, 3]

172.9% [129.9%-278.8%]

46.6% [20.5%-118.8%]

1,909 [1,439, 2,634]

375 [164, 911]

19.5% [8.8%-47.6%]

North Dakota

-

-

-

-

-

-

-

-

Ohio

-

-

-

-

-

-

-

-

-

201.3% [158.8%-302.9%]

0 [0, 1]

0 [0, 1]

136.1% [103.0%-194.6%]

25.2% [11.4%-59.8%]

553 [286, 1,168]

60 [20, 181]

10.6% [4.8%-24.4%]

149.7% [120.0%-220.1%]

0 [0, 1]

0 [0, 1]

118.7% [97.1%-162.1%]

19.2% [8.6%-45.2%]

658 [363, 1,348]

64 [22, 185]

9.6% [4.2%-22.0%]

Pennsylvania

361.4% [233.9%-738.8%]

0 [0, 1]

1 [0, 2]

186.0% [125.6%-333.0%]

86.9% [40.3%-224.8%]

763 [506, 1,229]

229 [89, 629]

29.4% [14.0%-69.3%]

Rhode Island

310.2% [210.4%-619.4%]

0 [0, 1]

0 [0, 1]

120.3% [83.7%-212.6%]

55.8% [22.9%-162.7%]

17 [9, 29]

2 [0, 7]

12.7% [5.2%-33.8%]

South Carolina

188.9% [156.8%-255.4%]

0 [0, 1]

0 [0, 1]

112.5% [90.4%-148.8%]

18.9% [9.3%-40.0%]

1,268 [883, 1,878]

90 [38, 206]

7.1% [3.4%-14.8%]

-

-

-

-

-

-

-

-

Tennessee

192.4% [156.6%-273.0%]

1 [0, 1]

1 [0, 2]

136.6% [112.8%-184.3%]

19.9% [9.0%-46.0%]

2,062 [1,509, 2,902]

183 [75, 440]

8.8% [3.9%-20.2%]

Texas

279.2% [212.8%-431.3%]

5 [3, 9]

8 [4, 18]

160.0% [118.7%-236.0%]

36.8% [17.8%-82.5%]

12,688 [8,303, 19,865]

1,722 [700, 4,142]

13.5% [6.5%-29.2%]

Utah

348.9% [227.2%-754.6%]

0 [0, 1]

0 [0, 2]

238.4% [167.3%-452.1%]

59.4% [21.2%-193.3%]

411 [286, 601]

114 [39, 346]

27.5% [10.0%-82.6%]

-

-

-

-

-

-

-

-

Virginia

268.9% [194.1%-467.4%]

0 [0, 1]

0 [0, 1]

159.3% [121.6%-250.6%]

49.0% [23.4%-118.2%]

632 [482, 847]

117 [54, 282]

18.4% [9.0%-41.7%]

Washington

150.5% [136.4%-172.8%]

0 [0, 1]

0 [0, 1]

110.3% [92.8%-129.0%]

8.9% [5.4%-14.6%]

974 [530, 1,936]

35 [14, 86]

3.6% [2.2%-5.8%]

Vermont

West Virginia

-

-

-

-

-

-

-

-

Wisconsin

233.6% [168.4%-413.2%]

0 [0, 1]

0 [0, 1]

148.6% [111.7%-235.9%]

41.8% [18.3%-108.1%]

376 [259, 590]

64 [25, 172]

16.7% [7.4%-39.7%]

Wyoming

-

-

-

-

-

-

-

-

Table S4: Es mated excess SARS-CoV-2 infec ons and excess COVID-19 a ributable deaths in the central kindergarten and elementary school
re-opening scenarios, when compared to con nued school closure scenarios. Posterior median es mates for each loca on (state or metropolitan
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area), along with 95% credible intervals for the period August 24, 2020 to November 24, 2020. Figures assume a 50% transmission reduc on from
and to children aged 0-11 due to face mask use and other non-pharmaceu cal interven ons, see Supplementary Text S3.7.
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Children aged 0-11

Loca on

Popula on

Excess SARS-CoV-2 infec ons, COVID-19 a ributable deaths, Excess COVID-19 a ributable deaths, Excess COVID-19 a ributable deaths, Excess SARS-CoV-2 infec ons, COVID-19 a ributable deaths, Excess COVID-19 a ributable deaths, Excess COVID-19 a ributable deaths,
re-opening scenario
closure scenario
re-opening scenario
re-opening scenario
re-opening scenario
closure scenario
closure scenario
closure scenario
(percent increase)
(number)
(diﬀerence)
(percent increase)
(percent increase)
(number)
(diﬀerence)
(percent increase)

All loca ons

39.6% [33.5%-49.3%]

16 [10, 26]

4 [2, 7]

23.2% [19.5%-28.9%]

5.6% [3.4%-9.4%]

48,460 [36,142, 67,760]

1,108 [621, 1,994]

2.3% [1.4%-3.7%]

Alabama

34.5% [27.9%-47.2%]

0 [0, 1]

0 [0, 1]

19.9% [16.6%-25.6%]

5.1% [2.5%-10.8%]

959 [648, 1,436]

19 [8, 41]

2.0% [1.0%-4.1%]

-

-

-

-

-

-

-

-

42.8% [34.4%-56.9%]

1 [0, 2]

0 [0, 1]

17.4% [13.7%-23.2%]

5.5% [2.8%-11.6%]

1,718 [1,092, 2,543]

26 [10, 68]

1.5% [0.7%-3.4%]

Arkansas

-

-

-

-

-

-

-

-

California

36.6% [30.4%-47.0%]

2 [1, 4]

1 [0, 1]

24.4% [20.5%-31.1%]

5.9% [3.2%-11.0%]

6,657 [5,054, 8,958]

185 [95, 363]

2.8% [1.5%-5.1%]

Colorado

36.7% [29.6%-49.1%]

0 [0, 1]

0 [0, 1]

18.8% [15.3%-25.0%]

6.9% [3.6%-13.3%]

102 [70, 154]

2 [1, 6]

2.4% [1.2%-4.7%]

Connec cut

58.9% [48.6%-76.1%]

0 [0, 1]

0 [0, 1]

16.6% [13.4%-21.6%]

9.6% [5.2%-17.8%]

14 [8, 22]

0 [0, 1]

1.6% [0.8%-3.1%]

Delaware

43.1% [35.1%-57.2%]

0 [0, 1]

0 [0, 1]

19.6% [16.2%-25.4%]

6.4% [3.1%-13.4%]

32 [18, 55]

1 [0, 2]

2.0% [0.9%-4.2%]

District of Columbia

54.8% [44.6%-71.6%]

0 [0, 1]

0 [0, 1]

22.2% [17.7%-28.9%]

8.4% [3.9%-17.5%]

12 [6, 22]

0 [0, 1]

2.3% [1.0%-5.0%]

Florida

38.9% [32.3%-49.2%]

2 [1, 4]

0 [0, 1]

19.2% [15.7%-24.0%]

4.4% [2.4%-8.3%]

7,189 [4,850, 10,948]

105 [45, 242]

1.5% [0.8%-2.8%]

Georgia

36.6% [31.5%-44.1%]

1 [0, 1]

0 [0, 1]

21.0% [17.9%-25.2%]

3.3% [1.9%-5.9%]

2,623 [1,848, 3,886]

33 [15, 66]

-

-

-

-

-

-

-

-

Idaho

24.4% [20.1%-32.5%]

0 [0, 1]

0 [0, 1]

19.5% [16.5%-24.6%]

2.3% [1.0%-5.5%]

793 [283, 2,197]

10 [3, 31]

1.3% [0.6%-2.9%]

Illinois

51.7% [41.1%-70.5%]

0 [0, 1]

0 [0, 1]

24.0% [19.0%-32.6%]

11.4% [6.0%-21.9%]

370 [289, 481]

14 [6, 29]

3.7% [2.0%-7.2%]

Indiana

43.1% [34.6%-58.3%]

0 [0, 1]

0 [0, 1]

24.7% [20.0%-32.7%]

8.1% [4.3%-15.9%]

376 [266, 556]

12 [5, 26]

3.2% [1.6%-6.1%]

Iowa

35.8% [27.6%-53.3%]

0 [0, 1]

0 [0, 1]

22.6% [17.8%-32.1%]

7.7% [3.5%-17.7%]

233 [159, 350]

8 [3, 20]

3.3% [1.5%-7.5%]

-

-

-

-

-

-

-

Kentucky

32.0% [26.0%-43.5%]

0 [0, 1]

0 [0, 1]

22.1% [18.5%-29.1%]

5.3% [2.5%-11.3%]

396 [268, 602]

10 [4, 24]

2.5% [1.2%-5.5%]

Louisiana

42.2% [33.9%-54.3%]

0 [0, 1]

0 [0, 1]

19.6% [14.9%-25.3%]

5.0% [2.7%-9.1%]

831 [499, 1,578]

13 [4, 36]

1.5% [0.8%-2.9%]

Alaska
Arizona

Hawaii

Kansas

Maine

-

1.2% [0.7%-2.2%]

-

-

-

-

-

-

-

-

Maryland

53.4% [42.5%-73.2%]

0 [0, 1]

0 [0, 1]

25.1% [20.3%-33.6%]

10.6% [5.5%-21.0%]

205 [156, 270]

7 [3, 15]

3.4% [1.7%-6.8%]

Massachuse s

52.2% [41.8%-69.1%]

0 [0, 1]

0 [0, 1]

22.1% [17.4%-29.3%]

9.8% [5.3%-18.4%]

242 [173, 354]

6 [2, 15]

2.6% [1.3%-5.1%]

Michigan

40.1% [32.5%-53.2%]

0 [0, 1]

0 [0, 1]

20.8% [17.0%-27.3%]

7.1% [3.7%-13.7%]

239 [169, 359]

6 [2, 14]

2.5% [1.3%-4.9%]

Minnesota

-

-

-

-

-

-

-

-

Mississippi

41.9% [33.9%-54.4%]

0 [0, 1]

0 [0, 1]

17.7% [14.0%-23.0%]

5.4% [2.9%-10.5%]

626 [422, 976]

10 [4, 23]

1.5% [0.8%-3.1%]

Missouri

34.0% [26.9%-47.0%]

0 [0, 1]

0 [0, 1]

22.8% [18.5%-30.5%]

6.6% [3.2%-13.7%]

513 [366, 747]

16 [7, 36]

3.0% [1.5%-6.3%]

Montana
Nebraska

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Nevada

35.7% [27.8%-49.9%]

0 [0, 1]

0 [0, 1]

21.2% [16.7%-28.6%]

6.1% [2.8%-13.2%]

1,088 [694, 1,767]

29 [11, 69]

2.6% [1.2%-5.6%]

New Hampshire

41.5% [30.6%-63.9%]

0 [0, 1]

0 [0, 1]

17.7% [12.8%-26.9%]

9.5% [3.8%-23.9%]

14 [6, 29]

0 [0, 2]

2.8% [1.0%-7.0%]

New Jersey

60.6% [50.4%-76.4%]

0 [0, 1]

0 [0, 1]

21.8% [17.7%-28.1%]

9.0% [5.0%-16.0%]

167 [121, 239]

4 [1, 8]

2.1% [1.1%-3.9%]

New Mexico

38.6% [28.8%-57.3%]

0 [0, 1]

0 [0, 1]

21.5% [16.2%-31.3%]

9.9% [4.5%-21.6%]

196 [147, 263]

8 [3, 19]

4.2% [1.9%-9.2%]

New York

-

-

-

-

-

-

-

New York City

60.1% [50.1%-74.0%]

0 [0, 1]

0 [0, 1]

22.8% [17.8%-28.9%]

5.6% [3.2%-9.9%]

102 [64, 178]

1 [0, 4]

1.2% [0.6%-2.4%]

North Carolina

35.4% [28.3%-49.8%]

1 [0, 1]

0 [0, 1]

24.8% [20.2%-33.7%]

6.9% [3.3%-14.5%]

1,909 [1,439, 2,634]

64 [29, 137]

3.3% [1.6%-7.0%]

North Dakota

-

-

-

-

-

-

-

-

Ohio

-

-

-

-

-

-

-

-

-

29.9% [24.2%-39.7%]

0 [0, 1]

0 [0, 1]

20.5% [17.1%-26.4%]

4.1% [1.9%-8.7%]

553 [286, 1,168]

11 [3, 30]

1.9% [0.9%-4.1%]

21.9% [18.0%-29.5%]

0 [0, 1]

0 [0, 1]

17.8% [15.0%-23.0%]

3.1% [1.5%-6.8%]

658 [363, 1,348]

12 [4, 32]

1.8% [0.8%-3.8%]

Pennsylvania

45.4% [35.0%-64.8%]

0 [0, 1]

0 [0, 1]

25.9% [20.1%-36.0%]

11.9% [6.4%-22.9%]

763 [506, 1,229]

37 [16, 88]

4.8% [2.5%-9.2%]

Rhode Island

50.7% [40.2%-69.5%]

0 [0, 1]

0 [0, 1]

20.5% [16.3%-27.9%]

9.1% [4.4%-19.2%]

17 [9, 29]

0 [0, 2]

2.3% [1.1%-4.9%]

South Carolina

32.6% [27.6%-40.7%]

0 [0, 1]

0 [0, 1]

19.4% [16.4%-23.8%]

3.4% [1.7%-6.5%]

1,268 [883, 1,878]

17 [7, 37]

1.4% [0.7%-2.6%]

-

-

-

-

-

-

-

-

Tennessee

29.7% [25.2%-37.9%]

1 [0, 1]

0 [0, 1]

21.4% [18.3%-26.7%]

3.2% [1.5%-6.9%]

2,062 [1,509, 2,902]

33 [14, 74]

1.6% [0.7%-3.4%]

Texas

45.6% [37.5%-59.5%]

5 [3, 9]

1 [0, 3]

26.1% [21.4%-33.8%]

6.2% [3.2%-12.3%]

12,688 [8,303, 19,865]

313 [137, 693]

2.5% [1.3%-4.8%]

Utah

42.3% [33.0%-63.3%]

0 [0, 1]

0 [0, 1]

31.0% [24.4%-44.8%]

8.3% [3.4%-20.2%]

411 [286, 601]

18 [6, 47]

4.4% [1.8%-10.7%]

-

-

-

-

-

-

-

-

Virginia

37.0% [29.7%-50.3%]

0 [0, 1]

0 [0, 1]

23.4% [19.2%-31.0%]

7.3% [3.8%-14.3%]

632 [482, 847]

20 [9, 42]

3.1% [1.6%-6.2%]

Washington

23.9% [21.1%-28.0%]

0 [0, 1]

0 [0, 1]

17.6% [15.7%-19.8%]

1.5% [0.9%-2.4%]

974 [530, 1,936]

7 [2, 16]

0.7% [0.4%-1.1%]

Vermont

West Virginia

-

-

-

-

-

-

-

-

Wisconsin

33.1% [26.4%-46.2%]

0 [0, 1]

0 [0, 1]

22.4% [18.2%-30.2%]

6.5% [3.1%-13.6%]

376 [259, 590]

11 [4, 28]

3.0% [1.4%-6.2%]

Wyoming

-

-

-

-

-

-

-

-

Table S5: Es mated excess SARS-CoV-2 infec ons and excess COVID-19 a ributable deaths in the kindergarten and elementary school re-opening
scenarios with 80% transmission reduc on, when compared to con nued school closure scenarios. Posterior median es mates for each loca on
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(state or metropolitan area), along with 95% credible intervals for the period August 24, 2020 to November 24, 2020. Figures assume a 80% transmission reduc on from and to children aged 0-11 due to face mask use and other non-pharmaceu cal interven ons, see Supplementary Text S3.7.
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Oklahoma
Oregon

South Dakota

17 September 2020

DOI: https://doi.org/10.25561/82551

Children aged 0-11

Loca on

All loca ons

Popula on

Excess SARS-CoV-2 infec ons, COVID-19 a ributable deaths, Excess COVID-19 a ributable deaths, Excess COVID-19 a ributable deaths, Excess SARS-CoV-2 infec ons, COVID-19 a ributable deaths, Excess COVID-19 a ributable deaths, Excess COVID-19 a ributable deaths,
re-opening scenario
closure scenario
re-opening scenario
re-opening scenario
re-opening scenario
closure scenario
closure scenario
closure scenario
(percent increase)
(number)
(diﬀerence)
(percent increase)
(percent increase)
(number)
(diﬀerence)
(percent increase)
101.6% [85.1%-131.5%]

16 [10, 26]

10 [5, 17]

59.9% [49.6%-76.2%]

13.7% [8.2%-23.9%]

48,460 [36,142, 67,760]

2,565 [1,404, 4,742]

84.7% [68.8%-118.3%]

0 [0, 1]

0 [0, 1]

49.2% [40.0%-64.8%]

12.1% [5.9%-26.5%]

959 [648, 1,436]

43 [19, 95]

-

-

-

-

-

-

-

-

94.1% [76.3%-130.2%]

1 [0, 2]

0 [0, 1]

39.1% [29.2%-54.8%]

11.9% [5.9%-26.3%]

1,718 [1,092, 2,543]

55 [20, 149]

3.2% [1.4%-7.5%]

Arkansas

-

-

-

-

-

-

-

-

California

99.5% [82.2%-133.5%]

2 [1, 4]

1 [0, 3]

66.7% [56.0%-85.8%]

15.0% [8.1%-29.2%]

6,657 [5,054, 8,958]

439 [221, 885]

6.5% [3.5%-12.5%]
5.3% [2.6%-10.7%]

Alabama
Alaska
Arizona

Colorado

5.3% [3.2%-8.9%]
4.5% [2.2%-9.5%]

87.7% [69.3%-123.5%]

0 [0, 1]

0 [0, 1]

45.0% [36.0%-61.6%]

16.0% [8.0%-32.6%]

102 [70, 154]

5 [2, 13]

128.7% [102.9%-177.9%]

0 [0, 1]

0 [0, 1]

36.7% [28.6%-50.5%]

20.8% [10.9%-41.5%]

14 [8, 22]

0 [0, 2]

103.1% [82.9%-145.4%]

0 [0, 1]

0 [0, 1]

47.4% [38.0%-63.9%]

14.9% [6.9%-32.9%]

32 [18, 55]

1 [0, 4]

4.4% [1.9%-9.6%]

138.9% [111.0%-196.1%]

0 [0, 1]

0 [0, 1]

57.2% [42.5%-79.9%]

20.7% [9.2%-46.9%]

12 [6, 22]

1 [0, 2]

5.4% [2.3%-12.5%]

Florida

89.5% [75.9%-114.3%]

2 [1, 4]

1 [0, 3]

45.1% [35.3%-58.2%]

9.8% [5.4%-19.1%]

7,189 [4,850, 10,948]

228 [94, 546]

3.2% [1.6%-6.3%]

Georgia

90.8% [79.7%-109.6%]

1 [0, 1]

0 [0, 1]

53.2% [44.3%-64.3%]

7.9% [4.4%-14.3%]

2,623 [1,848, 3,886]

73 [33, 151]

2.8% [1.5%-4.9%]

-

-

-

-

-

-

-

Connec cut
Delaware
District of Columbia

Hawaii
Idaho

3.4% [1.7%-6.9%]

-

65.8% [56.2%-85.5%]

0 [0, 1]

0 [0, 1]

53.2% [43.3%-67.1%]

5.9% [2.6%-13.7%]

793 [283, 2,197]

24 [6, 73]

2.9% [1.3%-6.7%]

Illinois

130.9% [99.3%-197.0%]

0 [0, 1]

0 [0, 1]

60.4% [46.8%-87.6%]

27.8% [14.1%-58.7%]

370 [289, 481]

32 [14, 70]

8.5% [4.3%-17.6%]

Indiana

114.9% [90.4%-165.5%]

0 [0, 1]

0 [0, 1]

65.6% [51.9%-90.5%]

20.7% [10.6%-42.8%]

376 [266, 556]

28 [12, 64]

7.4% [3.7%-15.0%]

94.3% [70.8%-150.6%]

0 [0, 1]

0 [0, 1]

58.8% [45.5%-87.9%]

19.0% [8.4%-46.8%]

233 [159, 350]

18 [6, 46]

7.5% [3.2%-18.0%]

-

-

-

-

-

-

-

-

Kentucky

87.2% [70.6%-123.8%]

0 [0, 1]

0 [0, 1]

60.1% [49.8%-81.2%]

13.5% [6.3%-30.4%]

396 [268, 602]

23 [10, 58]

5.9% [2.8%-13.3%]

Louisiana

99.9% [83.4%-129.4%]

0 [0, 1]

0 [0, 1]

47.5% [33.6%-65.0%]

11.5% [6.1%-21.8%]

831 [499, 1,578]

28 [9, 82]

3.3% [1.6%-6.6%]

Iowa
Kansas

Maine
Maryland
Massachuse s
Michigan

-

-

-

-

-

-

-

-

138.2% [105.3%-208.9%]

0 [0, 1]

0 [0, 1]

64.5% [50.5%-92.0%]

26.5% [13.0%-57.9%]

205 [156, 270]

17 [7, 37]

8.0% [3.9%-16.9%]

127.3% [99.3%-181.6%]

0 [0, 1]

0 [0, 1]

53.6% [40.4%-75.8%]

23.5% [12.2%-47.2%]

242 [173, 354]

14 [5, 35]

5.9% [2.9%-12.1%]

99.0% [79.3%-138.8%]

0 [0, 1]

0 [0, 1]

51.3% [41.0%-70.1%]

16.9% [8.6%-34.8%]

239 [169, 359]

13 [5, 32]

5.6% [2.9%-11.5%]

Minnesota

-

-

-

-

-

-

-

Mississippi

93.7% [77.0%-124.1%]

0 [0, 1]

0 [0, 1]

40.3% [30.6%-54.5%]

11.9% [6.2%-23.7%]

626 [422, 976]

21 [8, 51]

3.3% [1.6%-6.7%]

Missouri

91.0% [70.8%-132.3%]

0 [0, 1]

0 [0, 1]

60.2% [48.7%-83.5%]

16.6% [7.9%-36.4%]

513 [366, 747]

36 [16, 86]

7.0% [3.4%-15.2%]

Montana
Nebraska

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Nevada

84.1% [65.5%-121.7%]

0 [0, 1]

0 [0, 1]

50.3% [38.3%-70.2%]

14.0% [6.3%-31.5%]

1,088 [694, 1,767]

63 [24, 157]

5.8% [2.6%-12.8%]

New Hampshire

91.8% [66.1%-157.2%]

0 [0, 1]

0 [0, 1]

39.2% [26.5%-63.9%]

20.9% [8.1%-58.1%]

14 [6, 29]

1 [0, 4]

5.8% [2.1%-15.8%]

143.3% [116.0%-193.5%]

0 [0, 1]

0 [0, 1]

52.3% [40.8%-71.3%]

20.8% [11.1%-39.9%]

167 [121, 239]

8 [3, 18]

4.6% [2.4%-9.2%]

90.7% [65.4%-147.7%]

0 [0, 1]

0 [0, 1]

49.7% [36.4%-76.5%]

22.2% [9.8%-52.9%]

196 [147, 263]

18 [7, 42]

9.0% [3.9%-20.7%]

New Jersey
New Mexico
New York

-

-

-

-

0 [0, 1]

0 [0, 1]

55.4% [40.3%-75.8%]

13.4% [7.4%-24.6%]

102 [64, 178]

3 [1, 8]

2.8% [1.4%-5.7%]

98.2% [76.9%-145.7%]

1 [0, 1]

0 [0, 1]

67.6% [54.9%-95.2%]

17.7% [8.4%-39.7%]

1,909 [1,439, 2,634]

152 [69, 338]

7.9% [3.7%-17.4%]

North Dakota

-

-

-

-

-

-

-

-

Ohio

-

-

-

-

-

-

-

-

80.5% [67.0%-108.2%]

0 [0, 1]

0 [0, 1]

56.0% [44.5%-73.4%]

10.2% [4.9%-22.1%]

553 [286, 1,168]

25 [8, 72]

4.5% [2.1%-9.7%]

56.7% [47.1%-76.8%]

0 [0, 1]

0 [0, 1]

45.7% [38.5%-59.1%]

7.5% [3.5%-16.8%]

658 [363, 1,348]

26 [9, 74]

4.0% [1.8%-8.7%]

Pennsylvania

121.6% [90.4%-190.9%]

0 [0, 1]

0 [0, 1]

67.9% [51.0%-100.9%]

30.3% [15.7%-63.7%]

763 [506, 1,229]

87 [36, 216]

11.2% [5.8%-23.1%]

Rhode Island

121.3% [93.2%-183.0%]

0 [0, 1]

0 [0, 1]

49.3% [37.9%-71.7%]

21.5% [9.8%-49.4%]

17 [9, 29]

1 [0, 3]

5.1% [2.3%-11.8%]

80.1% [68.9%-100.6%]

0 [0, 1]

0 [0, 1]

48.3% [40.3%-59.9%]

7.9% [4.0%-15.7%]

1,268 [883, 1,878]

39 [17, 85]

North Carolina

Oklahoma
Oregon

South Carolina
South Dakota

-

-

-

3.1% [1.5%-6.1%]

-

-

-

-

-

-

-

-

79.5% [68.0%-103.1%]

1 [0, 1]

0 [0, 1]

57.8% [49.5%-72.3%]

8.2% [3.9%-17.8%]

2,062 [1,509, 2,902]

78 [32, 178]

3.7% [1.7%-8.1%]

Texas

116.3% [94.9%-158.2%]

5 [3, 9]

4 [1, 7]

68.0% [53.7%-90.7%]

15.3% [7.8%-31.4%]

12,688 [8,303, 19,865]

730 [309, 1,677]

5.7% [2.9%-11.6%]

Utah

128.5% [96.3%-212.0%]

0 [0, 1]

0 [0, 1]

93.1% [72.6%-142.4%]

22.8% [9.0%-60.8%]

411 [286, 601]

46 [17, 125]

11.1% [4.4%-28.9%]

-

-

-

-

-

-

-

-

100.2% [79.4%-144.2%]

0 [0, 1]

0 [0, 1]

62.8% [51.3%-86.0%]

18.5% [9.5%-38.5%]

632 [482, 847]

47 [22, 104]

7.4% [3.8%-15.2%]

64.1% [58.5%-72.3%]

0 [0, 1]

0 [0, 1]

47.7% [41.1%-54.4%]

3.7% [2.3%-6.0%]

974 [530, 1,936]

15 [6, 37]

1.5% [0.9%-2.5%]

Tennessee

Vermont
Virginia
Washington
West Virginia

-

-

-

-

-

-

-

-

Wisconsin

87.1% [68.5%-128.6%]

0 [0, 1]

0 [0, 1]

58.1% [46.6%-81.1%]

16.0% [7.5%-35.7%]

376 [259, 590]

26 [10, 65]

6.8% [3.2%-14.7%]

Wyoming

-

-

-

-

-

-

-

-

Table S6: Es mated excess SARS-CoV-2 infec ons and excess COVID-19 a ributable deaths in the kindergarten and elementary school re-opening
scenarios with 66% transmission reduc on, when compared to con nued school closure scenarios. Posterior median es mates for each loca on
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(state or metropolitan area), along with 95% credible intervals for the period August 24, 2020 to November 24, 2020. Figures assume a 66% transmission reduc on from and to children aged 0-11 due to face mask use and other non-pharmaceu cal interven ons, see Supplementary Text S3.7.
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143.9% [123.2%-177.6%]
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17 September 2020
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Children aged 0-11

Loca on

Popula on

Loca on
All loca ons

1,788.5% [ 994.9%- 3,401.1%]

16 [10, 26]

137 [65, 287]

844.2% [512.0%-1,522.0%]

248.2% [ 112.3%- 571.9%]

48,460 [36,142, 67,760]

39,923 [18,322, 90,480]

81.4% [39.9%- 179.3%]

Alabama

1,279.5% [ 668.9%- 3,368.1%]

0 [0, 1]

2 [0, 7]

620.8% [357.3%-1,405.3%]

190.5% [ 67.5%- 669.3%]

959 [648, 1,436]

601 [215, 1,775]

61.7% [23.3%- 194.2%]

-

-

-

-

-

-

-

42.7% [14.8%- 149.3%]

Alaska

1,241.4% [ 656.3%- 3,280.1%]

1 [0, 2]

3 [1, 11]

448.5% [245.5%-1,092.0%]

172.3% [ 59.8%- 620.3%]

1,718 [1,092, 2,543]

745 [216, 2,784]

Arkansas

Arizona

-

-

-

-

-

-

-

-

California

1,793.4% [ 924.4%- 4,029.3%]

2 [1, 4]

20 [8, 54]

951.5% [542.8%-2,071.6%]

271.6% [ 105.9%- 751.2%]

6,657 [5,054, 8,958]

6,804 [2,716, 18,905]

101.4% [42.1%- 277.6%]

Colorado

2,082.6% [ 833.8%- 9,577.5%]

0 [0, 1]

0 [0, 2]

763.5% [377.3%-2,468.0%]

385.6% [ 113.0%- 2,072.2%]

102 [70, 154]

94 [30, 375]

91.9% [32.4%- 349.5%]

3,608.3% [1,175.5%-24,990.0%]

0 [0, 1]

0 [0, 1]

699.9% [289.2%-2,938.3%]

635.6% [ 153.7%- 5,228.4%]

14 [8, 22]

10 [2, 49]

1,882.3% [ 783.7%- 8,918.1%]

0 [0, 1]

0 [0, 1]

655.2% [324.6%-2,223.6%]

299.6% [ 81.4%- 1,806.0%]

32 [18, 55]

22 [5, 106]

68.8% [21.6%- 301.8%]

District of Columbia 4,117.6% [1,171.6%-26,120.2%]

Connec cut

0 [0, 1]

0 [0, 1]

1,069.1% [409.0%-4,946.2%]

725.7% [ 140.1%- 5,932.6%]

12 [6, 22]

15 [3, 96]

129.2% [32.1%- 757.5%]

1,021.4% [ 635.7%- 1,979.4%]

2 [1, 4]

11 [4, 26]

464.1% [284.2%- 846.4%]

128.3% [ 55.3%- 338.1%]

7,189 [4,850, 10,948]

2,902 [1,028, 8,202]

40.2% [17.2%- 101.5%]

944.3% [ 624.7%- 1,796.4%]

1 [0, 1]

3 [1, 7]

495.7% [336.1%- 848.0%]

97.6% [ 44.3%- 247.1%]

2,623 [1,848, 3,886]

872 [347, 2,116]

32.6% [15.3%- 73.6%]

-

-

-

-

-

-

-

525.7% [361.1%- 950.6%]

Delaware

Florida
Georgia
Hawaii
Idaho

698.3% [ 467.0%- 1,487.7%]

0 [0, 1]

1 [0, 3]

Illinois

6,132.5% [1,688.2%-26,396.0%]

0 [0, 1]

3 [0, 14]

Indiana

3,319.5% [1,206.7%-12,154.4%]

0 [0, 1]

2,566.7% [ 878.9%-10,361.6%]

0 [0, 1]

-

-

Kentucky

1,584.1% [ 739.1%- 5,318.3%]

Louisiana

1,369.2% [ 751.3%- 3,473.1%]

Iowa
Kansas

Maine

71.0% [22.0%- 335.7%]

-

66.9% [ 24.6%- 220.0%]

793 [283, 2,197]

268 [67, 881]

32.3% [12.7%- 91.8%]

1,666.7% [610.7%-6,555.4%] 1,187.1% [ 266.4%- 6,213.7%]

370 [289, 481]

816 [233, 3,865]

219.5% [65.2%-1,007.4%]

2 [0, 7]

1,265.8% [570.0%-4,063.7%]

565.3% [ 161.4%- 2,488.7%]

376 [266, 556]

545 [170, 2,146]

142.4% [48.7%- 538.6%]

1 [0, 5]

1,108.1% [481.5%-4,047.7%]

471.2% [ 115.7%- 2,361.3%]

233 [159, 350]

318 [87, 1,482]

134.9% [39.2%- 625.3%]

-

-

-

-

-

-

0 [0, 1]

1 [0, 4]

832.7% [456.9%-2,318.4%]

244.9% [ 77.6%- 1,046.0%]

396 [268, 602]

348 [116, 1,337]

87.7% [31.1%- 331.0%]

0 [0, 1]

1 [0, 4]

549.9% [291.8%-1,196.1%]

175.3% [ 67.3%- 565.6%]

831 [499, 1,578]

383 [111, 1,347]

44.8% [17.5%- 125.9%]

-

-

-

-

-

-

Maryland

5,960.9% [1,629.4%-25,662.7%]

0 [0, 1]

1 [0, 8]

1,655.9% [614.0%-6,642.4%] 1,088.6% [ 238.2%- 5,779.7%]

205 [156, 270]

420 [113, 2,023]

203.7% [57.8%- 979.6%]

Massachuse s

4,963.5% [1,516.4%-22,785.8%]

0 [0, 1]

1 [0, 5]

1,282.0% [497.6%-4,879.4%]

902.5% [ 216.9%- 4,958.7%]

242 [173, 354]

340 [91, 1,579]

139.0% [42.2%- 613.9%]

2,282.9% [ 932.3%-10,432.0%]

0 [0, 1]

1 [0, 3]

840.4% [415.3%-2,710.3%]

394.7% [ 117.7%- 2,141.5%]

239 [169, 359]

234 [75, 983]

97.1% [34.6%- 375.1%]

Michigan

-

-

Minnesota

-

-

-

-

-

-

-

Mississippi

1,274.9% [ 689.4%- 3,173.1%]

0 [0, 1]

1 [0, 4]

471.5% [262.5%-1,061.9%]

176.4% [ 65.5%- 575.9%]

626 [422, 976]

277 [89, 920]

43.7% [16.9%- 129.9%]

Missouri

2,083.4% [ 850.3%- 7,015.8%]

0 [0, 1]

1 [0, 6]

1,002.5% [496.5%-2,978.8%]

358.0% [ 107.0%- 1,469.6%]

513 [366, 747]

600 [199, 2,288]

116.4% [40.3%- 431.8%]

Montana
Nebraska

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Nevada

1,316.3% [ 674.2%- 2,724.7%]

0 [0, 1]

3 [1, 8]

699.7% [381.3%-1,349.9%]

212.8% [ 73.1%- 573.4%]

1,088 [694, 1,767]

894 [282, 2,450]

80.9% [28.5%- 217.8%]

New Hampshire

2,877.9% [ 756.4%-33,939.7%]

0 [0, 1]

0 [0, 1]

818.5% [282.6%-5,509.2%]

628.7% [ 105.5%- 9,736.0%]

14 [6, 29]

16 [2, 156]

115.6% [24.6%- 991.7%]

4,150.7% [1,382.1%-21,908.0%]

0 [0, 1]

1 [0, 3]

990.2% [418.7%-3,605.8%]

648.8% [ 164.7%- 3,994.0%]

167 [121, 239]

170 [48, 755]

99.2% [32.0%- 421.7%]

2,712.4% [ 907.4%- 7,702.2%]

0 [0, 1]

1 [0, 4]

1,082.5% [440.0%-3,281.8%]

564.2% [ 138.7%- 2,043.7%]

196 [147, 263]

337 [90, 1,307]

170.3% [48.6%- 677.3%]

New Jersey
New Mexico
New York

-

-

-

-

New York City

2,127.6% [1,044.6%- 7,738.4%]

0 [0, 1]

0 [0, 1]

634.7% [326.9%-1,696.9%]

256.2% [ 90.2%- 1,165.9%]

102 [64, 178]

48 [14, 193]

46.3% [17.2%- 153.6%]

North Carolina

2,102.5% [ 922.8%- 4,750.7%]

1 [0, 1]

7 [2, 21]

1,128.2% [569.1%-2,703.1%]

351.6% [ 113.0%- 997.7%]

1,909 [1,439, 2,634]

2,501 [875, 7,834]

130.1% [45.7%- 408.8%]

North Dakota

-

-

-

-

-

-

-

-

Ohio

-

-

-

-

-

-

-

-

Oklahoma

-

-

-

-

0 [0, 1]

1 [0, 4]

654.5% [391.4%-1,482.6%]

149.7% [ 53.0%- 535.6%]

553 [286, 1,168]

331 [97, 1,187]

58.5% [22.3%- 183.6%]

781.6% [ 470.6%- 1,859.4%]

0 [0, 1]

1 [0, 3]

548.0% [361.0%-1,122.4%]

106.6% [ 39.9%- 348.6%]

658 [363, 1,348]

342 [106, 1,118]

50.3% [19.3%- 149.0%]

Pennsylvania

5,991.1% [1,902.8%-17,497.9%]

0 [0, 1]

6 [1, 22]

763 [506, 1,229]

2,314 [659, 9,268]

298.5% [93.6%-1,126.0%]

Rhode Island

4,096.1% [1,128.1%-32,657.7%]

0 [0, 1]

0 [0, 1]

1,053.0% [388.1%-5,438.6%]

748.6% [ 147.7%- 7,327.1%]

17 [9, 29]

20 [4, 131]

114.7% [30.0%- 711.6%]

882.9% [ 563.1%- 1,801.6%]

0 [0, 1]

2 [0, 5]

476.1% [318.3%- 869.8%]

99.9% [ 40.9%- 278.4%]

1,268 [883, 1,878]

469 [180, 1,277]

South Carolina
South Dakota

2,050.3% [802.1%-6,234.6%] 1,238.3% [ 333.0%- 4,397.8%]

36.7% [15.2%- 95.3%]

-

-

-

-

-

-

-

-

920.2% [ 566.9%- 1,887.4%]

1 [0, 1]

3 [1, 9]

589.6% [388.3%-1,131.2%]

104.0% [ 39.4%- 299.9%]

2,062 [1,509, 2,902]

939 [343, 2,685]

45.4% [17.6%- 127.8%]

Texas

1,572.0% [ 900.6%- 2,830.8%]

5 [3, 9]

43 [18, 96]

832.8% [493.2%-1,436.5%]

208.7% [ 85.6%- 491.8%]

12,688 [8,303, 19,865]

9,837 [3,619, 23,501]

76.5% [31.9%- 179.8%]

Utah

3,032.5% [1,082.6%- 6,909.8%]

0 [0, 1]

3 [0, 13]

1,710.2% [711.5%-4,593.5%]

452.7% [ 112.4%- 1,337.6%]

411 [286, 601]

795 [202, 2,917]

190.9% [50.5%- 713.6%]

Tennessee

Vermont
Virginia
Washington
West Virginia

-

-

-

-

-

-

-

-

2,627.1% [1,061.5%- 8,431.8%]

0 [0, 1]

2 [0, 9]

1,146.4% [563.1%-3,386.1%]

464.6% [ 143.9%- 1,802.9%]

632 [482, 847]

877 [308, 3,295]

136.8% [49.8%- 492.3%]

562.9% [ 454.4%- 782.5%]

0 [0, 1]

1 [0, 2]

386.1% [304.4%- 512.1%]

41.4% [ 23.0%- 78.4%]

974 [530, 1,936]

163 [66, 413]

16.6% [9.4%- 29.6%]

-

-

-

-

-

-

-

-

Wisconsin

1,979.4% [ 822.9%- 7,421.0%]

0 [0, 1]

1 [0, 5]

961.0% [480.1%-2,948.3%]

344.3% [ 100.6%- 1,570.4%]

376 [259, 590]

432 [134, 1,724]

111.0% [37.9%- 426.2%]

Wyoming

-

-

-

-

-

-

-

-

Table S7: Es mated excess SARS-CoV-2 infec ons and excess COVID-19 a ributable deaths in the kindergarten and elementary school re-opening
scenarios with no addi onal transmission reduc on, when compared to con nued school closure scenarios. Posterior median es mates for each
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loca on (state or metropolitan area), along with 95% credible intervals for the period August 24, 2020 to November 24, 2020. Figures assume no addi onal transmission reduc on from and to children aged 0-11 due to face mask use and other non-pharmaceu cal interven ons, see Supplementary
Text S3.7.
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1,126.3% [ 623.7%- 3,014.1%]
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Figure S1: Ini al decline and surge in age-speciﬁc mobility trends in the United States. (A) Longitudinal mobility
trends for individuals aged 18 − 24, 25 − 34, 35 − 44, 45 − 54, 55 − 64, 65+ showed an ini al decline and a
subsequent increase across the United States. Rebound dates were es mated from the me series data, and to
have occurred between March 30, 2020 to April 20, 2020. The ﬁgure shows age-speciﬁc mobility trends rela ve to
the baseline period February 03 to February 09, 2020 for each loca on (state or metropolitan area). The 1-week
mobility trend was calculated over the week prior to the rebound date. (B) Subsequent increases in mobility were
quan ﬁed in terms of daily percent changes rela ve to the 1-week average prior to the rebound dates shown in
ﬁgure A. The ﬁgure shows the average percent change in the last observa on week August 10, 2020 - August 16,
2020 for each age band and each loca on.
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mobility trends
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per state
per day

expected deaths

age speciﬁc
mortality data

per state
per day

Figure S2: Overview of the age-speciﬁc contact and infec on model. In the model, SARS-CoV-2 spreads via
person-to-person contacts. Person-to-person contacts are described at the popula on level with the expected
number of contacts made by one individual, referred to as contact intensi es. Contact intensi es are age-speciﬁc.
Contact intensi es vary across loca ons (states and metropolitan areas) according to each loca on’s age composi on and popula on density, and change over me. Data from contact surveys before the pandemic are used
to deﬁne baseline contact intensi es. Data from age-speciﬁc, cell phone derived mobility trends are used to esmate changes in contact intensi es during the epidemic in each loca on, among individuals aged 15+. Contact
intensi es involving individuals aged 0-14 are deﬁned based on contact surveys conducted during school closure
periods. Infec on dynamics in each loca on are modelled through age-speciﬁc, discrete- me renewal equa ons
over me-varying contact intensi es. Natural disease parameters such as age-speciﬁc suscep bility to infec on,
the genera on me distribu on, and symptom onset and onset to death distribu ons are informed by epidemiologic analyses of contact tracing data. Age-speciﬁc infec on fatality ra o es mates are informed by large-scale
sero-prevalence surveys. Disease heterogeneity is modelled with random eﬀects in space and me on contact
intensi es and disease parameters. The model returns the expected number of COVID-19 deaths over me in
each loca on, which is ﬁ ed against age-speciﬁc, COVID-19 mortality data. New data sources presented in this
study are indicated in double-framed boxes.
DOI: https://doi.org/10.25561/82551
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Figure S3: Summary of model ﬁt to age-speciﬁc COVID-19 a ributable mortality data. To inves gate model
ﬁt, observed weekly deaths are plo ed against posterior median es mates of the expected number of weekly
deaths. Loca ons (states and metropolitan areas) are shown in color. For clarity, the data and weekly es mates
are grouped into four age bands.
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Figure S4: Es mated cumulated contribu on of age groups to SARS-CoV-2 infec ons un l August 17, 2020,
versus the propor on of the popula on in the same age group. Posterior median es mates for the percent
contribu ons are shown for each age band (blue) with 95% credible intervals. Age composi ons of each state are
shown in black.
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Figure S5: Es mated mean age of SARS-CoV-2 infec ons. Posterior mean es mates (blue) are shown along with
95% credible intervals (grey). In the ﬁrst 6 days of reconstructed transmission dynamics, cases were assumed to
originate from adults aged 20-54, and trends at the beginning of March reﬂect a transi on from the assumed age
composi on of ini al cases.
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Figure S6: Es mated percent contribu on of age groups to SARS-CoV-2 infec ons. Posterior median es mates
are shown for each age band (colours). In the ﬁrst 6 days of reconstructed transmission dynamics, cases were
assumed to originate from adults aged 20-54, and trends at the beginning of March reﬂect a transi on from the
assumed age composi on of ini al cases.
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Figure S7: Predicted COVID-19-a ributable deaths in the central kindergarten and elementary school reopening scenario. Posterior median es mates (line) are shown along with 95% conﬁdence interval (shaded area).
Daily COVID-19-a ributable deaths as reported from [2] are overlaid (red bars). Es mated expected deaths are
shown in blue for the observa on period. Predicted expected deaths in the con nued school closure scenario
are shown in green. Predicted expected deaths in the school re-opening scenario are shown in yellow. This scenario assumes a 50% transmission reduc on from and to children aged 0-11 due to face mask use and other
non-pharmaceu cal interven ons, see Supplementary Text S3.7.
DOI: https://doi.org/10.25561/82551
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Figure S8: Predicted COVID-19-a ributable deaths in the kindergarten and elementary school re-opening scenario with 80% transmission reduc on. Posterior median es mates (line) are shown along with 95% conﬁdence
interval (shaded area). Daily COVID-19-a ributable deaths as reported from [2] are overlaid (red bars). Es mated
expected deaths are shown in blue for the observa on period. Predicted expected deaths in the con nued school
closure scenario are shown in green. Predicted expected deaths in the school re-opening scenario are shown in
yellow. This scenario assumes a 80% transmission reduc on from and to children aged 0-11 due to face mask use
and other non-pharmaceu cal interven ons, see Supplementary Text S3.7.
DOI: https://doi.org/10.25561/82551
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Figure S9: Predicted COVID-19-a ributable deaths in the kindergarten and elementary school re-opening scenario with 66% transmission reduc on. Posterior median es mates (line) are shown along with 95% conﬁdence
interval (shaded area). Daily COVID-19-a ributable deaths as reported from [2] are overlaid (red bars). Es mated
expected deaths are shown in blue for the observa on period. Predicted expected deaths in the con nued school
closure scenario are shown in green. Predicted expected deaths in the school re-opening scenario are shown in
yellow. This scenario assumes a 66% transmission reduc on from and to children aged 0-11 due to face mask use
and other non-pharmaceu cal interven ons, see Supplementary Text S3.7.
DOI: https://doi.org/10.25561/82551
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Figure S10: Predicted COVID-19-a ributable deaths in the kindergarten and elementary school re-opening scenario with no addi onal transmission reduc on. Posterior median es mates (line) are shown along with 95%
conﬁdence interval (shaded area). Daily COVID-19-a ributable deaths as reported from [2] are overlaid (red bars).
Es mated expected deaths are shown in blue for the observa on period. Predicted expected deaths in the connued school closure scenario are shown in green. Predicted expected deaths in the school re-opening scenario
are shown in yellow. This scenario assumes no addi onal transmission reduc on from and to children aged 0-11
due to face mask use and other non-pharmaceu cal interven ons, see Supplementary Text S3.7.
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