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IMPORTANCE In the US, states enacted nonpharmaceutical interventions, including school
closure, to reduce the spread of coronavirus disease 2019 (COVID-19). All 50 states closed
schools in March 2020 despite uncertainty if school closure would be effective.

OBJECTIVE To determine if school closure and its timing were associated with decreased
COVID-19 incidence and mortality.

DESIGN, SETTING, AND PARTICIPANTS US population-based observational study conducted
between March 9, 2020, and May 7, 2020, using interrupted time series analyses
incorporating a lag period to allow for potential policy-associated changes to occur. To isolate
the association of school closure with outcomes, state-level nonpharmaceutical interventions
and attributes were included in negative binomial regression models. States were examined
in quartiles based on state-level COVID-19 cumulative incidence per 100 00O residents at the
time of school closure. Models were used to derive the estimated absolute differences
between schools that closed and schools that remained open as well as the number of cases
and deaths if states had closed schools when the cumulative incidence of COVID-19 was in the
lowest quartile compared with the highest quartile.

EXPOSURES Closure of primary and secondary schools.
MAIN OUTCOMES AND MEASURES COVID-19 daily incidence and mortality per 100 00O residents.

RESULTS COVID-19 cumulative incidence in states at the time of school closure ranged from O
to 14.75 cases per 100 000 population. School closure was associated with a significant
decline in the incidence of COVID-19 (adjusted relative change per week, -62% [95% Cl,
~71% to -49%]) and mortality (adjusted relative change per week, -58% [95% Cl, -68% to
-46%]). Both of these associations were largest in states with low cumulative incidence of
COVID-19 at the time of school closure. For example, states with the lowest incidence of
COVID-19 had a -72% (95% Cl, =79% to -62%) relative change in incidence compared with
-49% (95% Cl, -62% to -33%) for those states with the highest cumulative incidence. In a
model derived from this analysis, it was estimated that closing schools when the cumulative
incidence of COVID-19 was in the lowest quartile compared with the highest quartile was
associated with 128.7 fewer cases per 100 000 population over 26 days and with 1.5 fewer
deaths per 100 000 population over 16 days.

CONCLUSIONS AND RELEVANCE Between March 9, 2020, and May 7, 2020, school closure in
the US was temporally associated with decreased COVID-19 incidence and mortality; states
that closed schools earlier, when cumulative incidence of COVID-19 was low, had the largest
relative reduction in incidence and mortality. However, it remains possible that some of the
reduction may have been related to other concurrent nonpharmaceutical interventions.

JAMA. doi:10.1001/jama.2020.14348
Published online July 29, 2020.

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by Mio Over on 08/01/2020

Viewpoint and Editorial
Author Audio Interview

Video and Supplemental
content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Katherine A.
Auger, MD, MSc, Division of Hospital
Medicine, Cincinnati Children’s
Hospital Medical Center, 3333 Burnet
Ave, ML 9016, Cincinnati, OH 45229
(katherine.auger@cchmc.org).

E1


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.14348?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.14745?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.13092?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
https://jamanetwork.com/learning/audio-player/10.1001/jama.2020.14688?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
https://jamanetwork.com/learning/video-player/10.1001/jama.2020.14686?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.14348?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.14348?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
mailto:katherine.auger@cchmc.org

E2

Research Original Investigation

he novel severe acute respiratory syndrome coronavi-

rus 2 (SARS-CoV-2) causing coronavirus disease 2019

(COVID-19) was first identified in the US in January 2020,
with subsequent spread throughout the country. In the ab-
sence of effective treatments, governors and state health of-
ficials enacted policies aimed at reducing infections through
nonpharmaceutical interventions.! The nonpharmaceutical in-
terventions included: school closure, nonessential business clo-
sure, restaurant and bar closure, and prohibition of gather-
ings with more than 10 people. With limited precedent and a
paucity of evidence on the effectiveness of nonpharmaceuti-
cal interventions, policies varied markedly state to state in
scope and timing.

Children infected with SARS-CoV-2 may be asymptom-
atic or have mild symptoms indistinguishable from other com-
mon upper respiratory tract infections,?? allowing them to
spread the virus when they feel well. Children are often key
transmitters in viral epidemics like influenza* because of
spending prolonged periods in close proximity to other chil-
dren at school and during physical activities. Prior studies have
demonstrated an association between school closure and re-
duced transmission of viral respiratory illnesses.>® Given con-
cerns that children represented a significant vector for SARS-
CoV-2, all states closed schools despite a lack of evidence
supporting the effectiveness of school closure in curbing the
spread of this virus.

Schools promote child education, growth, development,
and overall well-being.® Knowing whether school closure is ef-
fective in reducing infections is critical to reduce the nega-
tive effects of continued school closure on child health if school
closure is ineffective. This national study assessed the asso-
ciation between school closure and its timing with subse-
quent COVID-19 incidence and mortality, with the hypoth-
esis that any association between school closure and incidence
and mortality would be strongest in states that closed schools
early when the cumulative incidence of disease was low.

Methods

The study was a population-based time series analysis of all
50 US states conducted between March 9, 2020, and May 7,
2020. This period allowed for at least 6 weeks of data collec-
tion after school closures in each state. The institutional re-
view board at Cincinnati Children’s Hospital Medical Center
deemed this study was not subject to oversight given the use
of publicly available data.

Independent Variables
Associations of primary and secondary school closure (kin-
dergarten-grade 12) and its timing with outcomes of interest
were examined. Because school closure timing varied rela-
tive to disease progression in the state, we examined the cu-
mulative incidence of COVID-19 (defined as total number of
cases per 100 000 residents) grouped in quartiles by the date
the school closure policy went into effect.

The analysis was performed by quartiles of cumulative in-
cidence of COVID-19 instead of as a continuous variable be-
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Key Points

Question Was statewide school closure associated with
decreased incidence and mortality for coronavirus disease 2019
(CoVID-19)?

Findings In this US population-based time series analysis
conducted between March 9, 2020, and May 7, 2020, school
closure was associated with a significant decline in both incidence
of COVID-19 (adjusted relative change per week, -62%) and
mortality (adjusted relative change per week, -58%). In a model
derived from this analysis, it was estimated that closing schools
when the cumulative incidence of COVID-19 was in the lowest
quartile compared with the highest quartile was associated with
128.7 fewer cases per 100 000 population over 26 days and with
1.5 fewer deaths per 100 000 population over 16 days.

Meaning There was a temporal association between statewide
school closure and lower COVID-19 incidence and mortality,
although some of the reductions may have been related to other
concurrent nonpharmaceutical interventions.

cause the relationships between baseline cumulative inci-
dence and outcomes were not assumed to be linear.

Outcome Measures

Daily COVID-19 incidence and daily mortality per 100 00O resi-
dentsin each state were estimated using publicly available data
from the Johns Hopkins University School of Public Health.'©
This source aggregates data from the US Centers for Disease
Control and Prevention (CDC) as well as from state and local
public health departments. In accordance with CDC guide-
lines, confirmed COVID-19 cases include presumptive posi-
tive cases and probable cases, and death totals include con-
firmed and probable cases. The denominator for the outcome
measures was the state population from the 2018 American
Community Survey.!

Covariates

State characteristics were included as covariates in the mod-
els to assess the independent associations with school clo-
sure. For each state, the following non-school-related non-
pharmaceutical intervention covariates were considered: stay-
at-home or shelter-in-place order, nonessential business
closure, restaurant and bar closure, and prohibition of gath-
erings with more than 10 people. These nonpharmaceutical in-
terventions were included based on the policy effective date
(eTable 1in the Supplement) plus a lag period to allow for any
potential policy-related effects on daily COVID-19 incidence
and mortality (eFigure in the Supplement). Potential effects
associated with subsequent lifting of nonpharmaceutical in-
terventions occurred outside the study period and thus are not
included (eMethods in the Supplement).

SARS-CoV-2 testing rates varied by state and throughout the
study period. To account for this variation, state-level COVID-19
testing'? (calculated daily as the cumulative number of tests per
1000 residents) was modeled as a categorical variable. State
measures of urban population density (a measure of the state’s
population density combined with the percentage of residents
living in urban areas), percentage of the state’s population with
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obesity,'® percentage of the state’s population aged 15 years or
younger,!! percentage of the state’s population aged 65 years or
older,"* and the number of nursing home residents per 1000
people were included.* The CDC social vulnerability index also
was included; this index accounts for multiple factors, includ-
ing socioeconomic status, household composition, disability sta-
tus, race and ethnicity composition, English-language profi-
ciency, housing type, and transportation access, to assess a
community’s preparedness for a natural disaster or illness
outbreak.!® Many of these factors have been associated with
COVID-19 disease, mortality, or both. All covariates are de-
scribed in detail in the eMethods in the Supplement.

Statistical Analysis

Interrupted time series analyses were used to compare the daily
change in outcomes (daily COVID-19 incidence and mortal-
ity) before and after school closure. Acknowledging that school
closure and other nonpharmaceutical interventions would not
have immediate effects on COVID-19 incidence and mortal-
ity, estimates were used to determine when school-based ex-
posure could be expected to lead to changes in COVID-19 in-
cidence and associated mortality (eFigure in the Supplement).
A time from exposure to symptom onset of 5 days was as-
sumed per Lauer et al.'® Given the early emphasis (and some
state restrictions!'”°) on limiting testing to hospitalized pa-
tients, time to diagnosis was defined as time between symp-
tom onset and hospitalization (7 days).2® For school closure,
given the low documented prevalence of COVID-19 in chil-
dren, an additional period was included for a child to infect an
adult, assuming a child exposed at school could expose an adult
prior to symptom onset and within 4 days. The analyses for
the mortality outcome assumed 17 days from symptom onset
to death.?” For details on lag period calculations, see the
eMethods in the Supplement.

Daily COVID-19 incidence and mortality were modeled
using negative binomial regression. Interactions between
school closure and all included covariates were explored be-
cause school closure may affect at-risk communities
differently.® Given the large number of covariates and inter-
actions considered, a single parsimonious model for each out-
come was created selecting covariates from the primary model
using a stepwise regression approach, with entry and re-
moval criteria specified as a P value of <.20. Because factors
associated with COVID-19 incidence and mortality may vary
with school closure, covariate selection was completed inde-
pendently during and after the lag period (eMethods in the
Supplement).

Results are reported as the relative change in the out-
come from week to week. Adjusted changes in both daily
COVID-19 incidence and daily mortality over time are graphi-
cally displayed for all states by quartile of cumulative inci-
dence at the time of school closure. To estimate absolute dif-
ferences associated with school closure, the projected COVID-19
incidence and mortality if schools had remained open were
compared with the modeled incidence and mortality with
school closure. Both linear and exponential assumptions were
used to project COVID-19 incidence and mortality if schools
had remained open (eMethods in the Supplement). To esti-
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mate absolute differences in outcomes based on school clo-
sure timing, model parameters were used to estimate the ab-
solute differences in the number of COVID-19 cases and deaths
for a state that closed schools when the cumulative incidence
of COVID-19 was in the lowest quartile compared with a state
that closed schools when the cumulative incidence of COVID-19
was in the highest quartile (eMethods in the Supplement).

Analyses were performed using SAS version 9.4 (SAS In-
stitute Inc) and 2-sided P values of <.05 were considered sta-
tistically significant.

Sensitivity Analyses Around the Lag Period

Because the COVID-19 incidence and mortality lag period es-
timates are based on emerging evidence, the sensitivity analy-
ses examined the robustness of findings if the lag period was
shorter (10 days for incidence and 20 days for mortality) or lon-
ger (21 days for incidence and 33 days for mortality). Detailed
methods and rationale for the sensitivity ranges appear in the
eMethods and eFigure in the Supplement.

. |
Results

All 50 states closed schools between March 13, 2020, and March
23, 2020. The cumulative incidence of COVID-19 at the time of
school closure ranged from O to 14.75 cases per 100 000 popu-
lation. State characteristics by COVID-19 incidence quartile at
the time of school closure appear in Table 1. There was wide vari-
ability in the testing rate per 1000 residents and in the number
of nursing home residents per 1000 people. There was less vari-
ability in the percentage of the state populations for the num-
ber of nonpharmaceutical interventions enacted; 39 states en-
acted all 4 nonpharmaceutical interventions examined.

States in the highest quartile of cumulative incidence of
COVID-19 at the time of school closure enacted multiple non-
pharmaceutical interventions over a shorter period. The me-
dian time from school closure to the last enacted nonpharma-
ceutical intervention was 5 days (interquartile range, 2.5-8
days). In comparison, states in the lowest quartile of cumula-
tive incidence of COVID-19 at the time of school closure en-
acted nonpharmaceutical interventions over a longer period.
The median time from school closure to the last enacted non-
pharmaceutical intervention was 12 days (interquartile range,
8-14 days; Table 1).

COVID-19 Incidence

The observed case rates of COVID-19 in each state (relative to
the day of school closure by cumulative incidence) and the 16-
day lag period are depicted in Figure 1A. In the unadjusted
analyses during the period prior to potential effects of school
closure (ie, during the lag period), the overall relative change
in COVID-19 incidence per week was 220% (95% CI, 205% to
236%). The unadjusted relative change per week associated
with school closure was —-68% (95% CI, -70% to -66%). The
unadjusted effect size associated with school closure varied
by cumulative COVID-19 incidence at the time of school clo-
sure, with states in the highest quartile of cumulative COVID-19
incidence having the smallest relative effect size (Table 2).

JAMA Published online July 29,2020

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by Mio Over on 08/01/2020

E3


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.14348?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.14348?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.14348?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.14348?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.14348?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.14348?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.14348?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348

Association Between US Statewide School Closure and COVID-19 Incidence and Mortality in the US

Research Original Investigation

(panunuod)
L € 4 05> 6'6¢ 8’1 S9T 9°/LT [ 91T 96°0 uobaiQ
8T 4 L'EE 05> Tve 9 a4 8'0¢ 861 91T ¥6°0 e)selqaN
(ST-4) 11 r-€) v (€7£5-9°0€) 9ty (572€-6'60) £'0€ (€°6-9°€) 9V (8'ST-¥'¥T) T'GT (T°02-9°£1) 8'8T (0°£2-8'61) £'€C (09°'T-9T'T)8CT (4OI) ueipay
a)114enb 3saybiy puodas
14! 14 99 001-0S 8've 133 911 8'1¢ €91 61 €6°0 Sexa]
S 14 [ A4 0ST-00T T've 8'q a4 96T 881 61 060 euelpuj
LT ¥ S'6C 0S> ¥°0€ Sy 6T 9°GT 9T ST 060 aurepy
8 ¥ Lvy 0ST< G€e 4% LT 81 8'8¢ 91T 780 alemerq
91T ¥ 689 05> S'6C 8’1 8T [ 9T ST 80 epeAaN
L ¥ CLL 05> 143 L't 91 961 6°0% 91T 180 0JIX3\ MaN
(0)8 ¥ [/ 001-09 8'9¢ 99 6°€T 861 0°EY €1 LL°0 eue|sino’
6 4 §'99 05> T'LE 8'g L'ST 961 T°0C LT L0 sesueyly
()8 € T'6C 05> €6€ S'L 9°aT 761 (N4 91 €L°0 emoj
14! 14 T6¢ 091< 6°0€ v (a4 981 8'¥¢ 91 890 puejhieiy
()3 ¥ 9t 05> 69¢ 14 LT 81 761 91 £9°0 euejuopn
1T ¥ 9'8¢ 0S> 7a43 S SYT 50T ¥°ST LT 90 sesuey|
(r1-9'8) 0T (%) ¥ (TL9-T¥€) 0'9p (T'5¢-£'0€) 8'€€ (L's-L9)Sy (9'9T-€%1) T'ST (£'6T-%'8T) S'6T (8'92-9°£T) L'61 (£8°0-1£°0)6L°0 (40I) ueipaiy
9113.1enb 159Mo0] puodas
91 ¥ 1Y 0ST< 6°0€ 9 891 LT S'0C 91T 09°0 eluenAsuuad
14! € 17443 0ST-00T ¥'0€ €€ VL 81 9Y1 91T 890 eluibaIp
9 ¥ Sy 0ST< 143 €9 9°9T 981 T'qT LT 890 oo
[44 ¥ 819 0ST-00T 1343 e 91 ¥'81 9°GT ST 950 eulo.le) yinos
8 ¥ 96 001-09 33 8¢ 6°GT 181 8'¥¢ 91 €570 uebIIp
6 ¥ 69 0ST-00T 6%¢C v'c T/T 81 0°s¢ 91 6%°0 llemeH
8 [4 979 05> 843 LY 9v1 7'0¢ (44 A 8%7°0 ewoyep|io
(o)) ¥ 8'6S 001-0S 9°9¢ s TSt 681 LLT 91T Y0 Apnyuady
14! ¥ G589 0ST-00T €€ S'€ TSt L'81 69T 91T LE°0 euljole) yion
ST ¥ T 001-0S S'6C 91 S9T S'61 09T 91T 920 euozuy
4 ¥ 6°GY 05> S'6C 80 S°0T (Y4 0°€e 91T Y10 eysely
14} 4 T°0C 05> T'G€ VL 6°€T 961 349 91T €10 e303e( YHoN
8 ¥ S'1S 05> S'6€ s €81 691 v'1e 91 0 BIUIBIIA 359
(r1-8) T1 (r-v) v (5°859-5'v¥) 697 (8'%€-¥'0€) 0°€E€E (T's-€€)8°¢ (5°9T-9'%T) 9°GT (9°6T-T°8T) 5'8T (0°52-0'91) 5°0¢ (£5°0-92°0) 870 (4OI) ueipapy
9)11enb 1samo
I1dN 3se] jo spareus pXopul  3)iw dJenbs qfNsaqo  3)doad poOT 12d A g9= paby A G15 paby 2SIUBPISAL  YdJepy ul  SuapIsal 000 00T 34Nns0]d J00Yds
JUBWIIEUD pue SIdN  A1iqesauina jenos /suapisal yum uonejndod  sjuapisal awoy 000T 42d 9184 3.nso0)d 19d dudpIdUL 10 dwi} 3y} e
31ns012 J00Lds pajejal se f}Isuap  1e1s Jo abejuddIRg Buisinu Jo ‘oN uonendod 33e3s 4o aberudsad Bunsa) wnuwixepy 100425 aAieINWINY  d)ixienb aduIpIdUL
ul3M13q shkeq -jooyds-uou ueqin J03jeq 6T-AIN0D
JooN Aq sazeis

31Ns0|) [00YDS 4O B 3y} 1€ 3[13enD 3duapnu| (61-AIAOD) 610 25easid SNIIABU0.10) Aq SI11SLIR1IRIRY) 9)R1S | 3|qeL

jama.com

JAMA Published online July 29,2020

E4

© 2020 American Medical Association. All rights reserved.

https://jamanetwork.com/ by Mio Over on 08/01/2020

Downloaded From


http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348

Original Investigation Research

Association Between US Statewide School Closure and COVID-19 Incidence and Mortality in the US

"9|qeLIeA [BD110891E) B SB PAUILLEXD

!seale ueq.n ul SulAl| syuspIsal Jo a8ejuadlad @ IM paulquiod Aysuap uonendod s,931e3s ay3 Jo ainsesaw
"IN P318[31-|00LDS-LIOU | 1583| 18 PRIIeLI3 QN Ul SUIAL| SjUSpISaI § 2 U1 yim pauiq JISUSp uone| 91815 D3 H V>

so3e3s ||y "9jdoad Q| ueyy a1ow yum sSuriayies jo uonqiyo.d pue '21nso|d Jeq pue JUeINeIsal '2nso|d ssauisng
|ERUaSSaUOU 19p.0 32e|d-UI-191j3Ys 0 WOy-1e-AB1S PapN|aUl PAUILLEXS S|dN 8L "t PUB | Usamiaq pasuey ,

05 sI ‘pouad Apnis ayy jo

UBIPaLU [BUOIBU 3Y3 H[B31qIN0 SSaU|| 10 131SeSIp [BiNjeu e 1oy ssaupa.edaid 19112q Suiedipul s1aquinu Jamoj yim Aep 35| 3y3 U0 2361 SIS DU} Sem 3.1 SUNS3) LNWIXeW B | 31els A1aA9 104 BuNsa) JO Aep 1511y BU} U0 paiindd0

001 03 O SI 9]edS 'ssad2e uoneyodsuesy pue ‘adAy Suisnoy ‘Aouaidijo.d a8en8uel-ysijSu3 ‘uoisodwod AyRIuye pue syuspIsal Q00| Jod S1S91 |'Q UBY3 SS| Sem 23e. Su13sa) wnwiuiw ay | “d|qelieA [ed110891ed e se pajapowl
pue 8281 ‘snje1s ANjiqesip ‘uonisodiuod pjoyasnoy ‘snels JILOUO0I30I20S 10y SUIUN032e Aq 3P1qIN0 Ssaul|! ‘Uonejndod a3e3s L3 Aq 23e3s e Ul pawiogiad $3533 0 Jaquunu 9Aie|NWND aU} SUIPIAIP Aq Allep paieindjed
10 JR1SESIP [EINJEU € 10} Ssaupaledald s AJUNWILIOD e JO INSESLU LIOHUBABI PUE [0J1U0)) 35easiq 104 SI1UBD SN

‘1918818

10 O€ 40 (paJenbs s1a3aw Ul ySi1vY Aq papiAlp swieiSo|p| Ul 3ySiam se pale|ndjed) xapul ssew Apoq e se paulyad q

*SUOIIUAIR)UI [ea1INddeWLIRydUOU 'S|dN ‘@Suel 3|l enblaiul YOI ‘suoneInsIqqy

8 ¥ 6Ty 001-0S L'8C (4 SYT L81 8'0¢ LT SLYT uojbulysem

€ ¥ €€ 05> €¢ 6C TET 61 S91 €¢ €L°TT opelojo)

S ¥ SYS 0ST< 9/t [ TaT WAL 9°6S 8T [4Ar4) Y10\ MN

S ¥ 19 091< LT V'L L'ST 91 6L €¢ €0°0T pue)s| apoyy

[4 ¥ 6°8¢ 05> ¥'8¢ [4 8V 9'1¢ €81 €¢ €0y oyep|

11 14 8'CS 0ST-00T 7443 14 €61 L'8T §'S€ 0¢ 0s°¢ 995sauUR]

T [4 8'LT 05> 6C [ L'YT 66T L°0T 61 60°€ BuiwoAm

14 4 1Y 001-0S 13 9 S'GT 8'81 0°LT €C L0°€ 1Nossipy

€ ¥ a4 0ST< L'ST S ST €81 0°€€ 8T 10°€ Aasiar maN

8 ¥ Tot 0ST< L'ST LS (48 S91 S'1S 91T 88°C SHasnyessepy

L ¥ T°0C 05> ST 6°¢€ 8°/LT el S'6C 8T 88°C JuowIdA

0 ¥ ¥°59 0ST< 8'G¢ 9C €EeT €61 S'TC 6T 134 ejulojne)

(8-90§ r-v) v (6'15-019€) S’ T (687-8'50) L'LT (958D TV (7'ST-9%T) T'ST (T61-£1) L'8T (5°€¥-9°6T) T'0E (LETT-96'T) 0E°E (4OI) ueipay
a)1enb 1saybiy

91 14 €19 0ST-00T 43 [ 8T 10T T1C 8T €6'T e161089

6 14 9ty 0GT< VLT €9 8'GT LT 7'ze LT 06T Nd13suu0)

ST 14 TvL 05> §5'6€ €9 SYT 0¢ 0'LT 6T L9°T 1ddississiiy

ST ¥ 819 001-0S (413 9Y L'ST 9'81 L'E€T 6T 09T eweqery

L ¥ S'0€ 001-0S [43 (44 9°GT ¥'81 LLT 8T 69T uisuodsIm

6 ¥ 8'LC 05> T°0€ Sy 9YT S'61 9T 8T 6€°T ejosauuln

11 € [4]3 05> 8'LC LT €01 €6C (444 91T 8C'T uen

11 ¥ 8'€T 001-09 9'6¢ 8'Y S9T 8'GT ¥'1e 91 LTT aliysduwiey maN

14 ¥ 9°8% 0ST< 8'1¢ [ YL 8'81 9°6¢ LT 9C’1T stoun|

L ! 9'ce 05> T0€ 69 TSt 8°0¢ €€eC 91 9T'1 303E( YInos

LT ¥ £09 0ST< L0€ S€ 6T 991 6°€C LT SO'T epLiol4

1dN 15€] JO Jpapeud pXapul  ,3)iw dJenbs 4 \Hsaqo  @1doad 0oOT Jod K 692 paby A G15 paby 2SIUBPISAY  UdJB\ Ul SIUDPISAI 000 00T 2.N50]2 100Y2S
JUBWIIEUD pue SIdN  A1iqesauina jenos /syuapisal yum uonjejndod  sjuapisal awoy 000T 42d 9184 3.nso0)d 19d dudpIdUL 10 awI} 3y} e
31Nns012 100Lds pajejal se fjIsuap  1e1s Jo abeuddIRg Buisinu Jo ‘oN uonendod 33e3s Jo abejudiad Bunsa) wnuwixepy 100425 aAeINWINY  d)i34enb dduIPIdUL
ulaM13q shkeq -jo0yds-uou ueqin J03jeq 6T-AIN0D
40 0N Aq sajers

(PaNUUOD) 3INSO|) 00LIS JO dLUI] 3y} 1. 3]iHeny duapnU| (61-dIAOD) 6L0T dSeasig SNJIAeU010) AQ SJ1IsLIRIdBIRYD) D1E)S °| 9|qeL

E5

JAMA Published online July 29,2020

jama.com

© 2020 American Medical Association. All rights reserved.

https://jamanetwork.com/ by Mio Over on 08/01/2020

Downloaded From


http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.14348

Research Original Investigation

Association Between US Statewide School Closure and COVID-19 Incidence and Mortality in the US

Figure 1. Observed Daily COVID-19 Incidence and Mortality by Cumulative Incidence Quartile at the Time of School Closure
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Figure 2. Modeled Association of School Closure With Coronavirus Disease 2019 (COVID-19) Incidence and Mortality
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The data markers indicate the national unadjusted daily rates. The lines depict
aggregated national daily rates adjusted for each state’s unique set of testing
and demographic characteristics on each day of the study period with 95% Cls
depicted by gray lines. Six weeks after school closure, states in the lowest
quartile had fewer new cases and fewer deaths compared with the states in the
highest quartile. Panels A and B were adjusted for all model components
retained in the incidence model (intercept: percentage of state’s population
aged =15 years, percentage of state's population aged =65 years, and US
Centers for Disease Control and Prevention [CDC] social vulnerability index;
before school closure: stay-at-home or shelter-in-place order, restaurant and
bar closure, testing rate per 1000 residents, and urban density; after school
closure: testing rate per 1000 residents, stay-at-home or shelter-in-place order,

percentage of state’s population aged =65 years, number of nursing home
residents per 1000 people, and urban density). Panels C and D were adjusted
for all model components retained in the mortality model (intercept:
percentage of state's population aged <15 years, percentage of state’s
population aged =65 years, and CDC social vulnerability index; before school
closure: stay-at-home or shelter-in-place order, prohibition of gatherings with
>10 people, restaurant and bar closure, percentage of state's population aged
=15 years, percentage of state's population aged =65 years, number of nursing
home residents per 1000 people, and urban density; after school closure:
restaurant and bar closure, number of nursing home residents per 1000 people,
and urban density).

In the adjusted analyses during the period prior to poten-
tial effects of school closure (ie, during the lag period), the rela-
tive change in COVID-19 incidence per week was 265% (95%
CI, 231% to 303%; Table 2). The overall combined composite
relative weekly change in COVID-19 incidence after school clo-
sure was 10% (95% CI, 1% to 18%). This composite change af-
ter school closure is a combination of the changes associated
with school closure and other non-school-related changes dur-
ing the period after school closure and is visually depicted as
the change after school closure in Figure 2. When examining
only school closure, it was associated with a relative change
in COVID-19 incidence per week of -62% (95% CI, -71% to
-49%; Table 2).

The states that closed early, when the cumulative inci-
dence of COVID-19 was lowest, had the greatest relative change
per week associated with school closure (-72% [95% CI, -79%
to -62%]). States that were slowest to close schools and had
the highest cumulative incidence of COVID-19 had a relative

JAMA Published online July 29,2020

change per week associated with school closure of -49% (95%
CI, -62% to —-33%; Table 2 and Figure 2). The full model with
all covariate estimates appears in eTable 2 in the Supple-
ment. The relative change associated with school closure for
COVID-19 incidence varied significantly by the testing rate per
1000 residents, by the percentage of the state’s population aged
65 years or older, by the number of nursing home residents per
1000 people, and by urban density. Information on interpret-
ing relative weekly changes appears in the eMethods in the
Supplement.

The absolute effects associated with school closure dur-
ing the 26-day period after school closure (days 17-42), which
were calculated using model estimates with the assumption
of linear growth, yielded 638.7 cases per 100 000 that would
have occurred if schools had remained open (Table 3). Com-
pared with the 214.8 cases per 100 000 estimated from the
school closure model, the absolute difference associated with
school closure was 423.9 (95% CI, 375.0 to 463.7) cases per
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stay-at-home or shelter-in-place order, restaurant and bar closure, testing rate per 1000 residents, and urban

density; after school closure: testing rate per 1000 residents, stay-at-home or shelter-in-place order, percentage of
state’s population aged =65 years, number of nursing home residents per 1000 people, and urban density).
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100 000. States that closed schools late (in the highest quar-
tile of cumulative incidence of COVID-19) had the largest ab-
solute reduction in cases (621.7 [95% CI, 535.4 to 742.6] per
100 000). However, states that closed schools earlier (in the
lowest quartile) had fewer total cases (-128.7 [95% CI, -168.7
to -74.2] per 100 000) during the period after school closure
(Table 3). The absolute difference in COVID-19 incidence as-
suming continued exponential growth appears in eTable 3 in
the Supplement.

Sensitivity Analyses Around the Lag Period

The point estimates ranged from -61% to -63% for the rela-
tive change per week associated with school closure as the lag
period varied. The point estimates for the relative change for
each quartile varied slightly across the lag period (eTable 4 in
the Supplement).

COVID-19 Mortality

The observed death rates in each state by quartile of cumula-
tive incidence of COVID-19 at the time of school closure ap-
pears in Figure 1B. In the unadjusted analyses during the pe-
riod prior to potential effects of school closure (ie, during the
lag period), the overall relative change in mortality per week
was 171% (95% CI, 160% to 184%). In the unadjusted analy-
ses, the relative mortality change per week associated with
school closure was -64% (95% CI, -67% to —61%). The unad-
justed effect size associated with school closure varied by
COVID-19 cumulative incidence at the time of school closure,
with states in the lowest quartile having the largest associ-
ated effect size (Table 2).

In the adjusted analyses during the period prior to poten-
tial effects of school closure (ie, during the lag period),
COVID-19 mortality increased by 186% (95% CI, 175% to
197%) per week (Table 2). The overall combined composite
relative weekly change in mortality after school closure was
2% (95% CI, —8% to 14%; Table 2). This composite change in
mortality after school closure is visually depicted in Figure 2.
When examining only school closure, it was associated with a
relative change per week in COVID-19 mortality of -58% (95%
CI, -67% to —-46%). This association was greatest in states
with the lowest cumulative COVID-19 incidence at the time of
school closure (relative change per week of -64% [95% CI,
-73% to -52%]). In comparison, states that closed schools
later when cumulative COVID-19 incidence was in the highest
quartile had the smallest associated relative decline in mor-
tality (-53% [95% CI, -63% to -40%]; Table 2 and Figure 2).
The full model with all covariates appears in eTable 5 in the
Supplement. The relative change in mortality associated with
school closure varied significantly by restaurant and bar clo-
sure and urban density.

The absolute effects associated with school closure dur-
ing the 16-day period after school closure (days 27-42), which
were calculated using model estimates with the assumption
of linear growth, yielded 19.4 deaths per 100 000 that would
have occurred if schools had remained open (Table 4). Com-
pared with the 6.8 deaths per 100 000 estimated from the
school closure model, the absolute difference associated with
school closure was 12.6 (95% CI, 11.8 to 13.6) deaths per 100 000
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closure, percentage of state’s population aged <15 years, percentage of state’s population aged =65 years,

number of nursing home residents per 1000 people, and urban density; after school closure: restaurant and bar

closure, number of nursing home residents per 1000 people, and urban density).

(Table 4). States that closed schools late (in the highest quar-
tile of COVID-19 cumulative incidence) had the largest abso-
lute reduction in deaths (15.8 [95% CI, 13.9 to 18.1] per 100 000).
However, states that closed schools earlier (in the lowest quar-
tile) had fewer estimated total deaths (-1.5[95% CI, -2.7to -0.1]
per 100 000) during the period after school closure (Table 4).
The absolute difference in deaths assuming continued expo-
nential growth appears in eTable 3 in the Supplement.

Sensitivity Analyses Around the Lag Period

The point estimates ranged from -55% to -61% for the rela-
tive change associated with school closure as the lag period var-
ied. The point estimates for the relative change for each quar-
tile varied slightly across the lag period (eTable 4 in the
Supplement).

.|
Discussion

Between March 9, 2020, and May 7, 2020, school closure in
the US was temporally associated with decreased COVID-19in-
cidence and mortality. States that closed schools earlier (when
the state’s cumulative incidence was lower) had the largest rela-
tive reduction in overall incidence and mortality.

In March 2020, states enacted multiple nonpharmaceu-
tical interventions, including closing schools, nonessential
businesses, and restaurants and bars, and prohibiting large
gatherings, to curb SARS-CoV-2 spread and prevent death.
Completely isolating the effects of any single nonpharmaceu-
tical intervention is impossible because recommendations for
increased handwashing, cleaning, and wearing of masks
evolved simultaneously. Measured COVID-19 incidence also
was affected by testing availability, which was limited early in
the pandemic and varied nationally.

In this study, changes in COVID-19 incidence and mortal-
ity associated with school closure were isolated to the extent
possible by adjusting for other state-enacted policies and test-
ing rates. In adjusted models, school closure was associated
with decreased COVID-19 incidence and deaths. These analy-
ses donot incorporate the risks of school closure on child edu-
cation and development or from a societal perspective. How-
ever, the analyses suggest that school closure may be effective
in curbing SARS-CoV-2 spread and preventing deaths during
future outbreaks.

These findings complement evolving evidence on the role
of children in the transmission of SARS-CoV-2. Studies have
documented lower attack rates for children,?® and children
comprise a small proportion of documented infections.? Chil-
dren may be less susceptible to SARS-CoV-2 infection®°; how-
ever, studies have documented viral shedding in asymptom-
atic children.®! Recent studies suggest school closure may have
only modest effects on COVID-19 deaths.?23> School closure
in this study was associated with a -62% relative change in
COVID-19 incidence per week. A decline of 62% was equiva-
lent to 39% of the projected value with schools open. So, per
week, the incidence was estimated to have been 39% of what
it would have been had schools remained open. Extrapolat-
ing the absolute differences of 423.9 cases and 12.6 deaths per
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100 000 to 322.2 million residents nationally suggests that
school closure may have been associated with approximately
1.37 million fewer cases of COVID-19 over a 26-day period and
40 600 fewer deaths over a 16-day period; however, these fig-
ures do not account for uncertainty in the model assump-
tions and the resulting estimates.

The analyses presented here suggest that the timing of
school closure plays a role in the magnitude of changes asso-
ciated with school closure. As hypothesized, school closure in
states that enacted this intervention early (when the cumula-
tive incidence of COVID-19 was low) had greater associated rela-
tive decreases in incidence and mortality. Although these rela-
tive differences translate into smaller absolute differences
associated with school closure, states that closed schools later
(in the highest quartile of COVID-19 cumulative incidence) had
more new cases and deaths from COVID-19 during the period
after school closure. Thus, this study can inform future deci-
sions about optimal timing for state and local officials to con-
sider school closure to curb SARS-CoV-2 spread in the high like-
lihood that the pandemic continues.

The mechanism by which school closure could affect
COVID-19 spread is not only through disrupting spread by or
among children. School closure affects family routines,
necessitating alternative childcare and modified work sched-
ules. These changes are evident by the number of telework-
ers more than doubling.®-3” The disruption in everyday life
likely influenced how people engaged in group activities,
traveled, and conducted business. If the primary effect asso-
ciated with school closure is related to altered adult behavior,
and not children spreading the virus to adults, the primary
lag period considered in these analyses should be adjusted.
Eliminating the 4 days for a child to adult transmission would
result in a COVID-19 incidence lag period of 12 days and a
mortality lag period of 22 days. In sensitivity analyses, the
effect sizes associated with school closure at these shorter lag
periods were similar to the primary analysis effect sizes. The
degree to which the associations with school closure relate to
decreased spread of SARS-CoV-2 by children or a combina-
tion of child and adult factors is unclear. Because school clo-
sure was the first nonpharmaceutical intervention in most
states, the effects associated with school closure may be
larger than if school closure had followed other nonpharma-
ceutical interventions.

It is unclear how COVID-19 spread would be affected if
schools remained open while states enacted other policies to
restrict movement. It is possible school-related spread may be
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mitigated with infection-control interventions recom-
mended by the CDC and the American Academy of Pediat-
rics, including frequent handwashing, universal mask poli-
cies, physical distancing measures, and increased sanitation
procedures.>®-*° However, given that school closure also al-
ters adult behavior, decreasing COVID-19 spread within schools
may be inadequate as a stand-alone intervention and may re-
quire continued alteration of adult interactions.

Limitations

This study has several limitations. First, many states enacted
additional nonpharmaceutical interventions concurrently with
or shortly after school closure, making it impossible to fully
isolate potential effects of school closure. Some nonpharma-
ceutical interventions, such as increased handwashing, could
not be included due to lack of available data.

Second, analyses were conducted at the state level. The
analyses did not account for resident travel leading to viral
spread between states. Even though the study modeled state-
level policies, some states had more restrictive policies lo-
cally (ie, by county). Nevertheless, these analyses are useful
tounderstand the practical implications of state policy in con-
taining spread.

Third, inadequate testing has impeded COVID-19 diagno-
sis. Testing variability was accounted for with the use of state-
level testing rates as a model covariate; however, testing rates
do not fully capture a state’s testing capability, infrastruc-
ture, and strictness of testing guidelines.

Fourth, the completeness and accuracy of the Johns Hop-
kins University database with respect to COVID-19 incidence
and mortality has not been established. This data source ag-
gregates publicly available data and accuracy may vary state
to state. As with limitations in testing, inconsistencies in re-
porting are unavoidable limitations of all COVID-19 US popu-
lation-based studies.

. |
Conclusions

Between March 9, 2020, and May 7, 2020, school closure in
the US was temporally associated with decreased COVID-19 in-
cidence and mortality; states that closed schools earlier, when
cumulative incidence of COVID-19 was low, had the largest rela-
tive reduction in incidence and mortality. However, it re-
mains possible that some of the reduction may have been re-
lated to other concurrent nonpharmaceutical interventions.
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