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KEY POINTS:

Question: Does reopening schools in the pandemic increase COVID-19 incidence and mortality?

Findings: On average, there was no systematic association between school reopening and COVID-19
incidence or mortality in Sdo Paulo State, up to 12 weeks after reopening. This was also the case for
schools in most vulnerable conditions.  Aggregate mobility was already high before the school

reopening and did not significantly increase afterwards.

Meaning: Results imply that reopening schools under appropriate protocols in developing countries
during the pandemic is unlikely to affect the aggregate number of cases or deaths when counterfactual

mobility is already high.



ABSTRACT:

Importance: School closures due to COVID-19 have left 1.6 billion students around the world without
in-person classes for a prolonged period of time. To date, no study has documented whether reopening
schools in developing countries during the pandemic was associated with increased aggregate COVID-

19 incidence and mortality with appropriate counterfactuals.

Objective: Testing whether reopening schools under appropriate protocols during the pandemic

increased municipal-level COVID-19 cases and deaths in Sao Paulo State, Brazil.

Design: This is an observational study in Sdo Paulo State to estimate the relationship between
municipal decisions to reopen schools during the pandemic and municipal-level COVID-19 case and

death rates between October and December 2020 using a differences-in-differences analysis.

Setting: Municipalities in Sdo Paulo state, Brazil.

Participants: We compare 129 municipalities that reopened schools in 2020 with the remainder 514

that did not and drop data for 2 municipalities that reopened schools and closed then again.

Main outcomes and measures: COVID-19 new cases and deaths per 10,000 inhabitants, up to 12

weeks after school reopening, and municipal-level aggregate mobility for a subset of municipalities.

Results: There are 8,764 schools in the municipalities that reopened schools, relative to 9,997 in the
control group. The municipalities that reopened schools had a cumulative COVID-19 incidence of 20
cases per thousand and mortality of 0.5 deaths per thousand in September 2020 (the baseline period),
relative to an incidence of 18 cases per thousand and mortality of 0.45 deaths per thousand in the
baseline period in the comparison group .We estimate no statistically significant difference between
municipalities that authorized schools to reopen and those that did not, before and after October 2020,
for (1) weekly new cases [DiD 95% ClI, -0.087, 0.027], (2) weekly new deaths [DiD 95% ClI, -0.011,
0.005]. Reopening schools was not associated with higher disease activity even in relatively vulnerable

municipalities and neither affected aggregate mobility.

Conclusions and relevance: Our findings suggest that keeping schools open during the pandemic did

not contribute to the aggregate disease activity.

Funding: Research funded by the Inter-American Development Bank.



Introduction

Most countries around the world closed schools to reduce COVID-19 infections for a prolonged period
of time'2. Beyond learning outcomes, school closures have also been shown to adversely affect

children’s well-being,’# and to increase dropouts.56

In-person classes might contribute to COVID-19 incidence and mortality. First, recent evidence
suggests that the likelihood of infection among family members and school staff increases significantly
when schools are open.”8 Second, non-pharmaceutical measures, have been shown to contribute to
slowing down disease activity®'%. School closures were typically included in these interventions, as they
concentrate more people than most other establishments.'6-'® Third, the mobility of primary caregivers
is expected to increase when children are at school, potentially boosting transmission above and
beyond the school setting.2%2" The risks of in-person classes might be especially high in developing

countries, where schools may lack resources for robust mitigation strategies that reduce transmission. 2?-

24

Conversely, keeping schools open during the pandemic might not elevate risks of COVID-19 incidence
and mortality. In fact, studies suggest that children, particularly those in primary school, are among the
safest groups for whom social distancing could be gradually foregone due to their relatively low
transmission risk.'® No study to date has documented the aggregate consequences of keeping schools
open in developing countries during the pandemic with appropriate counterfactuals. Few studies have
examined the association between school reopening during the pandemic and COVID-19 disease

activity in developed country settings?5-27and their findings are mixed.

This paper takes advantage of a natural experiment in S&o Paulo State, Brazil. All State schools were
closed by the end of March 2020, in response to increasing COVID-19 cases in the State. In-person
school activities remained suspended in the State throughout September 2020. Between October and
December 2020, 129 municipalities authorized schools to partially reopen for in-person activities. Using
public data on the evolution of the pandemic across different municipalities, we test whether school
reopening under appropriate protocols increased COVID-19 cases and deaths in Sdo Paulo State,
taking advantage of the staggered timing of municipal decrees that authorized schools to reopen in the

State.



Methods

Data sources

We combine several data sources to study this question. First, we use data on the timing of municipal
decrees that authorized schools to partially reopen for in-person activities in the State, collected by the
Sao Paulo State Secretariat of Education. Second, we use publicly available data on COVID-19 cases
and deaths from municipal Health Secretariats and the Brazil.io repository?®. We focus on the period
ranging from August to December 2020, so that we can examine trends for COVID-19 cases and deaths
both before and (up to twelve weeks) after school reopening in the State. Third, we collect data for
aggregate mobility from Google reports, which is available only for a subset of all municipalities. Fourth,
we collect municipality characteristics (e.g., per capita income and population) from Brazilian Census
data. Last, we collect school characteristics from the Brazilian school census. In the supplementary

materials, we provide more details about data sources and variable construction.

Outcomes

We focus on two main outcomes of interest: weekly per capita new COVID-19 cases and deaths (both
in logs). The log transformation allows us to interpret our estimates as percentual differences in the
outcomes of interest. We add 1 to all values to prevent dropping weekly observations for which we do
not observe any new cases or deaths. As such, we have values for both outcomes across all

municipalities and periods in our sample.

Exposure

We have data on the existence and the timing of all municipal decrees that allowed schools to partially
reopen in Sdo Paulo State since October 2020. 131 out of the 645 municipalities in the State eventually
reopened schools in 2020, as Figure E2 shows. Out of those, we drop from the analyses 2 municipalities
that authorized schools to reopen at first but reversed that decision shortly after. Schools that reopened
had to follow safety protocols; in particular, all school staff had to wear personal protective equipment,
alcohol had to be made available at the school gate, and in-person attendance was limited (e.g., at 35%

capacity in regions where the severity of the pandemic was high).

In our empirical strategy, we compare the trends of the outcomes of interest within municipalities that

authorized schools to reopen to those that did not, before and after authorization decrees. We do not



have data on how many students actually attended in-person classes during that period; as such, we
are only able to estimate intention-to-treat (ITT) effects of school reopening. The Sao Paulo Secretariat
of Education estimates that approximately two million students (out of the 3.5 million public school

students in the State) attended in-person school activities between October and December 2020.

Statistical analyses

Since decisions to reopen schools or not for in-person activities in 2020 were not random, merely
comparing trends of COVID-19 cases and deaths across different municipalities after in-person
activities were allowed to resume would mistakenly associate school reopening to disease activity,

especially in the presence of mean reversion.

To deal with this challenge, we implement a differences-in-differences strategy, which parses out any
baseline differences across municipalities, as long as those that eventually authorized schools to
reopen and those that did would not have exhibited systematic differences in trends for the outcomes
of interest in the absence of school reopening. For each cohort of municipalities that reopened schools
(defined by the week at which their authorization decree was made effective), we formally estimate the
relationship between school reopening and disease activity using the differences-in-differences
estimator of Callaway and Sant’Anna?. Since this estimator includes a matching procedure in the first
step (see Appendix B in the supplementary materials), the parallel trends assumption has to hold only
conditionally for its differences-in-differences estimates to be valid. Concretely, what this means is that,
in the absence of school reopening, the growth rates of COVID-19 cases and deaths should have been
the same across municipalities that did or did not authorize schools to reopen in 2020. While this is an
assumption of the method, we can validate it implicitly by testing whether, conditional on baseline
characteristics, the outcomes of interest exhibited differential trends across the two groups prior to
October 2020 (when no municipalities had yet authorized in-person activities to resume; see

supplementary materials).

Because in-person activities returned at different weeks across cohorts, we first estimate cohort-specific
differences-in-differences coefficients through Ordinary Least Squares (OLS), and then combine them
by weighting each estimate by its relative group size when computing the aggregate relationship for the

whole sample.?®



In all regressions, we control for municipal characteristics (income, population, number of schools,
number of students per 1,000 inhabitants, and average quality of school infrastructure) from the 2010
Brazilian population census, and their baseline per capita COVID-19 cases and deaths (cumulative
between January and September, immediately before school reopening). School infrastructure is the
first principal component from a vector of school characteristics from the 2019 Brazilian school census
(whether the school had a working kitchen, working bathrooms, trash collection, adequate sanitation

infrastructure and access to drinking water, and its average class size).

We also estimate heterogeneous relationships between school reopening and COVID-19 disease
activity with respect to the following municipality characteristics: (a) baseline COVID-19 deaths; (b)
average quality of school infrastructure; (c) per capita income; and (d) 65+ year-old population share.
In each case, we split municipalities according to the sample median, and focus on whether effects are

statistically different from zero within the highest risk / most vulnerable sub-sample.

Last, we estimate the relationship between school reopening and municipality’s average mobility index
in that week, using the same differences-in-differences strategy. This outcome is publicly available from
Google mobility reports3!, based on cell phone location. The outcome we have access to is an index,
capturing changes in mobility relative to the municipal average in the week of February 15, 2020,
measured in percentage points (see supplementary materials). The index is only available for 412
municipalities in Sdo Paulo State. While these mobility data are not tagged to the school-relevant
population, the interest lies on whether authorizing schools to reopen borne a relationship with overall
mobility in each municipality, above and beyond that of children and their caregivers — in tandem with

the main analyses, which concern municipal-level COVID-19 cases and deaths.

Results

This study includes 643 municipalities in Sdo Paulo State, 129 that authorized schools to reopen in
2020 (comprising 8,764 schools), and 514 (9,997 schools) that did not. Municipalities that reopened
schools had cumulative COVID-19 incidence of 20 cases per thousand and mortality of 0.5 deaths per
thousand in the baseline period. Municipalities that did not authorize schools to reopen had a cumulative
COVID-19 incidence of 18 cases per thousand and mortality of 0.45 deaths per thousand over the same

period. Table 1 shows descriptive statistics for municipalities that authorized schools to reopen in 2020



and those that did not. On average, municipalities that reopened schools were larger, richer, and had

less new COVID-19 cases and deaths before October 2020 than those that did not.

Figure 1 shows trends in the log of COVID-19 cases and deaths per 10,000 inhabitants, separately for
each group of municipalities. We observe no clear acceleration trend in either new cases or deaths for
the municipalities that reopened schools. In Figure 2, we show trends for those outcomes restricting
attention to the sub-sample that most closely matches the characteristics of municipalities that reopened

schools in the control group. For this matched sample, trends are even more similar across groups.

Next, Figure 3 estimates dynamic effects of school reopening non-parametrically, showcasing
differences-in-differences coefficients by week after school reopening for the log of new cases per
10,000 inhabitants (Panel A) and the log of new deaths per 10,000 inhabitants (Panel B). We estimate
no statistically significant difference between the two groups either before (falsification tests) or after

school reopening, up to twelve weeks after in-person activities were allowed to resume.

In Table 2, we compile cohort-specific estimates of school reopening on the log of new cases per 10,000
inhabitants (Column 1), the log of new deaths per 10,000 inhabitants (Column 2), and the aggregate
mobility index (Column 3), estimated through differences-in-differences. We find no association
between school reopening and COVID-19 cases up to twelve weeks after reopening [-0.03, 95% CI: -
0.086, 0.026] for log of weekly cases. Similarly, we find no association between school reopening and
COVID-19 deaths [-0.003, 95% CI: -0.011,0.004] for log of weekly deaths. If anything, the average
effect on cases and deaths is actually negative. The table also showcases the value of our estimation
technique, as there is substantial variation in cohort-specific estimates. Last, school reopening is
associated with a [1.465 , 95% CI: -0.062, 2.993] increase in local mobility, a small effect that is not

statistically different from zero at conventional significance levels.

In supplementary materials, Table E3 documents no significant association between school reopening
and disease activity within municipalities most at risk: those with below-median quality school
infrastructure, below-median per capita income, above-median senior population share, and above-
median baseline disease activity. Also, using additional COVID-19 testing data, which allows studying
whether the association between school reopening and COVID-19 cases varies significantly by age,
Table E4 finds no statistical difference in cases between school-aged children and young adults across

municipalities that authorized schools to reopen and those that did not, before and after October 2020,



and Table E5 finds no difference between 28-48 year-olds (within the typical age range of primary and
secondary school parents) and 49-65 year-olds using the same strategy. Supplementary materials also
show that results are robust to matching municipalities across groups based on characteristics (in Table
E6), and to allowing COVID-19 cases and deaths to be influenced by reopening decisions in
neighboring municipalities (in Table E7). In Figure E2, we show that our conclusions remain unchanged
if we use alternative measures of the outcome variables, such as excluding municipalities with zero

Covid-19 cases or deaths or using these variables in levels, instead of in logs.

Figure 4 then turns to Google mobility data, showing the index separately for each group of
municipalities. For both groups, mobility was approximately 13 p.p. lower than pre-pandemic levels
twelve weeks before school reopening. Mobility evolved similarly over time across all municipalities,
increasing sharply even before schools were allowed to reopen, and ultimately reaching pre-pandemic

levels by late November even within municipalities that did not reopen schools in 2020.

Discussion

In this study of 643 municipalities in Sdo Paulo State, results suggest that reopening schools during the
pandemic was not systematically associated with higher COVID-19 cases or deaths. Average
differences in disease activity after October 2020 across municipalities that authorized schools to
reopen and those that did not were small and not statistically significant at any week after reopening
when it comes to COVID-19 new or cumulative cases or deaths. This is not because the study design
lacks statistical precision: effect sizes on cases are nearly zero in most weeks and, if anything, average
COVID-19 incidence and mortality was actually higher within municipalities that did not reopen schools
in 2020. We show that school reopening was not significantly associated with disease activity even in
municipalities with lower-quality school infrastructure, lower per capita income, higher senior population
share, or most severely affected by the pandemic. Evidence from the studies conducted in developed
countries about the association of school reopening and COVID-19 disease activity is mixed?®>?7, and
their empirical strategy can only estimate short-term effects of school reopening on disease activity (2-

3 weeks after in-person classes returned).

In developing country settings, most studies only analyze risks within the school community, rather than

at the aggregate®, and none of them estimates effects under appropriate counterfactuals. Studies that



estimate the effects of school reopening by simply comparing cases within municipalities, before and
after in-person activities returned, are likely to detect false positives. The reason is mean reversion —
the statistical tendency for negative (positive) shocks to be followed by positive (negative) ones3! —;
concretely, locations that allow schools to re-open are statistically more likely to have experienced
unusually low COVID-19 cases before in-person classes returned. Analogously, merely comparing
average COVID-19 incidence and mortality across locations that authorized schools to reopen to those
that did not would tend to over-estimate the effects of reopening during the pandemic; such locations
typically differ in many dimensions, particularly when it comes to their previous trends for COVID-19
cases, hospitalizations and deaths. Analyzing a comparison group with similar pre-trends for COVID-
19 case-rate and deaths is a critical element of study design to assign a clearer interpretation to

empirical findings.

Resuming in-person school activities might affect the aggregate evolution of the pandemic through two
mechanisms. First, students and school staff might get infected at school, and subsequently infect their
families. Second, school reopening might increase the mobility of children and their caregivers, leading
to infections above and beyond the school setting. When it comes to the first mechanism, schools were
authorized to reopen in Sdo Paulo State during the study period only under appropriate protocols,
including strict limits to in-person attendance. When it comes to the second mechanism, the analysis of
mobility data shows that school reopening was not significantly associated with higher aggregate
mobility in a context where counterfactual mobility was already very high: the mobility index in S&o
Paulo State reached pre-pandemic levels at the beginning of November, which indicates that families

were not safe from contagion in the absence of in-person school activities.

All'in all, the findings in this study suggest that reopening schools in developing countries during the
pandemic is unlikely to contribute to aggregate risk in the presence of safe reopening protocols,
especially where mobility is already high. As such, results suggest that the aggregate benefits of
keeping schools closed is low. Together with recent evidence about the large educational costs of
school closures across countries of all income levels®32, results suggest that the policy debate in
developing countries must urgently focus on how to safely keep schools open amidst the pandemic,

rather than whether or not to do so.



There are three important limitations to the analyses in this study. First, data limitations only allow
documenting the association between school reopening and aggregate disease activity. As such, the
null results estimated in this study do not imply that school reopening in the pandemic poses no risks
for school staff or students’ families — especially in settings where robust protocols to prevent infections
at the school setting are not in place. Additional research is needed to document the direct impacts of
school reopening in developing countries on those populations with appropriate counterfactuals. That
would require drawing on individual-level data on COVID-19 cases, hospitalizations and deaths for
students, school staff, and their families, both for schools that reopened and for those that did not,

parsing out any differences in previous trends in disease activity across them.

Second, we are only able to estimate intention-to-treat effects of school reopening on disease activity.
This is the case because we do not have detailed information on which schools effectively reopened or
on municipal-level school attendance. As such, this study’s findings are not informative about the

marginal effects of student attendance on municipal-level COVID-19 cases and deaths.

Third, these findings might not necessarily replicate in other settings. On the one hand, Brazil is dense
and was hard-hit by the pandemic — likely a relevant benchmark for other developing countries.
Moreover, the null results documented in this study hold across a wide range of local contexts — by
income levels, school infrastructure, senior population share, and local disease activity. On the other
hand, in other countries or periods where mobility has been more successfully restrained by non-
pharmaceutical measures, the study cannot rule out that school reopening could increase overall
mobility and contagion, contributing to aggregate disease activity, especially if safe reopening protocols
are not in place. Complementary approaches, from seroprevalence surveys33-34 to identifying which
variants of the virus are circulating in these settings3®, are also needed to further inform risk

assessments in each context.

Tables

Table 1: Descriptive statistics of municipalities by school opening decision in the baseline period (as
of end of September)

Did not reopen schools Reopened schools
New cases per thousand 0.79 0.76
New deaths per thousand 0.03 0.02
Accumulated deaths per 0.44 0.49
thousand
Income per capita 672.17 804.58
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Population (thousands) 38.65 200.37

Population density (hab/km?) 277.77 586.37
Number of schools 19.41 67.94
Number of students 7.21 34.34
(thousands)

School infrastructure -0.01 0.00
Municipalities 514 129

Note: This table presents averages for several variables, separately for municipalities that reopened
schools at any point of 2020 and those that did not. Time-variant variables are measured at the
baseline period (last week of September 2020).Data for Covid-19 cases and deaths (rows 1-3) comes
from the Brasil.io. Municipal characteristics comes from the Brazilian census (rows 4-6). School
characteristics comes from the Brazilian school census (rows 7-9).

Table 2: difference-in-difference estimates aggregated by cohorts

Cohort log(weekly log(weekly mobility
treatment cases) deaths)
M 3) ®)

0 0.002 -0.009 1.855
[-0.071, [-0.019, [-0.063,
0.076] 0.001] 3.773]

5 -0.084 0.015 -0.023
[-0.273, [-0.024, [-3.989,
0.104] 0.054] 3.943]

6 -0.080 0.002 0.112
[-0.207, [-0.005, [-2.878,
0.046] 0.010] 3.102]

8 -0.121 0.001 4.761%**
[-0.290, [-0.014, [1.985, 7.536]
0.048] 0.013]

9 0.046 -0.008 0.006
[-0.195, [-0.022, [-5.061,
0.288] 0.006] 5.072]

Aggregate -0.030 -0.003 1.465

difference
[-0.086, [-0.011, [-0.062,
0.026] 0.004] 2.993]

Notes: This table shows the estimated difference between municipalities that reopened
schools and those that did not using the Calloway and Sant’anna estimator aggregated at the cohort
level. We show point coefficients and 95% confidence intervals. *p<0.1, **p<0.05, ***p<0.01.

Figures

Figure 1 — Trends in the outcomes of interest for municipalities that reopened schools and

those that did not
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Notes: This figure shows trends for the outcomes of interest separately for municipalities that
reopened schools and those that did not. Panel A showcases the log of cases and Panel B
showcases the log of deaths. For the control group, the week of reopening is normalized to the
last week of September 2020. The sample includes 129 municipalities for the treated group and

514 for the control group.

Figure 2 — Trends in the outcomes of interest for municipalities that reopened schools and

those that did not with matched sample
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Notes: This figure shows trends for the outcomes of interest separately for municipalities that
reopened schools and those that did not and were the closest matches for the municipalities
that reopened. Panel A showcases the log of cases and Panel B showcases the log of deaths.
For the control group, the week of reopening is normalized to the last week of September 2020
and we show 95% confidence intervals as vertical bars. The sample includes 129 municipalities

both for the treatment and control groups.

Figure 3: estimates of the difference between the groups using the difference-in-difference estimator
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Figure 4 — Trends in mobility index for the matched sample
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Notes: This figure shows trends for the Google mobility index separately for municipalities that
reopened schools and those that did not and had similar characteristics as the former group.
Details of the matching procedure are given in Appendix B of the Supplementary materials. The
dependent variable represents weekly mobility relative to February 2020.
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