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SCHOOLS AND THE TRANSMISSION OF SARS-COV-2:
EVIDENCE FROM ITALY

by Salvatore Lattanzio*

Abstract

This paper studies the effect on the spread of Sars-Cov-2 in Italy of schools’ re-
openings and closures. Exploiting different re-opening dates across regions after the summer
break of 2020, I show that early-opening regions experienced more cases in the 40 days
following school re-openings compared with late-opening ones. However, there is great
uncertainty around the estimates, and this suggests a wide dispersion in the effects of school
re-openings on Sars-Cov-2 transmission. [ also study the effect of school closures in
Campania, one of the biggest regions in Southern Italy. Using a synthetic control approach, I
show that school closures are associated with lower numbers of cases relative to the
counterfactual group, particularly in younger age groups. In contrast, I find no significant
effects on older age groups, which are more likely to require hospitalization. Finally, by
exploiting survey data, I provide descriptive evidence on the increased incidence rate among
teachers and students relative to the general population, following school re-openings.
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1. Introduction’

School closures are a widely used measure to contain the spread of Sars-Cov-2.> According to the
Oxford COVID-19 Government Response Tracker,” all 185 countries present in their database
adopted some form of school closure to contain the pandemic from January 2020. The rationale
behind school closures is that reduced contacts among students and mixing in small spaces should
limit the diffusion of Sars-Cov-2. However, in the presence of a virus that implies highly hetero-
geneous likelthoods of developing severe symptoms for young and old individuals, school closures
can be ineffective if students meet outside of schools among themselves and with older age groups
(e.g., with grandparents and relatives with caring responsibilities).* In this case, school closures can
ease transmission among more vulnerable individuals, causing additional pressure on the
healthcare system. Hence, whether schools contribute to the circulation of the virus is an empirical
question.

The literature has investigated the effectiveness of school closures to contain the spread of other
respiratory viruses in the past. For example, Jackson et al. (2013) provide a review of the evidence
on the effects of school closures and re-openings on pandemic and seasonal influenza outbreaks.
They suggest that closing schools is effective in curbing the infection rate, whereas school re-
openings tend to be associated with higher viral transmission. Adda (2016) reports similar results,
finding that school closures play a significant role in reducing the spread of viral diseases. However,
the paper suggests that closing schools for extended periods of time is not cost-effective. Based
on the knowledge available at the time, policymakers opted for school closures in the wake of the
Sars-Cov-2 pandemic. In fact, model-based evidence highlights that the impact of schools on the
transmission of the virus is relevant, but depends on the amount of out-of-school interactions
among children (Head et al. 2022). A variety of empirical contributions have investigated the im-
pact of school closures and school openings on the transmission of Sars-Cov-2, reaching different

conclusions depending on the context, the time of the year when the study was conducted, and

1Twould like to thank Francesco Armillei, Fabrizio Balassone, Roberto Battiston, Tito Boeri, Alessandro Borin, Giulia
Bovini, Enrico Bucci, Alessandra Casarico, Federico Cingano, Fabrizio Colella, Francesco D’Amuri, Domenico De-
palo, Antonio Di Cesare, Francesco Filippucci, Vincenzo Galasso, Raffaela Giordano, Federica Meluzzi, Alessandro
Palma, Paolo Pinotti, Andrea Presbitero, Alessandro Tondini, Fabrizio Zilibotti and participants to the XXIII Euro-
pean Conference of the Fondazione Rodolfo De Benedetti, for useful comments and discussion. The views expressed
in this article are those of the author and are not the responsibility of the Bank of Italy or the Eurosystem. Contacts:
Bank of Italy, Via Nazionale 91, 00184 Roma (RM), Italy. Email: salvatore.lattanzio@bancaditalia.it.

2 Throughout the rest of the paper, I will mainly use the term Sars-Cov-2 when referring to the virus and the term
COVID-19 when referring to infections.

3 The school closure tracker is available online at https://ourwotldindata.org/covid-school-wotkplace-closures. Last
access: July 14, 2021.

*For example, the Italian government introduced a baby-sitting voucher to help families cope with childcare during
school closures. In 2020, 61 percent of applications for the voucher came from individuals older than 60 — likely the
grandparents of children, as suggested by INPS (2021).
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the stringency of the other non-pharmaceutical interventions that were in place. Different research
suggests that schools either play a role in the increase of COVID-19 cases, or they do not. Studies
done in Germany, Sweden, and Japan suggest that there is no correlation between schools reopen-
ing and an increase in cases (Isphording, Lipfert, and Pestel 2021; von Bismarck-Osten, Borusyak,
and Schonberg 2022; Vlachos, Hertegard, and B. Svaleryd 2021; Fukumoto, McClean, and
Nakagawa 2021). However, research done in the United States suggests the opposite, that schools
are in fact playing a role in the increase of COVID-19 cases (Goldhaber et al. 2021; Chernozhukov,
Kasahara, and Schrimpf 2021; Courtemanche et al. 2021). Moreover, Bravata et al. (2021) provide
convincing evidence that transmission increases in households where school-age children are pre-
sent.

This paper contributes to the literature by providing evidence on both the effects of school re-
openings and closures on the diffusion of Sars-Cov-2, using Italy as a case study. The focus on
Italy is justified by the availability of two quasi-experimental settings connected to policymakers’
decisions on school openings and closures. First, school re-openings after the summer break were
staggered across regions and, in 2020, two groups of regions opened schools on 14 and 24 Sep-
tember, allowing a comparison of infections in the two sets. Second, local authorities were allowed,
during the pandemic, to adopt policy measures that were more restrictive than those mandated at
national level, comprising school closures. Therefore, I exploit school closures in Campania—one
of the biggest Southern regions—on 16 October and investigate if they had a significant effect in
curbing infections. I conduct these analyses using publicly available regional-level data on infec-
tions, hospitalizations and deaths provided by the Italian Profezione Civile and incidence rates by age
groups collected by the Italian Association of Epidemiologists. In both cases, I find a weakly sig-
nificant effect of schools on infection rates. Early re-opening of schools led to a surge in cases and
hospitalizations relative to late opening regions. The point estimates suggest that early opening
regions would have experienced approximately 1,900 less cases per day over a 40-day horizon, had
they reopened schools later (around 47 percent of daily cases experienced in the same period).
These estimates should nonetheless be taken with caution as they are characterized by wide un-
certainty. On the other hand, school closures in Campania led to a marginally significant drop in
incidence rates relative to a synthetic matched group of regions that did not close schools until
later in the year. The effect of school closures on reduced Sars-Cov-2 circulation is, however,
concentrated in younger age groups, while the effects on older individuals are not statistically sig-
nificant. Hence, school closures seem ineffective in shielding the age groups that are more vulner-

able to develop severe symptoms of COVID-19.



Finally, using data collected by the Ministry of Education, I show that—in contrast with existing
evidence (e.g., Gandini et al. 2021)—incidence in schools, especially among the teaching and non-
teaching staff and students aged 14-18, is higher than that in the general population in the period
during which schools were open.

This paper therefore contributes to the growing literature that investigates the impact of schools
on Sars-Cov-2 transmission and provides evidence on a country, Italy, that was severely hit by
both first and second waves in Spring and Autumn 2020, and that extensively used school closures
as one of the main non-pharmaceutical interventions to curb infection rates. The closest paper to
mine in the Italian context is Amodio et al. (2022) who, using detailed geo-localized data on infec-
tion rates and variation in school openings time in September 2020 for Sicily, find that census areas
where schools opened early witness an increase in COVID-19 cases by 1.5-2.9 percent. This paper
provides additional evidence by focusing on the whole country and by investigating the impact of
both school openings and closures, as they may have non-symmetric effects on infections. My
results are in line with studies on the United States, but are in contrast with evidence from other
European countries, e.g., Germany, where school openings did not contribute to a higher viral
transmission. Differences between Italy and Germany may be due to a variety of factors. Social
interactions between children and compliance with mask mandates within schools, the behavior
of parents, public transport use and quality, aeration within classrooms, and the structure and type
of school buildings, are all possible explanations of why schools may have a different impact in
the two countries. To shed light on this point, I investigate how crowding in classrooms and the
age of school buildings are associated with infections among students in different points in time,
providing some descriptive evidence that both play a role.

In general, the effectiveness of school closures further depends on the stringency of policy
measures, including those adopted to make schools safer, as the use of N95 masks or the availa-
bility of air filtering systems; on the strain of the virus circulating in the community, with more
contagious variants (e.g., Delta and Omicron) being additional elements of risk; on population
immunity, which in turn depends on past infection levels and vaccine coverage. Therefore, the
divergence in findings in the literature highlights even more the importance of studying the impact
of schools on Sars-Cov-2 transmission in different contexts and time periods to verify the external

validity of the results.’

> Differences between studies can also emerge in the presence of different research designs and sample selections. In
particular, Gandini et al. (2021) and I both examine Italy as a case study, but they conclude that schools did not
contribute to the spread of the virus. In particular, using the same data source from the Ministry of Education, they
conclude that incidence among students and teachers is lower that than in the general population. I find an opposite
result using a longer time horizon than in their analysis.



It is important to highlight that I only focus on the impact of schools on infections, while ignoring
the potential negative short- and long-run effects of school closures on learning. The costs of
school closures for students can be high and persistent, especially if they have low socio-economic
background. Agostinelli et al. (2022) highlight how online learning is an imperfect substitute for
in-person schooling and that lost interactions between students, combined with differential invest-
ment of parents from high socio-economic background in their children’s education, contribute
to persistent learning losses. Halloran et al. (2021) show that, in the United States, there was a
substantially larger decline in pass rates on standardized tests in Grades 3-8 in districts with remote
schooling compared to those with in-person schooling, with more severe losses in districts with
larger populations of Black students. Similarly, Contini et al. (2022) show that school closures had
a negative effect on students’ achievement in mathematics, using data from Italy. Engzell, Frey,
and Verhagen (2021), and Fuchs-Schiindeln et al. (2022) highlight how school closures are likely
to widen gaps in learning and future career outcomes between children from high- and low-income
families. Parolin and Lee (2021) further show that, in the US, school closures increased inequality,
as they were more likely to happen in schools with higher shares of students who are from ethnic
minorities, have experienced homelessness, and are eligible for free or reduced-price lunch. Finally,
school closures can have negative effects on children’s mental health (Lee 2020) and affect dispro-
portionately women, who are usually demanded a higher share of childcare within households
(Alon et al. 2020).° Given these potential negative effects, it is even more important to provide

convincing answers on the effects of schools on Sars-Cov-2 transmission.

2. Sars-Cov-2 in Italy and Schools

Italy was the first Western country to be hit severely by Sars-Cov-2. The first case dates back to
31 January, whereas the first death was registered on 21 February. Following the diffusion of the
virus, especially in the North of the country, the government opted for the implementation of two
“red zones”, involving 11 municipalities in Lombardy and Veneto, that were effectively in lock-
down. At the same time, many Northern regions opted to close schools. This measure was then
extended to the whole nation on 4 March, just a few days before the nation-wide lockdown, which
was established on 10 March. Schools remained closed throughout the whole school year and only
high-school students taking the final exam were allowed in classrooms during the summer. In

September schools reopened in different days in different groups of regions. Figure 1 shows the

6 See Werner and Woessmann (2021) for a review of the evidence on the effects of the pandemic on children’s cog-
nitive and socio-emotional developments, and Stantcheva (2022) for a review of the literature on the comprehensive
effects of the pandemic on inequalities, comprising that stemming from school closures.



opening dates of schools in each Italian region. There are two main blocks: those that opened on
14 September and those that opened on 24 September. The former are mainly concentrated in the
Centre-North (with the exception of Molise and Sicily), whereas the latter are concentrated in the
South of the country. Three regions opened schools in different days: Bolzano on 7 September,
Friuli Venezia Giulia on 16 September and Sardinia on 22 September. In the empirical application,

I will focus on regions opening on 14 and 24 September.

22 September

7 September

14 September
16 September
24 September

Figure 1. School opening dates after the summer in Italy

Notes. The figure displays a map of Italy with the administrative boundaries of the 19 regions and two autonomous
provinces. Different colors indicate different opening dates of schools after the summer break.

Following school re-openings case numbers remained low throughout September and started ris-
ing in October in a second wave that then led the government to establish a range of non-phar-
maceutical interventions that comprised partial or total school closures depending on the incidence
of the disease. In anticipation of government decisions, Campania opted to close all schools on 16
October to curb infection rates. This decision was unexpected and taken in isolation by the presi-
dent of the region and was not followed by other regions, which decided instead to follow gov-
ernment advice. On November 4, the government introduced new local lockdown measures, de-
pending on the level of circulation of the virus in each region. These measures comprised partial

school closures, depending on the stringency of measures adopted. In particular, the government



established three different areas of risk, based on three colors: yellow, orange and red. In yellow
and orange zones, high schools (and universities) were closed, whereas kindergarten, elementary
and middle schools remained open. In red zones, only kindergarten, elementary schools and the

first year of middle schools were operating in-person.

3. Data and Descriptive Statistics

Data. I combine several data sources, which are mostly available at the region-level. First, I exploit
data on the number of new cases, hospitalizations, patients in intensive care units and deaths pro-
vided by the Italian Protezione Civile. The data provide daily figures from the end of February 2020
for each Italian region and, for provinces,’ they provide the total number of cases since the begin-
ning of the pandemic. I compute per capita quantities using data on population—as of January
2020—from the national statistical institute (Istat). Second, I exploit information on weekly inci-
dence rates by age group provided by the Italian Association of Epidemiologists, which makes the
data publicly available for 13 regions starting from 21 September.’ Third, I use data from the
Ministry of Education on the number of cases in schools in students aged 6-13 and 14-18 and
among the teaching and non-teaching staff, which are publicly available from the study of Gandini
et al. (2021).” Fourth, I use data on mobility from Google Reportts to control for mobility differ-
ences across regions, that could affect the diffusion of the virus: in particular, Google records data
on mobility towards transit stations, residential places, groceries, parks, retail and recreational ac-
tivities, and workplaces." Fifth, I use data on the characteristics of municipalities from Istat to
construct a matched control group and study the impact of school closures in Campania, based
on the following variables: average family size, the number of students or residents who use public
transports to go to school or work per 100,000 residents, the number of university students per
100,000 residents, population density and the share of population between 60 and 79 years old and
over 80. Finally, I use data from the Ministry of Education'' on the number of students per square
meter and on the age of all schools in each Italian region in order to explore possible associations

between incidence among students and school buildings’ quality or classroom crowding.

7'There are 21 regions (19 regions and two autonomous provinces) and 107 provinces in Italy.

8 Data on incidence rates by age group are not available before that date. Therefore, they cannot be used to analyze
the impact of school re-openings in September, as they are missing for the pre-treatment period.

 The data can be downloaded from the webpage of the article in the Supplementary materials section. Last access 19
July 2021.

10 Google mobility reports record how visitors to categorized places change compared to baseline days. The latter
equal the median value of each day of the week in the period January 3 — February 6, 2020.

1 Portale Unico dei Dati della Scuola, available at https://dati.istruzione.it/ opendata/.
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Descriptive Statistics. Figure 2 reports the regional evolution of the number of new cases per
100,000 residents in September and October 2020. The figure suggests that, on average, where
schools opened earlier cases increased at a faster pace relative to regions opening later, although

the dispersion of the time series widens considerably over time.
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Figure 2. New cases per 100,000 residents by region and time around school re-openings in Sep-
tember

Notes. The figure shows the evolution of daily cases per 100,000 residents in each region. Different colors indicate different opening

dates of schools. Vertical dashed lines are put in correspondence of each opening date. Source: author’s own calculation based on
data from Prozezione Civile.

How was mobility affected by school re-openings? Figure 3 displays the evolution of mobility
relative to the reference period of January-February 2020 from Google Mobility Reports in Sep-
tember and October 2020, separately for regions opening schools on 14 and 24 September (re-
spectively, early and late opening regions). The figure reports average changes in mobility by week'
between 30 August and 2 November relative to the baseline period—i.e., the median value, for
the corresponding day of the week, during the period 3 January-6 February, 2020. The figure shows
that mobility towards transit stations displays diverging patterns between the two groups of regions
in the moments when they re-opened schools—although it is generally below the baseline level—

and then decreases from October onward, probably because of classrooms in quarantine or be-

12 Specifically, each point in the graph is the predicted value from a regression of mobility on week dummies, a treat-
ment dummy (equal to one for early opening regions) and the interaction of both. 95 percent confidence intervals are
recovered from standard errors obtained via the delta method.
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cause students avoided public transports to reach schools. Other mobility categories display com-
parable evolutions over time. Mobility towards retailing decreases, following school openings, in
both groups of regions. Residential mobility increases relative to the baseline following school
openings, probably because of schools offering hybrid teaching systems with part of lectures being
in presence and part at home. Mobility towards workplaces is below the baseline in both early and
late opening regions. At the end of October, when cases began to increase exponentially, mobility

to workplaces decreases, as a consequence of an increased use of remote working.
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Figure 3. Mobility trends in September and October 2020
Notes. The figure reports mobility trends relative to a baseline period, i.e., the median value, for the corresponding day of the week,
during the period 3 January-6 February, 2020. Each dot in the graph is the predicted value from a regression of mobility on week

dummies, treatment dummy and the interaction of both. 95 percent confidence intervals are recovered from standard errors ob-
tained via the delta method. Source: author’s own calculations based on Google Mobility Reports.

Table Al in the Appendix further reports means and standard deviations of cases, hospitalizations,
ICUs, deaths, tests, positivity rate, and mobility for the whole period 14 August-3 November, and
separately for early and late opening regions.

The two groups of regions were not adopting different policies except on the timing of school
openings. Using data collected by Conteduca and Borin (2022), Figure A1l reports, separately for
early and late opening regions, averages of stringency indexes reflecting the severity of non-phat-
maceutical interventions in different areas. The region-level indexes are obtained by averaging val-
ues across municipalities. At the municipality level, each index is obtained by assigning on a scale
from 0 to 3 a value corresponding to the severity of non-pharmaceutical interventions. These

values are then rescaled on a 0-100 basis. The figure shows that policies regarding restrictions on
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in-person production activities, shops and personal services activities, bars and restaurants, in-
person public events, gatherings, public transportations, quarantine and isolation, and domestic
travel and movement, were similar between treated and control municipalities over August, Sep-
tember, and October. The only policy that changes is that regarding schools, which shows two
jumps corresponding to the two dates of school openings. Hence, any effect of school openings

on infections shall not capture confounding effects of other non-pharmaceutical interventions.

4. Empirical Strategy
School re-openings. I focus on regions that opened schools on 14 or 24 September and limit the
observation window to the period between 15 August and 3 November. I therefore include a long
pre-treatment window of 30 days and a post-treatment one of 40 days. I do not go beyond 3
November, as on that day the government issued new restrictive measures that affected schools.
On this sample, I estimate the following difference-in-differences model:

Vie=ait gt ) BeDA(t =)+ X + e 0

k*-1

where Yj; is the number of new positive cases, daily change in hospitalizations and in the number
of patients in intensive care units, or daily deaths, in region i and event time t =
{—30,—29, ..., +40}. a; are region fixed effects that control for time-invariant unobserved fac-
tors, such as the age composition of the population and population density. ¢, are calendar date
fixed effects controlling for unobserved shocks that are common across regions (e.g., nation-wide
interventions). D; is a dummy variable equal to one for regions opening schools on 14 September
and zero for those opening on 24 September. 1(t = k) are event time dummies, i.e. dummies for
days from 14 September, using the day before re-openings (i.e., 13 September, corresponding to
k = —1) as a reference point. Xj; includes region-level controls for mobility towards grocery and
pharmacy, parks, retail and recreational places, workplaces, and homes."” Finally, €;; is an error
term. The coefficients of interest ate the B’s which measute the daily change in outcomes between

early and late opening regions relative to the day before re-openings.

School closures in Campania. To evaluate the impact of school closures in Campania, I use a
synthetic control method and compare the evolution in the number of daily cases per 100,000

residents and in the incidence rates by age group in Campania and in a synthetic group of regions

131 do not include mobility towards transit stations among controls, as it is directly affected by school openings.
Results — available upon requests — are nonetheless similar if I include it among controls.

2)
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that act as control units. I then report the average outcomes for treated and synthetic units and
their difference for each period t € {1, ..., T}, where time is either days or weeks:
Ay = YO — 2 KiYit.
i€l

In (2), i indexes regions and k; are the weights assigned to each region. I limit the observation
window to the week starting on 21 September until the one starting on 30 November. There are
two “treatment periods”: one in which Campania is fu/ly treated, between 16 October and 3 No-
vember; one in which Campania is partially treated, between 4 and 30 November. The fully treated
period corresponds to the days in which only Campania closed schools, whereas the partially
treated period corresponds to days in which, following nation-wide policy measures, also other
regions closed some school orders, depending on the stringency of measures adopted. In low-risk
areas (depending on the circulation of the virus in the community), high schools (and universities)
were closed, whereas kindergarten, elementary and middle schools remained open. In high-risk
areas, only kindergarten, elementary schools and the first year of middle schools were operating
in-person. In both fully and partially treated periods, all school orders were closed in Campania.
The variables used to create the synthetic control group are population, population density, the
number of individuals using public transports for work- and school-related reasons per 100,000
residents, the number of cases in the first wave (21 February-3 May) per 100,000 residents, the
share of residents between 60 and 79 years old and older than 80, the number of university students
per 100,000 residents and the average number of family components. Moreover, when analyzing
total cases, I also include the change in daily hospitalizations and in the number of patients in
ICUs, the daily number of deaths, and the tests performed per 100,000 residents. When analyzing
incidence rates by age group, I further include incidence rates for the adjacent younger and two
older age groups. For example, when computing the synthetic control for the age group 25-44, 1
include incidence rates for the group 19-24, 45-59 and 60-69 as matching variables." Table A3
reports weights applied to each region for the synthetic control for each different outcome. I also
provide a battery of robustness checks, following Abadie (2021), to elucidate on the validity of the
synthetic control method in this context. There are of course reasons why the synthetic control
might fail, if there are unobservable differences between Campania and the synthetic control.
These could determine differences in case numbers independently of school closures, e.g., because

of spillover effects or confounding policies at the sub-regional level, which differentially affect

4 For the age groups 0-2, I only use the three adjacent older group (3-5, 6-10, 11-13). For the age group over 90, 1
include the three adjacent younger groups (60-69, 70-79, 80-89).
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Campania and the control regions. It is impossible to control for such confounders, but the ab-
sence of differences in the outcomes before treatment, shown in section 5.2, should at least miti-

gate concerns about the presence of important unaccounted unobservables.

5. Results

5.1. The Impact of School Re-openings After the Summer

I start by investigating the impact of school re-openings in September. Figure 4 reports the esti-
mates of B from equation (1). Panel (a) shows results for daily new positive cases. Before school
re-openings, regions that opened early were on parallel trends with respect to late opening regions.
After schools opened, there are no statistically significant differences between the two groups of
regions for approximately 25 days. However, after 25 days, differences begin to emerge, which
become larger and statistically significant between the 30" and 40" day following re-openings on
14 September. On average, early opening regions witnessed an increase of 10.1 additional new
daily cases with respect to late opening regions between 25 and 40 days after re-openings. Panel
(b) reports coefficients for the daily change in hospitalizations, which shows a similar, although
less precise, pattern. Differences between eatly and late opening regions are not statistically signif-
icant before re-openings and in the 25 days following them. After 25 days, regions opening schools
early witness an increase of 0.7 hospitalizations per 100,000 residents. Panel (c) shows that there
are no significant differences in terms of the number of patients in intensive care units both before
and after school openings. Panel (d) reports results for daily deaths: although there is a spike at the
very end of the observation window, differences between treated and control units are never sta-
tistically significant at conventional levels. Figure A2 reports the estimates with and without the
matrix of controls for mobility X;;, showing that the findings are unaffected by their inclusion in
the event studies.

The absence of differences in the number of critically ill patients and deaths can be interpreted as
a good sign if one believes that most of the increase in cases in early opening regions happen
among younger subjects, who are less exposed to the risk of developing severe symptoms from
COVID-19. However, the time horizon may be too short to observe differences in the number of
critically ill patients and deaths, given the lag between symptoms onset and more severe clinical
developments of the disease. It would be however difficult to go beyond the observation window
reported in the graphs, which ends on 3 November, as from that date there are other non-phar-

maceutical interventions adopted by the government that could confound the effects.
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The surge in cases with a delay of around 25 days after school openings can be explained by several
factors. First, some days pass between the increase in contacts among individuals determined by
school openings, and infections, especially after a period in which cases have been very low. Sec-
ond, there is an incubation time of about 4 to 7 days (Li et al. 2020) between infections and symp-
toms onset (the Italian Health Authority, ISS, declares that the incubation time can reach 14 days).
Finally, there are delays between the diagnoses and notifications to authorities. The Italian Health
Authority declares that, on average, overall delays between infections and notification are around
2 or 3 weeks.” Such delays can also increase during periods of high circulation of the virus, as

more infections may overburden the work of laboratories that analyze test results.
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Figure 4. Difference-in-differences coefficients for cases, hospitalizations, ICUs and deaths for
regions opening eatly vs late around school openings

Notes. The figure reports estimates of dynamic coefficients 5, from equation (1). All outcomes are values per 100,000
residents. The shaded areas are 95 percent confidence intervals obtained from cluster-robust standard errors at the

region level. N = 7278.

15 See https:/ /www.epicentro.iss.it/ coronavirus/sars-cov-2-sorveglianza (in Italian).
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To assess the magnitude of the results, I use the estimates from the regressions for daily cases to
predict how cases would have evolved if schools had reopened later in early opening regions.
Specifically, I compute the sum of point estimates in the 40 days following school re-openings,'®
which implies that the cumulative number of extra daily cases in early opening regions is 180.1 per
100,000 residents. The total number of extra cases can be obtained by multiplying 180.1 by the
early opening regions’ total population of 42,884,254 and dividing by 100,000, yielding 77,229 or
an average of 1931 daily cases. In the 40 days following school re-openings there were a total of
164,372 new cases in the early opening regions or an average of 4109 daily cases. Hence, this back-
of-the-envelope calculation suggests that early re-opening regions would have experienced 47 per-
cent lower case numbers had schools re-opened 10 days later. These numbers must be interpreted
with caution, as they display wide uncertainty. They are not statistically significant: the 95 percent
confidence interval ranges between -18 and 112 percent. Focusing, instead, on the period 9-24
October (i.e., from the 26" to the 40" day following eatly re-openings), early opening regions
would have experienced 4184 daily cases less, had schools opened later, i.e., as much as 50 percent
of average daily cases in that period (95 percent confidence interval: 2-99 percent).

The increase in the number of cases is not a consequence of increased testing capacity of early
opening regions, as Figure A3 in the Appendix shows. Panel (a) reports estimates of equation (1)
using the daily number of tests administered per 100,000 residents as outcome and shows that
there are no significant differences between the two groups of regions. Panel (b) reports results
for the test positivity rate, computed as the ratio between daily cases and tests, and shows that
there is a marked increase in the positivity rate 25 days after re-openings.

Figure A4 in the Appendix provides an additional test of the parallel trend assumption. One might
argue that testing parallel trends before school openings would capture the overall decrease in
cases recorded in August. Therefore, I test parallel trends by setting placebo open dates from June
1* until September 13" and estimating equation (1) for the daily number of cases using such pla-
cebo dates as beginning of treatment periods. I then report in the figure the averages of the esti-
mates and of the related confidence intervals for the 30 days before the placebo open date. The
figure suggests that there are no significant differences between treated and control regions even
in periods that are far away from school openings, providing further evidence on the robustness
of the findings.

One concern with these results is that, except for Molise and Sicily, eatly opening regions are
concentrated in the Centre and North of the country. Although all regressions include region fixed

effects—therefore controlling for time-invariant characteristics of the two groups—and mobility

16 Using the notation of equation (1), I am computing Ziio Br.
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controls, there might still be time varying unobserved confounders that drive the results. There-
fore, I re-run equation (1) excluding regions in the North. I further exclude Campania, as the
region closed schools on 16 October: a decision that, as Section 5.2 details, has an impact on the
circulation of the virus. The resulting sample includes eight regions: four in the treated group
(Lazio, Molise, Sicilia, Umbria) and four in the control group (Abruzzo, Basilicata, Calabria, Pu-
glia). Figure A5 in the appendix shows the estimates. Overall, the results are broadly confirmed if
one focuses on the number of daily cases. The estimates become less precise, though. There is
nonetheless a clear increasing trend and the difference amounts to 8.3 additional daily cases per
100,000 residents in regions opening schools early. In contrast with the findings in the specification
with all regions, hospitalizations remain flat following re-openings. Finally, the figure confirms that
there is no effect on patients in intensive care units and deaths.

As a further robustness check, Figure A6 reports coefficients using the daily change in total cases
(which sums cases, hospitalizations, and deaths) at the province level for the full sample of regions
in panel (a) and the restricted sample of regions in the Centre-South in panel (b). The patterns at
the province level are similar to those at the region level, with little differences emerging between
provinces in early and late opening regions within three to four weeks since school re-openings
and a significant difference showing up approximately after 25 days.

One potential source of bias in the estimates comes from elections held on 20-21 September. On
these dates, all citizens voted for a referendum to reduce the number of members of Parliament.
This referendum does not represent a threat to identification, as it was held in all regions at the
same time and was not preceded by electoral campaigns that brought to large gatherings of people.
However, seven regions (Campania, Liguria, Marche, Puglia, Toscana, Valle d’Aosta and Veneto)
also voted to renew their presidents. Cipullo and Le Moglie (2022) show that the electoral cam-
paigns preceding regional elections influenced the circulation of the virus:'” where local elections
were held, the number of cases, hospitalizations and deaths is significantly larger than in places
without local elections, as large gatherings of people may have occurred in the former group during
electoral campaigns. It is not easy to control for the impact of elections in equation (1). Any indi-
cator for the presence of local elections or for voter turnout would be absorbed by region fixed
effects. Reassuringly, regional elections are held in 5 out of 13 regions in the treated group of early
opening regions and in 2 out of 5 regions in the control group of late opening regions. Hence,
remarkably similar shares of 38 and 40 percent of both groups hold regional elections. Further-

more, I re-run equation (1) excluding regions that held elections. Figure A7 reports the estimates

7 In contrast, Armillei (2021) suggests that local elections had a minor role in contributing to the dynamics of the
epidemic.
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of the dynamic difference-in-differences coefficients for daily cases. Panel (a) reports results for
the sample that includes regions in the North and in the Centre-South, whereas panel (b) focuses
on regions in the Centre-South only." Both figures display patterns that ate similar to those in the
main analysis. The increase in daily cases, 25 days after re-openings, in early opening regions is
lower than that in the preferred sample: 6.7 vs. 10.1 new daily cases per 100,000 residents when
focusing on the entire country, and 7.1 vs. 8.3 when focusing on regions in the Centre-South only.
These more conservative estimates provide a lower bound to the effect of schools on Sars-Cov-2

transmission, though differences between different samples are not statistically significant.”

5.2. The Impact of School Closures in Campania

I now turn to the inspection of school closures in Campania. Table A2 reports descriptive statistics
on the outcomes and the variables used for the creation of the synthetic control group. Figure 5
reports the 7-day moving average® of new daily positive cases in Campania and in the synthetic
control group of regions in panel (a), and the difference between Campania and the synthetic
control in panel (b). In both graphs, the first vertical line is 16 October, i.e., the day when schools
closed in Campania. The second vertical dashed line is 3 November, i.e., the day when the gov-
ernment adopted a new set of non-pharmaceutical interventions. I report the evolution of cases
until the end of November, therefore comparing outcomes over the fully treated period (16 Octo-
ber-3 November) and the partially treated period (4 November-30 November), when also other
regions closed schools partially, following nation-wide policy measures. The figure shows that be-
fore school closures the number of daily cases in Campania matches that of the synthetic control.
After school closures in Campania a difference emerges between the two lines: the cumulative
number of cases per 100,000 residents in the period 16 October-3 November is 764 in Campania
against 902 in the synthetic group, a 15 percent reduction. After 3 November differences between
the two groups increase until mid-November, although schools were partially closed also in other
regions. However, on the one hand, it may take time for school closures to influence case numbers:
hence, the effect observed after 3 November may be a consequence of school closures in the

period before. On the other hand, differences may widen between the two groups, because only

18 Therefore, in both panels (a) and (b), the control group comprises three regions: Abruzzo, Basilicata and Calabria.
The treatment group of eatly opening regions includes Emilia-Romagna, azio, Lombardia, Molise, Trento Autono-
mous Province, Piemonte, Sicilia and Umbria in panel (a), and Lazio, Molise, Sicilia and Umbrtia in panel (b).

91 perform two further robustness checks. First, I include a linear time trend in place of the time dummies in equation
(1) to have a more parsimonious specification. Second, I control for the log number of cases on the right-hand side
to account for a possible dependence of current cases on the stock of existing infections. In both cases, I find very
similar patterns to those reported in Figure 4. Results are available upon request.

20 As suggested in Abadie (2021) I use moving averages to smooth lines and avoid fluctuations due to idiosyncratic
factors affecting daily cases when looking at a single region.
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some types of schools were closed in other regions, whereas a// of them were closed in Campania.”
In the second half of November, differences between Campania and the synthetic control de-
crease, likely because of partial lockdown measures adopted in other regions.

The observed differences in the number of daily cases between the two groups may be a conse-
quence of different testing policies. Figure A9 in the appendix shows that, until the last week of
October, the evolution of daily tests in Campania and in the synthetic control is broadly compa-
rable. From that moment, and for most of November, Campania conducted »ore tests than the

control group. Hence, the lower case numbers in Campania are not attributable to lower testing

capacity.
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Figure 5. Evolution of new daily cases (7-day moving average) per 100,000 residents in Campania
and in the synthetic control group

Notes. The figure reports in panel (a) the evolution of daily cases in Campania (solid line) and in the synthetic control
group (dashed line) between 21 September and 30 November. Panel (b) reports the difference between the two lines.
The solid vertical line corresponds to 16 October, when schools were closed in Campania. The dashed vertical line
corresponds to 3 November, when new nation-wide non pharmaceutical interventions were adopted by the central
government.

One question is whether these effects are significant also in statistical terms. I follow Abadie,
Diamond, and Hainmueller (2010) who propose a falsification test based on the distribution of
placebo effects using all units in the control group. The null hypothesis that the effect of school
closures in Campania is zero can be rejected if the true estimates are larger in magnitude than the

placebo estimates. Figure A10 reports the true estimate (i.e., the difference between the solid and

2 Almost two-thirds of the synthetic control group in the aggregate analysis is accounted by the province of Bolzano.
I construct a new synthetic control group excluding Bolzano from the pool of candidate regions in the control group
and report the resulting estimates for the evolution of daily cases in Figure A8. The evolution of daily cases in Cam-
pania before school closures does not perfectly match that in the control group, but there is a clear declining trend
after 16 October. Note that in this case the control group comprises Toscana and Sardinia, with almost equal weights.
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dashed line from Figure 5) and the distribution of placebo estimates using the other regions as
treated units. The figure suggests that the estimates for Campania are indeed large compared to
most of the placebo estimates over the fully treated period and more so over the partially treated
period. If one computes the number of placebo estimates that are lower in magnitude than the
estimate for Campania over the total number of placebo regions (i.e., 20), only over the periods
26 October-1 November and 23-29 November there is more than one region with larger estimates
than Campania. A more formal test of the statistical significance of the estimates is provided in
Figure A11, which reports the ratio between the root mean squared prediction errors (RMSPE) in
the period after treatment (October 16) and that in the period before for each region (Abadie,
Diamond, and Hainmueller 2010).”* The ratio for Campania is the second largest out of 19 regions,
giving a p-value of 0.05, confirming the (weak) statistical significance of the policy effect.

What age groups were affected by school closures the most? I answer this question by using data
on weekly-level incidence rates by age from the Italian Association of Epidemiologists, which re-
ports them for 13 regions (Campania, Emilia-Romagna, Friuli Venezia Giulia, Lazio, Lombardia,
Marche, P.A. Trento, Piemonte, Puglia, Sicilia, Toscana, Umbria, Veneto). Figure 6 shows the
results. School closures have an impact on the number of cases for children between 6 and 10
years old and between 11 and 13 years old and, to a lesser extent, for children between 3 and 5.
The figure also shows the presence of an effect for the age groups 19-24 and 25-44. The former
may be affected because Campania, besides schools, closed universities, too, which were then
closed in November also in other regions. The latter may comprise parents of school-age children
and, therefore, closures may have blocked household transmission. There are no visible effects on
older age groups in the full treatment period, whereas there is a reduction in incidence rates for
age groups 70-79 and 80-89 in the partial treatment period.

It is also interesting to note that school closures do not seem to affect incidence rates for students
aged 14-18. It may be the case that high school students can meet outside of schools to a larger
extent than younger kids, reducing the effectiveness of school closures. Finally, incidence rates are
slightly larger for age groups 60-69 and over 90 in Campania relative to control regions. This may
suggest that grandparents have provided additional childcare following school closures increasing
their likelihood of being infected.

Figure A12 in the appendix reports the distribution of true and placebo estimates for each age

group. For age groups 6-10 and 11-13, estimates are in the lower end of the distribution over the

22 In other terms, the figure reports the quantity Ratio; = [Ztepost 0%, ]/[Ztepre A%, |, where Aj; is the difference

between observed and synthetic outcomes for region i and day t. Following the suggestion by Abadie, Diamond, and
Hainmueller (2010), I drop two regions (Liguria and Valle d’Aosta), whose RMSPE before the treatment window is
twice as large as that of Campania.
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full treatment period, as well as for the age group 25-44. In contrast, the null that school closures
had no effect on incidence rates cannot be rejected for older age groups.

Overall, this evidence suggests that school closures had an impact in curbing infections among the
younger age groups, but they do not seem to affect, at least in the short run, older age groups, who
face a higher risk of being critically ill from COVID-19. In light of this result, the effectiveness of
school closures in limiting the pressure on hospitals can be put into question in the presence of
viruses that have highly heterogeneous symptoms for young and old individuals. If they have no
significant effects on older age groups, school closures may not be enough to reduce cases among

those at greater risk of being hospitalized.
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Figure 6. Incidence rates by age group and week in Campania and the synthetic control group

Notes. The figure reports the evolution of incidence rates by week for different age groups for Campania and the
synthetic control. The solid vertical line corresponds to 16 October, when schools were closed in Campania. The
dashed vertical line corresponds to 3 November, when new nation-wide non pharmaceutical interventions were
adopted by the central government.

5.3. A Closer Look at the Pandemic Inside Schools

The question remains open as to whether in-person teaching, or other factors, contribute to rising
case numbers. Depending on the answer to this question, policy options may be different. For

example, if schools do contribute only through increased congestion on public transports, then
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the solution would not be to close schools, but rather to increase the frequency and the quality of
public transports. The evidence on school closures in Campania, however, suggests that closing
schools reduces case numbers in younger age groups, highlighting how spending time in small
classrooms may contribute to the spread of the virus. This evidence can be corroborated by an-
other data source, provided by the Ministry of Education, that records the number of positive
cases among students, teachers, and the non-teaching staff in schools. These data are collected
through surveys filled each week between 19 September and 7 November by school principals. 1
aggregate the data at the region level and compare the incidence rates among students of primary
schools (6-13 years old), high schools (14-18 years old), teachers and non-teaching staff to that of
the general population. If the ratio between incidence rates is above 1 it means that the virus
circulates more within schools than in the population. Figure 7 reports the relative incidence for
each group in all regions over time, highlighting Campania, and for Italy as a whole. The figure
shows that, for students in primary schools, aged 6-13, the relative incidence with respect to that
of the population is generally below 1 for most regions. However, there is an increasing trend
between 3 and 24 October when schools were in-person across the country. Moreover, the relative
incidence is computed using the incidence for the whole population at the denominator: considering
that children usually develop less severe forms of COVID-19 and are more likely to be asympto-
matic, it is likely that their relative incidence is underestimated. Hence, especially for younger stu-
dents relative incidence ratios are to be interpreted as lower bounds of their true values. For high-
school students, aged 14-18, the figure shows higher relative incidence, especially in the period
between 26 September and 31 October, although with a declining trend, approximately from 17
October. For teachers, we observe a considerably larger incidence rate, especially after 17 October,
when for all regions the relative incidence is larger than 1. The non-teaching staff displays a similar
pattern. Campania displays a clear declining trend following 17 Octobert, i.e., after school closures.
Figure A13 in the Appendix further distinguishes teachers of primary and secondary schools. The
patterns in incidence ratios for both groups are broadly similar. Focusing on Italy as a whole,
teachers at primary schools have a larger relative incidence, especially after 10 October. Teachers
at secondary schools, instead, display lower incidence ratios at the end of the observation window.
This evidence, albeit descriptive, suggests that schools contribute to the diffusion of the virus, not
only as a by-product of increased congestion on public transports. Moreover, these results are
partially in contrast with Gandini et al. (2021) who conclude that schools are not drivers of conta-
gion. However, differently from my analysis, they focus only on the survey of 7 November to

compare incidence in schools to that in the general population.
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Figure 7. Incidence rate in students, teachers and non-teaching staff relative to that in the general
population in Italy and in each region between 19 September and 7 November

Notes. The figure reports the ratio between incidence in each group (students 6-13, 14-18, teachers, non-teaching staff)
and incidence in the general population. Source: author’s own elaboration based on data from the Ministry of Educa-
tion and Protezione Civile.

5.4. Mechanisms

What explains the contribution of schools to the transmission of Sars-Cov-2? In this section, I
explore two potential mechanisms that could favor the diffusion of the virus in schools. On the
one hand, more crowded classrooms can ease contagion as, first, they increase the number of
contacts between students and, second, they make it difficult to respect social distancing rules. On
the other hand, the age of school buildings can correlate with the spread of the virus, as older
buildings may have worse aeration, and smaller spaces and rooms. To test the hypotheses that
more crowded classrooms and older buildings correlate with the diffusion of Sars-Cov-2, I use
data from the Ministry of Education on the number of students per square meter and on the age
of buildings for each Italian school. I take the average of the number of students per square meter
and the share of schools built before 1976 at the regional level. I then correlate these measures
with the relative incidence among students, from section 5.3. Figure 8 reports a scatter plot of the
relative incidence, measured in the weeks of 10, 17 and 24 October (around the time of the second
wave), against the average number of students per square meter (panel a) and the share of schools

built before 1976 (panel b). Panel (a) suggests the presence of a weak positive correlation between
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the relative incidence among students and classrooms’ crowding. Panel (b) shows the presence of
a stronger positive correlation between the relative incidence among students and the share of
schools built before 1976, highlighting an association between the spread of the virus and the
quality of buildings. In both panels the correlation becomes more evident over time, as the severity

of the second wave worsens.
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Figure 8. Regional-level scatter plots of the relative incidence among students vs. the number of
students per square meter (panel a) and the share of schools built before 1976 (panel b).

Notes. The figure reports regional level scatter plots and linear fit of the relative incidence among students in the weeks
of 10, 17 and 24 October against the number of students per square meter (panel a) and the share of schools built
before 1976 (panel b).

Table 1 reports estimates of the association between the incidence among the student population
and the number of students per square meter (panel a) and the share of schools built before 1976
(panel b). For each week starting on 10, 17 and 24 October, the table reports estimates without
and with controls. Regressions with controls include the region-level GDP per capita in 2019 and
the population density to consider that more prosperous and populated regions have more social
and economic interactions, which correlate with the circulation of the virus in the community. The
regressions also control for the average level of Particulate Matter 10 (PM10) in each region be-
tween 2016 and 2019, as air pollution has been shown to be associated with higher susceptibility
to Sars-Cov-2 (for a review of the evidence, see European Parliament, 2021). Panel (a) shows that
the correlation between the number of students per square meter and the incidence of cases is
positive, but not statistically significant in the week of 10 October (columns 1 and 2), while it
becomes statistically significant in the weeks of 17 October (columns 3 and 4) and, when controls

are included, in the week of 24 October (column 6). The bottom of the panel reports standardized

2 Source: EEA Airbase database: https://www.cea.curopa.cu/data-and-maps/data/aqeteporting-9.
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effect to ease the interpretation of the magnitudes: a one standard deviation increase in the number

of students per square meter is associated with a 4.3 percent increase in the relative incidence

among students in the week of 24 October, in the specification that includes controls (column 0).

Table 1. Association between the number of students per square meter and the relative incidence

among students, OLS estimates

n @ 0 o ) ©
Relative incidence in week starting: 10 October 17 October 24 October
[a] Students per square meter
Students per square meter 14.41 15.57  50.40%*  82.28** 77.09 12530+
(16.07)  (20.65)  (17.40)  (36.44) (48.63) (40.22)
GDP per capita 0.27%* 0.41** 0.84xx*
(0.08) (0.17) (0.14)
PM10 -0.16 0.30 0.22
(0.24) (0.54) (0.40)
Population density 0.01 -0.01 -0.00
(0.01) (0.02) (0.02)
Constant 3.13* -0.72 3.85%  -17.04 6.03 -27.29%
(1.64) (6.99) (1.68) (13.72) (5.09) (13.03)
Standardized effect 0.49 0.53 1.71 2.79 2.01 4.25
Observations 18 18 18 18 18 18
R-squared 0.03 0.42 0.11 0.44 0.12 0.78
[b] Share schools built before 1976
Sh. schools built before 1976 15318 9.92¢  25.14% 15,61 58.01%F  41.06%F*
(6.40) (5.20) (10.73)  (15.95) (16.206) (8.81)
GDP per capita 0.11 0.19 0.37*
(0.09) (0.20) (0.18)
PM10 -0.34* -0.48 -1.06%**
(0.16) (0.36) (0.30)
Population density 0.02%¢ 0.02 0.05%**
(0.01) (0.02) (0.01)
Constant -5.14 0.31 -6.69 1.25 -22.775%¢ -5.44
(4.30) (4.10) (7.70) (12.05) (10.48) (7.67)
Standardized effect 1.32 0.85 217 1.35 5.00 3.54
Observations 18 18 18 18 18 18
R-squared 0.22 0.45 0.17 0.33 0.44 0.73

Notes. The table reports region-level estimates from OLS regressions of the relative incidence among students on the
number of students per square meter (panel a) and on the share of schools built before 1976 (panel b). The sample
includes all Ttalian regions except Valle d’Aosta and Trentino Alto Adige, for which data on incidence rates is not
available. The dependent variables in columns 1 and 2 is the incidence rate in the week of 10 October; in columns 3
and 4, it is the incidence rate in the week of 17 October; in columns 5 and 6 it is the incidence rate in the week of 24
October. See text for details on control variables included in columns 2, 4, and 6. The “standardized effect” equals
the coefficients on the main explanatory variable (students per square meter in panel a, and the share of schools built
before 1976 in panel b) multiplied by its standard deviation. Robust standard errors in parentheses. Significance levels:

%< 0.1; %% p < 0.05; %% p < 0.01.
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The aggregate result masks heterogeneity between students in the age groups 6-13 and 14-18. Fig-
ure A14 reports separate scatter plots for both age groups in panels (a) and (b), respectively, while
Table A2 reports OLS estimates of said relationship. The regression results highlight the presence
of a positive correlation for both groups students, albeit noisier for high-school students (panel
b). In the week of 24 October, a one standard deviation increase in the number of students be-
tween 6 and 13 years old (14 and 18 years old) per square meter increases incidence by 3.2 (5.2)
percent.

Panel (b) of Table 1 reports estimates for the share of schools built before 1976 as main explana-
tory variable. In this case, the correlation is always positive and statistically significant, except when
controls are included in the week of 17 October (column 5). Estimates in column (6) suggest that
a one standard deviation increase in the region-level share of old schools is associated with a 3.5
percent increase in the relative incidence among students in the weeks of 24 October.

These results, albeit descriptive and based on a small sample, provide a potential explanation of
why evidence from different countries reaches different conclusions as to the contribution of
schools to the pandemic. Where students have more space available within the school buildings

and where the schools are more modern, the diffusion of the virus seems to be slower.*

6. Conclusion

This paper provides evidence on the interplay between schools and the diffusion of Sars-Cov-2.
First, it shows that, following re-openings of schools after the summer breaks, early opening re-
glons experience an increase in cases and hospitalizations relative to late opening regions. This is
true if one focuses on regions, provinces or on a sub-sample of regions in the Centre-South that
are more similar in terms of observable characteristics, although in the latter case hospitalizations
display similar trends in early and late opening regions. However, there is wide uncertainty around
the estimates. Second, the paper provides evidence on the effectiveness of school closures by
exploiting a quasi-natural experiment provided by Campania, where schools of all orders were
closed in mid-October, whereas the other regions kept them open. Using a synthetic control, the
paper shows that the number of cases decreases in Campania following school closures relative to
the control group of regions. The divergence in cases is mainly driven by young children and age

groups 19-24 and 25-44. Older age groups are, instead, not affected. Hence, school closures do

24 One additional potential mechanism behind cross-country differences, which cannot be explored empirically with
the data at hand, is the presence of mask mandates for children in schools. Chernozhukov et al. (2021) show, for
example, that in US counties with mask mandates, COVID-19 cases increased less following school openings.
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not seem to influence — at least in the short run — the dynamics of contagion for people who are
more exposed to the risk of developing more severe forms of COVID-19.

Finally, the paper provides descriptive evidence, using survey data from the Ministry of Education,
on the incidence of cases in schools — distinguishing students in primary schools, students in high
schools, teachers, and the non-teaching staff — relative to that in the general population. This anal-
ysis reveals that, especially in October, incidence in schools was significantly higher than that in
the general population, although it is not possible to control for differences in testing rates between
schools and the rest of the population. Moreover, higher incidence rates among students are asso-
ciated with the quality of school buildings (measured by their average age at the regional level) and,
to a lesser extent, with classrooms’ crowding. In conclusion, although with some uncertainty
around the estimates, schools seem to contribute to the diffusion of the virus. However, it must
be noted that my study, likewise others in the literature, refers to periods in which vaccination was
not available: in presence of high immunity levels in the population, schools likely have different
effects on the circulation of the virus. It is nonetheless important that more studies become avail-
able on the effects of schools on the transmission of Sars-Cov-2 in different countries, as the
external validity may be limited and very context-dependent.

Finally, the evidence presented in this paper does not consider the severe and long-lasting effects
that school closures have on students’ learning, mental health, social interaction and on parents—
especially mothers’—labour supply. When opting for school closures for a long period of time,
policymakers should weigh the benefits of reducing the circulation of the virus against the costs
associated with closures. With mass vaccination in the population, the cost-benefit analysis could
increasingly be in favor of keeping schools open or, at least, of keeping them open for most of the
students on a rotating basis, with hybrid learning systems that combine distance and in-person
learning in case of further waves in the future. Having a precise quantification of the benefits of
school closures is therefore crucial in order to take appropriate policy responses and avoid unnec-

essary learning losses for students.
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A. Additional Figures and Tables
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Figure Al. Non-pharmaceutical interventions to tackle the COVID-19 pandemic

Notes. The figure reports averages of the stringency indexes developed by Conteduca and Borin (2022) separately for
eatly and late opening regions. The region-level indexes are obtained by averaging values across municipalities. At the
municipality level, each index is obtained by assigning on a scale from 0 to 3 a value corresponding to the severity of
non-pharmaceutical interventions. These values are then rescaled on a 0-100 basis.
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Figure A2. Difference-in-differences coefficients for cases, hospitalizations, ICUs and deaths for
regions opening early vs late around school openings

Notes. The figure repotts estimates of dynamic coefficients f from equation (1) with and without controls for mobility

Xj¢. All outcomes ate values per 100,000 residents. The shaded/dotted atreas are 95 percent confidence intervals ob-
tained from cluster-robust standard errors at the region level. N = 7276.
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Figure A3. Difference-in-differences coefficients for daily tests and test positivity rate for regions

opening early vs late around school openings

Notes. The figure reports estimates of dynamic coefficients f from equation (1). Panel (a) shows results for the
number of people tested per 100,000 residents. Panel (b) shows results for the test positivity rate, computed as the
ratio of new positive cases over the number of tests performed. The shaded areas are 95 percent confidence intervals

obtained from cluster-robust standard errors at the region level. N = 7278.
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Figure A5. Difference-in-differences coefficients for cases, hospitalizations, ICUs and deaths for
regions opening eatly vs late around school openings, Centre-South regions only.

Notes. 'The figure repotts estimates of dynamic coefficients [, from equation (1), restricting the sample to regions in
the Centre-South of the country only. Regions included are: Lazio, Molise, Sicilia and Umbria in the treated group;
Abruzzo, Basilicata, Calabria and Puglia in the control group. All outcomes are values per 100,000 residents. The
shaded areas are 95 percent confidence intervals obtained from cluster-robust standard errors at the region level. N

= 568.
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Figure A6. Difference-in-differences coefficients for the daily change in total cases, province level
data

Notes. The figure repotts estimates of dynamic coefficients f§j, from equation (1) using province-level data on the daily
change in total cases. Panel (a) shows results for the full sample of regions. Panel (b) shows results for the restricted
sample of regions in the Centre-South: Lazio, Molise, Sicilia and Umbria in the treated group; Abruzzo, Basilicata,
Calabria and Puglia in the control group. Outcomes are values per 100,000 residents. The shaded areas are 95 percent
confidence intervals obtained from cluster-robust standard errors at the region level. Panel a: N =. Panel b: N =
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Figure A7. Difference-in-differences coefficients for daily cases, regions with no elections

Notes. The figure reports estimates of dynamic coefficients f§j, from equation (1), restricting the sample to regions not
holding elections in panel (a) and, additionally, to regions in the Centre-South of the country in panel (b). Regions
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Figure A8. Evolution of new daily cases (7-day moving average) per 100,000 residents in Campa-
nia and in the synthetic control group, excluding Bolzano among regions in the control group

Notes. The figure reports in panel (a) the evolution of daily cases in Campania (solid line) and in the synthetic control
group (dashed line) between 21 September and 30 November. Panel (b) reports the difference between the two lines.
The solid vertical line corresponds to 16 October, when schools were closed in Campania. The dashed vertical line
corresponds to 3 November, when new nation-wide non pharmaceutical interventions were adopted by the central
government. The sample excludes Bolzano in the control group.
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Figure A9. Evolution of new daily tests (7-day moving average) per 100,000 residents in Campania
and in the synthetic control group

Notes. The figure reports in panel (a) the evolution of daily tests in Campania (solid line) and in the synthetic control
group (dashed line) between 21 September and 30 November. Panel (b) reports the difference between the two lines.
The solid vertical line corresponds to 16 October, when schools were closed in Campania. The dashed vertical line
corresponds to 3 November, when new nation-wide non pharmaceutical interventions were adopted by the central
government.
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Figure A10. Distribution of synthetic control estimates using different regions as placebo units

Notes. The figure reports the distribution of placebo estimates, obtained by computing the difference in new cases per
100,000 residents between a placebo treatment group and the synthetic control group. The placebo treatment group
is one of the twenty Italian regions (eighteen regions plus two autonomous provinces, besides Campania). The black
thick line is the true estimate using Campania as treated region. The solid vertical line corresponds to 16 October,
when schools were closed in Campania. The dashed vertical line corresponds to 3 November, when new nation-wide
non pharmaceutical interventions were adopted by the central government.
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Figure Al1l. Ratios of post- to pre-RMSPE

Notes. The figure reports the ratios of root mean squared prediction errors (RMSPE) between the period after and
before school closutes in Campania (October 16) for each region, i.e., Ratio; = [Ztepost A% ] / [Ztepre A%, |, where

Aj¢ is the difference between observed and synthetic outcomes for region i.
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Figure A12. Distribution of synthetic control estimates by age group using different regions as
placebo units

Notes. The figure reports the distribution of placebo estimates, obtained by computing the difference in new cases per
100,000 residents between a placebo treatment group and the synthetic control group, for each age group. The placebo
treatment group is one of the twelve Italian regions available in the dataset by age. The black thick line is the true
estimate using Campania as treated region. The solid vertical line corresponds to 16 October, when schools were
closed in Campania. The dashed vertical line corresponds to 3 November, when new nation-wide non pharmaceutical
interventions were adopted by the central government.
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O Regions B Campania A Jtaly
Figure A13. Incidence rate in teachers of primary and secondary schools relative to that in the
general population in Italy and in each region between 19 September and 7 November
Notes. The figure reports the relative incidence for teachers of primary and secondary schools, computed as the ratio

of incidence for each group relative to incidence of the population. Source: authot’s own elaboration based on data
from the Ministry of Education and Profezione Civile.
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Figure A14. Regional-level scatter plots of the relative incidence among students vs the number
of students per square meter, age group 6-13 (panel a) and 14-18 (panel b).

Notes. The figure reports regional level scatter plots and linear fit of the relative incidence among students in the weeks

of 10, 17 and 24 October against the number of students per square meter for the age groups 6-13 (panel a) and 14-
18 (panel b).
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Table Al. Descriptive statistics, school openings analysis

Early opening regions Late opening regions

Mean S.D. Mean S.D.
Daily new positive cases (per 100,000) 6.79 11.16 3.96 5.61
Daily change in hospitalizations (per 100,000) 0.28 0.71 0.17 0.35
Daily change in patients in ICUs (per 100,000)  0.02 0.14 0.02 0.06
Daily deaths (per 100,000) 0.05 0.14 0.03 0.07
Test positivity rate 0.06 0.07 0.04 0.04
Daily tests (per 100,000) 102.74 60.49 88.44 45.78
Retail mobility -9.35 14.36 2.7 20.38
Groceries mobility -3.71 11.92 5.98 13.48
Parks mobility 56.31 60.56 86.46 84.44
Workplaces mobility -18.77 14.13 -16.39 14.66
Residential mobility 1.84 3.65 0.64 3.76
Observations 923 355

Notes. The table reports descriptive statistics for region-level data on infections and mobility for the period 14 Au-
gust-3 November 2020, distinguishing early opening (14 September) and late opening (24 September) regions.
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Table A2. Descriptive statistics, analysis on school closures in Campania

Campania Other regions

Mean S.D. Mean S.D.
[a] Daily outcomes
Daily new positive cases (per 100,000) 34.8 23.58 29.94 27.27
Daily change in patients in ICUs (per 100,000) 0.03 0.18 0.07 0.33
Daily change in hospitalizations (per 100,000) 0.35 1.43 0.60 1.72
Daily tests (per 100,000) 182.69 88.46 152.30 9633.81
Daily deaths (per 100,000) 0.34 0.36 0.59 0.85
Observations 77 1540
[b] Weekly outcomes
Incidence 0-2 96.78 51.71 82.32 53.88
Incidence 3-5 93.73 46.08 86.73 59.35
Incidence 6-10 131.04 62.39 157.75 120.81
Incidence 11-13 172.07 91.36 204.77 152.37
Incidence 14-18 218.34 131.56 248.57 205.98
Incidence 19-24 289.96 185.34 298.20 287.11
Incidence 25-44 277.63 178.05 492.67 1130.79
Incidence 45-59 279.29 189.47 527.63 1275.17
Incidence 60-69 241.49 163.44 290.96 485.16
Incidence 70-79 204.80 145.50 239.84 377.38
Incidence 80-89 197.44 146.60 285.38 364.36
Incidence 90+ 209.10 170.14 373.56 353.09
Observations 11 132
[c] Matching covariates
Population (‘000) 5785.86 3878.16 2565.03
Population density 423.23 205.54 92.45
Public transports use, schools (per 100,000) 12.50 16.94 4.97
Public transports use, work (per 100,000) 6.20 6.58 5.53
University students (per 100,000) 3343.93 2761.88 570.31
Average number of family components 2.70 2.32 0.10
Share residents 60-79 0.20 0.23 0.01
Share residents 80+ 0.05 0.08 0.01
Cases in the 1st wave (per 100,000) 77.50 375.58 249.78

Notes. The table reports descriptive statistics for region-level data on infections at daily level (panel a) and at weekly
level for different age groups (panel b) and on matching covariate used to build the synthetic control group (panel c)
for the period 21 September-6 December 2020, distinguishing Campania (closing schools on 16 October and the
other Italian regions.
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Table A3. Synthetic control weights

©) @) ©) S ©) ©) () ®) ©) 1o an az {13y

Age group
Region All 0-2 3-5 6-10 11-13 1418  19-24 2544  45-59  60-69  70-79  80-89 90+
Abruzzo 0 - - - - - - - - - - - -
Basilicata 0 - - - - - - - - - - - -
Calabria 0 - - - - - - - - - - - -
Emilia-Romagna 0 0.598  0.264 0 0 0 0.324 0 0 0 0 0 0
Friuli Venezia Giulia 0 0 0 0 0 0 0 0 0 0 0 0 0
Lazio 0.295 0 0 0.636  0.644 0 0.400  0.576  0.884  0.969 0 0 0
Liguria 0 - - - - - - - - - - - -
Lombardia 0 0.150  0.319  0.364 0 0 0.084  0.141 0 0 0 0.109  0.025
Marche 0 0 0 0 0 0 0 0 0 0 0 0 0
Molise 0 - - - - - - - - - -
P.A. Bolzano 0.662 - - - - - - - - - -
P.A. Trento 0 0 0 0 0 0 0 0 0 0 0
Piemonte 0 0 0 0 0 0.135 0.036  0.021  0.014  0.031 0.114 0 0
Puglia 0 0 0 0 0 0 0 0 0 0 0 0 0
Sardegna 0 - - - - - - - - - - - -
Sicilia 0 0 0.131  0.725 0 0 0.101 0 0.886  0.277  0.975
Toscana 0 0.252  0.326 0 0.098 0 0 0 0 0 0 0 0
Umbrtia 0 0 0 0 0 0 0 0 0 0 0 0 0
Valle d'Aosta 0.043 - - - - - - - - - - - -
Veneto 0 0 0.092 0 0.127  0.140  0.157  0.262 0 0 0 0.613 0

Notes. The table reports the weights used to compute the synthetic control group for each outcome. Column (1) reports the weights used to analyze the daily number of cases per
100,000 residents. Columns (2) to (13) report the weights for incidence rates for different age groups. In the latter case, the sample of regions is limited to 13, because of data
availability.

48



Table A4. Association between the number of students per square meter and the relative inci-
dence among students, 6-13 and 14-18 years old, OLS estimates

n © 6 @ G ©)
Relative incidence in week starting: 10 October 17 October 24 October
[a] Students 6-13 years old
Students 6-13 per square meter 38.67* 3872 92.68% 12221  117.50%F 149.52**
(19.14)  (32.41)  (45.70)  (69.55)  (41.48) (51.77)
GDP per capita 0.17* 0.24 0.55%*
0.09) (0.17) (0.10)
PM10 -0.13 0.26 0.16
(0.24) (0.61) (0.34)
Population density 0.01 -0.01 0.00
(0.01) (0.03) (0.01)
Constant 0.90 -1.69 1.06 -11.97 2.32 -19.38*
(1.34) (6.20) (2.80)  (12.71) (3.08) (9.58)
Standardized effect 0.83 0.84 2.00 2.64 2.54 3.23
Observations 18 18 18 18 18 18
R-squared 0.09 0.32 0.13 0.23 0.19 0.72
[b] Students 14-18 years old
Students 14-18 per square meter 4.17 -23.75  126.57 27537 25835  576.14*
(108.12) (114.21) (222.20) (252.43) (396.81) (285.43)
GDP per capita 0.25%* 0.68** 1.35%%x*
(0.10) 0.24) (0.33)
PM10 -0.31 0.14 0.18
(0.33) (1.01) (1.01)
Population density 0.02 0.01 -0.00
(0.01) (0.04) 0.04)
Constant 6.35%* 3.73 8.84 -19.08 14.01 -35.57
(2.65)  (10.09)  (5.36)  (27.35) (9.95) (28.77)
Standardized effect 0.04 -0.22 1.15 2.50 2.34 5.23
Observations 18 18 18 18 18 18
R-squared 0.00 0.54 0.02 0.59 0.04 0.71

Notes. The table reports region-level estimates from OLS regressions of the relative incidence among students on the
number of students per square meter between 6 and 13 years (panel a) and between 14 and 18 years old (panel b). The
sample includes all Italian regions except Valle d’Aosta and Trentino Alto Adige, for which data on incidence rates is
not available. The dependent variables in columns 1 and 2 is the age-specific incidence rate in the week of 10 October;
in columns 3 and 4, it is the age-specific incidence rate in the week of 17 October; in columns 5 and 6 it is the age-
specific incidence rate in the week of 24 October. See text for details on control variables included in columns 2, 4,
and 6. The “standardized effect” equals the coefficients on the main explanatory variable (students per square meter)
multiplied by its standard deviation. Robust standard errors in parentheses. Significance levels: * p < 0.1; ** p < 0.05;

wx < 0,01,
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