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Abstract

Background

The role of school contacts in the spread of the virus and the effectiveness of school clo-

sures in controlling the epidemic is still debated. We aimed to quantify the risk of transmis-

sion of SARS-CoV-2 in the school setting by type of school, characteristics of the index case

and calendar period in the Province of Reggio Emilia (RE), Italy. The secondary aim was to

estimate the speed of implementation of contact tracing.

Methods

A population-based analysis of surveillance data on all COVID-19 cases occurring in RE,

Italy, from 1 September 2020, to 4 April 2021, for which a school contact and/or exposure

was suspected. An indicator of the delay in contact tracing was calculated as the time

elapsed since the index case was determined to be positive and the date on which the swab

test for classmates was scheduled (or most were scheduled).

Results

Overall, 30,184 and 13,608 contacts among classmates and teachers/staff, respectively,

were identified and were recommended for testing, and 43,214 (98.7%) underwent the test.

Secondary transmission occurred in about 40% of the investigated classes, and the overall

secondary case attack rate was 4%. This rate was slightly higher when the index case was

a teacher but with almost no differences by type of school, and was stable during the study

period. Speed of implementation of contact tracing increased during the study period, with

the time from index case identification to testing of contacts being reduced from seven to
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three days. The ability to identify the possible source of infection in the index case also

increased.

Conclusions

Despite the spread of the Alpha variant during the study period in RE, the secondary case

attack rate remained stable from school reopening in September 2020 until the beginning of

April 2021.

Introduction

Since the first case of COVID-19 was described at the end of 2019, there have been almost

254.1 million confirmed cases and 5 million deaths reported globally up to 14 November 2021

[1], but the estimated number of people who have been infected is about 3.4 billion [2]. Clo-

sure of educational institutions was one of the preventive measures considered and often

adopted during the pandemic. This was due to the concern about potential school-to-home

transmission of the virus from students to more susceptible family members, although the

overall risk of severe COVID-19 in children and young people was shown to be very low [3].

The role of school contacts in the spread of the virus and the effectiveness of school closures

in controlling the epidemic have been debated [4,5]. Modelling studies have provided scenar-

ios showing a limited impact of school closures on virus transmission under the conditions

hypothesized by the authors [6–8]. A recent systematic review of empirical studies showed het-

erogenous results ranging from no effect to a significant reduction in virus transmission in the

community [9], with studies with lower risk of bias showing a limited effect [10,11]. Finally,

three large studies from the USA, the UK and Italy suggest a limited role of school transmis-

sion in determining mortality in the community [12–14]. It is worth noting that school open-

ing may impact virus transmission not only through contacts occurring in the classroom but

also because of the increase in public transport-related contacts and other non-school

activities.

In our first study conducted between 1 September and 15 October 2020, non-negligible sec-

ondary attack rates were detected, especially in secondary schools. After this first report, sev-

eral changes occurred that could have influenced the risk of transmission and its control in

schools [15]. Starting from 27 November 2020, the local health authority improved contact

tracing protocols and introduced immediate molecular tests for all contacts–whether symp-

tomatic or asymptomatic–at the beginning of quarantine, with the aim of identifying all possi-

ble sources of infection in asymptomatic contacts (in other words, backward tracing) (Fig 1).

Policies to reduce crowding, especially in high schools, were introduced (reducing in-class

time by 25% to 50%), as were several short closures in the periods of highest incidence. Finally,

at the end of December 2020, the Alpha variant started to circulate within the province,

becoming predominant in February 2021 [16].

In this study we present the results of comprehensive epidemiological investigations con-

ducted from school reopening in September 2020 until the end of March 2021. Our aim was to

quantify the risk of infection transmission in the school setting by type of school, epidemiolog-

ical characteristics of the index case and calendar period in the Province of Reggio Emilia by

analysing surveillance data about all cases who had contacts in the school setting. The second-

ary aim was to estimate the speed of implementation of contact tracing.
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Materials and methods

Ethics statement

The study was approved by the Area Vasta Emilia Nord Ethics Committee (no. 2020/

0045199). The Ethics Committee authorised the use of subject data even in the absence of con-

sent for people that could not be reached if every reasonable effort had been made to contact

that subject.

Setting

There are approximately 95,000 inhabitants in RE between the ages of six months and 19

years, commonly divided among the following levels: day care centres/nurseries (ages 0–3

years), preschools (ages 3–5), primary schools (ages 6–10), middle schools (ages 11–13) and

high schools (ages 14–19). There are about 12,000 teachers/school staff members in the prov-

ince (531,751 inhabitants, Emilia Romagna, Northern Italy). During the study period, there

were two peaks of infections: in November 2020 and in February/March 2021 (Fig 2). After

school reopening on 1 September 2020 for remedial courses and on 15 September 2020 for the

regular school year, in-class learning was in place until 26 October 2020, when most high

schools moved to remote learning for at least 75% of scheduled lessons. In addition, because of

the significant circulation of the virus, the Christmas school holidays were extended to the sec-

ond week of January, and thus from 20 December to 11/15 January. Another lockdown led to

the closing of schools on 3 March 2021 (Fig 2). Only day care centres/nurseries and preschools,

schools that required laboratory work and schools for pupils with disabilities or special needs

continued in-class didactic activities.

Fig 1. Timeline of the major changes in regulations and recommendations for management of COVID-19 cases in educational settings in Reggio Emilia.

https://doi.org/10.1371/journal.pone.0275667.g001
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Design

An analysis of population-based surveillance data was carried out, including all consecutive

positive cases confirmed by RT-PCR for SARS-COV-2 infection between 1 September 2020

and 4 April 2021 in Reggio Emilia that led to an epidemiological investigation among children

and adolescents (0–19 years) who may have had exposure or contact with positive cases at

school. Given that reporting positivity of even one child led to a field investigation, contact

tracing and, in some cases, quarantine measures, all cases were included, regardless of whether

an outbreak was present. We excluded cases that occurred among children not attending

schools in the period investigated for contact tracing, namely in the period starting 48 hours

before symptom onset, and for asymptomatic cases, 48 hours before diagnosis or 48 hours

after contact with a certain case, whichever occurred first.

Control measures

When a case occurred in primary and secondary schools, in-class activities were usually sus-

pended but quarantine was not mandatory if all physical distancing measures were applied

(sufficient distance in the classroom, physical distance during all activities and utilization of

face masks). All students and school personnel were asked to perform a swab, with an appoint-

ment scheduled as early as possible and parents notified by means of a text message. If at least

one secondary case was found, quarantine was mandatory for all students in that class. For all

close contacts identified during the epidemiological investigation, a ten-day quarantine and a

negative exit test were required. In day care centres/nurseries and preschool settings, both the

teachers and children were considered close contacts if they had had contact with a case at

school 48 hours before symptom onset or positive swab, in which case they were subjected to

quarantine. In some cases, based on the surveillance team’s evaluation, the entire school was

closed. Teachers were never quarantined for school contacts, except if they taught in a day care

centres/nurseries or preschool.

Fig 2. Weekly notification rates of new COVID-19 cases per 100,000 inhabitants aged 0–19 years, by age class, Reggio Emilia Province, 1 September

2020–31 March 2021. In the graph the main changes in school opening and closure are also reported, and (in red) the proportion of Alpha variant among

sequenced cases as reported by the Italian National Institute of Health.

https://doi.org/10.1371/journal.pone.0275667.g002
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The wearing of surgical masks was mandatory for students over the entire study period

except when they were seated at their desks and not speaking, other than in day care centres/

nurseries, where the use of masks was never mandatory. Other control measures have been

described in more detail elsewhere [15]. The major changes occurring during the study period

are described in Fig 1.

Data sources

Following the identification and notification of a COVID-19 case, qualified Public Health

Department (PHD) personnel performed detailed field investigations, managed the index case

and identified contacts according to the regional recommendations and control measures in

place. Comprehensive surveillance data containing information on index case, contacts, school

and class characteristics, swabs performed, secondary cases and measures undertaken were

collected by the PHD and stored in electronic forms. Each case and cluster was re-abstracted

by a study investigator and checked for consistency and plausibility. Missing data were

obtained from the COVID-19 Surveillance Registry software and a research database was

constructed.

Definition of index case and cluster

In this analysis we consider a class (each single case or outbreak) as one statistical unit. For

each class, an index case was identified, defined as the first case who tested positive in a class

(considering the date the swab was done). If more than one case in a class tested positive on

the same day, the case with the earliest symptom onset was considered the index case. Presence

of two or more positive students or teachers/staff members in the same class was defined as

classroom cluster.

The same class may be included more than once because it may have been involved in more

than one investigation during the study period, creating a school cluster. When more than one

class was included in a between-class transmission or there was a single index case for more

than one class (usually, but not only, when the index case was a teacher), this was considered a

school cluster.

Index cases were classified as student or teacher/staff member and according to whether the

case had a known contact outside the school setting (household, social activity, sports activity,

not identified, and other/unspecified). The classes were classified according to the type of

school (day care centres/nurseries and preschool, primary school, middle school, and high

school) and whether they were part of a multiclass cluster.

Outcome definition and variables of interest

The main outcomes were the secondary transmission rate and delay in diagnosis of the index

case.

Given that a class was a unit of observation, secondary attack rates were calculated in two

ways. The mean attack rate was calculated as the mean value of all class-level transmissions.

Overall attack rates were calculated by dividing the number of cases by the population at risk,

namely classmates, teachers and staff, who had had close contact with the index case in a

period starting 48 hours before symptom onset of the symptomatic index case and, for asymp-

tomatic cases, 48 hours before diagnosis or 48 hours after contact with a confirmed case,

whichever occurred first.

If a classmate was already in isolation prior to symptom onset or swab positivity of the

index case, due to contact with a positive person or re-entry from abroad, he/she was excluded

from the denominator, as was any student or staff member who refused to perform a swab.
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Delay in diagnosis of the index case was calculated (only for symptomatic cases) as the

number of days between symptom onset and the date of swab positivity. Delay in contact trac-

ing was calculated as the time from swab positivity of the index case to the date on which the

swab for (the majority of) classmates was scheduled.

Statistical analysis

Descriptive statistics were used to describe and summarize the data. We used Microsoft Excel

and Stata v.13.1 (Statacorp, Tx) for data analysis. Class and cluster characteristics are reported.

However, information about the characteristics of cases diagnosed outside the province or

those that were identified during some experimental screening programmes (two classes) is

missing. Ninety-five percent confidence intervals are reported for the overall attack rate based

on binomial exact distribution and for the mean attack rate according to normal distribution.

No tests of hypothesis were performed.

Results

A total of 1,213 student and 391 teacher/staff index cases were identified, corresponding to

1,882 investigated classes, because some index cases–particularly teachers–had contacts in

more than one class. A total of 43,792 swabs were requested for contact tracing in these classes

and 43,214 (98.7%) were performed (Table 1). The number of students and teachers/staff

members involved in contact tracing was slightly less than half of the total number of resident

students and teachers/staff in the province. However, this does not mean that epidemiological

investigations involved this proportion of the school population, because some classes might

have been involved in more than one investigation during the study period. Teacher index

cases were more frequent in preschools and primary schools than in secondary schools.

Student index cases were identified in 56.5% of cases as a contact of other cases, the vast

majority of which were within the same household (46.5%). A possible source of infection was

identified for only 26.6% of teacher index cases (Table 1).

Secondary transmission occurred in fewer than 40% of classes, and the overall attack rate

was 3.9% (95% CI 3.8%-4.1%), 3.5% (95% CI 3.3%-3.7%) for student index cases and 4.9%

(95% CI 4.5%-5.3%) for teacher index cases (Table 1). The attack rate over the study period

was 4.8% in September and October, 2.6% in November, 3.9% in December and 4% from Jan-

uary to April (Table 2). The attack rate was similar in all types of schools (Table 3).

The mean delay in testing was 6.0 days in student index cases and 4.8 for teachers (Table 1).

This did not change over the study period, except for a slight increase in December, and was

similar across all types of schools (Table 3). Conversely, the delay in contact tracing decreased

from December 2020 onwards, from about seven days to three days (Table 2), although no dif-

ferences can be seen in terms of type of index case and type of school (Table 3).

Discussion

We can confirm a modest secondary attack rate in schools, as already observed in previous

studies [17–20]. Secondary cases occurred in about 40% of classes that were exposed to an

infected classmate or teacher, and the overall attack rate was about 4%. The attack rate was

similar during the study period, despite an expected increase in the secondary case attack rate

starting in late December/January in the region due to the spread of the Alpha variant [16]

which is more infectious than the previously circulating variants [21], and despite that control

measures were put in place in early November, including the mandatory use of face masks for

children over the age of six and reduced in-presence attendance, especially in high and middle

schools.
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Unlike the findings in our previous report [15] and other studies reporting data on school

cluster investigations [20], the attack rate was similar in preschools, primary schools and sec-

ondary schools. In fact, compared with the first two months of the study period [15], the attack

rate increased in preschools from almost no transmission to 4%, while it remained stable in

secondary schools despite that remote learning and periodic closures were implemented much

more frequently in secondary schools, starting from 26 October 2020. The possible reason for

similar rates over time in secondary schools regardless of the implemented measures might be

a high level of out-of-school contact in secondary schools. Furthermore, preschools were the

only setting where face masks were not used by children during the whole period.

Surprisingly, the difference in attack rate between classes where the index case was a student

and those where the index case was a teacher was also small, despite the different kinds of

interactions and length of exposure of student-student contact and teacher-student contact in

Table 1. Characteristics of the field investigation in 1,884� classes for which a school contact with a COVID-19 case was suspected, by type of index case. Reggio

Emilia, September 2020-March 2021.

Student Teacher Total�

Classes, n (%)& 1,224 658 1,882

Type of school, n (%)

Day care centre/nursery 194 15.9 156 23.7 350 18.6

Primary school 341 27.8 197 29.9 538 28.6

Middle school 310 25.3 186 28.3 496 26.3

High school 366 29.9 112 17.0 478 25.4

Other educational services 13 1.1 7 1.1 20 1.1

Secondary transmission, n (%) 471 38.5 255 38.7 726 38.6

Part of a school cluster, n (%) 105 8.6 412 62.6 517 27.5

School clusters, n (%) 51 142 193

Index cases (%)& 1,213 391 1,604

Possible source of infection, n (%)

Yes 686 56.6 104 26.6 790 49.2

No 527 43.4 287 73.4 814 50.8

Type of source of infection, n (%)

Household outbreak 564 46.5 50 12.8 614 38.3

Social contact 19 1.6 7 1.8 26 1.6

Sport contact 18 1.5 0 0.0 18 1.1

Unidentifiable contact 85 7.0 47 12.0 132 8.2

Field investigation results

Testing delay—mean days (SD) 6.1 4.8 4.8 4.2 5.6 4.6

Tracing delay—mean days (SD) 4.3 3.3 4.1 2.9 4.2 3.2

Number of contacts 30,184 13,608 43,792

Number of tested contacts 29,802 13,412 43,214

Number of secondary cases 1,047 658 1,705

Overall attack rate, % (95% CI)¥ �� 3.5 3.3–3.7 4.9 4.5–5.3 3.9 3.8–4.1

Mean attack rate^ �� 3.6 3.2–4.1 5.0 4.2–5.8 4.1 3.7–4.5

n, number of students/staff; SD, standard deviation; CI, confidence interval.

� In two classes there were no index cases due to screening.
& Percentages of the total number of classes or index cases.

�� Swabs not performed were excluded, as were 11 classes with an unknown number of contacts.
¥ Calculated by dividing the overall number of secondary cases by the number of tested contacts.
^ Mean of all classroom-level attack rates.

https://doi.org/10.1371/journal.pone.0275667.t001
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the school setting. The attack rate was only slightly higher in classes in which a teacher was an

index case. It is worth noting that teacher index cases were more frequent in day care centres/

nurseries and primary schools where children did not wear masks and where teachers had

closer contact with children. Unfortunately, we do not have any analytical information making

it possible to establish the quality and duration of interactions between index cases and

contacts.

The effect of changes in contact tracing strategies introduced primarily after the second

wave of the pandemic (thus at the end of November 2020) was appreciable in terms of the

reduction in the delay in contact tracing and the increase in the proportion of index cases for

which a contact was known, particularly a contact within the household. Indeed, a higher

Table 2. Characteristics of the field investigation in 1,884 classes for which a school contact with a COVID-19 cases was suspected, by calendar period. Reggio Emi-

lia, September 2020-March 2021.

September+

October

November December January+February+

March+April�

Classes, n (%)& 248 263 316 1,057

Type of school, n (%)

Day care centre/nursery 39 15.7 72 27.4 53 16.8 186 17.6

Primary school 46 18.6 89 33.8 113 35.8 292 27.6

Middle school 52 21.0 82 31.2 104 32.9 258 24.4

High school 111 44.8 18 6.8 42 13.3 307 29.1

Other educational services 0 0.0 2 0.8 4 1.3 14 1.3

Secondary transmission, n (%) 106 43.6 86 33.0 124 40.3 411 39.1

Part of a school cluster, n (%) 55 22.2 73 27.8 112 35.4 277 26.2

Number of school clusters 22 27 37 107

Index cases, n (%)& 226 220 250 908

Type of index case, n (%)

Teacher 38 16.8 75 34.1 72 28.8 206 22.7

Student 188 83.2 145 65.9 178 71.2 702 77.3

Possible source of infection 100 44.2 54 24.5 138 55.2 498 54.8

Household outbreak 59 26.1 45 20.5 113 45.2 397 43.7

Social contact 7 3.1 0 0.0 5 2.0 14 1.5

Sport contact 7 3.1 0 0.0 0 0.0 11 1.2

Unidentifiable contact 27 11.9 9 4.1 20 8.0 76 8.4

No contact reported 126 55.8 166 75.5 112 44.8 410 45.2

Field investigation results

Testing delay—mean days (SD) 5.7 (4.3) 5.8 (3.8) 7.0 (5.1) 5.2 (4.6)

Tracing delay—mean days (SD) 7.4 (3.8) 7.4 (3.9) 3.6 (1.7) 2.9 (1.9)

Number of contacts 6,327 6,279 6,860 24,314

Number of tested contacts 6,252 5,964 6,827 24,204

Number of secondary cases 302 156 264 984

Overall attack rate, % (95% CI)¥ �� 4.8 4.3–5.4 2.6 2.2–3.1 3.9 3.4–4.4 4.1 3.8–4.3

Mean attack rate^ �� 4.8 3.8–5.9 2.8 2.0–3.5 4.2 3.2–5.2 4.2 3.7–4.8

n, number of students/staff; SD, standard deviation; CI, confidence interval.

�Until 4 April 2021.
& Percentages of the total number of classes or index cases.

��Swabs not performed were excluded, as were 11 classes with an unknown number of contacts.
¥ Calculated by dividing overall secondary cases by the number of tested contacts.
^ Mean of all classroom-level attack rates.

https://doi.org/10.1371/journal.pone.0275667.t002
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proportion of school investigations with a known link to household clusters was specifically

the anticipated effect of the introduction of immediate testing of all asymptomatic contacts for

all incident cases in the community, because this backward tracing made it possible to identify

asymptomatic or paucisymptomatic students and to link them to their school contacts.

The main limitation of this study is that any observed association between changes in sec-

ondary attack rate and school or index case characteristics, and especially actions implemented

during the study period, could be confounded by other factors that we could not measure.

Among these, the most important was the spread of the Alpha variant, which probably started

in the region around Christmas and which became the dominant circulating variant in Febru-

ary. Unfortunately, as very few cases were sequenced in Italy in that period [16], we cannot

determine which clusters were caused by the Alpha variant.

Furthermore, we do not have any meaningful information about the measures put in place

at single cluster or class level. In fact, it was impossible to establish when exactly the actions

were put in place and many of these measures were actually introduced after the field investi-

gation was carried out, which means that only reverse causality could be observed.

Other variables that were missing or difficult to standardize were the duration and intensity

of contacts between the index case and other classmates and the control measures each school

put in place independently both before the occurrence of the case and during the outbreak.

Finally, it is impossible to transfer any insight from this experience to the current situation

with the omicron variant, where contact tracing is not active, control measures and personal

behaviours have been relaxed, and transmissibility has increased.

Table 3. Characteristics of the field investigation in 1,884 classes for which a school contact with a Covid-19 cases was suspected, by type of school. Reggio Emilia,

September 2020-March 2021.

Day care centre/

nursery

Primary school Middle school High school Other educational

services

Classes, n (%)& 350 540 496 478 20

Secondary transmission, n (%) 131 37.4 216 40.0 173 34.9 202 42.3 5 25.0

Part of a school cluster, n (%) 25 7.1 162 30.0 207 41.7 116 24.3 7 35.0

Number of school clusters 10 70 68 43 2

Index cases, n (%)& 338 466 370 415 15

Type of index case, n (%)

Teacher 144 42.6 126 27.0 66 17.8 51 12.3 4 26.7

Student 194 57.4 340 73.0 304 82.2 364 87.7 11 73.3

Field investigation results

Number of contacts 7,767 11,709 12,106 11,936 306

Number of tested contacts 7,652 11,575 11,923 11,799 298

Number of secondary cases 349 553 386 409 9

Overall attack rate, % (95% CI)¥ � 4.6 4.1–5.1 4.8 4.4–5.2 3.2 2.9–3.6 3.5 3.1–3.8 3.0 1.4–5.7

Mean attack rate^ � 4.8 3.7–5.9 5.0 4.1–5.9 3.4 2.8–4.0 3.3 2.8–3.9 2.1 0.3–4.5

Testing delay—mean days (SD) 6.0 4.6 5.8 4.9 5.4 4.6 5.4 4.3 6.7 5.1

Tracing delay—mean days (SD) 4.4 3.5 4.1 3.1 4.1 3.3 4.4 3.0 3.3 2.3

n, number of students/staff; SD, standard deviation; CI, confidence interval.
& Percentages of the total number of classes or index cases.

�Swabs not performed were excluded, as were 11 classes with an unknown number of contacts.
¥ Calculated by dividing the overall number of secondary cases by the number of tested contacts.
^ Mean of all classroom-level attack rates.

https://doi.org/10.1371/journal.pone.0275667.t003
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The main strength of the study is its population-based nature–it included all cases for

which a school contact or exposure was identified. Despite all the limitations of the study

design, it is worth reporting an analysis of routine surveillance data with a surprisingly high

level of completeness of field investigations and test compliance. Only a few classes were not

characterized, and very few classmates refused to be tested. Each outbreak in each school was

investigated and re-checked for plausibility by the investigation team, thereby partially over-

coming the shortcomings of retrospective and self-reported studies.

Conclusions

Despite the increase in incidence during the autumn and the spread of a highly transmissible

new variant, secondary transmission in schools did not increase during the period. Contact

tracing improved, as suggested by the shorter delay in investigation and more frequent identi-

fication of the possible source of infection of the index case.

Supporting information

S1 Table. Number of classes, contacts, tested contacts and secondary cases by characteris-

tics of classes, index cases and investigation.
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