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We report epidemiological investigations of transmis-
sion of the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) in 41 classes of 36 schools in 
Reggio Emilia province, northern Italy, from their reo-
pening on 1 September to 15 October 2020. The overall 
secondary case attack rate was 3.2%, reaching 6.6% 
in middle and high schools. More timely isolation and 
testing of classmates could be effective in reducing 
virus transmission in this setting.

Schools in Reggio Emilia province, northern Italy, reo-
pened on 1 September 2020 after a long period of 
closure due to lockdown and summer holidays. We con-
ducted epidemiological investigations after reopen-
ing in 41 classes in 36 different educational settings 
in this province after the notification of an infection 
with severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2).

Current epidemiological features of 
COVID-19 in Reggio Emilia province and 
reopening of educational facilities
The first wave of the coronavirus disease (COVID-19) 
pandemic hit the Reggio Emilia province (northern Italy, 
530,000 inhabitants) in March and April 2020, reach-
ing ca 0.9% cumulative incidence (0.4% for age < 50 
years and 3.2% for age > 80 years) with a more than 

15% fatality rate (0.2% for age < 50 years and 33.4% for 
age > 80 years) [1,2]. After 5 months of low incidence, the 
province began the second wave in October (Figure).

Ca 31,000 students aged 0–19 years are attending 
educational institutions in the province: infant-toddler 
centres (age 0–3 years), preschools (age 3–5 years), 
elementary schools (age 6–10 years), middle schools 
(age 11–13 years) and high schools (age 14–19 years). 
While infant-toddler centres and preschools reopened 
after lockdown on 1 September and remedial courses 
were activated, the official reopening of all schools 
was on 15 September.

Physical distancing policies in schools
Upon reopening of all schools, the following physical 
distancing measures were adopted (Supplementary 
Table S1): mandatory wearing of surgical masks for chil-
dren at all times except when students are seated at 
their desk and are not speaking (except in preschools 
or elementary schools where wearing the mask is never 
mandatory); only single desks are used (rather than 
the traditional double desks), and desks must be at 
least 1 m apart; crowding at separate school entrances 
and exits is minimised by creating temporal and spatial 
pathways for the different classes; mixing classes for 
curricular activities is minimised; all extra-curricular 
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activities have been suspended [3]. In some schools, 
when the classrooms are not big enough to respect 
physical distancing, students are divided into two 
groups, which alternate attending school and remote 
learning.

Study period and epidemiological 
investigation
We included all consecutive COVID-19 cases, confirmed 
to be positive with RT-PCR for SARS-COV-2 infection, 
diagnosed from 1 September to 15 October in Reggio 
Emilia province among children and adolescents (0–19 
years) who had possible exposure or contacts in school 
assessed during the epidemiological investigation. 
We excluded cases that occurred among children not 
attending schools in the period investigated for contact 
tracing, i.e. in the period starting 48 h before symptom 
onset and for asymptomatic cases 48 h before diagno-
sis or 48 h after the contact with a certain case, which-
ever occurred first (n = 134).

All SARS-CoV-2-positive swabs are immediately 
reported to the Public Health Department of the Local 
Health Authority. When a case is identified among 
students and/or school staff, all classmates and staff 
who had contact with the index case are immediately 
tested and retested 14 days after the last contact with 
the index case if the first test was performed more 
than 10 days after the contact; usually only one test 
was performed. During the investigation, the nature 
of the contact between the index case and their class-
mates determines isolation measures: (i) all students 
are isolated if the physical classroom itself makes 

maintaining distance impossible and/or masks are not 
worn constantly and/or if secondary cases occur; or (ii) 
only those in close contact or who have contact outside 
of school are isolated, provided that physical distanc-
ing with the other students has been respected.

Ethical statement
The study was approved by the Area Vasta Emilia 
Nord Ethics Committee (no. 2020/0045199). The Ethics 
Committee authorised to use patients’ data even in 
the absence of consent if it would not be possible to 
contact them, given that all the efforts to contact them 
have done; none denied consent.

Secondary attack rate
In the study period, 41 classes in 36 schools were noti-
fied: eight infant-toddler centres and preschools, 10 
elementary and 18 secondary schools (middle and high 
schools), including a total population of 1,248 individ-
uals (209 teachers/staff and 1,039 children) (Table 1). 
During the epidemiological investigations, 1,200 con-
tacts were identified, of whom 1,198 were tested (994 
students and 204 teachers/staff).

A total of 38 secondary cases (3.8%) were identified 
among the 994 tested children: in one of 10 elementary 
schools and in two of five middle schools and six of 13 
high schools (Table 2). There was no secondary trans-
mission among teachers resulting in an overall attack 
rate of 3.2%. The attack rate was higher in secondary 
schools (middle and high schools) (6.6%) than in ele-
mentary schools (0.38%), while there were no second-
ary cases in the preschools or among teachers/staff. 

Figure 
Daily number of notified COVID-19 cases and deaths since the start of the epidemic in Italy, Reggio Emilia province, 27 
February–10 November 2020 (n = 11,878 cases, n = 658 deaths)
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The mean age of the index cases was 13.3 years (range: 
10–17 years); of the positive contacts it was 13.2 years 
(range: 10–18 years).

Description of school clusters
Table 3 summarises the information about each of the 
nine clusters. The index case in the elementary school 
classroom (Cluster 1) had most probably been infected 
by a family member outside the household. All the 
classmates and teachers were tested and only one 
asymptomatic secondary case was found.

Cluster 2 was identified when a student tested positive 
for SARS-CoV-2 after a household member was found 
positive who had travelled back form a high-incidence 
area. All classmates and teachers were tested, with 
three positive cases identified, all of whom developed 

mild symptoms. No other possible sources of transmis-
sion were identified for the secondary cases.

After the almost simultaneous reporting of two cases 
in one class, an investigation started in another high 
school (Cluster 3): one symptomatic subject tested pos-
itive in mid-October and one contact of a family cluster 
tested positive the day after. All classmates and teach-
ers were tested and isolated. Six resulted positive, two 
of whom reported mild symptoms 8 days earlier at the 
beginning of October. Analysis of the possible infec-
tion sources outside of school and dates of symptoms 
made it possible to identify the asymptomatic positive 
case in mid-October as the only index case.

Investigations of Clusters 5 and 7 in two high schools 
started after three asymptomatic household mem-
bers reported contact with a symptomatic household 

Table 1
Characteristics of teaching/childcare facilities with identified COVID-19 cases and their pupils and personnel, Reggio 
Emilia  province, Italy, 1 September–15 October 2020 (n = 1,248)

Number Percentage
Number of schools 36
Type of school
Infant-toddler centre and preschool (0–5 years) 8
Elementary school (6–10 years) 10
Secondary school 18
Middle school (11–13 years) 5
High school (14–19 years) 13
Number of school classes 41
Index cases 48
Students 43
Teachers/staff 5
Number of contacts identified during investigations 1,200 100
Tested students 994 82.8
Students not tested 2 0.2
Tested teachers/staff 204 17.0
Secondary cases 38 3.2a

Students 38
Teachers/staff 0

COVID-19: coronavirus disease.
a The denominator here was the tested contacts, i.e. 1,198.

Table 2
Secondary attack rates for COVID-19, by level of educational facility, Reggio Emilia province, Italy, 1 September–15 October 
2020 (n = 1,198)

Type of educational setting Number of index cases Number of secondary 
cases

Number of 
contacts Attack rate

Infant-toddler centre/preschool 6 children and 2 teachers 0 156 0
Elementary school 14 children 1 266 0.38%
Secondary school (middle and high schools) 23 children and 5 teachers/staff 37 572 6.46%
Total students 43 38 994 3.82%
Teachers/staff 5 0 199 0
Overall (students and staff) 48 38 1,198 3.17%

COVID-19: coronavirus disease.
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Table 3
Characteristics of primary and secondary COVID-19 cases and potential sources of infectiona, Reggio Emilia province, 1 
September–15 October 2020 (n = 50)

Type of 
school Cluster Possible source of infection

Symptoms onset 
of the index 

case

Days from 
symptom 

onset to swab 
positivity of the 

index case

Number of 
secondary 

cases

Last 
contact 

with 
index 
caseb

Symptom 
 

onset of the 
secondary casec

Swab 
positivity of 
secondary 

cased

Previous other contact 
with household/
family members 

who were positive to 
SARS-CoV-2

Elementary 1
Household/family contact member 
outside the household positive for 

SARS-CoV-2
Symptoms Day 0 0 1 Day +1 Asymptomatic Day +4 No

High school 2
Household contact who was in 

isolation following positive swab 
for travel screening

Asymptomatic 0 3

Day −1 Day +11 Day +14 No

No info Day +7 Day +14 No

No info Day +10 Day +17 No

High school 3

Isolated since Day −5 due to 
positivity of household member 

who had been symptomatic since 
Day −13

Asymptomatic 0 7 Day −5

Day −8 Day −2 No

Day −8 Day +2 No

Asymptomatic Day +2 No

Asymptomatic Day +2 No

Day −8 Day +2 No

Asymptomatic Day +7 No

Asymptomatic Day +3 No

High school 4 No previous contacts reported
Symptoms Day 0 10

1 No info Day +4 Day +8 No
Asymptomatic 0

High school 5 Day −2: last contact with SARS-
CoV-2-positive household contact

Asymptomatic 0
1 No info Asymptomatic Day +5 No

Asymptomatic 1

High school 6 Day +3: contact of a SARS-CoV-2-
positive person Symptoms Day 0 7 1 Day +2 Day +4 Day +7 Household member 

also symptomatic

High school 7 Day -2: last contact with SARS-
CoV-2-positive household member Asymptomatic 0 1 No info Asymptomatic Day +2 No

Middle 
school 8 No previous contacts reported Symptoms Day 0 9 2

No info Asymptomatic Day +11 No

Day +8 Asymptomatic Day +20 No

Middle 
school

9 (Teacher 
1)

Day -6: contact of a SARS-CoV-2-
positive person Symptoms Day 0 3

21

Day 0

Day +6 Day +8 No

Asymptomatic Day +19 No

Asymptomatic Day +19 No

Asymptomatic Day +19 No

Asymptomatic Day +20 No

9 (Teacher 
2) No previous contacts reported Symptoms Day 0 6 Day 0

Day +3 Day +7

Day +2: possible 
contact in a leisure 

activity; day +3: 
possible contact 

in another leisure 
activity where cases 

were reported.

Asymptomatic Day +14 No

Day +8 Day +14 No

Day +9 Day +14 No

9 (Teacher 
2) See above

Day +1
Day +14
Day +21
Day +16
Day +16
Day +16

Day +9 Day +10 Day +8: leisure 
activity

No

No

No

No

Day +15: contact 
with positive 

person

9 (Teachers 
1 and 2) See above

Day 0
Day +16
Day +16
Day +16

Day +6 Day +17 No

No

No

No

9 (Teacher 
2) See above Day +1

Day +19
Asymptomatic Day +19 No

N

COVID-19: coronavirus disease; SARS_CoV-2: severe acute respiratory syndrome coronavirus 2.
Day 0: disease onset of the index case (either date of symptom onset or date of positive swab).
a Policies described (Supplementary Table S1) were in place in all the schools during the period of the clusters.
b Days from the start of the symptoms or positive swab of the index case until the last contact of the secondary case with index case.
c Days since symptoms onset of the index cases until symptom onset of the secondary case.
d Days since symptoms onset or swab positivity of the index case until the swab positivity of the secondary case.
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member. Each cluster had one secondary case. In 
Cluster 6, both the index case and the secondary case 
had previous contact with a positive person, and the 
temporal association was difficult to establish.

For Clusters  4 and 8, no possible sources of infection 
were identified. No other possible sources of transmis-
sion were identified for the secondary cases, although 
one of the secondary cases reported out-of-school con-
tact with the index case.

Cluster  9 involved five classes in three high schools 
under the same administration Teachers 1 and 2 were 
each active in more than one school. The index cases 
were most probably two teachers active in all three 
schools. Only three secondary cases in two classes 
reported a possible contact outside of school, but in 
all cases, analysis of the date of symptom onset made 
the alternative route of infection unlikely. For the other 
three classes, no other contacts outside of school were 
identified.

Discussion
Secondary cases occurred in nine clusters and gener-
ated 38 secondary cases, with an attack rate of 3.8%. 
Previous studies measuring incidence in school-aged 
children and adolescents before and during school clo-
sures suggested limited transmission in schools [4-6]. 
Contact-tracing studies conducted in schools and edu-
cational settings in Australia, Singapore and Ireland 
found a low rate of, or even no, secondary cases [7-9]. 
One study reporting results of screening at the reo-
pening of kindergartens in Korea found only one pos-
sible secondary case among 45 cases identified when 
attending the school [10]. Similarly, a low transmis-
sion from student to student was found in the United 
Kingdom when analysing predominantly primary and 
preschools [11] and in Germany for all ages [12]. These 
findings are in line with our report in terms of trans-
mission in preschools and elementary schools, but not 
with our results for secondary schools. The policy of 
not isolating all classmates immediately and delays 
in testing might explain the difference between the 
results observed in Germany and ours. On the other 
hand, one large cluster with a high attack rate among 
students and teachers has been reported in a high 
school in Israel [13].

The inclusion criteria (all consecutive cases attend-
ing school), the uniform investigation protocol (test-
ing all classmates) and the population-based nature 
of the study allowed us to estimate an unbiased risk 
of secondary cases. This report is limited by the small 
number of clusters but has the advantage of an accu-
rate analysis of the chain of transmission, making it 
possible to reasonably rule out other sources of infec-
tion for secondary cases. Another limit of our inves-
tigations is that they could not distinguish between 
classroom transmissions and those linked to activities 
and behaviours outside of school, such as using pub-
lic transportation or leisure activities. Furthermore, it 

was impossible in two cases to assess exactly for how 
many days the students shared the same classroom 
while the index case was still infectious because that 
case was asymptomatic.

Conclusions
Transmission within the schools of Reggio Emilia prov-
ince, northern Italy, occurred in a non-negligible num-
ber of cases, particularly in the age group 10–18 years, 
i.e. in middle and high schools, while no secondary 
cases were detected in pre-school children, only one 
case in primary school and no secondary cases among 
teachers and staff. At least in the largest cluster that 
we reported, more prompt isolation and testing of 
classmates could have reduced virus transmission, 
suggesting the importance of timeliness in this setting.
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