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Abstract: The estimated smooth curve of the percentage of subjects positive to SARS-CoV-2 started
decreasing in Italy at the beginning of January 2021, due to the government containment measures
undertaken from Christmas until 7 January. Approximately two weeks after releasing the measures,
the curve stopped to decrease and remained approximately constant for four weeks to increase again
in the middle of February. This epidemic phase had a public health care impact since, from the
beginning of the fourth week of February, the curve of the intensive care unit’s occupancy started to
grow. This wave of infection was characterized by the presence of new virus variants, with a higher
than 80% dominance of the so-called “English” variant, since 15 April. School activities in Italy
started at different times from 7 January until 8 February, depending on every region’s decision. Our
present data on the incidence of SARS-CoV-2 in different age groups in Italy are in agreement with
literature reports showing that subjects older than 10 years are involved in virus transmission. More
importantly, we provide evidence to support the hypothesis that also individuals of age 0–9 years
can significantly contribute to the spread of SARS-CoV-2.
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1. Introduction

There is enough literature data supporting the evidence that children are at low risk
to be infected by SARS-CoV-2, as previously documented for SARS-CoV and MERS-CoV.
Furthermore, when affected by COVID-19, children exhibit fewer symptoms, less severe
disease, and extremely low fatality rate. Besides, children seem to transmit SARS-CoV-2
infection less frequently than adults [1–6]. These findings may largely reflect the presence
of a young non-senescent immune system, actively stimulated by multiple vaccinations
during childhood [7], and by the frequent natural exposure to seasonal common cold coro-
naviruses sharing cross-reactive epitopes with SARS-CoV-2 [8]. A number of reports have
provided conflicting results about school opening and closure on amplifying or curtailing
infection by SARS-CoV-2. Data vary according to students’ age, phase of the pandemic,
region or country examined, and presence of other non-pharmacological interventions that
might have played a role as confounding factors [9–15]. However, two recent studies in
131 and 41 countries showed that reopening of schools contributes to increasing the value
of the reproductive number Rt up to 25%, while school closure contributes to decreasing it
by 38% [16,17].

We recently [18] described how the exponential increase in the pandemic spread that
was occurring in Italy in early October 2020, followed school reopening by 14 days, with
a circulation of about nine million people. Noteworthy, two weeks is the average time
between an individual infection and its registration as a positive case. No other event was
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coinciding, nor any additional suspension of mitigation measures was adopted within that
time frame except schools. Our assumption was that school reopening impacted mainly
on household transmission and was responsible for virus exponential spreading to the
general population. Such an event would have then played a relevant role in pandemic
amplification during the so-called “second wave”. In the present report, we describe the
effect of school opening in Italy from January to February 2021, according to individual
regions, after a prolonged closure for the Christmas holidays. Our data on SARS-CoV-2
incidence according to age and in the presence of the new English variant confirm our
previous results on the relevant role played by the young students in the infection spread.

2. Materials and Methods

Analyzed data were publically available from official sources of the Istituto Superiore
di Sanità and the Italian Civil Protection. Schools restarted in different Italian regions and
autonomous provinces at various time periods, namely 7, 11, 18, and 25 January, and 1 and
8 February, 2021. Linear fitting of the percentage weekly increase of Intensive Care Unit
(ICU) occupancy in the last weeks of February was performed in terms of the time when
the school started pooling in four groups of data of the 21 Italian regions and autonomous
provinces according to the time when school activity restarted.

We also studied school data of the Piemonte region in the week from November 9 to
15, 2020, that were publically available in [19]. The incidence of SARS-CoV2 for that week
was computed for all students and separately for students in the age group 11–19 years,
school workers, and the general population. A hypothesis test about the independence of
probability of being SARS-CoV-2 positive was performed by means of Chi-square statistics
for pairs of groups.

SARS-CoV-2 incidence curves were computed at the national level for the weeks
from 11 January to 1 February 2021, and from 1 March to 18 April 2021, separately for the
age groups 0–19, 20–29, 30–39, 40–49, 50–59, 60–69, 70–79, 80–89, and 90 or more years.
We estimated the true value of the incidence by non-parametric linear regression [20].
Wilcoxon signed-rank test was performed to test the hypothesis about different curve
patterns between groups.

3. Influence of School Activity on Health System

We report here some results on the influence of school reopening during January and
February 2021 on the COVID-19 epidemic in Italy. Bed occupancy in ICU was already
adopted by us as a parameter that can suitably measure the pandemic intensity and the
COVID-19 timeline of clinical evolution, a disease that, from the stage of early infection to
the full-blown symptomatic phase needing ICU admission, can develop in approximately
one month [21]. The result of the linear fitting of the percentage weekly increase of ICU
occupancy in terms of the time when the school group started is shown in Figure 1. It is
noticeable how the percentage weekly increase diminishes approximately linearly as the
time of school start is prolonged.

According to our interpretation, this is additional evidence that school activities
significantly contribute to the spread of SARS-CoV-2 [18]. Since rigorous measures were
implemented in schools to limit virus spread, we think that this phenomenon is mainly due
to transportation of students and school teachers and employees (about nine million people)
under not sufficiently safe conditions and/or to other reasons, such as group gatherings
outside schools for social activities. Once infected, students could have transmitted the
virus to other members of their families (virtually eight million families were exposed), a
condition that would have progressively increased the pressure on the health care system.
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4. Age Groups and Epidemic Diffusion

When considering the results already published in the scientific literature, one can
assume that subjects younger than 11 years are not involved in the process of SARS-CoV-2
diffusion [22,23]. A cue to this interpretation also comes from the analysis of school data
of the Piemonte region that we performed here for comparison, considering the week
of 9–15 November 2020. During such a time period, in fact, Piemonte reached the peak
of SARS-CoV-2 positive subjects in the population after initial exponential growth and a
phase with diminishing rate of increase due to reintroduction of containment measures.
Data indeed show that students of age 11–19 years tested positive in a proportion of 42%, a
statistically significant increase from the 35% value of the general population in the same
week (p < 0.001). However, if subjects younger than 11 years are also included, we find that
students were virus-positive in a proportion of 34%, a value that is not statistically different
from that of the general population (p > 0.6). School workers and teachers were found
positive in a proportion of 50%, and the difference from the general populations is, in this
case, statistically significant (p < 0.001). The peak of incidence was reached fourteen days
after reintroduction of remote teaching, a lag phase similar to the one that we had already
seen when schools reopened in September, and the exponential phase took place [18]. It
should be remarked that the individuals to be tested were not randomly selected so that
a non-negligible fraction of the total positive subjects, i.e., those asymptomatic, was lost.
These results show that, in the time interval considered, virus spread was higher for school
workers, teachers, and students than in the general population. More specifically, for
students, this was true when considering only subjects in the age group of 11–19 years.

We now show results from the analysis of SARS-CoV-2 incidence data at the national
level, providing evidence to support the hypothesis that also students younger than 11 years
significantly contribute to the diffusion of the virus. In the top panel of Figure 2, we show
the incidence curves of the age ranges 0–9, 10–19, 20–29, and 30–39 years. We notice that the
curve for the range 0–9 years is increasing in the whole time-interval considered. The curve
for the range 10–19 is the first to stop decreasing at about January 18. This happens roughly
one week later for the curves of the ranges 20–29 and 30–39 years. The differences between
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the curve values in the first ten days of the time interval considered for the age group
0–9 years and the corresponding ones for each of the other three groups are statistically
significant (p < 0.001). The curves for the ranges of people older than 39 years are shown
in the bottom panel of Figure 2. As reported, ranges are decreasing in the whole time
interval. It can be inferred from these results that the subjects first involved in the spread
of the virus were those younger than 19 years, in particular, those younger than 10 years,
mainly corresponding to students of primary schools. Similar findings are observed at
the beginning of April 2021, as shown in Figure 3. The age range 0–9 years, in fact, was
the only group showing increased SARS-CoV-2 incidence, a tendency that lasted up to
the end of the month of April (not shown). In the second half of May 2021, COVID-19
cases showed a progressive and consistent decrease for any age category, a tendency that is
still present in June at the level of every Italian region. This is probably due to the effects
of restriction measures, the vaccination campaign, and the end of school activities. An
additional contribution could be the increased social activities in the open air, where aerosol
is absent, with consequent lower virus transmission probability.
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5. Discussion

The data herewith presented partially contradict some results from a recent publica-
tion of Gandini et al. [24] that measured SARS-CoV-2 incidence in Italian students and
employees, for the Italian regions and autonomous provinces, in the period from 12 Septem-
ber to 7 November 2020. In fact, compared to the general population, they found higher
incidence among employees and lower incidence in students in the age range 6–13 years.
Differently from our results of Piemonte, they found no incidence increase in students in
the age range 14–18 years. In contrast with our analysis, they did not focus on the period
where the incidence of infection was maximal. Moreover, during the first quarter of the
time interval they considered, the incidence was not yet growing exponentially, but only
linearly as during the weeks before. This is not an ideal choice if one aims to detect different
growth curves between groups. In addition, Gandini et al. did not take into account that
enhanced virus spread could be due to an overall increase in prevalence, notwithstanding
how it was generated and in which population strata it was developed.

Our findings are also at variance with those that can be found in literature and that
suggest that only students older than 11 years are involved in virus transmission [19,20].
Here, indeed, we show, with a survey conducted in two different time periods in the
course of the pandemic, i.e., during the months of January and March 2021, that students
of a much younger age can be involved in sustaining the pandemic wave in a significant
manner. Such a finding could be explained by a higher exposure during fall and winter
caused by school opening and by the circulation of new more infectious variants of the
virus, in particular, the so-called "English" B1.1.7 variant. Its prevalence in Italy reached
about 86% at the beginning of April starting from an 18% level at the beginning of February
2021 [25]. Such a variant has now become clearly the dominating lineage [26]. Being
30% to 90% more infectious and presenting new antigenic epitopes, this lineage could
overcome natural defenses of young children represented by a lower number of receptors
in the upper respiratory tract mucosa and the presence of cross-reactive anti-coronavirus
antibodies [27]. Results similar to ours were obtained in a very recent serological survey
conducted in Bavaria during the second wave of the pandemic [28]. The authors, in fact,
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showed that both pre-school and school children were particularly susceptible to SARS-
CoV-2 infection, also largely due to the English variant, and that the cumulative frequency
of infection was much higher than that reported in prior PCR-based virus surveillance. In
conclusion, not only ours but also the Bavarian data on SARS-CoV-2 incidence in young
pre-school and school children are discordant with previous literature data. An explanation
for the above discrepancy may rest on the already mentioned facts that more infectious
virus variants are now circulating and that asymptomatic cases are prevalent in childhood.
Extensive studies with data from many different countries, as in [16,17], are needed to
perform statistical inference on the hypothesis that subjects in the age range 0–9 years
significantly transmit the English variant. Our report suggests that very careful control of
emerging virus genotypes and containment measures should be considered to be put in
place at the school level to contain virus spread and curb pandemic diffusion from schools
to households and communities. This approach should be taken into account also in the
perspective of other emerging variants that could become dominant, like the current one
known as “Delta”.
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