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Background. As record cases due to the Omicron variant were registered in Europe in early 2022, schools
remained a vulnerable setting suffering large disruption.

Aim. Through mathematical modelling, we compared the school protocols of reactive screening, regular screening,
and reactive class closure implemented in France, in Baselland (Switzerland), and in Italy, respectively, and
assessed them in terms of case prevention, testing resource demand, and schooldays lost.

Methods. We used a stochastic agent-based model of SARS-CoV-2 transmission in schools accounting for within-
class and across-class contacts from empirical contact data. We parameterized it to the Omicron BA.1 variant to

reproduce the French Omicron wave in January 2022. We simulated the three protocols to assess their costs and
effectiveness for varying peak incidence rates in the range experienced by countries in Europe.

Results. We estimated that at the high incidence rates registered in France during the Omicron BA.1 wave in
January 2022, the reactive screening protocol applied in France required higher test resources compared to the
weekly screening applied in Baselland (0.50 vs. 0.45 tests per student-week), but achieved considerably lower
control (8% vs. 21% of peak reduction). The reactive class closure implemented in Italy was predicted to be very
costly, leading to more than 20% student-days lost.

Conclusions. At high incidence conditions, a large and unplanned demand in testing resources results from
reactive screening protocols, for marginal control of school transmissions. Comparable or lower resources would
be more efficiently used through weekly screening. Our findings can be used to define incidence levels triggering
school protocols and optimizing their cost-effectiveness.
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Introduction

Countries in Europe suffered large disruptions in schools at the start of 2022 due to the exceptionally high rates of
Omicron incidence [1]. As the adult population was largely covered by vaccination, higher incidence rates were
reported for the first time in children and adolescents compared to other classes [2]. In France, nearly 7,000 cases
per 100,000 were reported among 6-10y and 11-19y individuals at the peak of the Omicron wave in January 2022,
compared to about 4,500 cases per 100,000 among the 20-59y old [3]. School protocols were implemented by
national authorities to ensure in-person school attendance but were put under stress by the high incidence rates.
Protocols required repeated quarantines, disrupting attendance and learning, or led to large and sudden testing
demand for children, overloading saturated surveillance systems [4,5]. Through modelling, here we compared the
school protocols adopted by France, Switzerland, and Italy, in terms of resource peak demands, infection
prevention, and reduction of schooldays lost, under the high incidence conditions experienced in January 2022
during the Omicron BA.1 wave.

Methods

Modelling SARS-CoV transmission in schools. We adapted to the Omicron wave a stochastic agent-based model of
SARS-CoV-2 transmission at school presented in detail by Colosi et al. [6]. The model uses empirical data on time-
resolved face-to-face proximity contacts between individuals in a primary school in France, collected using
wearable radio frequency identification (RFID) sensors [7]. The dataset includes 232 students (aged 6—10 years)
and ten teachers organized in ten classes, two classes per grade. Students were found to spend on average more
time interacting with other students of the same class than across classes, and to establish longer contacts
compared to teachers [6]. We described SARS-CoV-2 infection progression through the following disease stages:
latency, prodromic stage, clinical and subclinical stages, recovery from infection. Stages were informed from
empirical distributions, and accounted for age-specific estimates of susceptibility, transmissibility, probability of
developing symptoms, and probability to detect a case based on symptoms [8-18].

We modelled the circulation of the Omicron variant, considering 20% protection after infection from prior variants
[19], an intrinsic transmissibility advantage of 30% relative to Delta [20], and a shorter incubation period [20,21].
Omicron’s higher spreading rate was considered to be mainly due to immune evasion [20], in line with
observations from household studies [22], but we also tested a transmissibility advantage of 80% relative to Delta
for sensitivity. The transmissibility advantage was applied to the within-school transmissibility of previously
circulating variants that we inferred in prior work from observed prevalence in French schools [6]. We calibrated
the model to reproduce the reported community surveillance incidence in primary school students (6-10y old) in
France in January 2022 [23], and considered additional scenarios of Omicron waves reaching lower and higher
peaks to capture the variability of the wave across European countries [2]. Additional details are provided in the
online Supplement.

School protocols. We modelled the school protocols adopted in France, in the Baselland canton in Switzerland, and
in Italy. We simulated the reactive protocol applied in France in January 2022, requesting an anterior nasal lateral
flow device (LFD) test at days DO, D2, and D4 to the class of the detected case, following case identification [24].
Students with positive tests were isolated for 7 days. For sensitivity, we tested reactive screening with different
numbers and lags for control (DO, D3, D7 and DO, D4, see Supplement). In Baselland, students were tested on a
voluntary basis every week with salivary Polymerase Chain reaction (PCR) tests [25]. We thus simulated a regular
screening strategy, considering two options for the frequency of screening, once a week (as in Baselland), and
twice a week, with a 75% adherence of the school population (min-max range of 50-100%). Regular screening was
performed on all participating individuals, regardless of the presence of symptoms. Students with positive tests
were isolated for 7 days. Finally, we simulated the reactive class closure adopted in Italy, requiring a quarantine of
10 days for the students of the class of the detected case [26]. These protocols were considered independently in
the analysis, as each corresponded to a national strategy. In all cases, we also considered symptomatic testing and
case isolation.
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The model was informed with time-varying and age-dependent test sensitivity, yielding an estimated 67% peak
sensitivity for asymptomatic children in nasal LFD tests and 96% in salivary PCR tests [27] (Supplement). We also
explored a lower peak sensitivity of 55% for LFD tests.

Vaccination. The model was further stratified to account for vaccination status and to include vaccine
effectiveness against infection and transmission (Supplement). By the first week of January 2022, 94% of adults
(18-59y) in France were vaccinated with at least two doses, and 45% had received the third dose since the opening
of the vaccination campaign on November 27, 2021 [28]. We therefore considered in the model that all teachers
completed the primary vaccination, with 50% of them having received also the third dose, i.e. the booster. As
adults were recently boosted, we considered the following values for the vaccine effectiveness (VE) against
infection: VE=70% for teachers vaccinated with 3 doses, corresponding to the estimate within the first 4 weeks
since the third dose [29]; VE=15% for those with 2 doses only, corresponding to the estimated waned efficacy at 6
months after the second dose [29]. For sensitivity, we varied the booster vaccination coverage in teachers up to
100% (Supplement).

The vaccination campaign in children (5-11y) opened on December 22, 2021 [30]. By mid-January 2022, the
coverage in this age class in France was <3% [23], therefore we assumed no vaccinated children in the main
analysis. We then tested higher vaccination coverages (20%, 40%, 60%) in children in the scenario analyses,
considering a high (VE=50%, estimated within the first 4 weeks from vaccination [31]) and low (VE=20%) values of
vaccine effectiveness against infection.

Results

Simulations capture well the reported dynamics of community surveillance incidence in primary school students
(6-10y) in France (Figure 1A). The reactive protocol implemented by authorities was predicted to marginally
reduce the peak, whereas regular screening would flatten more substantially the curve. The median number of
tests required by the reactive protocol increased along the wave, with a predicted peak demand of 0.50
(interquartile range IQR 0.32 — 0.71) tests per student per week at the incidence rate experienced in France (Figure
1C). Test demand instead was predicted to decrease in the regular protocols because fewer students would be
present in class after the peak of infections due to isolation (0.45 (IQR 0.42 — 0.47) tests in the once-a-week
screening and 0.96 (IQR 0.91 —1.02) in the twice-a-week screening). We found that higher incidence conditions
could lead to a larger demand of tests by the reactive protocol compared to the weekly screening (Figure 1BD).

To evaluate how to best use resources, we estimated the impact of protocols in reducing the peak incidence and
extended the analysis of Figure 1 to a larger set of Omicron wave scenarios with varying peak incidence. For the
incidence rates registered in France in January 2022, reactive screening was estimated to lower the peak by 8%
(1QR -3% — 19%), compared to 21% (IQR 11% — 31%) reduction achieved by the weekly screening (Figure 2AB),
despite the higher demand in testing resources at the peak (0.50 vs. 0.45 tests per student-week, respectively).
The predicted number of tests required by the reactive screening would increase for increasing values of the
incidence rate (from 0.31 to 0.65 tests per student-week corresponding to 5,000 to 10,700 cases per 100,000), but
they would achieve a marginal control of the viral circulation at school, reducing the peak of the wave by at most
12%. Results would not change by changing the lags of the reactive screening (DO, D3, D7 vs. DO, D2, D4) but peak
reduction would be even lower if a lower number of screenings was adopted (DO, D4; Supplement). Regular
screening would instead achieve 20% or more of peak reduction for incidence rates up to 7,500 cases per 100,000
with a weekly frequency, and for rates up to 10,100 cases per 100,000 if screening the school twice a week. Similar
results were obtained considering the reduction of the epidemic size of the full wave and a higher transmissibility
advantage of the Omicron variant (Supplement).

Student-days lost remained below 12% with reactive and weekly screening, whereas reactively closing the class as
in the Italian protocol could lead to >20% of absence per student if peak incidence is over 7,500 cases per 100,000
(Figure 2C). Findings were robust against changes in booster coverage in teachers, in Omicron transmissibility and
incubation period (Supplement). Higher detection rates would penalize the reactive screening, due to an increase
in test demand while control would remain limited (Supplement).
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Changing from nasal LFD tests to salivary PCR tests would improve the reactive strategy from 8% to 13% peak
reduction if results were available after 12h (Figure 3A). Instead, regular testing was predicted to be mainly
affected by adherence to screening (Figure 3B). Vaccinating 6-10y old children was predicted to provide a
collective benefit in reducing viral circulation at school. If children were vaccinated close to the epidemic wave
(therefore with an estimated vaccine effectiveness VE=50% for children within 4 weeks after the second dose), the
peak would be reduced by approximately 30% for 40% coverage and by approximately 40% for 60% coverage,
compared to no vaccination (Figure 3C). If vaccination occurred long before the epidemic wave (waned vaccine
effectiveness VE=20%), the reductions would be smaller, around 15% and 20% for 40% and 60% coverage,
respectively.

Discussion

For the high incidence rates recorded in January 2022 in Europe due to the Omicron BA.1 variant, our study
predicted that reactive screening strategies in schools, as employed in France, required a higher number of tests
per student per week compared to weekly screening, but achieved a lower epidemic control. The protocol
requesting three tests in less than a week for case contacts in French primary schools led to large disruption events
in January 2022, in terms of logistics, resources, and impact on surveillance capacity [4]. We estimated that the
same resources would have been more efficiently used by weekly screening schools, reaching 21% peak reduction
for the incidence rates registered in France in January 2022, compared to the marginal reduction (8%) estimated
for the reactive screening.

Reactive screening is predicted to be poorly effective in case prevention for two main reasons. First, timely
interventions of case identification and isolation are key to control SARS-CoV-2 diffusion, given the presence of
pre-symptomatic and subclinical transmission [32]. Reactive strategies suffer from considerable time lags
compared to the ongoing transmission dynamics. Second, this aspect is particularly challenging in children as they
have a lower probability of developing symptoms [12,13,15,17,33], and therefore of being identified as possible
COVID-19 cases compared to adults. By the time the screening is activated, after the detection of a case based on
recognizable symptoms, the transmission may have already occurred in the school and have previously generated
asymptomatic infections that went unnoticed. That is, the case triggering the screening does not necessarily
represent the start of the chain of transmission, and may instead occur after few generations of cases that are not
discovered by surveillance, or following undetected introductions. On the contrary, regularly screening the school
every week or twice a week allows the prompt identification and isolation of infectious individuals regardless of
their symptoms [6,33—40]. As more cases are found, onward transmissions are more efficiently prevented, with a
higher efficiency if frequency of screening is higher. The capacity of screening (whether reactive or proactive) to
reduce the peak incidence decreases for increasing values of the incidence rates. Higher incidence in the
community indeed corresponds to larger rates of introductions in the school, which require an even more rapid
response for the identification of cases to prevent onward transmission [6].

Some countries opted for systematically screening schools against SARS-CoV-2 transmission, supported by
numerical evidence [6,33—40]. Authorities in Baselland (Switzerland) offered weekly salivary PCR tests to all
schools since March 2021. Prior to making participation mandatory in 2022, recorded adherence was on average
rather high (>75%) [25]. Proactively screening also has the advantage of planning resources in advance, contrary to
reactive screening subject to sudden peak demands and potential shortages. This was reported to help simplifying
the logistics of test-to-stay strategies in pilot weekly screenings implemented in a number of pre-primary and
primary schools in the Auvergne-Rhone-Alpes region in France in December 2021. Preliminary unpublished
empirical estimates from these screenings also suggest a reduction of cases during the Delta wave in December
2021 compared to the reactive strategy, in line with model predictions.

The widespread access to nasal antigenic tests made repeated self-testing possible without loss in efficiency, as
lower sensitivity is compensated by promptness of results and high frequency [41]. Regular self-testing would also
limit the high rates of absence from school that are associated to reactive class closures. Without test
confirmation, reactively closing the class imposes the quarantine to likely uninfected students who would
unnecessarily miss school while transmission may have already occurred in other classes due to cross-classes
contacts or through introductions [6]. Under the high incidence rates registered in the Omicron wave, our model
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predicted multiple class closures continuously disrupting the school rhythm and impacting students’ learning, with
more than 20% of schooldays lost per student, compatible with observations in Italy during that wave [5].

This study focused exclusively on the school setting, and did not assess the impact that protocols at schools, aimed
at limiting school transmission, may have on the epidemic dynamics in the community. Model-based findings
previously highlighted that protocols mitigating viral circulation at school also reduce the spread in the community
[35,42,43]. Conversely, increased transmission in the community was found to be associated to schools in session
[44,45], and households with children were estimated to be at higher risk of SARS-CoV-2 infection [46], suggesting
that a considerable fraction of transmission events originated from the school setting [47]. The analysis of a school
outbreak in early 2021 in a municipality in the North of Italy estimated that approximately 21% of SARS-CoV-2
transmissions were associated with school contacts, compared to 50% and 29% transmissions associated with
household and community contacts, respectively [48]. Combined with the above evidence, our findings therefore
suggest that implementing strategies to control transmission at school will reduce the potential for seeding
transmissions from schools to other settings, narrowing the spread across households [49] and the risk of reaching
individuals at risk of complications.

As European countries approach the third winter of the COVID-19 pandemic, our findings can be used to tune the
response by defining incidence levels triggering protocols if facing a high incidence wave, depending on the
severity of the circulating variant and according to the objectives established by authorities. Systematically
screening schools remains the optimal test-to-stay strategy, reducing peak incidence rates in children, and thus
their consequences on hospitalizations [50] and long COVID [51] in this age class, while limiting school disruption
and requested resources. Large vaccination coverage in children contributes to mitigate high viral circulation,
making schools safer. Coverage remains however low in children in several European countries (16% median
coverage for 2-dose vaccination in 5-9y old by the start of September 2022; Supplement).

Our study has limitations. We did not consider immunity waning over time as we focused on a single pandemic
wave, but tested low vaccine effectiveness to account for the estimated reduction associated with the lag from the
last vaccination dose. Our results are framed within the context experienced by European countries. As such,
results are not directly applicable to other countries with a context of lower immunity due to the limited spread of
earlier variants. In previous work, however, we showed that conclusions are qualitatively robust, with regular
screening strategies outperforming reactive strategies in case prevention under a set of different epidemic and
immunization conditions [6].

A large demand in tests results from reactively screening schools in high incidence conditions. Comparable
resources could be more efficiently used in a proactive screening strategy to mitigate the peak.

Ethical statement
Ethical approval was not needed for this study.
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Figure 1. Incidence and number of tests per student over time under different school protocols, France, January
2022. A: simulated weekly incidence expressed in number of cases in students per 100,000 over time for different
protocols, and reported incidence in the 6-10y age class in France in the period 10/01 — 06/02/2022 [23]. The
reactive protocol, applied in France, is calibrated to surveillance data. B: as in A for simulated scenarios at higher
introduction conditions. C,D: average number of tests per student over time for reactive and regular protocols
under the epidemic conditions illustrated in the top panels. The horizontal dashed lines indicate the theoretical
values of the demands in number of tests per student in the screening once a week and twice a week (i.e. imposed
by 75% adherence and by the frequency). Results are obtained considering the use of nasal LFD tests in both
reactive and regular screenings. Shaded areas around the curves correspond to the interquantile range (IQR).
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Figure 2. Test needs and schooldays lost vs. peak reduction at varying peak incidence rates. A: Demand in the
number of tests per student-week at peak as a function of the peak incidence (cases in students per 100,000) for
the reactive protocol and the regular screening protocols with once a week and twice a week frequency. The
horizontal dashed lines indicate the theoretical values of the number of tests per student in the regular screening
(i.e. imposed by 75% adherence and the frequency). Dots reduce their transparency for increasing incidence. B:
Demand in the number of tests per student-week at peak as a function of the percentage of peak reduction
achieved by each protocol compared to symptomatic testing (i.e. in absence of interventions), for different
incidence levels. The horizontal dashed lines are as in panel A. Dots transparency code is the same as in panel A. C:
Peak percentage of student-days lost as a function of the percentage of peak reduction achieved by each protocol
compared to symptomatic testing, for different incidence levels. The reactive quarantine of the class is shown as
an additional protocol. Arrows are shown as guide to the eye.
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Figure 3. Impact of test sensitivity, adherence to regular screening, and vaccination. A: Percentage of peak
reduction achieved by each protocol compared to symptomatic testing (i.e. in absence of interventions) as a
function of the test sensitivity and of the delay in returning the results (+12h, +24h for PCR tests). The lower value
corresponds to 55% peak sensitivity. B: Percentage of peak reduction as a function of adherence to regular
screening. C: Reduction (%) in the peak incidence for each protocol due to vaccination in children, for different
vaccination coverages for vaccine effectiveness VE=50% (solid bars) and VE=20% (transparent bars). Results of all
panels refer to the Omicron wave shown in Figure 1A.
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