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Overview
Regions throughout the US are experiencing a COVID-19 wave, fueled by the Delta variant, that
is straining healthcare systems and complicating the reopening of schools. To support city
leadership, public health agencies, and school districts in mitigating risks for students and staff,
we developed a granular model of COVID-19 transmission in schools. We use the model to
estimate the impacts of two mitigation strategies––face masking and proactive testing of
asymptomatic students––under three different scenarios for in-school transmission. We also
consider a scenario in which students are separated into all-mask and no-mask classrooms,
based on family preference.

The model incorporates epidemiological characteristics of SARS-CoV-2 transmission and
contact patterns within and between classrooms, as well as school-wide contacts that occur in
lunchrooms, at recess, on buses, etc. It also assumes that classes and households are
quarantined for 10 days after a student tests positive. Full details of the model and scenarios
can be found in the Methods section.

Assumptions and Scenarios

We consider the following scenarios, loosely modeling a small elementary school in the Austin
Independent School District:

● 500 students total, divided into 20 classrooms of 25 students each

● 66 adult staff/faculty, with 70% vaccinated with a vaccine that reduces susceptibility by
66%

● community incidence of 150 new cases of COVID-19 per day per 100,000 people, as
estimated for Austin on August 27, 2021 (corresponding to 5.9 introductions into the
school per week)

● low, moderate, and high transmission scenarios corresponding basic reproduction
numbers (R0) of 1.0, 1.5 and 2.0, respectively, in the absence of face masks, testing, and
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isolation/quarantine (transmission rates may depend on classroom ventilation, student
density, hand hygiene, and eating protocols)

● students opting to wear face masks are either randomly distributed across classes or
clustered into all-mask classrooms

● proactive testing entails periodically testing all students every 7, 14, or 28 days, in a
staggered schedule, with a perfectly accurate rapid test

● following a positive test, the case is isolated for 10 days and their classroom and
household are isolated for 10 days

● projections begin with an entirely susceptible population

Summary

We project the following for a ten-week period:

● Under the low, moderate and high transmission scenarios, we project that 11% (95% CI:
6%-17%) , 22% (95% CI: 13%-30%) and 33% (95% CI: 22%-44%)  of students will
become infected, respectively, in the absence of face masks and proactive testing. For
adult staff/faculty, these values are 3.0% (95% CI:0%-9.1%)%, 3.9% (95%
CI:0%-10.6%), and 5.1% (95% CI:0%-13.6%).

● Face masks and proactive testing––are projected to substantially mitigate spread. For
example, consider the moderate transmission scenario.

○ If 50% or 100% of students opt to wear masks, then we would expect 34% or
60% fewer infections, respectively.

○ If students do not wear masks but are tested either once per week or once per
month, then we would expect 78% or 46% fewer infections, respectively.

○ If 50% of students wear masks and all students are tested every week, then we
would expect 84% fewer infections.

● Separating students into all-mask and no-mask classes is projected to lower infection
risks for students who wear masks and increase risks for students who do not. However,
separating classes is not projected to impact the overall infection rate in the school.

We are posting these results prior to peer review to provide intuition for policy makers, schools
and the public regarding the risks of COVID-19 transmission within schools and effective
strategies for preventing transmission.
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Projected COVID-19 transmission in schools with face masks and
proactive testing
During COVID-19 surges, schools will be at high risk for introductions that can disrupt education
and threaten the health and safety of the community. At the start of the school year in 2021,
state laws in Texas prevent public schools from requiring face masks. Some communities are
starkly divided over the issue, with some families refusing masks and others strongly advocating
for their use.

To address questions posed by policymakers in Austin, Texas, we modeled the transmission of
COVID-19 in schools under scenarios in which we vary the following inputs:

Transmission rate: The basic reproduction number (R0) describes the expected number of
infections caused by a single infected student arriving at the school over the course of their
infection, in the absence of mitigation (i.e., no face masks, testing, case isolation, or contact
quarantine). This quantity indicates whether outbreaks will grow (R0 >1) or decline (R0<1). We
assume that transmission risks are either low (R0 =1), moderate (R0 =1.5), or high (R0 =2).

Proactive testing frequency: SARS-CoV-2 is known to spread silently from individuals who are
pre-symptomatic or asymptomatic. Since children are more likely than adults to be
asymptomatic, periodic asymptomatic testing is an effective strategy for detecting cases before
they have an opportunity to infect others. We model proactive testing in which all students are
tested either weekly, every two weeks, or monthly, on a staggered schedule1. After testing
positive, cases immediately enter a 10-day isolation period, and their classmates, teacher, and
household simultaneously begin a 10-day quarantine.

Face mask usage: We assume that face masks reduce susceptibility to infection by 26% and
infectiousness to others by 26%, and compare scenarios where 0%, 50%, or 100% of students
are wearing face coverings.

Separation of classes: We assume either that students opting to wear face masks are
randomly distributed across all classes or that students are separated into all-mask and
no-mask classes.

Our projections suggest that face mask usage can substantially reduce the expected proportion
of students that will be infected in the ten-week period, across all combinations of transmission
rates and testing frequency (Figure 1 and Table 1). Proactive testing would also be expected to
avert a large fraction of infections, even if administered only once per month (Figure 1 and Table
1).

1 We also assume that 90% of symptomatic cases test following the onset of symptoms. They
enter a 10-day isolation period an average of 6.3 days after they were first infected. Their
classmates and household simultaneously begin a 10-day quarantine.
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We also project the average number of school days missed per student over the first 50 days of
the school year (Figure 2). Consider the moderate transmission scenario with 50% of students
wearing face masks. Without proactive testing (i.e., symptomatic testing only), we would expect
students to miss an average of 5 days of school (10%) during the first ten weeks of the school
year. Since proactive testing increases the detection of cases, it also increases absenteeism
due to isolation and quarantine. For example, with proactive testing every other week, we would
expect the average days missed to increase to 9 (18%).

Separating students into different classes based on face mask usage would not be expected to
impact the overall infection rate (Figures 3 and 4). However, we project that the risks of infection
would decrease for students in all-mask classes and increase for students in no-mask classes.

Figure 1. Projected impact of proactive testing and face mask use on the percent of students
infected in a school with 500 students during the first 10 weeks of the school year. From left to
right, the three panels correspond to a low, moderate, or high transmission rate within the school. Colors
indicate the proportion of students wearing face masks, either no students wear masks (blue), half of
students wear masks (pink), or all students wear masks (brown). The values along the x-axis indicate the
frequency of proactive testing. For example, a frequency of 28 means that students are tested once every
four weeks, on a staggered schedule. Each box plot indicates the distribution of projections across 300
simulations with the specified scenario (transmission rate, frequency of testing, and mask usage). The
projections assume that there are 150 new daily infections per 100,000 individuals in the surrounding
community. Upon a positive test result the entire classroom and household of the person testing positive
are quarantined for 10 days.
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Table 1.  Projected percent of students infected in a school with 500 students during the first 10
weeks of the school year, with various combinations of proactive testing and face mask use.

Cumulative incidence

Testing
frequency

(days)

Percent
wearing
masks

Low
transmission

Moderate
transmission

High
transmission

None

0% 11.5% (6.2-17.6) 21.6% (13.1-30.1) 33.7% (21.6-44.5)

50% 7.7% (4-12.1) 14.3% (8.9-21.6) 22.9% (14.5-32)

100% 5% (2.4-8) 8.7% (4.7-13.3) 13.7% (7.5-21.1)

28

0% 7% (4.2-10.8) 11.6% (7-17.1) 16.4% (10.2-23.4)

50% 5.1% (2.8-8) 8.4% (4.6-12.6) 12.4% (7.4-18.3)

100% 3.5% (1.5-5.8) 5.7% (3.2-8.4) 8% (4.1-12.2)

14

0% 4.9% (2.5-8.1) 7.9% (4.8-12.2) 11% (6-15.5)

50% 3.8% (1.7-6.2) 5.7% (3.2-8.7) 8.2% (4.8-12.4)

100% 2.6% (1.2-4.4) 4% (1.9-6.5) 5.7% (3.2-8.6)

7

0% 3% (1.4-5.2) 4.7%  (2.6-7.6) 6.2% (3.4-9.5)

50% 2.4% (1-4) 3.6% (1.6-6.5) 4.9% (2.6-8)

100% 1.6% (0.5-3.2) 2.5% (1-4.5) 3.5% (1.6-5.6)
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Figure 2. Projected average school days missed per student during the first 10 weeks of the
school year (50 school days) due to isolation and quarantine following positive tests. From left to
right, the three panels correspond to a low, moderate, or high transmission rate within the school. Colors
indicate the proportion of students wearing face masks, either no students wear masks (blue), half of
students wear masks (pink), or all students wear masks (brown). The values along the x-axis indicate the
frequency of proactive testing. For example, a frequency of 28 means that students are tested once every
four weeks, on a staggered schedule. Each box plot indicates the distribution of projections across 300
simulations with the specified scenario (transmission rate, frequency of testing, and mask usage). The
projections assume that there are 150 new daily infections per 100,000 individuals in the surrounding
community. Upon a positive test result the entire classroom and household of the person testing positive
are quarantined for 10 days.
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Figure 3. Projected impact of separating students into classrooms based on mask use, depending
on the frequency of proactive testing. Projections are for a school with 500 students during the first 10
weeks of the school year, assuming a moderate transmission rate and that 50% of students opt to wear
masks. From left to right, the panels represent students opting to wear face masks, students not wearing
face masks, and all students combined. Colors indicate whether students wearing face masks are
separated in all-mask classrooms (cyan), or not (grey). For example, a frequency of 28 means that
students are tested once every four weeks, on a staggered schedule. Each box plot indicates the
distribution of projections across 300 simulations with the specified scenario (frequency of testing and
class separation). The projections assume that there are 150 new daily infections per 100,000 individuals
in the surrounding community. Upon a positive test result, the entire classroom and household of the
person testing positive are quarantined for 10 days.
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Figure 4. Projected impact of separating students into classrooms based on mask use, depending
on the overall proportion of students opting to wear masks. Projections are for a school with 500
students during the first 10 weeks of the school year, assuming a moderate transmission rate and no
proactive testing. From left to right, the panels represent students opting to wear face masks, students not
wearing face masks, and all students combined. Colors indicate whether students wearing face masks
are separated in all-mask classrooms (cyan), or not (grey). Each box plot indicates the distribution of
projections across 300 simulations with the specified scenario (proportion wearing masks and class
separation). The projections assume that there are 150 new daily infections per 100,000 individuals in the
surrounding community. Upon a positive test result, the entire classroom and household of the person
testing positive are quarantined for 10 days.
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Appendix - Model Details
Our agent-based model of COVID-19 transmission in schools models interactions between
students and adults in the school environment. It explicitly includes student households and
indirectly considers community transmission through daily introductions of new cases.

Figure S1 depicts the structure of the COVID-19 transmission model. Infected individuals initially
move to the exposed compartment (E) before first progressing to either a presymptomatic (PY)
or pre-asymptomatic (PA) compartment, then progressing to a symptomatic infectious (IY) or
asymptomatic infectious (IY) compartment, respectively, and finally recovering (R) with immunity.

The average incubation, pre-symptomatic, and infectious periods, as well as infectiousness
through time, are based on [1] (Table S1). We assume that asymptomatic cases are two-thirds
as infectious as symptomatic cases [2], and that 57% of infected adults and 20% of infected
children become symptomatic [3,4].

The model makes a number of assumptions about the contacts between agents (Table S1).
Students are assumed to spend six hours per day in a single classroom (with the same
students) and two hours per day in contact with students throughout the school. When we
assume that students are segregated into all-mask and no-mask classrooms, students still
spend 25% of their time mixing with students from other classes.

We assume that 90% of symptomatic individuals seek testing, regardless of the frequency of
proactive testing. When an individual tests positive through symptomatic or proactive testing,
they are isolated and their entire classroom and household are quarantined for 10 days.

Figure S1. Schematic of the agent-based SEPIR model. Upon infection, susceptible individuals (S)
progress to exposed (E) and then to either pre-symptomatic infectious (PY) or pre-asymptomatic infectious
(PA) from which they move to symptomatic infectious (IY) and asymptomatic infectious (IA) respectively. All
cases eventually progress to a recovered class where they remain protected from future infection (R). The
proportion of individuals who become asymptomatic rather than symptomatic varies between children and
adults.
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Table S1. Model parameters.
Parameter Value Source

Simulation duration 10 weeks

Number of students 500 (25 classrooms of 20)

Number of adults in school 25 teachers, 25 bus drivers, 16 staff

: unmitigated basic reproduction𝑅
0

number of children
3 scenarios: 1.0, 1.5, 2.0

Community incidence 150 new cases per 100,000 per day
UT COVID-19

Modeling
Consortium [5]

Masked students 3 scenarios: 0%, 50%, 100%

Mask effectiveness 26% reduction in infectiousness
26% reduction in susceptibility Mitze et al. [6]

Vaccination rate 70% of adults; 0% of students

Vaccine impact 66% reduction in susceptibility Fowlkes et al. [7]

Surveillance testing frequency* 4 scenarios (students only):
None, monthly, every two weeks, weekly

Isolation 10-day isolation after positive test
(symptomatic and asymptomatic cases)

Quarantine 10-days for classroom and household
after positive test AISD [8]

Proportion symptomatic 20% of children; 57% of adults
Davies et al.,

Gudbjartsson et al.
[3,4]

Relative infectiousness of
asymptomatic individuals ⅔ He et al. [2]

: duration of incubation period𝑑
𝑖𝑛𝑐

~ Triangular (3.2, 5.2, 7.2) days𝑑
𝑖𝑛𝑐 Zhang et al. [9]

: duration of pre-(a)symptomatic𝑑
𝑝𝑟𝑒

period

Triangular(0.458, 0.558, 0.658)𝑑
𝑝𝑟𝑒
∼𝑑

𝑖𝑛𝑐
×

days (average 2.9 days) He et al. [1]

: duration of (a)symptomatic period𝑑
𝑆

Triangular(4,8,12) days𝑑
𝑆
∼ He et al. [1]

* The projections assume a perfectly accurate rapid test.

UT COVID-19 Consortium 10 September 14, 2021

https://paperpile.com/c/LTjbHU/ksCV
https://paperpile.com/c/LTjbHU/OoWI
https://paperpile.com/c/LTjbHU/3pzu
https://paperpile.com/c/LTjbHU/UD9t
https://paperpile.com/c/LTjbHU/Om9JS+L514d
https://paperpile.com/c/LTjbHU/ltqwB
https://paperpile.com/c/LTjbHU/VYEEP
https://paperpile.com/c/LTjbHU/VHpdu
https://paperpile.com/c/LTjbHU/VHpdu


References
1. He X, Lau EHY, Wu P, Deng X, Wang J, Hao X, et al. Temporal dynamics in viral shedding

and transmissibility of COVID-19. Nat Med. 2020. doi:10.1038/s41591-020-0869-5

2. He D, Zhao S, Lin Q, Zhuang Z, Cao P, Wang MH, et al. The relative transmissibility of
asymptomatic COVID-19 infections among close contacts. Int J Infect Dis. 2020;94:
145–147. doi:10.1016/j.ijid.2020.04.034

3. Gudbjartsson DF, Helgason A, Jonsson H, Magnusson OT, Melsted P, Norddahl GL, et al.
Spread of SARS-CoV-2 in the Icelandic Population. N Engl J Med. 2020.
doi:10.1056/NEJMoa2006100

4. Davies NG, Klepac P, Liu Y, Prem K, Jit M, CMMID COVID-19 working group, et al.
Age-dependent effects in the transmission and control of COVID-19 epidemics. Nat Med.
2020;26: 1205–1211. doi:10.1038/s41591-020-0962-9

5. Austin Dashboard. [cited 10 Sep 2021]. Available:
https://covid-19.tacc.utexas.edu/dashboards/austin/

6. Mitze T, Kosfeld R, Rode J, Wälde K. Face masks considerably reduce COVID-19 cases in
Germany. Proc Natl Acad Sci U S A. 2020;117: 32293–32301.
doi:10.1073/pnas.2015954117

7. Fowlkes A, Gaglani M, Groover K, Thiese MS, Tyner H, Ellingson K, et al. Effectiveness of
COVID-19 Vaccines in Preventing SARS-CoV-2 Infection Among Frontline Workers Before
and During B.1.617.2 (Delta) Variant Predominance - Eight U.S. Locations, December
2020-August 2021. MMWR Morb Mortal Wkly Rep. 2021;70: 1167–1169.
doi:10.15585/mmwr.mm7034e4

8. AISD COVID-19 Information. [cited 10 Sep 2021]. Available:
https://www.austinisd.org/student-health/covid-19

9. Zhang J, Litvinova M, Wang W, Wang Y, Deng X, Chen X, et al. Evolving epidemiology and
transmission dynamics of coronavirus disease 2019 outside Hubei province, China: a
descriptive and modelling study. Lancet Infect Dis. 2020.
doi:10.1016/S1473-3099(20)30230-9

UT COVID-19 Consortium 11 September 14, 2021

http://paperpile.com/b/LTjbHU/VHpdu
http://paperpile.com/b/LTjbHU/VHpdu
http://dx.doi.org/10.1038/s41591-020-0869-5
http://paperpile.com/b/LTjbHU/ltqwB
http://paperpile.com/b/LTjbHU/ltqwB
http://paperpile.com/b/LTjbHU/ltqwB
http://dx.doi.org/10.1016/j.ijid.2020.04.034
http://paperpile.com/b/LTjbHU/L514d
http://paperpile.com/b/LTjbHU/L514d
http://paperpile.com/b/LTjbHU/L514d
http://dx.doi.org/10.1056/NEJMoa2006100
http://paperpile.com/b/LTjbHU/Om9JS
http://paperpile.com/b/LTjbHU/Om9JS
http://paperpile.com/b/LTjbHU/Om9JS
http://dx.doi.org/10.1038/s41591-020-0962-9
http://paperpile.com/b/LTjbHU/ksCV
https://covid-19.tacc.utexas.edu/dashboards/austin/
http://paperpile.com/b/LTjbHU/OoWI
http://paperpile.com/b/LTjbHU/OoWI
http://paperpile.com/b/LTjbHU/OoWI
http://dx.doi.org/10.1073/pnas.2015954117
http://paperpile.com/b/LTjbHU/3pzu
http://paperpile.com/b/LTjbHU/3pzu
http://paperpile.com/b/LTjbHU/3pzu
http://paperpile.com/b/LTjbHU/3pzu
http://paperpile.com/b/LTjbHU/3pzu
http://dx.doi.org/10.15585/mmwr.mm7034e4
http://paperpile.com/b/LTjbHU/UD9t
https://www.austinisd.org/student-health/covid-19
http://paperpile.com/b/LTjbHU/VYEEP
http://paperpile.com/b/LTjbHU/VYEEP
http://paperpile.com/b/LTjbHU/VYEEP
http://paperpile.com/b/LTjbHU/VYEEP
http://dx.doi.org/10.1016/S1473-3099(20)30230-9

